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Abstract  
As Statistical Editor of the Cochrane Gynaecological, Neuro-oncology and Orphan Cancers review 

Group for many years, I have developed a keen interest in gynaecological cancer research, in 

particular in advanced stage epithelial ovarian cancer. Of women with ovarian cancer, more than 

70% have epithelial ovarian cancer. The aim of this PhD was to examine the role of surgery for 

advanced epithelial ovarian cancer because of a lack of current firm guidelines to support clinical 

practice. The work described in this thesis uses evidence synthesis and meta-analysis methodology, 

applied in both traditional and novel ways to attempt to address this main aim. The body of work 

extends beyond standard approaches to develop, explore, and apply methods that aimed to raise 

the certainty of the evidence. 

I conducted two systematic review publications on the type and radicality of primary surgery. These 

used Cochrane Intervention Review methodology and met or exceeded the Methodological 

Expectations of Cochrane Intervention Reviews (MECIR). They followed what is widely considered 

‘gold standard methods’ for this type of review, including the use of a standard pairwise meta-

analysis approach. One publication found, with high to moderate-certainty evidence, that there may 

be little difference between primary debulking surgery and interval debulking surgery in survival 

outcomes for treatment of epithelial ovarian cancer. The other, found only very low-certainty 

evidence for all outcomes comparing maximal effort debulking surgery and standard surgery. 

To offer a different evidence perspective given the limitations of these reviews, a further prognostic 

factor review assessed the impact of residual disease on overall survival. This Cochrane prognostic 

review demonstrated the prognostic effect of debulking to no macroscopic residual disease (0 cm) in 

a primary debulking surgery setting (moderate-certainty evidence). Evidence for interval debulking 

surgery was sparse, so further work presented in the thesis focused on primary debulking surgery 

where there was more available evidence. 

I note that the body of work in the thesis did identify some evidence in an interval debulking surgery 

setting that if a tumour is not debulked to 0 cm, then all other residual disease thresholds may be 
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sub-optimal and restricting the tumour to <1 cm may not matter. This finding has not been explored 

or reported in any other guidelines but needs more exploration when more studies adequately 

report these comparisons. 

Given the strong association between residual disease as a prognostic factor after primary debulking 

surgery and prolonged survival, the thesis then focused on methodologies that aimed to improve, if 

possible, the confidence in effect estimates presented in the primary analysis. This included a 

frequentist network meta-analysis and expert elicitation with a Bayesian network meta-analysis 

application that fully exploited all available evidence. These methods further consolidated the 

results of the primary meta-analyses reported in the Cochrane prognostic factor systematic review 

and provided moderate-certainty evidence, based on incorporating a more thorough and informed 

assessment of the publication bias domain in the Grading of Recommendations, Assessment, 

Development and Evaluations (GRADE) approach and the overall certainty of the evidence 

judgement. These methods were applied and developed in the body of work in the thesis to 

demonstrate added confidence to the certainty of the evidence judgements, but more specifically 

that the results and conclusions of the primary prognostic factor review can be strengthened to the 

extent of potentially influencing policy. 

The evidence in the thesis suggests there is a clear benefit of achieving cytoreduction to no 

macroscopic residual disease. It may encourage the surgical community to attempt to increase rates 

of maximal effort debulking in their centres in order to achieve higher rates of cytoreduction to no 

macroscopic residual disease. The thesis also outlines several limitations and methodologies that 

require further development but could be implemented in EOC research in the future. At present, 

the National Institute for Health and Care Excellence may wish to consider the results of the thesis 

and the possible adoption of some of the proposed methods in their pending guidelines. 
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Preface 
This thesis aimed to examine the role of surgery in advanced epithelial ovarian cancer. The thesis 

gives a general background to advanced epithelial ovarian cancer in Chapter 1 along with details of 

the different types and approaches to primary surgery that are undertaken, as well as a description 

of residual disease as a prognostic factor. The second chapter then introduces details about the 

origins of this research and why it is important from my point of view, outlining key aspects that will 

form a large part of the thesis. The second chapter also describes aspects of evidence synthesis 

processes and methodology and introduces important biases in meta-analyses and systematic 

reviews in general, with an emphasis on reporting biases which leads to explanations as to why 

publication bias plays such an important role in the thesis. Consequently, Chapter 2 includes details 

about methods for identifying and minimising publication bias. The chapter concludes by formally 

specifying the research aims and detailed objectives of the thesis. 

I feel that it was important to set the clinical scene in the first chapter, so that when the aims and 

objectives are introduced the reader has a clearer idea about the surgical interventions and 

management available, as well as a general background to advanced EOC. In Section 2.1 I then give 

background information as to how this thesis and research came about and introduce the key clinical 

aims and my motivation for them. The next few subsections discuss biases associated with 

systematic reviews and why I focus on publication bias in the thesis. The aims and detailed 

objectives are introduced in Section 2.5, which I feel is the most logical location as all of the main 

aspects and features of the thesis have then been introduced with appropriate cross-referencing to 

the objectives where applicable. 

The thesis is by publication and a summary of the methods and rationale for the conduct of each one 

is provided in the third chapter. This methods chapter gives a brief introduction followed by sub-
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sections which provide some context of the research in the publication included in the body of work 

and how the methodology was developed. The remaining sub-sections in the chapter document 

evidence synthesis methods and inclusion criteria in each of the first three publications covering 

timing of primary surgery for initial treatment in advanced epithelial ovarian cancer, examination of 

maximal effort debulking surgery and the impact of residual disease as a prognostic factor for 

survival in women with advanced epithelial ovarian cancer after primary surgery. My role and 

contribution to each included publication in the thesis is provided in Appendix 1. 

The body of work in the thesis reports a series of publications that extend beyond the prognostic 

factor research described in the third publication. This series included an extension to the standard 

pairwise meta-analyses by reporting the rationale and methods for conducting a network meta-

analysis. The other two publications in the series reported methods that aimed to capture the 

degree of publication bias that was present in the effect estimates and the rationale for the conduct 

of the chosen methodology. The sixth and final publication in the thesis outlines how the publication 

bias quantified in the fifth publication was incorporated into the analyses. 

The fourth chapter provides a general description of the findings of each of the systematic reviews in 

the first three publications as well as the results of the network meta-analysis in the fourth 

publication. The fifth chapter then quantifies publication bias associated with the prognostic factor 

reviews (from third and fourth publications) in the fifth publication and this is incorporated into 

effect estimates in the sixth publication. Chapter 5 documents how the results of these publications 

can be used to raise the certainty of the evidence and give more confidence in the judgements being 

made. 
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The thesis concludes with a structured discussion in Chapter 6 which gives summary sub-sections of 

the clinical findings and details of the evidence synthesis methodology used across the included 

publications. The discussion also highlighted areas of originality, outlined strengths and limitations, 

and placed context of this body of research in the thesis with existing guidelines and policy. The 

discussion chapter also comprehensively outlines areas for future research to identify gaps in the 

literature arising out of the thesis. The chapter ends with a series of conclusions. 
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1 Advanced ovarian cancer 

1.1 Background 

Comprehensive details about ovarian cancer (OC) incidence, aetiology, prognosis, management, and 

particulars about surgery are provided across the portfolio of published papers included in my 

thesis,(1-3) however for ease are summarised in the subsections below. The research aims and 

detailed objectives of the thesis are given in the next chapter (Section 2.5). This chapter introduces 

the clinical background and context for my thesis before any reference to evidence synthesis (ES) 

and statistical methodology. 

 

1.1.1 Incidence 

Globally, OC is the seventh most common cancer among women up to 64 years of age and is the 

fifth most common cancer in women of all ages. OC is uncommon in women aged under 40, but its 

incidence increases with age.(4, 5) In the UK, the estimated lifetime risk of being diagnosed with OC 

is approximately 2% for females born after 1960.(6, 7) On average there are around 7500 new OC 

cases in the UK every year, accounting for around 4% of all cancers diagnosed in women in the 

UK.(8) Globally, there are typically over 200,000 new cases per year, which accounts for 3.9% of all 

cancers diagnosed worldwide.(9) 

 

It is widely accepted that OC is difficult to diagnose in its earlier stages, as there are generally few 

symptoms that would be overly concerning in the short term. Therefore, most women present with 

advanced stage disease.(5, 10-15) Symptoms for all stages include abdominal distension, bloating, 

indigestion, urinary frequency, urinary urgency, early satiety, weight loss, reduced appetite, 

abdominal and pelvic pain and, less commonly, vaginal bleeding.(16) 
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1.1.2 Aetiology and prognosis 

Cancers of the ovary are classified according to their cells of origin. Most women have epithelial 

ovarian cancer (EOC), which is thought to arise from malignant cells in the tissue covering the ovary 

or the lining of ovarian cysts, or pre-cancerous lesions within the fallopian tube. However, some OCs 

also arise from the substance of the ovary, called stromal tumours, or from embryological 

differentiation (sex cord and germ cell tumours).(4, 17, 18) EOC accounts for approximately 90% of 

all OCs in women(4, 5) so the work presented in this thesis focuses on EOC as other histologies may 

require different management.(19) 

The spread of OC is described using the International Federation of Gynaecology and Obstetrics 

(FIGO) staging,(20, 21) where: stage I disease is confined to the ovaries; stage II disease is confined 

to the pelvic cavity (true pelvis, which predominantly contains the urinary bladder, the colon and the 

internal reproductive organs); stage III disease is abdominal, with spread to the lining (peritoneum) 

of the abdominal cavity outside the pelvis and/or regional lymph glands; and stage IV disease 

involves spread to distant organs, such as those in the chest or the liver.(20) (see Appendix 2) 

Management for early (I-II) and advanced (III-IV) stages differs considerably, and the prognosis is 

very poor for those with advanced disease. In the UK, 43% of all women with OC are alive five years 

after diagnosis, but five-year net survival decreases from 68% in stage II to 27% in stage III, and to 

just over 13% in stage IV disease.(22) 

1.1.3 Management 

My thesis focuses on surgical treatment of advanced EOC. Other, rarer sub-types of OC, such as 

germ cell tumours, sex cord stromal or granulosa cell tumours were not considered. Whilst surgery is 

important in these other histological subtypes, their inherent aetiological and biological differences 

require them to be considered separately to the more common epithelial subtype, which invariably 
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presents at an advanced stage.(20) Management of advanced EOCs consists of surgery, either 

primary (before chemotherapy) or as an interval (mid-way through chemotherapy). The purpose of 

the surgery is to achieve complete cytoreduction. The chemotherapy is usually given as a 

combination of carboplatin (alkylating agent) and Taxol (vinca alkaloids) with or without the addition 

of biological agents including VEG-F receptor antagonists and PARP inhibitors. Recent studies 

relating to these biological agents have shown the prognostic value of complete cytoreduction.(23, 

24) I will not expand on these agents any further as the thesis specifically relates to the surgical 

aspects of management. 

 

1.1.4 Residual disease thresholds 

Traditionally, primary surgery is performed to achieve optimal cytoreduction. However, over time 

the definition of optimal cytoreduction has varied with respect to the maximal diameter of residual 

tumour left behind after surgery. In 1994, the Gynaecologic Oncology Group (GOG) defined optimal 

cytoreduction as having residual disease (RD) < 1 cm.(25) This was updated in 2010 to define optimal 

as there being no visible residual tumour disease.(26-29) In this thesis, no macroscopic residual 

disease (NMRD) after primary cytoreduction equates to surgical debulking to no visible RD with the 

naked eye (RD = 0 cm and is often referred to in the literature as R0 or complete cytoreduction); this 

is also referred to as ‘optimal’. Nevertheless, further definitions of optimal have been advanced in 

the literature. For the purposes of an ES and any primary research, clear and consistent definitions 

of optimal and suboptimal RD are needed so that we can reliably evaluate their relative effects on 

outcomes and agree on subsequent guidelines.
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1.2 Types of surgery 

Surgery is often the first step in the initial diagnosis and staging of EOC. This thesis focuses on 

advanced stage disease only, as this involves surgical management; a combination of surgery and 

chemotherapy with platinum-based agents is exclusively the treatment of choice for advanced 

disease.(1-3, 28, 29) The timing of initial surgery is one of the questions explored with my thesis 

(outlined in first objective in Section 2.5.2). Surgery may be given as the first treatment prior to 

chemotherapy (known as primary debulking surgery (PDS)), or as primary surgery following initial 

NACT, an approach known as interval debulking surgery (IDS).(2, 30) 

To further complicate treatment, women with advanced EOC often develop bowel obstruction; this 

most frequently occurs in women with recurrent disease. In such circumstances, surgery is palliative 

in nature(31, 32) and is used solely to relieve the obstruction. A broad range of medical 

interventions may also be used, including palliative strategies to target pain, nausea, and vomiting. 

One of the limitations of surgery in this situation is that obstruction normally occurs at multiple 

levels within the bowel, rather than as a single obstruction lesion; single obstruction lesions often 

occur in primary bowel cancer.(32) Given that the aim of surgery in this population is symptom relief 

as opposed to attempts to improve survival, I did not include women with bowel obstruction within 

their initial primary OC diagnosis in my thesis as these patients would be a large source of 

heterogeneity and have significantly lower rates of survival.(33) 

1.2.1 Upfront primary debulking surgery 

Upfront PDS is defined as surgery followed by chemotherapy (usually platinum-based).(34, 35) It is 

the most common surgery performed as treatment for EOC; it is the focus of the majority of my 

thesis objectives and publications. Focusing on PDS in this manner allowed a more robust 

exploration of the methods being applied, since more data were available. PDS aims to debulk the 
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tumour and reduce the number of cancer cells, minimising the likelihood of developing resistance to 

chemotherapy after surgery. The main goal is to remove all of the tumour and, if this is not possible, 

to remove as much of the tumour as possible.(3, 36) PDS delays the start of chemotherapy, as there 

is the potential for chemotherapy to slow wound healing.(37) It also requires admission to hospital, 

which may be associated with delays in the start of treatment compared to starting chemotherapy 

immediately. 

1.2.2 Interval debulking surgery 

IDS is an alternative to PDS that involves giving platinum-based chemotherapy before PDS for 

advanced EOC; this is also referred to as NACT.(2, 35, 38) IDS is considered most viable when 

complete debulking of a tumour is unlikely to be achieved with PDS.(2, 3, 39) IDS may improve 

survival of women in whom primary surgery was not performed with cytoreductive intent by a 

gynaecological oncologist.(40) 

Proponents of IDS believe that the chemotherapy will shrink the tumour prior to primary surgery 

enabling better resection and in theory, IDS may help maintain general health and functionality.(41, 

42) Also if surgery is not curative, residual tumour cells may proliferate whilst a patient recovers

from surgery. On the other hand, clinicians opposing the use of IDS have argued that it delays the 

removal of the tumour, compromising the overall survival (OS) of a patient. Furthermore, it is 

suggested in my published body of work (Appendix 3) that chemotherapy might induce fibrosis, 

which may make complete debulking more difficult.(2) While IDS aims to reduce cancer deposits, it 

could leave microscopic disease that is then difficult to surgically remove, whereas primary surgery 

without the use of chemotherapy might make it more visible and, as a consequence, easier to 

remove. A final issue is that if too many cycles of NACT are given pre-surgery, there is a concern that 

post-surgery chemo-resistance will increase.(43, 44) 
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1.3. Approach to surgery 

There has been considerable controversy surrounding the use of IDS versus PDS in advanced EOC,(2) 

and also a lack of consensus on how radical primary surgery should be. How aggressive a surgical 

approach should be is often difficult for clinicians and patients to decide a priori and will be 

dependent on several factors. These include severity and spread of disease, age, histology, tumour 

grade and the patient’s (functional) performance status, to list but a few. Most surgeons attempt to 

surgically remove as much tumour as possible. However, some surgeons have a very aggressive 

ethos, whereas others are more conservative due to uncertainties over the long-term consequences 

and adverse effects of aggressive surgery. Therefore, part of my published body of work sets out to 

explore the impact of RD after PDS and ascertain suitable categorisations of RD thresholds for when 

complete cytoreduction is not possible. The question of how much effort should be made to attempt 

small volume RD <1cm if a surgeon cannot debulk all the tumour is explored for both IDS and PDS, 

before more sophisticated statistical methods are applied to PDS. For women, there is uncertainty 

over disease recurrence, adverse effects of surgery and on how these may affect them both mentally 

and physically, and on their overall quality of life.(45, 46) These considerations should all be part of 

the treatment decision making process. 

1.3.1 Maximal effort debulking and standard (radical) surgery 

Patients with widespread disease, that is, those with upper abdominal disease affecting the 

diaphragm, liver, spleen and omentum (a large fatty structure which hangs off the middle of 

the colon and drapes over the intestines inside the abdomen),(47) or widespread disease affecting 

the bowel, will need much more radical surgery in order to achieve  cytoreduction to NMRD. As the 

extent of disease increases, the complexity of the procedures required to achieve this also 

undoubtedly increases. 

https://www.verywellhealth.com/what-is-the-colon-796819
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‘Maximal effort debulking surgery’ is now the preferred term for more extensive surgery and this has 

superseded terms like ‘ultraradical surgery’ that was used in Publication 2.(48) To be consistent with 

the current preferred term, I therefore use maximal effort debulking surgery throughout the body of 

the thesis. This surgery, which may include bowel resection, splenectomy, liver resection and 

diaphragmatic stripping, has been described in the literature as a treatment for advanced OC with 

low complication rates.(1, 49) Standard (with radical components which are not as extensive as 

maximal effort debulking) surgery is typically defined as total abdominal hysterectomy, bilateral 

salpingo-oophorectomy, omentectomy, pelvic and/or para-aortic lymphadenectomy, bowel surgery 

outside the definition of ‘maximal effort debulking’ (localised colonic resection, non-multiple bowel 

resection). Maximal effort debulking surgery is an extension of standard (radical) surgery(1, 50) and 

could include diaphragmatic stripping, extensive peritoneal stripping, multiple resections of the 

bowel (excluding localised colonic resection), liver resection, partial gastrectomy, cholecystectomy 

and splenectomy.(51) As would be expected, maximal effort debulking surgery is associated with a 

prolonged operating time and exposure to anaesthesia. These factors may increase the risk of 

hypothermia, respiratory complications such as atelectasis (lung collapse), infection, adult 

respiratory distress syndrome, blood loss and intraoperative ureteric, bowel and bladder injury. In 

the postoperative period, these women may also require a longer hospital stay and extended 

recovery time, with an increased risk of infection (chest, wound, urine), venous thromboembolic 

disease, poorer mobility and poorer nutritional status.(1, 52) 

The role of maximal effort debulking and radical surgery is not universally accepted. This in part is 

due to the risks noted above. However, it has been suggested that the initial extent of advanced 

disease may reflect the aggressiveness of the tumour, and it is these factors  that ultimately dictate 

treatment success, not the extent of surgery per se.(53) If this argument holds, then seeking 

cytoreduction to NMRD may not improve survival because there may still be some remaining RD 

after surgery.(1) Another theory is that these same women may have less biologically aggressive 
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tumours and that these differences in tumour biology may account for the survival benefits that are 

reported to be from surgery.(1, 54) However, it has also been argued that women who undergo 

maximal effort debulking achieving cytoreduction to NMRD have better survival. Cytoreduction to 

NMRD is recommended as being the aim of any type of primary surgery in UK guidelines,(50) yet 

many centres continue to have fairly low rates.(55, 56) Maximal effort debulking surgery is explored 

in the second objective outlined in Section 2.5.2.
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1.4 Extent of debulking surgery 

It has been argued by some that the goal of surgery, whether IDS or PDS, should be complete 

resection of all disease.(27-29, 57) As noted above, there is no consensus on this, with many 

standing by their preference of routinely performing conservative or less complicated and aggressive 

surgery.(52) 

Consequently, there remains divided opinion about the effects of any remaining RD on survival after 

PDS or IDS and what attempts should be made for maximal efforts at debulking. What has been 

evidenced is that if surgery is performed by gynaecologists with training in gynaecological oncology 

who either undertake a high volume of surgeries or are based in high-volume centres, the surgery 

undertaken is associated with increased likelihood of cytoreduction to NMRD being attempted.(58-

62) The value of removing as much tumour as possible after primary surgery is explored in a series of

publications in the thesis across objectives 3-5 (outlined in Section 2.5.2). 
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2 Introduction 

2.1 Origins of research interest 

Since I started employment at Newcastle University in November 2007, I have been involved with 

the Cochrane Gynaecological, Neuro-oncology and Orphan Cancers review Group (CGNOCG).(63) 

Over time I have evolved into the Statistical Editor of the group and have formed strong bonds with 

CGNOCG affiliates such as Clare Jess, Gail Quinn, and many others listed in the Acknowledgements. 

From this work I have developed a keen interest in gynaecological cancer research, in particular in 

OC, which is often described as a silent killer due to the difficulty of recognising symptoms early on 

in the disease course.(64-66) According to Cancer Research UK (CRUK) there are 7500 OCs diagnosed 

in the United Kingdom (UK) each year and, of these, it would be expected that more than 70% would 

be diagnosed at a late stage.(67) 

My main motivation for focusing this PhD on surgery for advanced EOC stemmed from a lack of 

available guidance as to the best course of management for late stage EOC. More specifically, a lack 

of clarity on what the role of surgery should be within that management. ES methods offer an 

opportunity to exploit the available evidence and ensure that any further primary (expensive) 

research is focused in areas where we have a research gap, rather than areas where we have 

research uncertainty that may be explained or characterised. In my work I have focused on ES 

approaches to identify and combine evidence that may support decisions that improve the care of 

those with EOC. I have also used these methods to identify and clarify areas for further research. 

Throughout, an important goal was also to promote research in advanced EOC by showing how 

innovative methodological and statistical initiatives could be used to gain confidence in the 

estimates of effect that formed a part of the evidence being presented. The work described in this 
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thesis has made extensive use of systematic review (SR) and meta-analysis (MA) methodology. My 

role and contribution to each included publication in the thesis is provided in Appendix 1. 

Publication bias (PB) may cause additional uncertainty as to the true value of debulking to NMRD, 

and potential concerns regarding the strength of the current evidence base. Although there is now 

less controversy about the prognostic importance of cytoreduction to NMRD, there remains divided 

opinion about the effects of any remaining RD after primary surgery and about what attempts 

should be made for maximal efforts at debulking.(68, 69) Different philosophies are evident within 

the surgical community, but there are also other important considerations, such as surgical skills, 

training, the woman’s fitness for more radical treatment, morbidity, mortality, and quality of life. 

These are all considerations when assessing PB and the reliability of the effect estimates in published 

studies. There is also the possible issue about unreported studies that show “negative” results, which 

in this context may be a study showing no benefit of cytoreduction to NMRD. Indeed, PB is a well-known 

threat to the validity of meta-analyses.(70, 71) This, along with other biases associated with SRs are 

discussed in more detail in Sections 2.2 to 2.4. Some of these other biases can to some degree be 

minimized by following good ES practice and are probably of a much lesser threat to the validity of 

the overall findings. For this reason, I was keen to explore PB in the thesis as negative or statistically 

insignificant findings typically have less chance of being published; therefore, available studies tend 

to be a biased sample. This leads to an inflation of effect size estimates of unknown degree.(72) 

Consequently, it has been argued that attempting to correct for bias is typically better than 

incorporating no correction at all because PB is inevitable in most meta-analyses. This includes when 

no publication biases are detected, as available tests to ascertain the presence of PB typically have 

low power.(73) Ultimately, using adequate methods of bias correction can add confidence to the 

certainty of effect estimates in a MA. 
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Grading of Recommendations, Assessment, Development and Evaluations (GRADE) assessments are 

vital to aid the conclusions in any SR.(74) GRADE is one of the most widely used tools for assessing 

and communicating scientific uncertainty and uses a system for rating the certainty of evidence and 

grading the strength of recommendations in healthcare. Over 100 organisations around the world 

are using GRADE or endorse it, including Cochrane and the World Health Organisation (WHO).(75) In 

order to apply GRADE, typically at least two independent reviewers to make judgements on the 

certainty of the evidence for each key outcome in a SR following the guidance provided in Chapter 

14 of the Cochrane Handbook for Systematic Reviews of Interventions.(76) GRADE uses five 

considerations (study limitations (risk of bias), unexplained heterogeneity and inconsistency of 

effect, imprecision, indirectness and PB to assess the certainty of the body of evidence for

each outcome. The GRADE system uses criteria ranging from very low to high certainty for assigning

grade of evidence. 

There are accepted challenges in applying the GRADE approach(77) in SRs and advances in 

methodology where existing guidance falls short is still sought.(78) I believe that the current priority 

should be on PB as it is likely to be an issue in most areas of health research;(79) a more thorough 

assessment is needed to adequately assess this domain in GRADE. When individual studies are not at 

all published, the results of the SR are potentially biased.(80) PB is a GRADE domain that requires 

making inferences about missing evidence. Several statistical and visual methods are helpful in 

detecting PB, but they have serious limitations.(81) These tests can be prone to error and their 

results should be interpreted with caution as it is extremely difficult to be confident that PB is 

absent.(81) It is also difficult to judge when to downgrade the certainty of the evidence due to 

suspicion of PB. Therefore, presenting an adjustment for PB without the need for potentially 

downgrading the certainty of the evidence would be very appealing. Exploring how to adjust effect 

estimates in a MA is something I have given considerable thought, especially since the risk of PB may 
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be higher for SRs of observational studies than for reviews of RCTs. Many studies in my portfolio 

of gynaecological SRs include these study design. The consolidation of the PB domain would add  

strength to the confidence in the overall judgements made. Developed from the findings of the

thesis, I proposed a correction for PB as an additional domain or as an extension to the current PB

domain in GRADE. This was added as one of the objectives in my thesis and had not been pre-defined

from the outset (outlined in objective 5 in Section 2.5.2).

Exploration of PB is an important part of a robust SR and should always be considered. At present, 

there is no consensus on a standard approach for identifying and adjusting for PB, although some 

methods, particularly around identification, do exist. I wanted to explore adjustments to effect 

estimates for PB because based on collaborations with clinicians (in all clinical areas) in my work as a 

trial biostatistician, there is often a distinct lack of equipoise. This is often exacerbated in secondary 

research as many sceptics refute conclusions in an area despite an ES following rigorous and sound 

methodology.(82-85) Therefore, it is important to disseminate findings to the wider surgical 

community by reporting effect estimates that are more likely to be closer to the true effects by 

removing a degree of bias. It is also important to utilise the most pertinent methodologies, be it 

through existing ones or making advancements in novel approaches. 

There have been recent considerations about how to utilise GRADE when there is limited or no 

evidence.(86) Areas of sparse evidence often reflect key questions that are critical to address in 

clinical practice guidelines due to the uncertainty among health care providers. An expert elicitation 

approach has been suggested as a possible method for panels to transparently deal with the lack of 

published evidence to directly inform recommendations.(86) I liked the concept of expert elicitation 

to enhance the evidence base so utilised this approach in the body of work in the thesis, by 

incorporating it into the PB domain in GRADE. The concept was introduced to me through my 
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interest in the research conducted by the Cochrane Effective Practice and Organisation of Care 

Group and further reading of the literature. The expert elicitation in this group is mainly applied in 

health economics but the concepts can be applied in other settings. Since there was a lot of 

uncertainty around PB in the prognostic assessment of RD after primary surgery work in the thesis, it 

made sense to explore expert elicitation in this setting, especially given that there is a general 

acceptance that PB exists in this area.(87) I knew I could then utilise my knowledge of Bayesian 

statistics and previous experience of using packages like WINBUGS(88) to enable me to inform prior 

distributions using the opinions of experts. This was a particularly novel aspect of my research, as 

this prior information was used to inform adjustment of MAs for PB in a way that, to the best of my 

knowledge, has been previously unexplored. 

Without reliable guidelines based on adequate empirical evidence, polarised views will continue to 

exist and that was my main motivation for conducting the research in my thesis. Having the most up-

to-date and reliable evidence is crucial to the development of clinical guidelines, and thus, it is of 

paramount importance that optimal analytical methods are used to appraise the available 

evidence.(89) However, current guidelines related to best management for women undergoing 

primary EOC surgery are not based on the highest level of evidence. 

This thesis is particularly pertinent due to the high level of uncertainty facing women undergoing 

treatment for advanced EOC, especially given differences in practice between surgeons in the UK 

and internationally. 
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2.2 Biases in meta-analyses 

The research conduct in the included publications (body of evidence) attempted to use the best 

available evidence. While little randomised study data were available, by using best practice ES 

methods along with novel methods, an attempt was made to reduce uncertainties that existed. 

The issue of bias in the SR process is addressed in this chapter. Each publication explores different 

methodologies, both novel and existing, to try and address potential biases that might exist within 

the evidence and the methods. Methods explored included standard approaches, such as 

independent identification of studies eligible for inclusion and double data extraction. 

Judgements on external and internal validity(90) were made in each included publication. External 

validity refers to the applicability and generalisability of the findings,(90) such as judging whether 

the studies in each included publication were representative and could be generalised to other 

populations and settings. Internal validity was also judged as it was important to determine whether 

the included body of evidence adequately addressed the research questions and minimised bias. In 

the included body of evidence, the methodological quality within a study was assessed using 

different risk of bias tools, which are discussed in Chapter 3. Given sound SR and methodological 

conduct, the main threats to any MA are reporting biases, especially selective reporting of outcomes 

and PB.(79, 91-93) It is worth noting that PB could be one of a number of possible explanations for 

small study effects being observed in a MA. However, PB is likely to be the main plausible threat in 

this area of research. Therefore, a large part of my thesis explores methods to minimise or overcome 

the impact of these two biases which are discussed in detail in Section 2.3, with methodology 

explored more fully in Section 3.6 and Section 3.7 (and in two of my publications).
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2.3 Reporting biases 

One of the objectives of my thesis was to explore the extent of PB associated with the prognostic 

factor research and how this might be quantified and incorporated into the analyses (see Section 

3.6). The credibility of evidence syntheses can be compromised by reporting biases, which arise 

when dissemination of research findings is influenced by the nature of the results.(94) The different 

types of reporting biases comprise how, when and where research findings are reported. The thesis 

attempted to minimise these through ES methodology in the body of evidence. Specific examples of 

these methods are outlined in the description of the inclusion criteria in each publication with 

consideration of how these were likely to reduce the risk. 

One form of reporting bias reflects that smaller studies are thought to be more likely to report larger 

effect sizes than larger studies.(73, 95) The belief being that smaller studies reporting null or small 

effects being less likely to be published; i.e. there is an element of PB. This has traditionally been 

seen as the main reason for the observed small-study effects in most MAs.(92, 96) Attempts to 

minimise other forms of reporting biases associated with small study effects other than PB were 

made throughout the body of work, and these are listed in Table 1. This was attempted in the design 

of each ES publication, through carefully set out inclusion criteria a priori and ES methodology. 

Small-study effects can be induced by a variety of factors besides PB(97) (Table 1), so attempting to 

minimise other reporting biases in the design and inclusion stage in the ES is important. Table 1 

shows all known reporting biases and how I attempted to deal with them in the body of evidence in 

my thesis either in the review process or using ES methodology. Some biases are of limited relevance 

to this body of work while others such as PB were likely to be most impactful and therefore were the 

focus of the application of novel methodology discussed later in this thesis. 
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Table 1: Potential issues and solutions to reporting biases in included publications in the thesis. 
Reporting bias Potential issue in included publications 

in the thesis 
Attempts to address the bias in the thesis 

Publication bias 
(79) 

The possible non-publication of research 
findings, probably due to non-significant 
results, or the direction of results does 
not favour an experimental intervention. 

An expert elicitation exercise was conducted 
in the fifth publication in Appendix 7 and the 
results were applied using Bayesian 
methodology to incorporate an adjustment 
to effect estimates in the sixth publication in 
Appendix 9. 

Selective 
reporting of 
outcomes bias 
(93) 

The selective reporting of some 
outcomes or analyses, but not others, 
probably due to non-significant results, or 
the direction of the results does not 
favour an experimental intervention. 

Attempts to minimise this bias was 
incorporated in the design of the elicitation 
exercise so that experts could factor this into 
their judgements. Therefore, this bias was 
grouped as a component of publication bias. 
The selective reporting of outcomes also has 
a domain in risk of bias assessment, so this 
was considered as a possible bias in all 
studies that met the inclusion criteria in all 
included ES publications. 

Time-lag bias 
(98) 

Potential delays in publication of research 
findings, probably due to non-significant 
results, or the direction of the results 
does not favour an experimental 
intervention. 

Comprehensive searches and searches of the 
grey literature were performed in all ES 
publications in the thesis. A substantial 
proportion of studies may remain 
unpublished for a considerable time after 
study completion but eventually results 
should become available and the fact that 
attempts to obtain study data from authors 
were made meant that some data not 
available in the published literature was 
included in some cases. This helped 
minimise time-lag bias in the included ES 
publications in the thesis. 

Language bias 
(99) 

The publication of research findings in a 
particular language, possibly due to non-
significant results, or the direction of the 
results does not favour an experimental 
intervention. 

Attempts to translate any pertinent included 
study that was not published in English were 
made in all ES publications in the thesis. 

Citation bias 
(100) 

The citation or non-citation of research 
findings, depending on the nature and 
direction of the results. 

Comprehensive searches and searches of the 
grey literature were performed in all 
included ES publications in the thesis. The 
way references are indexed means that most 
studies would probably be identified, 
regardless of how poorly it has been cited or 
disseminated. 

Multiple/duplic
ated publication 
bias (101) 

A study may be published multiple times 
with different sets of authors, sometimes 
making it possible that systematic review 
authors could include a ‘unique’ study 

In the included ES publications in the thesis, 
included references were thoroughly 
checked for studies that may have been 
reported more than once and the references 
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several times. This may depend on the 
nature of the results, or study authors 
may want multiple publications to boost 
their academic/research CVs. 

were nested within a primary reference for 
transparency. 

Location bias 
(102) 

The publication of research findings in 
journals has obstructed access or worse 
levels of indexing in standard databases, 
probably due to non-significant results, or 
the direction of the results does not 
favour an experimental intervention. 

Comprehensive searches and searches of the 
grey literature were performed in each 
included ES publication, so this bias was not 
of particular concern in the body of work in 
the thesis. This was supported by the 
Information Specialist in the CGNOCG. 

Early stopping 
rules (103) 

A study is stopped prematurely and thus 
lacks the desired power to detect 
differences in outcomes that may or may 
not be present, or it was stopped early 
based on a significant result which was 
subject to an early treatment effect 
giving overly ‘optimistic’ effect estimates 
in favour of the intervention. 

This is probably not a serious form of bias in 
an advanced EOC setting. While smaller 
studies may have been more prone to 
sampling error,(104)  even if a study was 
stopped early, it would only have been 
included in the advanced EOC publications if 
it had included the minimum number of 
participants as part of the inclusion criteria. 

Sample size 
calculation (105, 
106) 

An inadequately powered study (with 
small sample size) could lead to spurious 
findings, while large studies are often 
statistically significant but not clinically 
relevant if the sample size calculation is 
not given full consideration. 

Power calculations were not considered as 
part of any inclusion criteria in any of the 
included ES publications in the thesis. 
Sensitivity analyses were conducted when 
appropriate. A small sample size is often 
calculated in a pragmatic way based on 
resources, likelihood of participant 
availability and funding. 

Sponsorship 
and funding bias 
(107-109) 

The distortion of design and reporting of 
a study to favour the funder's aims. The 
presence of funder bias in a commercial 
setting is where the conduct may be 
disingenuous. 

There are probably no serious concerns 
about this potential bias in any of the 
included ES publications in the thesis, as 
surgery is the mainstay of treatment in 
advanced EOC and there is little to gain in 
commercial sponsorship or vested funder 
interests. Although, in areas of oncology, 
industry-sponsored trials may be the least 
published.(110) 

Fraud (111) Papers retracted for fraud (data 
fabrication or falsification) is a serious 
bias and is more likely to falsify in favour 
of positive results towards an 
experimental intervention. This differs 
from papers retracted for error, which 
would likely be corrected and 
republished. 

Data irregularities or inconsistent reporting 
were scrutinised. Possible research fraud 
was encountered in the COVID-19publication 
discussed in Chapter 6.(112) This was not a 
concern in the body of advanced EOC 
research in thesis. 
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2.4 Methods to identify and minimise publication bias 

This section focuses on methods to prevent/reduce PB that were used in the body of evidence in the 

thesis. Good research practice was achieved by following Cochrane methods guidance,(113) as well 

as adhering to reporting guidelines recommended in PRISMA statements.(114) Furthermore, it was 

planned in all included ES publications in the thesis to interpret the results of any MA that displayed 

asymmetric funnel plots as evidence of small-study effects, which could seriously threaten the 

validity of the results of the MA.(115) 

Cochrane methods guidance discusses the various approaches to assessing how the results of MAs 

vary under different assumptions. However, while techniques such as the Trim and Fill method(116) 

and selection model techniques(117, 118) have the ability to estimate intervention effects corrected 

for funnel asymmetry, they are not widely recommended due to their limitations.(117, 119) These 

methods have been shown to be inconsistent and often report PB where it does not exist 

particularly when studies in a MA are heterogenous.(120) In each included ES publication in the 

thesis, if funnel plots had suggested that treatment effects may not have been sampled from a 

symmetric distribution, as assumed by a random effects (RE) model, sensitivity analysis using fixed 

effects (FE) models could have been performed. However, it was felt that the assumptions 

underpinning a FE MA would not be sensible. This is because assuming that there is one true effect 

size that underlies all studies in the analyses in each ES publication in the thesis, and that all 

differences in observed effects were due to sampling error, was not felt to be realistic. Furthermore, 

due to the poor statistical power of all existing tests,(121-123) methods that aimed to raise the 

certainty of the evidence were preferred and are outlined in subsequent sections of the thesis. 

These methods included attempts to adjust for PB to obtain more reliable and precise effect 

estimates from which to draw conclusions. 
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 It has been suggested that attempting to correct for PB is typically better than incorporating no 

correction at all, as PB is inevitable in most MAs. This includes the scenario when no PB is detected. 

This is because currently the available tests to ascertain the presence of PB typically have low power 

so cannot be considered reliable.(73) Ultimately, utilising adequate methods of bias correction can 

add confidence to the certainty of effect estimates in a MA.
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2.5 Research aims and objectives 

2.5.1 Aims 

To evaluate the clinical effectiveness and safety of different forms of surgical management for

women with surgically staged advanced EOC (FIGO stages III and IV). This was accomplished using

evidence synthesis methodology. This was used to provide evidence suitable for supporting the

development of clinical practice guidelines for the surgical management of advanced EOC.

More specifically I aimed to investigate: 

• Primary debulking surgery (PDS) versus interval debulking surgery (IDS), that is

surgery that is given as part of the initial treatment phase, either before or mid-way 

through chemotherapy. 

• Maximal effort debulking surgery (more radical surgery beyond what is

standard) versus standard surgery. 

• How radical should radical surgery be by looking at the relationship between the amount of

residual disease left after primary surgery and overall and progression-free survival. 

2.5.2 Detailed objectives 

These aims were met by undertaking a series of research projects, each of which is reported as a 

peer reviewed research paper. These papers make up the substantive component of this thesis by 

publication. These papers report how I met the aims set out above by meeting the following 

objectives: 
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1. To assess the effectiveness and safety of treating women with advanced EOC with 

chemotherapy before IDS (neoadjuvant chemotherapy, NACT) compared with conventional 

treatment where chemotherapy follows PDS (adjuvant chemotherapy).

2. To evaluate the effectiveness and safety associated with more extensive surgery (maximal 

effort debulking surgery) in the management of advanced stage EOC.

3. Building upon and addressing the limitations of (2) estimate the impact of the extent of 

residual disease (i.e., the amount of disease left after primary surgery) on overall and 

progression-free survival. This analysis was completed for two scenarios explored when 

addressing objective (1), namely PDS and IDS settings.

4. To address limitations in (3) above, alternative approaches to estimating the prognostic 

impact of RD on overall survival were used. More specifically:

a. To explore whether a network meta-analysis (NMA), as an extension to the 

standard pairwise MA explored in (3), could be used to compare the impact of 

different RD thresholds in a single analysis.

b. To explore the extent of publication bias (PB) associated with (3 and 4a) and how 

this might be quantified and incorporated into the analyses.

5. Use the finding of the method used to quantify PB to modify the current PB domain in the 

standard Grading of Recommendations, Assessment, Development and Evaluations (GRADE) 

tool. This aimed to raise the confidence in the GRADE judgement and consequently the 

overall recommendations being made.

6. Identify gaps in the literature arising out of the thesis and future research needs, in both 

clinical and methodological capacities, with an emphasis on raising the certainty of the 

evidence.
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3 Methods 
3.1 Introduction 

This chapter outlines the ES methods used within the body of work presented in this thesis. The 

methods explored in each included publication are described in detail in Appendices 3-9. This 

chapter provides a summary of the inclusion criteria and methods used in each of the included 

publications. All methods were applied with respect to minimising biases in the review process and 

conduct of analyses. Steps taken to minimise different forms of bias in a SR are outlined throughout 

the subsections. 

3.1.1 Context of research publications in thesis 

The publications summarised in the body of work in the thesis explore different methodologies and, 

as set out in Chapter 2, aim to synthesise the evidence on effects of treatment and make 

recommendations for policy and management of advanced EOC. This was needed due to the high 

levels of uncertainty in the current evidence base and the failure of standard methods to go far 

enough in reducing this uncertainty. The novel methods in this thesis go further and may impact 

current recommendations. Publications 1-6 describe a progressive evaluation, with each subsequent 

publication seeking to provide more accurate and reliable effect estimates (by attempting to 

minimise bias) and so strengthening conclusions. The methods used for each piece of work are given 

in detail in the subsections below. These methods include the use of a NMA approach in Section 3.5, 

adapted to consider a prognostic feature (extent of RD) rather than the more typical comparison of 

interventions, an expert elicitation exercise in Section 3.6, and an adjustment of effect estimates for 

PB in Section 3.7. 
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A summary of how the projects are linked to the included publications and the main methods used is 

given in Figures 1 and 2 below. In summary, Figure 1 shows that Publications 1 and 2 address 

whether primary surgery should be given before or after chemotherapy and how aggressive the 

surgery should be. The ordering of these research questions addressing Objectives 1 and 2 is 

unimportant, but both were required to adequately address the overall research aims. Objective 3 

was addressed by conducting the prognostic factor review (Publication 3) which is related to the 

objectives in the first two publications. However, there is a specific focus on using the results of the 

subsequent Publications 4-6 as a proxy to address Objective 2 in Publication 2 given an absence of 

evidence on maximal effort debulking surgery. Publications 4-6 use progressive methodology to 

attempt to raise the certainty of effect estimates and the confidence in the conclusions drawn. 

Overall, the methods shown in Figure 2 and applied in this thesis help to achieve these objectives 

and aim to help inform policy makers to make better evidence-based decisions. 
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Figure 1: Summary of how projects are linked to the included publications. 

Figure 2: Summary of the methods used in each publication 
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3.1.2 Development of a priori research methods 

A key first stage of the work was to develop research protocols for all the ESs conducted. Each ES 

was conducted according to internationally accepted principles of good practice by following the 

recommendations set out in the Cochrane Handbook for Systematic Reviews of Interventions(113) 

and the general principles of the Centre for Reviews and Dissemination guidance for undertaking 

reviews in health care.(124) Each relevant ES publication was reported according to PRISMA 

guidance.(114) While none of the protocols were registered on the international prospective register 

of systematic reviews (PROSPERO), as is often common practice, they were preregistered through an 

equivalent process, through the CGNOCG.(125-128) 

Thus, all publications fully defined each element of the work that was carried out (the data 

extraction tool, risk of bias criteria, etc).(125-128) Three publications were ES within a Cochrane 

framework.(1-3, 113, 129, 130) while three publications (131-133) performed further work  based on 

the original research question that was first introduced in this prognostic factor Cochrane review 

(third publication in Appendix 5). Each publication was conducted by a project team that had its own 

multidisciplinary expertise. The teams included senior clinicians, methodologists, and statisticians. 

All research publications were conducted in consultation between the clinical and methodological 

experts within the multidisciplinary team used my network of researchers to approach experts to be 

involved in the research and subsequent publications. 

The following sections in this chapter provide a summary of the inclusion criteria and methodology 

of each included publication reporting on advanced EOC. The full text of these publications is 

available in the Appendix, but in some cases, additional explanation and justification for the 

approaches adopted is provided, which was not included in the publications due to strict journal 

word limits. 
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3.2 Publication 1: Chemotherapy versus surgery for initial treatment in advanced 

ovarian epithelial cancer 

The research question in this paper addressed the first objective in the thesis, as set out in 

Section 2.5.2. This assessed the effectiveness and safety of treating women with advanced EOC with 

chemotherapy before IDS compared with conventional treatment where chemotherapy follows PDS. The 

following subsections show the inclusion criteria and summarise the methods related to the first 

publication, which aimed to minimise bias in the research process. See Appendix 3 for the full text of 

the first publication. 

3.2.1 Participants, interventions, comparisons, and outcomes (PICOs) 

3.2.1.1 Types of studies 
All randomised controlled trials (RCTs) that reported a comparison of chemotherapy versus surgery 

for the initial treatment of advanced EOC and met the prespecified inclusion criteria were included. 

Studies were restricted to RCTs as it was known during initial scoping of the extant literature that 

randomised studies were feasible and they represent the highest level of evidence in the hierarchy 

of evidence from individual studies.(134) Existing SRs or guidelines were treated as a source to 

identify primary studies for inclusion. Additional primary studies were identified by conducting 

searches, as described below. 

There were no restrictions for studies with early stopping rules. Given that surgery is the mainstay of 

treatment,(135, 136) it was expected that any study stopping early would be more likely due to lack 

of resources and problems with recruitment. The relatively low five-year survival rate for women 

with advanced EOC also potentially makes early stopping of a study less likely.(14, 20) 
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There was no consideration of any requirement for a prestated power calculation as part of any 

inclusion criteria. A standard weighted average approach using a RE model was used in all core MAs 

using the DerSimonian and Laird (DL) method.(137) RE models were used because the underlying 

assumption is more plausible in reality (and for this research area). This assumption is that the 

different studies in each of the included publications are estimating different (but related) 

intervention effects.(71)  

 

3.2.1.2 Types of participants 

Studies that reported adult women (aged 18 years of age or older) with surgically staged primary 

advanced EOC (FIGO stage III and IV), who had confirmed histological diagnoses were included. 

Those that included women with other concurrent malignancies (unless these made up only a small 

proportion (< 10-20%) of the total sample, or if results were reported separately) were excluded. 

Those studies conducted in a palliative setting, such as those that included women with bowel 

obstruction, were excluded.  

 

Subgroup analyses were planned and conducted by age (dichotomised to 60 years or less and over 

60 years) and by the extent of debulking achieved (complete debulking; residual tumour 1 cm or 

less; residual tumour greater than 1 cm) to explain any differences between participants. 

Subgrouping data by FIGO stage (Stage IIIc versus IV) was also planned. 

 

3.2.1.3 Types of interventions 

Studies that reported on upfront PDS, with the aim of macroscopic resection or cytoreduction to 

NMRD, followed by platinum-based chemotherapy, compared to platinum-based NACT followed by 

IDS, with the aim of resecting disease to the same degree as the PDS group.  
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Another issue to consider is non-adherence to an intervention, which can introduce heterogeneity 

into any MA. This could be an issue in any cancer-based surgical setting if participants do not fully 

comply with chemotherapy schedules. Lower levels of adherence may dilute any intervention 

effect.(138)  

 

3.2.1.4 Types of outcome measures 

Where possible, the following outcomes were assessed. Full details and definitions are given in the 

publication (see Appendix 3). 

 

Primary outcomes: 

• OS; and 

• Progression-free survival (PFS) or recurrence-free survival. 

 

Secondary outcomes: 

• Morbidity/adverse effects (AEs), classified according to Common terminology criteria for 

adverse events (CTCAE);(139) 

• Quality of life (QoL); and 

• Extent of surgical debulking achieved (e.g., NMRD, 0.1 to ≤ 1 cm, > 1 cm).  

 

Different outcomes will vary in importance across individual women with advanced EOC. Since it is 

possible for either type of surgery in this review to result in a favourable prognosis then OS was 

thought to be of paramount importance and was the primary outcome, although secondary 

outcomes such as QoL would be the focus if an individual had a poorer prognosis, such as 

suboptimal RD after cytoreductive surgery. 
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With respect to some of the outcomes (e.g., OS and PFS), estimates may be affected by the duration 

of the study follow-up. Differences in the duration of follow-up across studies in a MA could, in 

theory, introduce bias if follow-up was associated with the effect estimates.(115) For the analyses of 

OS and PFS in this review, hazard ratios (HR) were estimated. This statistic takes into account all time 

points and allows for censoring.(140) 

 

3.2.2 Search methods 

Full details on the search methods related to this sub-section are given in the full publication in 

Appendix 3. 

 

3.2.3 Selection of studies  

The sifting of titles and abstracts then full text papers was conducted using the methods 

recommended by Cochrane.(141) Full details are given in the full publication in Appendix 3. 

 

3.2.4 Data extraction 

Where possible, all data extracted were those relevant to an intention-to-treat (ITT) analysis, in 

which participants were analysed in groups to which they were assigned. Chapter 5 of the Cochrane 

Handbook for Systematic Reviews of Interventions was consulted regarding any issues with 

extraction of data.(142) 

 

Data were abstracted onto a data extraction form specially designed for the review. Full details of 

data extraction are given in the full publication in Appendix 3. 
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3.2.5 Risk of bias assessment 

The risk of bias (and appraised quality) for all included studies was independently assessed by at 

least two reviewers. For this review (first publication in Appendix 3), which was restricted to the 

inclusion of RCTs, Cochrane’s Risk of Bias (ROB) tool was used.(143, 144) The ROB 1 version of the 

tool was used rather than ROB 2 because the latter was still under development at the time of 

production of the first publication.(145) The first pilot Cochrane review was published in November 

2021 where ROB 2 was recommended as the preferred tool for assessing RCTs in new reviews, but at 

present ROB 1 is still almost exclusively used in most reviews. This is due to the lack of 

implementation within RevMan 5 and switching to ROB 2 after protocol publication, or in updated 

reviews, being discouraged.(145) The ROB tool assessed risk of bias in the following domains: 

• selection bias: random sequence generation and allocation concealment;

• performance and detection bias: blinding of participants, personnel, and outcome

assessment;

• attrition bias: incomplete outcome data;

• reporting bias: selective reporting of outcomes; and

• other possible sources of bias.

Results were presented in a risk of bias summary table, which was used to support interpretation of 

the results of MAs. 

3.2.6 Certainty of the evidence 

A full assessment was made on the certainty of the evidence for each outcome in each comparison 

using the GRADE approach.(74) In order to apply GRADE, at least two independent reviewers made 

judgements on the certainty of the evidence for each key outcome in the review following the 
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guidance provided in Chapter 14 of the Cochrane Handbook for Systematic Reviews of 

Interventions.(76)  

 

GRADE uses five considerations (study limitations (risk of bias), unexplained heterogeneity and 

inconsistency of effect, imprecision, indirectness and PB) to assess the certainty of the body of 

evidence for each outcome. The GRADE system uses the following criteria for assigning grade of 

evidence: 

 

• High: we are very confident that the true effect lies close to that of the estimate of the 

effect; 

• Moderate: we are moderately confident that the true effect is likely to be close to the 

estimate of effect; 

• Low: the true effect may be substantially different from the estimate of the effect; and 

• Very low: the true effect is likely to be substantially different from the estimate of effect. 

 

Summary of findings tables were created to present the main findings for the following outcomes in 

the PDS versus IDS review: 

 

• OS; 

• PFS; 

• Various surgically related side effects (see Appendix 3 for full details); 

• Postoperative mortality; and 

• QoL.  
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3.2.7 Data synthesis  

If sufficient clinically similar studies were available, their results were pooled in pairwise RE 

MAs(137) (using direct head to head comparisons) using Review Manager (RevMan) version 

5.4.(146)  For time-to-event data, hazard ratios (HRs) were pooled using the generic inverse variance 

facility of RevMan 5.(146) For any dichotomous outcomes, risk ratios (RRs) were calculated for each 

study and these were then pooled. For continuous outcomes, mean differences (MDs) between the 

treatment arms at the end of follow-up were pooled as all trials measured the outcome on the same 

scale, otherwise standardised mean differences (SMDs) were pooled. Ninety-five percent confidence 

intervals (CI) were calculated for all measures of effect and were reported alongside the point 

estimates.   

 

3.2.8 Assessment of heterogeneity 

Heterogeneity between studies was assessed by: 

 

a) visual inspection of forest plots;(147)  

b) estimation of the percentage heterogeneity between trials which cannot be ascribed to sampling 

variation;(148) 

c) a formal statistical test of the significance of the heterogeneity;(149) and, where possible,  

d) subgroup analyses (see below). 

 

3.2.9 Assessment of reporting biases 

Funnel plots corresponding to MA of the primary outcome were used to assess the potential for 

small study effects, such as PB.(150) If these plots suggested that treatment effects may not be 

sampled from a symmetric distribution, as assumed by the RE model, further MAs using FE models 

would have been performed. Funnel plots were interpreted with caution because visual inspection 
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of funnel plots is subjective and considered crude in the judgement of asymmetry of small-study 

effects, which could be interpreted as presence of PB.(150-152) Nevertheless, this approach is 

commonly adopted due to the simplicity of their interpretation. No formal tests for funnel plot 

asymmetry were conducted because there is an absence of any consensus of their usefulness.(153) 

3.2.10 Handling missing data 

Missing outcome data was not imputed for any of the outcomes. If data were missing or only 

imputed data were reported, study authors were contacted to request data on the outcomes only 

among participants who were assessed. Applying plausible assumptions to the outcomes of 

participants with definite missing data, the average change in pooled relative effect estimates could 

be substantial.(154) To assess the importance of missing data, the incomplete outcome data domain 

of the risk of bias assessments was used and sensitivity analyses were performed as appropriate (see 

Appendix 3 for full details). The risk of bias domain judgements were used to inform the overall 

GRADE profiles. 

3.2.11 Subgroup analysis 

In this review, the following subgroup analyses were specified: 

• age: 60 years or less and over 60 years; and

• extent of debulking achieved: complete debulking; residual tumour 1 cm or less; residual

tumour greater than 1 cm.

3.2.12 Sensitivity analysis 

The sensitivity analyses mainly focused on excluding studies at high risk of bias. 
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3.3 Publication 2: Maximal effort debulking (ultraradical) surgery versus standard 

surgery for the primary cytoreduction of advanced epithelial ovarian cancer 

The research question in this publication addressed the second objective in the thesis, set out in 

Section 2.5.2. This evaluated the effectiveness and safety associated with more extensive surgery 

(maximal effort debulking surgery) in the management of advanced stage EOC. In the text below, 

only material differences in methods between this review and the previously described review 

conducted to address the question of effectiveness of chemotherapy versus surgery for initial 

treatment in advanced EOC are described. If not stated, the underlying assumption is that the 

methods were the same. See Appendix 4 for the full text of the second publication. 

 

3.3.1 Participants, interventions, comparisons, and outcomes (PICOs) 

3.3.1.1 Types of studies 
All relevant studies that assessed primary maximal effort debulking versus standard surgery for the 

treatment of advanced EOC; this included both RCT and non-randomised studies, as initial scoping of 

the literature did not identify any RCTs. Consequently, RCTs and non-randomised studies of at least 

100 patients with concurrent comparison groups were included. The constraint around the size of 

the study sample for non-randomised studies was applied(155) in an effort to minimise potential 

biases, negate small study effects, and because of issues around statistical adjustment. Small studies 

might be underpowered and designs such as case-control studies might introduce high levels of 

associated biases.(84, 156, 157) Small sample sizes may have been insufficient for any reliable 

statistical adjustment to minimise selection biases.(158) Furthermore, null findings might be due to 

deficiencies in the study design and conduct. Hence, including these studies might not lead to 

appropriate MA estimates. 
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For non-randomised trials, prospective and retrospective cohort studies and case series, further 

criteria were applied, in that, only studies that used statistical adjustment for important baseline 

characteristics (for example age, stage (III or IV), grade, performance status, etc.) using multivariable 

analyses were included. This criterion was introduced as it was clear that the inclusion of unadjusted 

non-randomised studies would be prone to confounding bias, as healthier patients with a probable 

better prognosis would be at an increased likelihood to be eligible for more radical surgery. Similarly, 

patients with potentially poorer health may be more likely to receive less extensive or conservative 

surgery, medical management, or best supportive care only. Therefore, if analyses were not 

adequately adjusted for important baseline factors, like severity, then the reported results would be 

prone to selection bias and estimated effect sizes may not be realistic. 

3.3.1.2 Types of participants 
The inclusion of participants follows that documented in Section 3.2.1.2. Subgroup analyses, such as 

by stage III and IV disease and by presence or absence of carcinomatosis, were conducted when 

appropriate to explain any differences between participants. 

3.3.1.3 Types of interventions 
Studies that reported on primary maximal effort debulking surgery versus standard surgery for the 

management of advanced EOC. 

3.3.1.4 Types of outcome measures 
Where possible, the following outcomes were assessed: 

Primary outcomes: 

• OS.
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Secondary outcomes: 

• PFS; 

• Cytoreduction to NMRD or near-optimal, defined as residual tumour < 1 cm; 

• Death within 30 days of intervention; 

• AEs, classified according to CTCAE 2017;(139) and 

• QoL, measured using a validated scale. 

 

As outlined in Section 3.2.1.4, there were no concerns about the differing duration of follow-up 

across studies for survival outcomes inducing small study effects. 

 

3.3.2 Search methods 

The search methods closely followed that described in the previous section and described in the full 

publication in Appendix 4. A range of additional efforts to identify relevant studies were attempted 

due to the lack of randomised studies in this area. This included labour-intensive grey literature 

searches and hand searches.  

 

3.3.3 Selection of studies  

The selection of studies closely followed the methods described in the previous section and 

described in the full publication in Appendix 4. 

 

3.3.4 Data extraction 

Data extraction closely followed the methods described in the previous section and described in the 

full publication in Appendix 4. 
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3.3.5 Risk of bias assessments  

The risk of bias (and appraised quality) was independently assessed by at least two reviewers. 

Cochrane’s risk of bias tool for RCTs(143, 144) was not applicable to the risk of bias assessment of 

studies comparing maximal effort debulking versus standard surgery because no RCTs were 

identified or included. A priori because non-randomised studies were eligible for inclusion, the risk 

of bias in non-randomised studies tool (ROBINS-I) was used,(159), as recommended and endorsed by 

the Cochrane Bias Methods Group and Non-Randomised Studies Methods Group. ROBINS-I rates 

bias across the following seven domains: 

 

1. confounding; 

2. selection of participants into the study; 

3. classification of interventions; 

4. deviation from intended interventions; 

5. missing data; 

6. measurement of outcomes; and 

7. selection of reported result. 

 

Responses to signalling questions in the ROBINS-I lead to the formulation of domain-specific risk of 

bias ratings: no information; low; moderate; serious; and critical risk of bias. These then guide the 

judgement for an overall risk of bias rating. Additional signalling questions to the ones in the 

ROBINS-I domains were added in accordance with additional criteria to assess applicability. This 

included an assessment of whether there was comparability between treatment groups. This 

assessed whether there were any differences between the two groups or if differences had been 

controlled for with respect to important baseline characteristics. Controlling for too few 

characteristics would potentially result in an inadequate adjustment but controlling for too many is 

likely unnecessary and may introduce issues of multicollinearity.(160)  
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To aid signalling questions regarding selection of women into the study, it was assessed whether 

relevant details of criteria for assignment of patients to treatments were provided, whether the 

group of women who received each intervention were representative, and if they were not selected 

by a subset of the population. Results were presented in a risk of bias summary table, which was 

used to interpret the results of MAs. 

 

3.3.6 Certainty of the evidence 

The certainty of the evidence judgements closely followed the methodology described in  

Section 3.2.6, where a full assessment was made on the quality and certainty of the evidence for 

each outcome in each comparison using the GRADE approach.(74, 161) The evidence was 

downgraded by one level due to an absence of any randomised evidence and then assessed using 

the same principles as previously outlined.  

 

Summary of findings were created to present the main findings from the following outcomes: 

 

• OS; 

• PFS; 

• QoL; and 

• AEs. 

 

3.3.7 Data synthesis  

If sufficient clinically similar studies were available, their results were pooled in pairwise MAs (direct 

head to head comparisons) in RevMan 5.4(146) using the same methodology as outlined in 

Section 3.2.7. Studies were required to report adjusted effect estimates, as specified in the review 

inclusion criteria. 
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3.3.8 Assessment of heterogeneity 

Heterogeneity between studies was assessed using the same methods outlined in Section 3.2.8. 

Whenever there was evidence of substantial heterogeneity, the possible reasons were investigated 

and reported. 

 

3.3.9 Assessment of reporting biases 

Funnel plots corresponding to meta-analysis of the primary outcome were used to assess the 

potential for small study effects such as PB,(150) as described in Section 3.2.9. 

 

3.3.10 Handling missing data 

The handling of missing data in the maximal effort debulking versus standard surgery for advanced 

EOC review followed the methods specified in Section 3.2.10. 

 

3.3.11 Subgroup analysis 

Subgroup analyses were performed, grouping the studies by: 

 

• reporting of survival (overall and disease specific; progression and disease-free); and 

• radicality of procedures in the ultra-radical groups. 

Factors such as age, FIGO stage, type of surgery (PDS or IDS), type of surgeon and length of follow-up 

were considered in the interpretation of any heterogeneity.  

 

3.3.12 Sensitivity analysis 

Sensitivity analysis was planned, excluding studies at high risk of bias. A sensitivity analysis that 

included women with more extensive disease (with carcinomatosis) was conducted.
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3.4 Publication 3: Impact of residual disease as a prognostic factor for survival in 

women with advanced epithelial ovarian cancer after primary surgery 

My third publication focuses on the prognostic value of RD in this population and addressed the 

third objective (see Section 2.5.2). This set out to estimate the impact of the extent of RD on overall 

and progression-free survival. This built upon and addressed the limitations in the review outlined in 

Section 3.3. This analysis was completed in PDS and IDS settings, as addressed in the review 

addressing the first objective in Section 3.2. The full publication can be found in Appendix 5. Many of 

the SR methods are core methods that remain constant regardless of topic or focus, however given 

the prognostic focus of this review the methods do vary in places and these differences are outlined 

in the following subsections. 

3.4.1 Participants, interventions, comparisons, and outcomes (PICOs) 

3.4.1.1 Types of studies 
All relevant studies that assessed RD as a prognostic factor for survival in women with advanced EOC 

after primary surgery and met the inclusion criteria were included. The wider inclusion criteria of 

studies followed those outlined in Sections 3.2.1.1 and 3.3.1.1 to accommodate both randomised 

and non-randomised studies. 

In each included study, the adequacy of the adjustment factors used in multivariate Cox models, of 

the 'adjustment for other prognostic factors' and of the 'statistical analysis and reporting', was 

assessed using domains of the QUality In Prognosis Studies (QUIPS) tool(130) which is discussed in 

detail in Section 3.4.5. Therefore, the inclusion criteria enabled studies that were less biases to be 

included. 
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3.4.1.2 Types of participants 
The inclusion of participants follows those documented in Section 3.2.1.2. Women were separated 

into two distinct groups: those who received upfront PDS and those who received IDS. These distinct 

groups were analysed separately. 

 

3.4.1.3 Details of prognostic factor 
The surgical intervention for which the resulting prognostic factor was assessed was primary surgery. 

RD thresholds were applied to both PDS and IDS settings: 

 

• No macroscopic residual disease (NMRD) after primary cytoreduction (RD = 0 cm); 

• Near-optimal RD after primary cytoreduction (0 < RD ≤ 1 cm, labelled as 0.1-1 cm); and 

• Suboptimal RD after cytoreduction (RD > 1 cm). 

 

The three main RD thresholds described NMRD (RD = 0 cm) as above, but RD 0.1-1 cm was 

categorised as small volume residual disease (SVRD), and RD > 1 cm was categorised as large volume 

residual disease (LVRD). SVRD and LVRD were used to aid the non-clinical reader, as a combination 

of numbers and letters can be more challenging. Furthermore, although clinicians may understand 

the meaning of optimal and sub-optimal, this may be more judgemental to a lay reader.  

 

3.4.1.4 Types of outcome measures 
The following outcomes were assessed: 

 

• OS; and 

• PFS. 
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3.4.2 Search methods 

The search methods closely followed those described in previous sections and described in the full 

publication in Appendix 5. 

 

3.4.3 Selection of studies  

The selection of studies closely followed the methods described in the previous section and 

described in the full publication in Appendix 5. 

 

3.4.4 Data extraction 

Data extraction closely followed the methods described in Section 3.2.4 but was extended to 

incorporate the checklist for critical appraisal and data extraction for SRs for prognostic factor 

studies (CHARMS-PF).(130) This checklist helped with framing the review question and was 

examined prior to data extraction and critical appraisal. A thorough data extraction for each study is 

needed to obtain relevant information for the review and the checklist was used in scoping and to 

inform piloting of data extraction. CHARMS-PF was used in combination with the QUality In 

Prognostic Studies (QUIPS) tool discussed in Section 3.4.5. 

 

3.4.5 Risk of bias assessments  

Risk of bias in studies assessing RD as a prognostic factor was assessed using the QUIPS tool, as per 

the protocol.(130) For prognostic factor studies, risk of bias for each outcome (OS and PFS) for each 

study was assessed separately as risk of bias could differ by outcome. QUIPS assesses bias across the 

six domains listed in Table 2, using intermediate signalling questions to aid the decision-making 

process.(130) The applicability of each study for four of the domains is set out in Table 2 below. It 

was important to outline any concerns regarding applicability to accompany the results of the risk of 

bias assessment. 
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Table 2: QUIPS tool for assessment of prognostic factor studies. 
Domain Additional considerations 

Study participation This domain was renamed ‘Participant selection’ as it was more important 
to explicitly make judgements about how the participants were enrolled in 
the study and then selected for their type of surgery. 

Applicability: Are there concerns that the included women do not match 
the review question? 

Study attrition No further items were added, or revisions made to this domain. 

Prognostic factor 
measurement 

Applicability: Are there concerns that residual disease, the way that it is 
measured, or the way that it is interpreted differ from the review 
question? 

Outcome 
measurement 

Applicability: Are there concerns that the outcome does not match the 
review question or that follow-up was not of sufficient duration? 

Study confounding This domain was renamed ‘Adjustment for other prognostic factors’ to 
distinguish between confounding and adjusting for other important 
prognostic factors. Adjustment for other sensible and pertinent prognostic 
factors is important when assessing the independent prognostic ability of 
residual disease as a prognostic factor. 

Applicability: Did the prognostic factors adjusted for match the review 
question? 

Statistical analysis 
and reporting 

No further items were added, or revisions made to this domain. 

 

As an amendment to the standard QUIPS existing risk of bias judgements, namely, low, moderate, 

and high, a fourth 'unclear' option was added. This was added because inconsistent reporting of 

included studies could lead to misleading and unreliable judgements. For example, in studies that 

were only reported in abstract form and information was clearly missing, an 'unclear' option was 

required. Results were presented in a risk of bias summary table, which was used to interpret the 

results of MAs. 

 

3.4.6 Certainty of the evidence 

Guidance on the use of GRADE for prognostic factor studies has not yet been published.(74, 162) 

However, the quality and certainty of the evidence was still appraised in the review. The certainty of 

the evidence judgements closely followed the methodology described for the previous two 
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intervention reviews, where a full assessment was made on the quality and certainty of the evidence 

for OS and PFS in each key RD comparison using the GRADE approach.(74, 161) Summary of findings 

tables were created to present the main findings for the following outcomes: 

 

• OS; and 

• PFS. 

 

3.4.7 Data synthesis  

If sufficient clinically similar studies were available, their results were pooled in pairwise MAs (using 

direct head to head comparisons) in RevMan 5.4(146). As the main aim of the review was to identify 

the prognostic impact of RD thresholds to predict survival outcomes (OS and PFS), only time-to-

event data were considered applicable to this review. As such, HRs were pooled using the generic 

inverse variance (GIV) facility of RevMan 5.(146) 

 

3.4.8 Assessment of heterogeneity 

Heterogeneity between studies was assessed using the same methods outlined in Section 3.2.8. 

Whenever there was evidence of substantial heterogeneity, the possible reasons were investigated 

and reported. 

 

3.4.9 Assessment of reporting biases 

Funnel plots corresponding to MA of the primary outcome were used to assess the potential for 

small study effects such as PB,(150) as described in Section 3.2.9. 

 

3.4.10 Handling missing data 

The handling of missing data followed the methods specified in Section 3.2.10. 
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3.4.11 Subgroup analysis 

Subgroup analyses were performed, grouping the studies by women with FIGO stage III versus stage 

IV disease. Women undergoing PDS and IDS were analysed in separate analyses. Factors such as age, 

grade, length of follow-up, type and experience of surgeon and type of surgery were considered in 

the interpretation of any heterogeneity. 

3.4.12 Sensitivity analysis 

Sensitivity analyses were planned that restricted the analyses to studies that were judged to be at an 

overall low risk of bias. Several post hoc sensitivity analyses were also conducted which included 

omitting one study that included a proportion of women with early and unknown stage disease.
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3.5 Publication 4: Residual disease threshold after primary surgical treatment for 

advanced epithelial ovarian cancer: A systematic review and network meta-

analysis 

The publication described in this section addresses objective 4a in the thesis and builds on the 

previous prognostic factor Cochrane review by using a more sophisticated analytical approach. This 

explored whether a network meta-analysis (NMA), as an extension to a standard pairwise MA 

explored in the review in Section 3.4, could be used to compare the impact of the different RD 

thresholds in a single analysis. A NMA can incorporate and synthesise multiple treatments, or in this 

case RD thresholds, allowing for direct and indirect comparisons between groups that have 

previously not been compared in published studies.(113, 152, 163) See Appendix 6 for the full text of 

the publication summarised in this section. 

3.5.1 Rationale 

The first two reviews/publications on surgical approaches and timing of surgery described in earlier 

paved the way to explore the impact of RD as a prognostic factor after primary surgery for survival in 

advanced EOC. The emphasis in the thesis from this point is to demonstrate how the use of more 

sophisticated methodology may offer an opportunity to better use all the available evidence and 

raise the certainty of that evidence by increasing the confidence in the effect estimates derived from 

the synthesis. This in turn will impact on the strength of the conclusions being drawn and increase 

the potential for impact on policy and practice. Having the most up-to-date and reliable evidence is 

crucial to the development of clinical guidelines. As such, the fourth publication (Appendix 6), 

outlined in the following sections is a progression of those pieces of research outlined in earlier 

sections.  
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The methods used for the core elements of the review are consistent with those reported for the 

other reviews included in my body of work. However, due to sparsity of evidence in IDS, this review 

and the more sophisticated methods have been applied to PDS evidence only.  

3.5.2 Network meta-analysis 

3.5.2.1 Data analysis 
The NMA was conducted using a frequentist framework (using Stata statistical software version 

15).(164-166) In the NMA, multi-arm studies were included with an adjustment for potential 

correlation between arms within these studies. Within the frequentist NMA, this was accomplished 

using the augmented approach.(166) This approach allowed for the inclusion of RD threshold 

comparisons of any study size. When studies did not include a reference RD threshold, the estimate 

was augmented. This involved adding an additional artificial reference RD threshold, which has 

approximately zero weight in the analysis.(166) The augmented command in Stata in the frequentist 

NMA was used to compute effect estimates.(166) In the augmented format, all RD thresholds are 

compared with a reference RD threshold (NMRD (RD = 0 cm) was used as the reference). Within 

each network, RD thresholds are depicted as nodes with lines representing the comparisons and 

presented as a network diagram.(167) 

3.5.2.2 Consistency and transitivity assumption 

The methods adopted were designed to limit heterogeneity in the inclusion criteria and so limit 

inconsistencies. However, in addition to the visual inspection of clinical and methodological 

characteristics across studies, a network meta-regression was conducted to explore age, stage of 

disease and histology to determine the similarity of studies for inclusion in the NMA. A meta-

regression has low power and is at risk of confounding,(168, 169) so the emphasis here was on 

checking summary and descriptive characteristics of studies to see if there were any clear systematic 

differences between them. 
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An explanation and details about consistency and transitivity is provided in the associated 

publication (see Appendix 6). Consistency was assessed by node splitting analysis(166, 170) and a 

formal global test for inconsistency.(165, 166, 171) 

A further way of assessing the validity of the NMA was by ascertaining whether or not the transitivity 

assumption was met.(151, 165) This was performed by examining characteristics across studies. The 

underlying assumption required for the results of the NMA to be informative was that there was no 

imbalance in the distribution of effect modifiers across the different types of direct RD comparisons, 

regardless of the structure of the evidence network.(172) Despite the low power of meta-regression 

as alluded to above, it did assist in making judgements on the transitivity assumption, along with 

summaries of characteristics across studies. 

3.5.2.3 Effect estimates and methods for identifying best RD thresholds 

The results of the NMA were presented as HRs and 95% confidence intervals (CIs).(165) These data 

were presented alongside analogous results derived from the pairwise MAs previously described in 

Section 3.4.7. As already noted, all thresholds were reported relative to the NMRD reference 

threshold. 

The results of a NMA may be complex and difficult to interpret for non-statisticians, so to 

complement the numerical data graphical tools and ranking statistics can be introduced. Some form 

of ranking is reported in two thirds of all published NMAs, and experts recommend ranking as a form 

of presentation.(173) Therefore, the probability of each RD threshold being the ‘best’ in terms of OS 

was also reported. This was the probability that a RD threshold is at a specific rank (first, second, up 

to eighth) when compared with the other RD thresholds in the network. These ranking probabilities 

are estimated with some variability. Inference based solely on the probability of being ranked as the 
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best, without accounting for the variability, is not recommended.(151) Therefore, emphasis was on 

plots showing the relative rank of all RD thresholds in terms of OS, which were derived using 

rankograms. The rankograms rank RD thresholds in order of the highest probability (ranked 1) to the 

lowest probability (ranked 9) of maximising OS. These rankograms, as well as the cumulative ranking 

probabilities described below, summarise the estimated probabilities for all possible ranks and, 

unlike the probability of being best described above, account for uncertainty in relative ranking.  

 

Cumulative ranking probabilities using the surface under the cumulative ranking curve (SUCRA) were 

also calculated.(173) SUCRA presents a single value associated with each RD threshold. A value of 

100% indicates the RD threshold is certain to be the most effective in the network (top ranked), 

while 0% indicates it is certain to be the least effective (in bottom rank).  

 

3.5.2.4 Certainty of the evidence 
The certainty of the evidence was assessed as previously outlined in the Prognostic Factor Cochrane 

review but extended to incorporate items recommended in the PRISMA NMA reporting 

guidelines.(174) I did not use the Confidence in Network Meta-Analysis (CINeMA) web application to 

assess the certainty of the evidence as this does not yet allow for incorporation of time-to-event 

data.(175) It also essentially covers items recommended in the PRISMA NMA reporting 

guidelines(174) and is broadly based on the GRADE approach.(74) 
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3.6 Publication 5: Residual disease after primary surgery for advanced epithelial 

ovarian cancer: Expert elicitation exercise to explore opinions about potential 

impact of publication bias in a systematic review and meta-analysis 

The fifth paper (Appendix 7) in my body of work addresses Objective 4b in the thesis. This used 

expert elicitation as a means of exploring the opinions of clinicians with gynaecological expertise 

about the potential impact of PB, related to the publications discussed in the previous two sections 

(which address Objectives 3 and 4a) and how this might be quantified and incorporated into the 

analyses. 

3.6.1 Rationale 

PB is discussed in detail in Chapter 2, with Section 2.1 outlining why this is an important component 

to the body of research in the thesis as well as introducing the concept of the GRADE tool.(77) Given 

the nature of the evidence base related to Publications 3-4, PB could be hypothesised to lead to a 

bias in favour of more complete removal of RD as described in the elicitation survey in Appendix 8. 

Exploration of PB is an important part of a robust SR and should always be considered. At present, 

there is no consensus on a standard approach for identifying and adjusting for PB, although some 

methods, particularly around identification, do exist. I attempted to reduce PB throughout my body 

of work by adherence to good review practice, such as thorough searches of the grey literature,(176-

178) adequate handling of missing data(71) and post hoc statistical approaches such as funnel

plots.(179) Methods such as trim and fill,(116, 180) and file drawer number(181) could also be used 

but these are crude and limited in nature. Furthermore, when there is evidence for PB or this bias is 

highly suspected, selection models(182, 183) might be used to investigate how the results of a meta-

analysis may be affected by PB. However, these usually require a large number of included studies in 

the analysis(184, 185) and any adjustment generally requires an assumption of the underlying 

selection model.(182, 184) A potentially more practical approach is to incorporate external 
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information into the MA. This external information could be gathered from various sources and 

incorporated using a Bayesian framework.(186-188) However, this approach would only be useful if 

the external information is obtained from a reliable source. Therefore, the publication outlined in 

this section proposed an approach that has hitherto received little attention in MA, namely the 

consideration of expert opinion and the incorporation of their views and opinions into the MA to 

inform the adjustment. The elicitation exercise relates to the conduct of the prognostic factor SR and 

was designed a priori. 

 

This section outlines the derivation of informative priors from the elicitation exercise to use within a 

Bayesian framework to attempt to adjust for PB within the MAs reported in the previous two 

publications. Section 3.7 then describes the methods used to adjust for PB using this framework.  

The method employed in this component of my research was novel. It comprised the design of an 

elicitation exercise and the subsequent incorporation of this expert opinion in a manner that 

allowed the overall interpretation of the findings reported from the NMA analysis outlined in the 

fourth publication (Appendix 6). This overall aim of this methodology was to raise the confidence in 

effect estimates in MAs and in the conclusions that could be drawn. The underlying rationale for this 

work is to try to raise the certainty of the evidence. A Bayesian adjustment for PB is not a new 

concept but the methods proposed here are original. 

 

Expert elicitation attempts to quantify scientific consensus. In simple terms, expert elicitation uses 

an "educated guess" from experts and this was used in my study to obtain parameter estimates. The 

fifth publication in Appendix 7 considered the use of expert opinion and how it could be 

incorporated into the MA to inform the adjustment. The elicitation exercise was conducted amongst 

eligible British Gynaecological Cancer Society (BGCS) members (based on a pertinent job title and 

expertise in gynaecology) and sought to identify expert opinions on the potential nature and extent 
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of PB in the prognostic factor SRs outlined in the previous two sections. More specifically, the expert 

elicitation aimed to identify the sort of studies that have been conducted but not published, the 

plausible magnitude and direction of any PB and possible explanations for why and how the PB 

occurs. 

3.6.2 Expert elicitation exercise 

Details of the case study are described in Appendix 7, along with a description of the instructions 

given to expert participants who took part in the elicitation exercise. 

3.6.2.1 Design of elicitation exercise 

The specific elicitation exercise completed by the experts is given in Appendix 8, but in summary the 

elicitation exercise asked respondents their opinions on l different scenarios related to the likelihood 

of different studies not being published. These hypothetical (unpublished) studies varied in both the 

size of the study population and the RD thresholds being compared. Usually, expert opinions are 

elicited either directly using interview methods or via an elicitation exercise. It has been suggested 

that elicited opinions potentially only need to be provided by as few as four experts,(189, 190) given 

the controversy surrounding radical surgery I wanted to utilise more experts to capture a broader 

range of views and provide generalisability.(191, 192) The BGCS provided the vehicle for identifying 

professional expert clinical members who had the correct knowledge and experience to participate 

in the elicitation exercise. Utilising this cohort ensured that disagreement amongst the experts (i.e., 

the respondents) in the management of advanced EOC, would be captured and reflected in the 

uncertainty of elicited estimates. The elicitation exercise was conducted in three parts. 
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3.6.2.2 Expert elicitation part A 

In Part A, for each comparison of different macroscopic RD thresholds the sample size of each 

hypothetical study was varied between a minimum sample size (n = 100) and a maximum sample 

size (based on observed studies across each comparison). Respondents were asked their perspective 

regarding the chance a study reporting each comparison would be published on a scale of 0 (no 

chance of publication) to 100 (certainly published). 

3.6.2.3 Expert elicitation part B 

Part B aimed to obtain the opinion of respondents on the estimated number of conducted-but-

unpublished studies that might exist. For each question, participants were asked to consider a 

particular macroscopic RD threshold (RD < 1 cm; RD > 1 cm; RD > 2 cm) and compare it with RD 0 cm. 

Next, respondents were asked how likely it was that a study that found no evidence of a statistically 

significant difference (P > 0.05) in survival between macroscopic disease and NMRD (RD 0 cm) would 

be published. Estimated likelihood was recorded using a Likert scale from 1 (not likely at all) to 5 

(extremely likely). 

Respondents were then asked to give an estimate of how many studies of a certain size and 

magnitude of effect might be unpublished, along with a rationale for their answer. The sample size 

of unpublished studies was varied in increments of 100 from 100 to > 500. The effect size, reported 

as the adjusted HR, was likewise varied in decrements of 0.1, between 1 and ≤ 0.5. In total, 

respondents were asked to think about the number of unpublished studies for 36 different 

hypothetical combinations of sample sizes and effect sizes. The questions were repeated for 

scenarios involving suboptimal RD thresholds (> 1 cm and > 2 cm) compared with NMRD. 

The responses to the elicitation exercise were summarised using descriptive statistics. 
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3.6.2.4 Expert elicitation part C 

Part C was used to gauge the attitudes of the respondents to reporting biases more generally. These 

data were used as additional information when formulating the priors used in the Bayesian analyses 

outlined in Section 3.7 (publication in Appendix 9).
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3.7 Publication 6: Residual disease threshold after primary surgical treatment for 

advanced epithelial ovarian cancer: A network meta-analysis incorporating expert 

elicitation to adjust for publication bias 

This paper uses the results of the expert elicitation exercise and methodology proposed in 

Section 3.6 to make an adjustment to effect estimates in MAs conducted in the previously described 

prognostic factor reviews using Bayesian methods. The work reported in this section on PB was 

used to address the fifth objective; modifying the PB domain in GRADE.(77) This aimed to raise

the confidence in the GRADE judgement and consequently the overall recommendations being made. 

A summary of concepts and statistical methods is presented in this section, with full details provided

in Appendix 9. 

3.7.1 Rationale 

This section describes how the results of the expert elicitation exercise described above were used in 

the NMA assessing RD as a prognostic factor for OS in advanced EOC. The work evolved statistical 

methodology presented earlier on the conduct of the NMA by applying an adjustment for PB within 

the NMA. To assess the potential effects of PB, a modified version of the selection model described 

in Part A of the elicitation exercise in Section 3.6 was used. This approach extends the Copas 

selection model for a conventional two-group meta-analysis to the general NMA setting.(193-195) 

An additional and alternative approach was also used to adjust for PB in the NMA. This approach 

leverages informative priors in an otherwise conventional Bayesian NMA. The former approach was 

closely followed but an extension to an existing approach and the second proposed method was 

completely novel. 
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3.7.2 Adjustment for publication bias 

3.7.2.1 Part A: Copas model approach 

Part A of the elicitation exercise asked clinicians about their perceived probability of publication of 

individual studies. The probability of publication was related to the standard error (SE) of the study 

effect sizes. Part A was conducted to facilitate an extension to the conduct of a previously proposed 

method of adjusting for PB in a NMA.(118) This publication included an outline of the measurement 

model, selection model and prior distributions for model selection parameters; however, it did not 

describe how to approach the complexities of four-arm trials. Therefore, the exact methodology and 

code for the analyses in this publication is novel. 

3.7.2.2 Part B: Alternative novel approach 

Part B of the elicitation involved an alternative approach that asked clinicians to estimate the 

number of studies for key comparisons they thought would be conducted but unpublished and, thus, 

unidentified in the NMA I conducted. It went on to ask clinicians to specify sample and effect sizes 

for each of the studies they believed were missing. This is a particularly novel aspect of my research, 

as it can be used as prior information to inform adjustment of MAs for PB in a way that, to the best 

of my knowledge, has been previously unexplored. 

Part B of the elicitation exercise required several assumptions starting with an estimate of 5-year 

survival for advanced EOC. This survival rate can be assumed to be  36%(14, 196, 197) and given the  

minimum sample size constraint of 𝑛𝑛 = 100 to meet the criteria for inclusion in the NMA, a 

minimum 64 events (deaths, 𝑑𝑑) would be expected in a study of this size, with 36 participants being 

alive and censored at the end of the study: 

𝑑𝑑 = 100(1− 0.36) = 64. 
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Generalising this result, it was assumed that 𝑑𝑑 can be related to 𝑛𝑛 in general through the following 

formula. 

 

𝑛𝑛 =
𝑑𝑑

1 − (5 year suvival rate)
=

𝑑𝑑
0.64

. 

 

The standard error of the log hazard ratio (SE(log𝐻𝐻𝐻𝐻)) can then be related to 𝑛𝑛 by rearranging the 

following formula: 

 

𝑑𝑑 =
4

SE(log𝐻𝐻𝐻𝐻)2, 

 

⇒ SE(log𝐻𝐻𝐻𝐻) = �4
𝑑𝑑

= � 4
0.64𝑛𝑛

= �6.25
𝑛𝑛

.     

 

Next, 𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐 can be denoted as the number of missing studies according to expert responder 𝑐𝑐 =

1, … ,𝐶𝐶, with a HR of 𝐻𝐻𝐻𝐻𝑐𝑐 and a sample size of 𝑛𝑛𝑐𝑐, where: 

 

𝑛𝑛1 = 100,𝑛𝑛2 = 200,𝑛𝑛3 = 300,𝑛𝑛4 = 400,𝑛𝑛5 = 500,𝑛𝑛6 = 625, 

𝐻𝐻𝐻𝐻1 = 1,𝐻𝐻𝐻𝐻2 = 0.9,𝐻𝐻𝐻𝐻3 = 0.8,𝐻𝐻𝐻𝐻4 = 0.7,𝐻𝐻𝐻𝐻5 = 0.6,𝐻𝐻𝐻𝐻6 = 0.5. 

 

The average number of missing studies of type 𝑖𝑖𝑖𝑖 across the responders is denoted as: 

 

𝑚𝑚𝑐𝑐𝑐𝑐 =
1
𝐶𝐶
�𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐

𝐶𝐶

𝑐𝑐=1

. 

 

This can be used to form an average sample size of missing studies with a HR of 𝐻𝐻𝐻𝐻𝑐𝑐 through: 
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𝑚𝑚𝑐𝑐 =
∑ 𝑛𝑛𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐

∑ 𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐
. 

With this, it can be assumed that information from missing studies with a HR of 𝐻𝐻𝐻𝐻𝑐𝑐 can be 

categorised through the following distribution: 

𝑃𝑃𝑐𝑐 ~ 𝑁𝑁�log𝐻𝐻𝐻𝐻𝑐𝑐 ,
6.25
𝑚𝑚𝑐𝑐

�. 

The 𝑃𝑃𝑐𝑐 can then be combined in a weighted manner, giving more weight to those values of 𝑖𝑖 with a 

larger value of 𝑚𝑚𝑐𝑐, via conflation. This gives an elicited prior of: 

𝑃𝑃 ~ 𝑁𝑁�
∑
𝑚𝑚𝑐𝑐 log𝐻𝐻𝐻𝐻𝑐𝑐

6.25𝑐𝑐

∑
𝑚𝑚𝑐𝑐

6.25𝑐𝑐

,
1

∑
𝑚𝑚𝑐𝑐

6.25𝑐𝑐

� = 𝑁𝑁�
∑ 𝑚𝑚𝑐𝑐 log𝐻𝐻𝐻𝐻𝑐𝑐𝑐𝑐

∑ 𝑚𝑚𝑐𝑐𝑐𝑐
,

6.25
∑ 𝑚𝑚𝑐𝑐𝑐𝑐

�. 

This elicited estimate can then be used as prior information and be applied in a Bayesian 

analysis(186-188) that reflects the results of the expert opinion in the elicitation exercise. 

3.7.2.3 Data analysis 

Here the methodology for the NMA utilising the expert elicitation exercise to adjust the effect 

estimates for PB. The NMA was conducted within a Bayesian framework in R statistical software 

(v4.1.2; R Core Team 2021) when incorporating parameters from part A(198) and WinBUGS 1.4.3 

using parameters from part B (MRC Biostatistics Unit, Cambridge, UK),(88, 199) of the elicitation 

exercise. Two chains each with 100,000 Markov Chain Monte Carlo (MCMC) simulations and with a 

burn-in period of 30,000 simulations was undertaken for both analyses. The base case Bayesian 

analysis (analogous to the frequentist analysis) performed in WinBUGS 1.4.3 used vague non-



64 
 

informative priors and adjusted for multi-arm trials using conditional distributions. A network 

diagram of the thresholds (nodes) and comparisons (lines) is presented in Section 3.5.(167) In 

addition, a summary of designs in the network is presented in Appendix 9. Convergence of the 

model in the two chains was assessed using Brooks-Gelman-Rubin, trace and autocorrelation 

plots.(199)  

 

Transitivity and design consistency measured in terms of agreement of direct and indirect evidence 

was previously described in Section 3.5. In the Bayesian setting, consistency was assessed by 

comparing the individual data point’s posterior mean deviance contributions for the consistency and 

inconsistency model.(170, 171, 200)  

 

The results of the Bayesian NMA of different RD thresholds were presented using effect sizes, 

reported as posterior median HRs and 95% credible intervals (CrIs). All thresholds are relative to the 

NMRD reference threshold (RD 0 cm). Rankograms, probability of being best, and SUCRA were also 

presented, and have previously been explained in Section 3.5.(173) 

 

A number of sensitivity analyses (SA) were reported that attempt to adjust the base case estimates 

for PB. The a priori focus was on NMRD, RD < 1 cm and suboptimal RD > 1 cm. Other thresholds 

would add strength to the network but were not of direct interest, such as the comparison of 

suboptimal RD > 2 cm versus NMRD. The base case Bayesian analysis above was repeated and the 

elicitation exercise was used, as described above, to employ the Copas selection model (Part A) and 

incorporate informative priors (Part B) in place of the vague (non-informative) ones. To assess 

consistency the Bayesian NMA results were compared to those obtained from the Frequentist NMA 

discussed earlier.  
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All statistical code for the main Bayesian NMAs described in this section is given in Appendix 10.
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3.8 Summary 

In this chapter, methods have been presented for the work that I conducted and reported across six 

publications. The body of work includes standard methods that gradually evolve with each 

subsequent publication, with the aim to present more reliable estimate of effects. The body of work 

includes the most pertinent forms of risk of bias assessment across the different SRs. The statistical 

methodology described in this chapter evolved from a standard pairwise meta-analytic approach to 

the conduct of NMAs, which were extended in a novel manner through the use of expert opinion to 

make an adjustment for PB using a Bayesian framework; again, aiming to minimise bias and raise the 

certainty of the evidence.  

In the following chapter, the results of these analyses are presented in a way that demonstrates the 

reduction in uncertainty of the estimates obtained using the existing evidence base and the novel, 

originality of the body of methods work underpinning my thesis. 
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4 Results 

4.1 Introduction 

This chapter provides an overview of the results of the four MAs that provide the findings to address 

Objectives 1-4a of the thesis: 

• MAs for PDS versus IDS (First publication in Appendix 3);

• Maximal effort debulking surgery versus standard surgery for advanced EOC (Second publication

in Appendix 4);

• The impact of RD after PDS and IDS and the application of pairwise MAs (Third publication in

Appendix 5);

• The impact of RD after PDS and the application of NMAs (Fourth publication in Appendix 6).
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4.2 Publication 1: Chemotherapy versus surgery for initial treatment in advanced 

ovarian epithelial cancer 

A summary of the results is presented here; for full details see the full publication in Appendix 3 

which was conducted to meet the first objective. 

4.2.1 Description of included studies 

A total of 23 references reporting on five RCTs met the inclusion criteria.(2) The characteristics of the 

five included RCTs are summarised in the full publication in Appendix 3. 

4.2.2 Risk of bias in included studies 

Risk of bias was assessed using the Cochrane Risk of Bias (ROB 1) tool(143, 144) and judgements are 

depicted in the risk of bias tables and in Figure 3 below. The five included studies were open-label 

studies and outcome assessment was not blinded. This is not an issue for primary outcomes such as 

survival, which is the major outcome reported in the thesis, due to the potential for reasonable 5-

year survival rates in women with the disease. However, it may lead to detection bias with regard to 

other outcomes or subgroups (e.g., extent of debulking achieved). The importance of blinding of 

outcome assessment in OC studies had been raised in a Gynecologic Cancer Inter Group consensus 

statement.(26) Data for such outcomes were interpreted with caution.
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Figure 3: Risk of bias summary graph showing judgements about each risk of bias item for each 
included study. 

 

 

4.2.3 Effects of interventions 

Analyses were interpreted in terms of the certainty of the evidence using the GRADE approach.(77). 

This section presents a summary of the main results, with full results available in the publication in 

Appendix 3. 

 

Overall survival (OS) 

The primary MA of four studies, assessing 1692 participants, demonstrated little or no difference in 

OS between NACT and PDS for initial treatment in advanced OC (HR = 0.96, 95% CI 0.86 to 1.08; I2 = 

0%; high-certainty evidence). The results were robust when trials were subgrouped by age (< 50, 50-

70 and 70+ years), extent of RD (up to 0.5 mm, 0.5-1 cm, > 1 cm) and FIGO stage (III and IV).  
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Progression-free survival (PFS) 

MA of four studies, assessing 1692 participants, found there is probably little or no difference in risk 

of disease progression between NACT and PDS for initial treatment in advanced OC (HR = 0.98, 95% 

CI 0.88 to 1.08; I2 = 0%; moderate-certainty evidence). 

Severe adverse effects (SAEs) and surgical morbidity 

AEs and surgical morbidity outcomes were variable and incompletely reported across studies. 

Findings show that there are likely clinically meaningful differences in favour of NACT and IDS 

compared to upfront PDS with regard to overall postoperative serious adverse effects (SAE grade 

3+): 6% in NACT and IDS group, versus 29% in PDS group (RR = 0.22, 95% CI 0.13 to 0.38; participants 

= 435; studies = 2; I2 = 0%; moderate-certainty evidence). 

NACT and IDS likely result in a large reduction in the need for stoma formation: 5.9% in NACT and 

IDS group, versus 20.4% in PDS group (RR = 0.29, 95% CI 0.12 to 0.74; participants = 632; studies = 2; 

I2 = 70%; moderate-certainty evidence). 

The risk of needing bowel resection at the time of surgery is likely reduced: 13.0% in NACT and IDS 

group versus 26.6% in PDS group (RR = 0.49, 95% CI 0.30 to 0.79; participants = 1565; studies = 4; I2 = 

79%; moderate-certainty evidence). 

NACT and IDS reduces postoperative mortality: 0.6% in NACT and IDS group, versus 3.6% in PDS 

group, (RR = 0.16, 95% CI 0.06 to 0.46; participants = 1623; studies = 5; I2 = 0%; high-certainty 

evidence). 
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Quality of life (QoL) 

QoL on the European Organization for the Research and Treatment of Cancer Quality of Life 

Questionnaire (EORTC QLQ-C30) scale produced inconsistent and imprecise results at six months in 

three studies (MD = -0.29, 95% CI -2.77 to 2.20; participants = 524; studies = 3; I2 = 81%; very low-

certainty evidence) but the evidence is very uncertain and should be interpreted with caution.  

 

Other outcomes 

Other outcomes reported include extent of RD, duration of operation and length of stay following 

surgery.
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4.3 Publication 2: Maximal effort debulking (ultraradical) surgery versus standard 

surgery for the primary cytoreduction of advanced epithelial ovarian cancer 

A summary of the results is presented here; for full details see the publication in Appendix 4 which 

was conducted to meet the second objective. 

4.3.1 Description of included studies 

A total of four references reporting three studies met the inclusion criteria. Searches of the grey 

literature did not identify any additional relevant studies. The characteristics of the three non-

randomised studies are summarised in the full publication. 

4.3.2 Risk of bias in included studies 

No randomised studies were identified, so the ROBINS-I tool was used to assess bias in the included 

studies.(159) Judgements are depicted in the risk of bias tables in in Table 3 below. 

Table 3: Risk of bias summary showing judgements about each ROBINS-I risk of bias domain for 
each included study. 

Author Confounding Selection 
bias 

Classification 
of 
interventions 

Deviation Missing 
data 

Measuring 
outcomes 

Reporting 
bias 

Aletti 
et al(201) 

Critical Low Low Unclear Moderate 
/high 

Critical Critical 

Chang 
et al(202) 

Critical Low Low Unclear Moderate 
/high 

Critical Unclear 

Luyckx 
et al(203) 

Critical Low Low Unclear Moderate 
/high 

Critical Unclear 

4.3.3 Effects of interventions 

Analyses were interpreted in terms of the certainty of the evidence using the GRADE approach.(74) 

Very low certainty evidence was identified for all outcomes reported, mainly due to relatively few 

women being included due to stringent inclusion criteria in the SR. A breakdown of AEs was not 
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adequately reported in two studies and QoL was not reported in any of the three included studies. 

Only two of the three included studies were included in MAs. 

4.3.3.1 Survival (Overall and disease specific) 

Upfront primary debulking surgery (PDS) 
MA of two studies, assessing 397 participants, found that women who underwent radical procedures 

(maximal effort debulking) as part of PDS had 40% less chance of mortality compared to women who 

underwent standard surgery (adjusted HR = 0.60, 95% CI 0.43 to 0.82, I2 = 0%), but the certainty of 

the evidence was very low. One of these studies reported the 5-year disease specific survival rather 

than categorising deaths by any cause. 

The results were robust to sensitivity analysis, which assessed 283 participants with more extensive 

disease (carcinomatosis). This sensitivity analysis found that women who underwent radical 

procedures as part of PDS had 39% less chance of mortality compared to women who underwent 

standard surgery (adjusted HR = 0.61, 95% CI 0.44 to 0.85, I2 = 0%), but the certainty of the evidence 

was very low. 

4.3.3.2 Progression-free survival 

Upfront primary debulking surgery 
One study, which assessed 203 participants, found that women who underwent radical procedures 

as part of PDS had nearly 40% less chance of disease progression or death compared to women who 

underwent standard surgery (adjusted HR = 0.62, 95% CI 0.42 to 0.92), but the certainty of the 

evidence was very low. 
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The results were robust to a sensitivity analysis assessing a subset of 139 women with 

carcinomatosis, which found that women who underwent radical procedures as part of PDS had 

nearly 50% less chance of disease progression or death compared to women who underwent 

standard surgery (adjusted HR = 0.52, 95% CI 0.33 to 0.82), but the certainty of the evidence was 

very low. 

4.3.3.3 Disease-free survival (DFS) 

Upfront primary debulking and interval debulking surgery 
One study, which included only women with stage IIIC disease, reported disease-free survival for a 

comparison of radical versus standard surgical procedures associated with both primary upfront and 

interval debulking surgical procedures. A combined analysis in this study (allowing for a pooled 

estimate), assessing 527 women, found that those who underwent radical procedures were 

associated with significantly increased chance of disease progression or death than those who 

received standard surgery (adjusted HR = 1.60, 95% CI 1.11 to 2.31, I2 = 0%), but the certainty of the 

evidence was very low. 

4.3.3.4 Perioperative mortality (death within 30 days of surgery) 

Upfront primary debulking surgery 
None of the studies reporting this outcome used any statistical adjustment. 

In total, there were only four deaths within 30 days of surgery in two studies that reported this 

outcome and none in the maximal effort debulking surgery group, so RR was not reported as to not 

provide potentially misleading results with so few deaths (very low certainty evidence). 
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4.3.3.5 Adverse events 

Upfront primary debulking surgery 
One included study reported adverse events but did not use any statistical adjustment. 

In this study, significant postoperative morbidity occurred in 32/84 (38.1%) versus 14/119 (11.8%) 

women (RR 3.24; 95% CI 1.84 to 5.68) in maximal effort debulking and standard surgery respectively, 

but the certainty of the evidence was very low. 

Women who underwent maximal effort debulking surgery had significantly larger median estimated 

blood loss (800 vs. 500ml, p = 0.03), were more likely to receive an intra- or post-operative blood 

transfusion (Intraoperative: 25% vs. 17.6%; Postoperative: 39.3% vs. 26.1%; p = 0.01), had longer 

median days in the intensive care unit (1.5 vs. 0.8; p < 0.01), and were more likely to experience 

postoperative morbidity (38% vs. 11.8%; p < 0.01) than those who underwent standard surgery. The 

certainty of the evidence was low. 

4.3.3.6 Operative time 

Upfront primary debulking surgery 
One included study did not use any statistical adjustment for operative times between groups but 

was the only study to report this outcome. 

In this study, women who underwent maximal effort debulking surgery had significantly longer 

median operative time than those who had standard surgery (307 vs. 235 minutes; p < 0.01).
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4.4 Publication 3: Impact of residual disease as a prognostic factor for survival in 

women with advanced epithelial ovarian cancer after primary surgery 

A summary of the results is presented here; for full details see the publication in Appendix 5 which 

was conducted to meet the third objective. 

4.4.1 Description of included studies 

A total of sixty-seven references reporting on 45 unique studies (with one study reporting two 

separate analyses) met the inclusion criteria. Searches of the grey literature did not identify any 

additional relevant studies. 

4.4.2 Risk of bias in included studies 

Risk of bias was assessed at the outcome level for OS and PFS for each study using the QUIPS 

tool.(130) Most studies reported OS in both PDS and IDS settings. The detailed assessments are 

depicted in Figure 4 below for OS. The assessment for PFS is provided in the third publication in 

Appendix 5. Most studies included in the review were judged as being at an overall 'moderate' risk 

of bias as they satisfied some but not all of the domains using the QUIPS tool. 
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Figure 4: Risk of bias summary graph showing judgements about each QUIPS risk of bias domain 
for overall survival in each included study reporting PDS.  
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Figure 5: Risk of bias summary graph showing judgements about each QUIPS risk of bias domain 
for overall survival in each included study reporting IDS. 

 

 

4.4.3 Findings 

Forty-five studies reporting on 46 unique multivariate prognostic analyses (referred to as 46 studies 

for ease of reporting) including RD as a prognostic factor met the inclusion criteria. The review 
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included 22,376 women who underwent PDS and 3697 who underwent IDS, all with varying levels of 

RD. 

While a range of different RD thresholds were identified, only the most pertinent comparisons are 

summarised in this section as these are the main focus of clinical uncertainty. These comparisons 

involved NMRD (RD=0cm), RD < 1 cm (categorised as ‘near-optimal’) and RD > 1 cm (categorised as 

‘suboptimal’). The comparison involving any remaining macroscopic disease (RD > 0 cm) and NMRD 

was also an important comparison. 

4.4.3.1 Upfront primary debulking surgery setting 

Most PDS studies showed an increased risk of death in all RD groups when those with macroscopic 

RD were compared with NMRD. 

RD < 1 cm versus NMRD 

Overall survival 
MA of 17 studies assessing 9404 women found that those who were near-optimally debulked (0 < 

RD ≤ 1 cm, labelled as 0.1-1 cm) after PDS had more than twice the risk of death compared to 

women with NMRD (HR = 2.03, 95% CI 1.80 to 2.29; I2 = 50%). The certainty of the evidence was 

moderate. 

Progression-free survival 
MA of 10 studies assessing 6596 women found that those who were near-optimally debulked (RD 

0.1-1 cm) after PDS had nearly twice the risk of disease progression or death compared to women 

with NMRD (HR = 1.88, 95% CI 1.63 to 2.16; I2 = 63%). The certainty of the evidence was moderate. 
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RD > 0 cm versus NMRD 

The certainty of the evidence was not assessed for this outcome as it was not specified a priori to 

report in a summary of findings table.  

 

Overall survival 
MA of four studies assessing 1220 participants found that women who had RD greater than 0 cm 

after PDS were associated with a two-fold increase in the risk of death compared to women with 

NMRD (HR = 1.96, 95% CI 1.44 to 2.67, I2 = 49%). 

 

Progression-free survival 
MA of three studies assessing 1029 participants found that women who had RD greater than 0cm 

after PDS had more than one and a half times the risk of disease progression or death compared to 

women with NMRD (HR = 1.60, 95% CI 1.36 to 1.89; I2 = 0%). 

 

RD > 1 cm versus NMRD 

Overall survival 
MA of 14 studies assessing 7988 participants found that women with suboptimal RD > 1 cm after 

PDS was associated with two and a half times the risk of death compared to women with NMRD (HR 

= 2.50, 95% CI 2.13 to 2.94; I2 = 63%). The certainty of the evidence was moderate. 

 

Progression-free survival 
MA of six studies assessing 2629 participants found that women with suboptimal RD > 1 cm after 

PDS had more than twice the risk of disease progression or death compared to women with NMRD 

(HR = 2.10, 95% CI 1.84 to 2.40; I2 = 24%). The certainty of the evidence was moderate. 
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RD > 1 cm versus RD < 1 cm 

Overall survival 
When suboptimal (> 1 cm) versus near-optimal (RD < 1 cm defined as 0.1-1 cm) cytoreduction was 

compared in a MA of five studies including 6000 women, the estimates were attenuated compared 

to those with NMRD. All analyses showed a survival benefit in women who had been near-optimally 

debulked (HR = 1.22, 95% CI 1.13 to 1.32, I2 = 0%). The certainty of the evidence was moderate. 

Progression-free survival 
MA of two studies assessing 3402 participants found that women with suboptimal RD > 1 cm after 

PDS had a greater risk of disease progression or death compared to women with near-optimal RD < 1 

cm (HR = 1.30, 95% CI 1.08 to 1.56; I2 = 53%). The certainty of the evidence was low. 

4.4.3.2 Interval debulking surgery setting 

RD < 1 cm versus NMRD 

Overall survival 
One study that included 310 women and appropriately defined the categories as NMRD, RD=0.1-1 

cm and RD > 1 cm showed that women who were near-optimally (RD=0.1-1 cm) debulked after IDS 

had more than twice the risk of death compared to women who had NMRD (HR = 2.09, 95% CI 1.20 

to 3.66, I2 = 56%). The certainty of the evidence was very low. 

Progression-free survival 
MA of two studies assessing 248 women found no difference in disease progression or death in 

women with near-optimal RD < 1 cm after IDS and those with NMRD (HR = 3.03, 95% CI 0.81 to 

11.38, I2 = 94%). The certainty of the evidence was very low. 



82 

RD > 0 cm versus NMRD 

The comparison involving any remaining macroscopic disease (RD > 0 cm) and NMRD in an IDS 

setting was also an important comparison, so this was additionally given a certainty of the evidence 

judgement. 

Overall survival 
A MA of four studies that included 906 women found that those who had any amount of visible RD 

after IDS had more than twice the risk of death compared to women with NMRD (HR 2.11, 95% CI 

1.35 to 3.29, I2 = 81%). The certainty of the evidence was very low. 

Progression-free survival 
One study assessing 471 women found that RD > 0 cm after IDS was associated with an increased 

risk of disease progression or death compared those in whom NMRD was achieved (HR = 1.36, 95% 

CI 1.05 to 1.76). The certainty of the evidence was very low. 

The authors of a different study found that the risk of disease progression for women with RD > 0 cm 

after IDS was higher than those with NMRD (n = 163, P < 0.01) but the magnitude of effect was not 

reported. 

RD > 1 cm versus NMRD 

Overall survival 
One study that included a allowed a combined analysis of 343 women showed that those who were 

suboptimally (RD > 1 cm) debulked after IDS had more than twice the risk of death compared to 

women who had NMRD (HR = 2.23, 95% CI 1.49 to 3.34, I2  = 35%). The certainty of the evidence was 

very low. 
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Progression-free survival 
PFS was not reported for this comparison. 

RD > 1 cm versus RD < 1 cm 

Overall survival 
A MA including six studies that assessed 1572 women found that those who were suboptimally 

debulked (RD > 1 cm) had a significantly greater risk of death compared to women with RD < 1cm 

(but inclusive of NMRD) (HR = 1.60, 95% CI 1.21 to 2.11, I2 = 58%). The certainty of the evidence was 

very low. However, this result is biased as it was not possible to distinguish NMRD within the < 1 cm 

thresholds in all but one study. Only one study separated NMRD from RD=0.1-1 cm. All other studies 

included NMRD in the RD=0.1-1 cm group, resulting in serious bias. Inclusion of NMRD in the 

RD=0.1-1 cm category is a clear reporting bias when comparing suboptimal RD, making comparisons 

challenging. 

Progression-free survival 
MA of four studies assessing 1145 women found that achieving suboptimal RD > 1 cm after IDS was 

associated with a greater risk of disease progression compared to women in whom RD < 1 cm was 

achieved after surgery (HR = 1.76, 95% CI 1.23 to 2.52, I2 = 60%). The certainty of the evidence was 

low. These four studies included NMRD in the RD < 1 cm category so was prone to the same serious 

reporting bias as alluded to above.
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4.5 Publication 4: Residual disease threshold after primary surgical treatment for 

advanced epithelial ovarian cancer: A systematic review and network meta-

analysis 

A summary of the results is presented here; for full details see the fourth publication in Appendix 6 

which was conducted to meet part a) of the fourth objective. This involved conducting a NMA as an 

extension beyond standard pairwise analyses for reasons described in Section 3.5.1. 

4.5.1 Description of included studies 

The results of the search were the same as outlined for the prognostic factor reviews presented 

previously but restricted to studies assessing PDS. Fifty-two references reporting on 30 unique 

studies included RD as a prognostic factor after PDS. Five of these studies were excluded from the 

NMA because the studies did not report a magnitude of effect, leaving 46 references reporting on 25 

primary studies that met the inclusion criteria for the NMA. The 25 included studies assessed a total 

of 20,927 women, with the majority having stage III disease. The risk of bias in included studies was 

the same as outlined in Section 4.4.2 but restricted to studies assessing PDS. 

4.5.2 Network meta-analysis 

The results of the NMA are an extension to the pairwise MAs presented in the prognostic review. 

The following sections provide a summary of the main results. 

4.5.2.1 Network 

The network includes the same RD thresholds as previously outlined for the prognostic review, with 

one additional comparison which was created as a result of conducting the NMA (RD < 2 cm versus 

RD 0cm). While this comparison is not of great importance, it is the additional power of the indirect 
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comparisons across the entire network that offers the real benefit of the NMA. Further details about 

the network and the RD thresholds presented in the NMA are given in the network diagram in Figure 

6. 

Figure 6: Network diagram showing residual disease comparisons after primary debulking surgery 
for advanced epithelial ovarian cancer. 

4.5.2.2 Results 

The fourth publication in Appendix 6 presents the results of the NMA, which shows a comparison of 

direct and indirect effect sizes of different RD thresholds. The results appear consistent across all 

split RD comparisons (sides) and there was no evidence of inconsistency in the network (P = 0.48). 

Table 4 shows the results of the NMA demonstrate prolonged survival if primary cytoreductive 

surgery reduced the tumour to NMRD (RD=0 cm) compared to any other RD threshold. Complete 

primary cytoreduction to NMRD was overwhelmingly the best ranked threshold, as it was 

consistently ranked first with a very high probability of being the best RD threshold (SUCRA and P-

best of 99.9% and 99%, respectively). as previously mentioned, P-best is estimated with some 
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variability, so inference was based on the entirety of the evidence, which included SUCRA values, 

which are more appropriate. 

 

Table 4: Results of NMA and pairwise analyses of different RD threshold after primary debulking 
surgery for advanced EOC 

RD 
threshold 
vs. 0 cm 
(reference) 

NMA Pairwise Mean 
rank 
 

P (best) 
% 

SUCRA 
% 

HR (95% CI) HR (95% CI) n studies 
(participants) 

0 cm Reference 1 99 99.9 

<1 cm 1.98  
(1.76 to 2.24) 

2.03  
(1.80 to 2.29) 17 (9404) 3.4 0 70.2 

>0 cm 1.95  
(1.48 to 2.58) 

1.96 
 (1.44 to 2.67) 4 (1220) 3.4 0 70.6 

1-2 cm 3.34  
(2.04 to 5.47) 

3.95 
 (1.33 to 11.78) 1 (68) 7.3 0 21.8 

<2 cm 2.82  
(1.58 to 5.04) No direct estimate 6.0 0 36.9 

>1 cm 2.57  
(2.26 to 2.93) 

2.50  
(2.13 to 2.94) 14 (7988) 5.8 0 40.0 

>2 cm 4.36  
(2.69 to 7.04) 

8.24 
 (2.68 to 25.33) 

1 (87) 

8.7 

0 3.4 

1-5 cm 1.85 
 (1.11 to 3.08) 

1.83 
 (1.14 to 2.94) 

1 (193) 

3.2 

1 72.0 

>5 cm 2.75 
 (1.62 to 4.67) 

2.72 
 (1.65 to 4.47) 

1 (118) 

6.2 

0 35.3 

NMA: network meta-analysis; RD: residual disease; EOC: epithelial ovarian cancer; HR: hazard ratio; CI: confidence interval; 
P (best): probability that RD threshold is the best; SUCRA: surface under the cumulative ranking curve 
 

4.5.2.3 Sensitivity analysis 

A sensitivity analysis incorporating the results of eight studies which adequately adjusted for extent 

of disease at primary surgery saw an increase in the magnitude of effect estimates. It showed 

significantly prolonged survival in those with cytoreduction to NMRD. The results of this sensitivity 

analysis also appear to be consistent across all sides in the network and there was no evidence of 

overall inconsistency (P = 0.31). Other key probability and ranking statistics continued to provide 
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strong evidence that RD 0 cm is the best threshold (P-best = 99.4%) and the SUCRA value remained 

very high (99.9%). Adjustment for extent of disease included: type (aggressive versus standard) and 

extent of surgery; surgical complexity score; and progressively extensive tumour involvement in 

anatomic regions.



88 

4.6 Summary 

This chapter presented the results from my body of work published across publications 1 to 4. Thus 

far the methods described and used to achieve these findings have enabled me to address objectives 

1 to 4a of my thesis (see Section 2.5.2). 

In summary, high to moderate-certainty evidence in my first review suggested there is little or no 

difference in primary survival outcomes between PDS and IDS, with IDS potentially being better for 

some risks of adverse events. Following this, my second review found only very low certainty 

evidence for the comparison of maximal effort debulking (involving more radical procedures) and 

standard (radical) surgery in women with advanced EOC. The evidence was limited to retrospective, 

non-randomised studies and so is at high risk of bias. A third review explored the categorisation of 

the prognosis of varying RD thresholds. In a PDS setting, it was determined with moderate certainty 

evidence that there were three distinct categories for RD for survival outcomes including NMRD 

(RD=0 cm), RD=0.1-1 cm (near-optimal) and RD > 1 cm (sub-optimal). 

The conclusions of the first two publications, which examined the timing and radicality of primary 

surgery for advanced EOC, prompted the investigation of RD after primary surgery as a prognostic 

factor for survival. Whether surgery is given before or after chemotherapy remains an area of 

controversy in the gynaecological oncology community and there is an absence of good quality 

evidence on maximal effort debulking surgery. Consequently, it seemed natural to explore the 

impact of removing as much tumour as possible after primary surgery in a prognostic setting. The 

results could then be used as a proxy to address the impact of maximal effort debulking surgery and 

potentially reduce the level of clinical equipoise and polarised views in this area. 
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Given review one found little difference in survival between PDS and IDS and review two assessing 

radicality of primary surgery, found very low certainty evidence for all outcomes, the results of the 

prognostic review of RD thresholds and the subsequent NMA are likely to resonate with gynae-

oncologists, as management is likely to be individualised to each patient. It may mean that, if 

debulking to NMRD is not possible, they may still attempt a more radical approach to surgery if near-

optimal cytoreduction is plausible. Otherwise, with suboptimal cytoreduction being defined as RD > 

1 cm, they may place emphasis on minimising morbidity and focus on QoL. 

After IDS, there may be only two categories, although this is based on very low certainty evidence, as 

all but one study included NMRD in the RD=0.1-1 cm category. Due to such sparse data and very low 

certainty evidence in the IDS setting, the focus of subsequent publications was on PDS. The NMA 

presented in the fourth publication, consolidates the results shown in the first prognostic factor 

review and pair-wise MA (Publication 3). The more sophisticated method of NMA, used in 

Publication 4, has increased statistical power providing results that gave more confidence in the 

certainty of the overall evidence. While there was very little difference between the NMA and 

pairwise MA results, the NMA increases the precision without introducing any further bias due to 

the direct and indirect evidence being very similar in terms of their effect estimates. Therefore, the 

NMA adds value in strengthening the confidence in the original conclusions found in the MA 

reported in Publication 3, as well as adding in an additional comparison that was not estimable in 

the pairwise analyses due to the lack of direct evidence. 

The next chapter presents the results of the elicitation exercise and the subsequent use of the 

results to enable adjustment for PB. 
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5 Raising the certainty of the evidence 

5.1 Introduction 

This chapter outlines a further method that can be incorporated into the current PB GRADE 

domain(77) or as a separate stand-alone item to ensure the current GRADE methodology is more 

robust. More specifically, this extension to GRADE offered an opportunity to improve the 

confidence in the effect estimates being presented and strengthen the certainty of the evidence 

judgements by making a comprehensive assessment and adjustments for PB. 

The certainty of the evidence was assessed using a standard GRADE approach(74) (and additionally 

by incorporating additional items from PRISMA reporting guidelines for NMAs where applicable) in 

all included SR publications. The expert elicitation exercise described in the publication in Appendix 7 

was designed to estimate parameters to adjust for PB in a Bayesian NMA framework (publication in 

Appendix 9). Since these estimates are part of a series of sensitivity analyses, it would not be 

appropriate to present them as outright analyses. Instead, these can be used as an additional 

component to GRADE. If the results are robust to the primary analysis, then it will strengthen the 

original certainty of evidence judgement. Conversely, it could also create further uncertainty and the 

original GRADE judgement could potentially be downgraded by a level, but would still present a 

more reliable judgement.
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5.2 Publication 5: Residual disease after primary surgery for advanced epithelial 

ovarian cancer: Expert elicitation exercise to explore opinions about potential 

impact of publication bias in a systematic review and meta-analysis 

This section describes a publication that reports the results of an expert elicitation exercise that 

explored opinions on potential PB related to the two prognostic reviews presented as part of my 

body of research. This elicitation exercise was designed to meet Objective 4b. Experts then 

completed the exercise so that levels of PB could be ascertained and then quantified. A summary of 

the key components of the publication and a summary of the results are given in the sections below. 

Full details are available in the associated publication (See Appendix 7). 

5.2.1 Expert elicitation exercise 

5.2.1.1 Characteristics of respondents 

The elicitation exercise was sent to all 455 BGCS members, and it was estimated that around 80% 

would be eligible to complete based on the breakdown of membership. A total of 98 BGCS members 

opened the link for the exercise and 28 proceeded past the participant information sheet. Of these, 

18 respondents fully completed the elicitation exercise, with the remaining 10 respondents not 

adequately contributing to the exercise to be included in the analysis. 

Most responders were consultant gynaecological oncologists (11/18; 61%) or sub-specialist 

consultants (4/18; 22%). The median time to complete the exercise was 18 minutes (inter-quartile 

range (IQR) 16 to 27 minutes), with a range of 8 to 61 minutes. The mean completion time was 23 

minutes (standard deviation (SD) 14 minutes). 
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While all of the BGCS members were experts in gynaecology, I did not explicitly ask about their level 

of research experience. However, the majority of respondents (11/18 (61%)) chose to waive their 

anonymity, and for those whose identity was known their biographies, publication outputs and 

other research credentials were reviewed. From this it was clear that respondents were highly 

experienced in research. Nevertheless, if the elicitation exercise was to be repeated in the future (or 

the same methods used in another area), it would be useful to request this information more 

formally. This would allow an exploration of the impact of research experience on responses. 

Although the elicitation exercise was restricted to practicing clinical experts in the UK, it would seem 

reasonable to assume that similar views would have been observed in a cohort of purposively 

selected international experts with knowledge experience of research in this field. This is because 

the topic under investigation, advanced EOC, has international relevance and the evidence base, as 

identified by the SR, is the same for all. 

5.2.1.2 Expert elicitation part A 

The specific expert elicitation exercise showing Parts A, B and C is reported in Appendix 8. Responses 

in Part A of the elicitation exercise suggested that PB may be quite likely in studies where the sample 

size was just 100. However, there was generally quite widespread variation in the responses, 

indicating that some responders thought the probability of publication was much higher than others 

(e.g., a range of 0-100%). Responders appeared to indicate that the probability of publication was 

lowest for comparisons involving greater macroscopic disease volume. 

Responders did not view PB to be a major threat for comparisons of RD < 1 cm versus NMRD and RD 

> 1 cm versus NMRD, which were the main comparisons of interest. Mean and median probabilities

of publication were higher and close to 100%, indicating that respondents were highly certain that a 

study would be published. Comparisons involving higher volume suboptimal RD (greater 
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macroscopic disease volume) versus NMRD were considered to have a low probability of being 

published for larger studies, which was consistent with the results for smaller studies. 

5.2.1.3 Expert elicitation part B 

Most responders acknowledged that the likelihood of PB is ‘somewhat’ or ‘quite’ likely (72.5%) in the 

comparison of RD < 1 cm with NMRD, with only one responder (5.5%) thinking it was not likely at all. 

These results are in line with the set of studies, which reported effect estimates (or significance) for 

overall survival in univariate analyses in favour of NMRD but did not report in multivariable 

analyses.(204-211) This may or may not have been due to a lack of significance. Additionally, further 

studies that reported no statistically significant difference between NMRD and RD <1cm might not 

be published. The view of respondents was completely reversed for comparisons involving 

suboptimal RD > 1 cm with NMRD, where most responders thought PB was ‘not likely at all’. This 

finding is consistent with what would have been expected and justifies the focus on comparisons of 

lower volume disease. 

The mean and median number of missing studies estimated by responders for comparison of RD < 1 

cm versus NMRD was 17 (SD 16.5) and 10 (IQR 5-20), respectively. The average number of estimated 

missing studies was lower for the comparisons involving suboptimal RD thresholds that are > 1 cm. 

The respondents seemed to suggest that the number of studies that might be missing may be 

influenced by the effect size those studies detected. For example, for the comparison of RD < 1 cm 

versus NMRD, on average 9.4 of the 17 studies would be associated with a HR of 1. As the HR 

increased, fewer studies were felt to be missing such that, when the detected HR was 0.5, the 

average number of studies felt to be missing was 0.83 (95% CI 0.77 to 0.90) for the comparison of RD 

< 1 cm compared with NMRD. 
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5.2.1.4 Expert elicitation part C 

The results of Part C of the elicitation exercise were not provided in the fifth publication in 

Appendix 7 but are presented in Table 5 below. This part of the work was not reported in the paper 

due to journal word limit constraints. Some questions in Part C were used as a pseudo verification 

for the responses given in Parts A and B of the elicitation exercise. Responders clearly thought that 

many study authors only report univariate analyses to maximise the magnitude of effect estimates, 

as indicated by average (mean and median) scores being around 70 (range 18-100, where 100 

represents a total belief that univariate analyses are reported to maximise statistical significance). 

On average, respondents thought that four or five journal submissions should be made to publish 

the results of any study they were involved in (mean 4.7, SD 2.2). Respondents did not think that the 

number of attempts to get a paper published would differ if the results were not statistically 

significant (p > 0.05; mean 4.4, SD 2.5). Most respondents (83%) would consider submission of their 

study to a journal with a low impact factor (as low as 1 or less), regardless of the significance of their 

results. Three respondents (17%) would not accept an impact factor less than 6 (Table 5). This 

suggests that some of the clinical experts are complicit in PB, and study results potentially not being 

disseminated.
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Table 5: Survey responders views on submission and publication of studies 
Question n Mean 

(SD) 
Median 
(IQR) 

Observed 
range 

To what extent do you think that the reason study authors only report 
univariate analyses is to maximise the magnitude in effect estimates to 
favour either an experimental or comparator group? (0-100)a 

18 68.5 
(23.2) 

70.5 
(51-82) 

18-100

How many attempted submissions should you make to journals to 
publish the results of your study? (1-10) 

18 4.7 
(2.2) 

4 
(3-5) 

2-10

How many attempted submissions should you make to journals to 
publish the results of your study if it is not statistically sig. (p > 0.05)? (1-
10) 

18 4.4 
(2.5) 

4 
(2-5) 

1-10

What is lowest impact factor in a journal that you would consider 
submission of your work, regardless of the significance of your results? 
n (%) 

< 1: 3 (17) 
1-5: 12 (67)
6-10: 2 (11)
11-14: 1 (5)

< 1-14 

To what extent do you think it is important to publish results of a study 
even if the impact factor of the accepting journal is perceived to be very 
low? (0-100) 

18 69.6 
(17.5) 

70 
(60-81) 

30-90

n: Number of expert respondents; SD: Standard deviation; IQR: Inter-quartile range 
a100 represents a total belief or to greatest extent and 0 represents the reverse (i.e., no belief at all)



96 

5.3 Publication 6: Residual disease threshold after primary surgical treatment for 

advanced epithelial ovarian cancer: A network meta-analysis incorporating expert 

elicitation to adjust for publication bias 

Utilising adequate methods of bias correction can add confidence to certainty of effect estimates in 

a MA as previously outlined in Section 2.1. The research in this section was used to meet Objective 5 

and essentially had two main aims. Firstly, to compare the results of a Bayesian NMA using a non-

informative prior(212) with the frequentist one reported in the fourth publication in Appendix 6. 

Secondary, a series of sensitivity analyses were conducted using NMAs that adjusted for PB by 

incorporating the results of the expert elicitation exercise outlined in Section 5.2 These results were 

used to make a more reliable judgement of the uncertainty in the current PB GRADE domain and 

improved confidence in the effect estimates presented. This ultimately strengthened the overall 

certainty of the evidence judgements and consequently the overall recommendations being made. A 

summary of the main results are given in Section 5.3.1 and detailed results are given in the full 

publication in Appendix 9. 

5.3.1 Bayesian analyses 

5.3.1.1 Base case analysis 

As expected, the results of the base case Bayesian NMA were consistent with the frequentist 

analysis reported in the fourth publication in Appendix 6 and summarised in Section 4.5.3.2. The 

base case analysis refers to the Bayesian analysis which does not use any informative priors to adjust 

for PB and is (approximately) equivalent to the frequentist NMA presented in the publication in 

Appendix 6. Similarly, there was also no evidence of inconsistency in the network or in any of the 

convergence diagnostics reported in the sixth publication in Appendix 9. 
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5.3.1.2 Part A: Copas model approach 

The results of the selection model analyses show that the introduction of increasing levels of PB 

adjustment typically shows greater reductions in the estimated OS benefit for the NMRD (RD 0 cm) 

reference category. However, in almost all instances the results changed little compared to the base 

case frequentist (Section 4.6) and base case Bayesian analyses (Section 5.3.1.1). The NMRD category 

retains at least an 87.5% estimated chance of providing the best OS. See Table 4 in the sixth 

publication in Appendix 9 for the full results. 

5.3.1.3 Part B: Alternative novel approach 

Seven sensitivity analyses were conducted that incorporated prior information using the estimates 

derived from the elicitation exercise, namely N(-0.24, 0.06) for RD < 1 cm versus RD > 0 cm, N(-0.26, 

0.05) for RD > 1 cm versus NMRD, and N(-0.24, 0.06) for RD > 2 cm versus NMRD. The sensitivity 

analyses varied from applying adjustments to some of the RD comparisons to applying an 

adjustment for all comparisons (Sensitivity Analysis 5), which was the most extreme sensitivity 

analysis considered. See Table 5 in Appendix 9 for the full set of sensitivity analyses. 

All sensitivity analyses were in line with the base case analysis and demonstrated prolonged OS if 

PDS achieved NMRD compared to any other RD threshold. However, the effect estimates were 

attenuated in comparisons involving NMRD, though not to any suggestion of changing the existing 

conclusions. This was even the case for the most extreme sensitivity analysis, which utilised all RD 

thresholds, including ones that would not have been expected to have been widely reported in 

reality. 
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5.3.2 Bayesian findings in context 

Given that experts perceived there to be a strong likelihood that PB would be present, a single 

adjustment would not adequately have reflected the wide range of possible adjustments that could 

be made. Therefore, a series of sensitivity analyses were important to conduct and present. These 

sensitivity analyses ranged from ones that appeared to best reflect the experts’ views to more 

extreme scenarios that fully tested the robustness of the base case analysis described in Section 

5.3.1.1. 

Publications 3 and 4 had shown a survival benefit of surgical debulking to NMRD after primary 

surgery in women with advanced EOC. In the Bayesian framework, extreme value sensitivity analyses 

were used to examine the plausibility of overturning conclusions obtained from the base case 

analyses (analyses in Publications 3 and 4 and the Bayesian analysis which used a non-informative 

prior in Publication 6). There seemed to be little likelihood that the existing conclusions could be 

overturned. The selection model described in Section 3.7.2.1 indicates that the findings are robust to 

large levels of PB (see Section 5.3.1.2). Similarly, the elicited estimate used in Part B of the elicitation 

exercise, which were used as an adjustment for PB, and did not change the conclusion from those 

drawn from the base case results. However, the elicited estimate and subsequent results may be 

more representative of the strength of feeling in the experts’ opinions. For example, the mean 

number of missing studies estimated by experts for the comparison of RD <1 cm versus RD=0 cm 

was 17.8, corresponding to the derivation of an informative prior (N(20.24, 0.06)). This reduced the 

magnitude of effect estimates and is reflective of the likely omission of unpublished studies in the 

base case MA. Further research is now extremely unlikely to change the confidence in the existing 

estimates of effect. 
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5.3.3 Categorisation of RD following primary debulking surgery 

This section has shown that it can be said with more confidence that there are three clear and 

distinct categories of RD thresholds after PDS, a result which agreed with the findings reported in 

the frequentist NMA presented in Section 4.6. Surgical debulking to NMRD was the most effective 

surgical option, but the results suggest that every effort should be made to achieve near-optimal (< 1 

cm) debulking if this is not possible.

The results of the analysis reported in Section 5.3 also reinforced the earlier finding shown in 

sections 4.4. and 4.5 that suboptimal cytoreduction can be defined as RD > 1 cm. The overall 

certainty of the evidence remains moderate despite a reduction in the magnitude of the effect 

estimates in comparisons involving RD=0 cm. This is because effect estimates are now likely to be 

more reliable as missing studies have likely been accounted for. Arguably, both opponents and 

proponents of maximal effort debulking surgery are now more likely to accept these findings as 

previously.
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5.4 Conclusion 

This chapter set out to demonstrate the use of several novel methodologies, which aimed to raise 

the certainty of the evidence. The methods presented were either novel in their own right or 

demonstrated originality in their unique application. The elicitation exercise explored the opinion of 

experts by probing their perceptions. Specifically, participants were asked to account for the sort of 

studies that have been conducted but not published, the plausible magnitude and direction of any 

PB, and the possible explanations for why and how the PB occurs. The thesis showed that these data 

could be used to adjust the results of a NMA for PB. The conclusions drawn after this adjustment 

had the same certainty of the evidence judgement found in my earlier review, but the justification 

for this judgement was strengthened. 

To convince those who may still be opposed to the findings of the previous publications and perceive 

maximal effort debulking studies to report a biased set of analyses, extensions to the earlier 

publications was needed to report “fair” effect estimates. Making an adjustment for PB using elicited 

views of gynaecological experts was arguably the best approach to achieving this, especially since the 

experts in the elicitation exercise appeared to be representative with a range of different views on 

maximal effort debulking surgery. The benefit of obtaining prior information on experts’ views on PB 

in this case is obvious because MAs are almost all exclusively subject to some degree of reporting 

bias. Therefore, the improved reliability of effect estimates by adjusting for PB strengthened the 

certainty of the evidence judgments to a wider audience, when previously there may still have been 

some doubt in the conclusions reported in Publications 3 and 4 by some of the surgical community. 

The sophisticated selection models used in the analyses using results from part A of the elicitation 

exercise may also not have made the kind of adjustment for PB that reflected the opinions of the 
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experts who participated. This was because the adjustment in part A was minimal. The novel 

methodology used in part B of the exercise where a prior was formulated from the average number 

of missing studies with their effect sizes may offer a simple and highly desirable approach. The 

adjustments in parts A and B do not give different results leading to different conclusions, but Part B 

seemed to adjust effect estimates in a way that seemed to more reflect the opinions of the experts. 

Consequently, there could be more scope for the results in Parts A and B to differ if this exercise was 

repeated in the future. In either approach, it is important to specify methods a priori as to not abuse 

the results by making post hoc adjustments. 
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6 Discussion 

6.1 Summary 

The main aim of the thesis was to explore the role of primary surgery for advanced EOC. To do this I 

evaluated the clinical effectiveness and safety of different forms of surgical management for women 

with surgically staged advanced EOC (FIGO stages III and IV) using ES methodology. For the 

management of advanced EOC, the focus was on the role of surgery as part of the initial treatment 

(PDS or IDS) of advanced EOC and then on the extent of this primary surgery. That is how aggressive 

that primary surgery should be in terms of the extent of residual disease that would be left. This 

latter aspect was explored by reinterpreting the existing empirical evidence to look at how estimates 

of overall survival varied by the extent or residual disease that remained. The impact of RD was 

treated as a prognostic factor for OS and interpreted as a proxy for the need for maximal effort 

debulking surgery. As the research evolved the limitations with the approaches adopted were 

identified and these were progressively addressed using the novel methods. These novel methods 

aimed at raising the certainty of the evidence and confidence in the overall conclusions. 

Six publications were included in the thesis. These were identified and reviewed using well-

established methods. The data from these studies were used to progressively explore the EOC 

evidence base. To do this I applied alternative, incrementally more complex methods to the 

evidence base, each additional analysis sought to address a limitation of an earlier analysis. 

Concurrently, I have exploited and maximised the usefulness of the existing evidence base to 

decision makers, offering methods to highlight areas of uncertainty. I argue that Publication 6 

presents results that appear to be more reliable and trustworthy to both opponents and proponents 

of maximal debulking surgery for reasons outlined and critiqued in Section 5.3. The basis for my 

assertion is mainly founded on the fact that despite a reduction in the magnitude of effect 

estimates, the results are likely to be more reliable given missing studies have been accounted for in 
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the analysis. The surgical community may now be more likely to accept these findings than 

previously as the certainty of the evidence judgement has been more adequately assessed. The 

individual PB domain in GRADE is greatly strengthened given the adjustment for PB, even though it 

may not necessarily result in upgrading the overall GRADE certainty of evidence judgement from 

moderate. If a GRADE judgement is moderate, it means that we are moderately certain in the effect 

estimate. This translates to the true effect being likely to be close to the estimate of the effect, but 

there is a possibility that it is substantially different.(74) Clearly the series of sensitivity analyses 

reported in Publication 6 strengthens the conviction of the overall judgement being made. 

 

Most women usually have widespread disease so surgery alone is unlikely to cure the disease, and 

most will also need chemotherapy.(2) Traditionally, chemotherapy was given after surgery (PDS), but 

can be used before surgery (IDS) with the aim of shrinking the cancer and allowing women to get 

better prior to undertaking major surgery. Women who receive IDS complete the remaining cycles of 

chemotherapy following surgery. High to moderate-certainty evidence in my body of work suggests 

there is little or no difference in primary survival outcomes between PDS and IDS, but that IDS 

probably reduces the risk of serious adverse events, especially those around the time of surgery. 

 

At the time of submitting this thesis, the role of IDS versus PDS remains an area of controversy in the 

gynaecological oncology community,(2) despite a high quality and comprehensive review in this 

area, with Publication 1 reporting on four well-conducted trials. It is an area which often suffers from 

a distinct lack of equipoise. This is most often directed as criticism of the results of the included 

studies, largely based on concerns regarding low rates of achieving cytoreduction to NMRD in two of 

the core trials.(213, 214) Consequently, my next focus centred on investigating whether women with 

advanced EOC had better outcomes if they received 'maximal effort debulking' surgery, which is 

much more extensive than standard surgery, to remove tumours. Standard surgery in an advanced 
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disease setting still has an element of radicality and comprises as a minimum many of the surgical 

procedures involved in more radical surgery. Maximal effort debulking surgery is an extension of 

standard surgery and may include at least one additional extensive surgical procedure. 

 

My second publication found only very low-certainty evidence comparing maximal effort debulking 

surgery and standard surgery in women with advanced EOC. The evidence was limited to 

retrospective, non-randomised studies and is at critical risk of bias. The results may suggest that 

maximal effort debulking surgery could result in improved OS, but results are based on very few 

women who were chosen to undergo each intervention, and consequently the evidence is very 

uncertain. In the absence of any clear evidence of a difference in most outcomes including overall 

survival in the body of work involving more extensive primary surgery and a failure to establish the 

most beneficial time to perform this, a series of separate prognostic reviews assessing RD as a 

prognostic factor in this area were conducted. The series demonstrated the survival benefit of 

macroscopic debulking to NMRD after primary surgery. This result could potentially be used as a 

proxy to strive towards higher rates of maximal effort debulking surgery in order to achieve this. A 

detailed summary of the main findings is provided in Sections 6.1.1 and 6.1.2, with Table 6 depicted 

below summarising each research question and the main findings. 
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Table 6: Summary of research objectives and main findings 
Research objective Main findings 

To assess the effectiveness and 
safety of treating women with 
advanced EOC with IDS compared 
with PDS. 

High to moderate-certainty evidence suggests there is little or 
no difference in primary survival outcomes between PDS and 
IDS. IDS probably reduces the risk of serious adverse events, 
especially those around the time of surgery, and reduces the 
risk of postoperative mortality and the need for stoma 
formation. 

To evaluate the effectiveness and 
safety associated with maximal 
effort debulking surgery in the 
management of advanced EOC. 

Only very low-certainty evidence comparing maximal effort 
debulking surgery and standard surgery in women with 
advanced EOC was identified. The evidence was limited to 
retrospective, NRSs and so is at critical risk of bias. The results 
may suggest that maximal effort surgery could result in 
improved OS, but results are based on very few women who 
were chosen to undergo each intervention, rather than a 
randomised study, and so the evidence is very uncertain. 
Results for PFS were inconsistent and evidence was sparse. QoL 
and morbidity was incompletely or not reported in the three 
included studies. 

Building upon and addressing the 
limitations of the evidence in the 
maximal effort debulking SR, 
estimate the impact of the extent of 
residual disease on overall and 
progression-free survival in PDS and 
IDS settings. 

In a PDS setting, there is moderate-certainty evidence that the 
amount of RD after primary surgery is a prognostic factor for 
OS and PFS in women with advanced EOC. The analyses were 
separated into three distinct categories for the survival 
outcome including NMRD (RD=0 cm), near-optimal (RD < 1 cm) 
and sub-optimal (RD > 1 cm) cytoreduction. After IDS, there 
may be only two categories required, although this is based on 
very low-certainty evidence, as all but one study included 
NMRD in the near-optimal category. The one study that 
separated NMRD from near-optimal showed no improved 
survival outcome in the near-optimal category, compared to 
sub-optimal. Further low-certainty evidence also supported 
restricting to two categories, where women who had any 
amount of macroscopic RD after IDS had a significantly greater 
risk of death compared to women with NMRD. 

To address limitations in the 
prognostic factor SR, explore 
whether a NMA, as an extension to 
the previous standard pairwise MA 
approach. 

The results confirm the strong association between 
cytoreduction to NMRD and improved OS that was established 
in the previous (third) objective. A NMA approach forms part of 
the methods guidance underpinning policy making in many 
jurisdictions. The analyses that addressed this objective present 
an extension to the previous work in this area. 

Exploring the extent of PB associated 
with the prognostic factor SR and 
NMA and how this might be 
quantified and incorporated into the 
analyses. 

The results suggest that a degree of scepticism may be needed 
when reviewing studies comparing RD < 1 cm versus RD=0 cm. 
There is also a belief among respondents that comparisons 
involving RD=0 cm and suboptimal thresholds (RD > 1 cm) are 
likely to be impacted by PB, but this is unlikely to attenuate 
effect estimates in MAs. 

Use the finding of the method used 
to quantify PB to revise, or use as an 

There remains a strong association between the achievement 
of cytoreduction to NMRD and improved OS even after 
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add-on to the current PB domain in 
the GRADE tool. This aimed to raise 
the confidence in the GRADE 
judgement and consequently the 
overall recommendations being 
made. 

adjustment for PB using strong informative priors formed from 
the expert elicitation exercise explored in the previous 
objective. 

Identify gaps in the literature arising 
out of the thesis and future research 
needs, in both clinical and 
methodological capacities, with an 
emphasis on raising the certainty of 
the evidence. 

Several clinical and methodological limitations in advanced EOC 
research have been identified in this thesis; many of these are 
discussed in detail in Section 6.5. Several extensions to existing 
methods and to strengthen the standard GRADE approach have 
been proposed. The rationale was to strengthen the confidence 
in the overall GRADE judgements being made. It was proposed 
that all of the suggested methods were incorporated into 
GRADE as an additional item, rather than as stand-alone items 
to attempt to minimise independent judgmental decisions and 
raise confidence in the overall conclusions. Incorporating 
additional items as part of GRADE such as a trial sequential 
analysis (TSA), value of information (VOI), expert elicitation, or 
some other methodology component, especially any that adds 
an element of objectivity, is worthy of consideration to 
methodologists who may want to further develop the tool. 
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6.1.1 Detailed summary of clinical results 

The thesis’ first objective which aimed to compare PDS and IDS for women with advanced EOC was 

accomplished by conducting the SR publication in Appendix 3. It found high to moderate-certainty 

evidence that there was little difference in primary survival outcomes between PDS and IDS. IDS may 

reduce the risk of some SAEs, especially those occurring around the time of surgery, but the benefit 

of having PDS and having an additional schedule of chemotherapy to administer at a later date has 

perceived benefits. The findings of this review imply that there is no need to change current practice 

regarding timing of initial primary surgery.  

 

The second review assesses the impact of extent of surgery by comparing maximal effort debulking 

surgery with standard surgery. The review found only very low certainty evidence for the 

comparison of maximal effort debulking versus standard surgery in women with advanced EOC. The 

evidence available was limited to retrospective, non-randomised studies and was at high risk of bias, 

especially selection and confounding biases. Given the very low certainty of the evidence, it is 

unclear what impact maximal effort debulking surgery has on OS compared with standard surgery. 

The conclusion is unsurprising, as the results are based on very few women. Therefore, the impact 

on clinical practice based on this review is expected to be minimal. 

 

The first two reviews within my thesis do not provide clear recommendations for any one surgical 

technique or course of management. Likewise, the latest version of the guidelines by the National 

Institute for Health and Care Excellence (NICE), last updated in 2013, did not make any clear 

recommendation on this matter.(50) Other existing guidelines from Europe(54, 215) largely agree 

with the NICE guideline. Given the lack of a clear recommendation regarding maximal effort 

debulking surgery, it is unsurprising that there is widespread variation in surgical practice globally, 

with varying rates of survival. Despite the limited evidence base, the guidelines from Belgium(215) 
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suggested that it supports the use of radical surgical techniques (such as diaphragm resection, 

peritoneal stripping, splenectomy etc.) to obtain complete resection of all macroscopic tumour.  

 

Whilst direct head-to-head evidence would be preferred to support guideline recommendations, 

one way to infer if there is any value in removal of RD in terms of OS is to assess the prognostic 

impact of RD after primary surgery on survival outcomes. This was the focus of my third review. The 

main aim of this work was to attempt to inform surgeons on the desirability, or not, of their 

approach to primary cytoreductive surgery, particularly if cytoreduction to NMRD is at all plausible. 

In a PDS setting, there was moderate-certainty evidence that RD is a strong prognostic factor for 

survival in women with advanced EOC.  

 

The analysis was separated into three distinct categories for the extent of RD, to assess their relative 

impact on OS. These categories were NMRD (RD=0 cm), RD=0.1-1 cm (near-optimal) and RD > 1 cm 

(sub-optimal). After IDS, the extant evidence only allowed the consideration of two categories. For 

these, there was very low certainty evidence, as all but one study included NMRD in the RD=0.1-1 

cm category. Since data were sparse for IDS, the focus in subsequent publications was on PDS.  

 

My next piece of work explored methods that facilitated more reliable estimate of effects and 

consequently raise the certainty of the evidence. This work repeated and updated the prognostic 

factor review but applied a more sophisticated NMA approach to the analyses of the data. The 

results consolidated the association between achievement of cytoreduction to NMRD and improved 

OS, as established in the third publication in Appendix 5. However, this area appears to have genuine 

clinical equipoise.(55) The more complex analysis and findings of the NMA that I reported (see 

fourth publication in Appendix 6) may encourage some of the surgical community to strive towards 

improving rates of cytoreduction to NMRD. However, there remained some doubt that the 
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estimates of effect presented in this publication were as reliable as they could be. Therefore, to 

some clinicians, this would likely limit the authenticity of the results and the wider evidence base. 

 

The evidence base available may be subject to PB, which may favour studies reporting beneficial 

results for cytoreduction to NMRD compared to other RD groups. Therefore, my next piece of work 

explored the opinions of gynae-oncologists and other clinicians with expertise in gynaecology on 

their views about PB in this area (Appendix 7). This work explored whether, and to what extent, the 

evidence included in both of my earlier prognostic factor reviews could be subject to material PB 

(i.e., a bias that is sufficient to alter the conclusions drawn).  

 

An elicitation exercise involving 18 experts from the BGCS was conducted (Appendix 8). This exercise 

suggested potential concern about the nature and extent of PB associated with the two prognostic 

factor reviews (Appendix 7). The concerns were such that the unpublished evidence may have 

substantially reduced or even removed the suggested OS benefit from cytoreduction to NMRD 

compared to RD < 1 cm. The results showed that a degree of scepticism may be needed when 

reviewing studies comparing RD < 1 cm versus NMRD. Experts considered that PB for comparisons of 

NMRD versus suboptimal RD thresholds would not translate into many elicited missing studies in 

Part B of the elicitation exercise.  

 

The results for Parts A and B of my elicitation exercise appear to correspond and be largely in 

agreement. Responses suggested that PB may be quite likely in studies where the sample size was 

just n = 100. Respondents in Part A of the exercise also indicated that there was potential for PB in 

some comparisons when studies had larger sample sizes but to a much lesser extent. In Part B, most 

respondents acknowledged that the likelihood of PB is ‘somewhat’ or ‘quite’ likely (72.5%) in the 

comparison of RD < 1cm with NMRD. Most respondents considered that it would be small studies 
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that would be missing (n = 100) in Part B of the elicitation exercise, which is consistent with their 

opinions in Part A. 

 

Building upon the above, I utilised the findings from the elicitation exercise to adjust for PB in a 

Bayesian NMA (see the sixth publication in Appendix 9). This method showed that there remained a 

strong association between the achievement of cytoreduction to NMRD and improved OS, even 

after adjustment for PB using strong informative priors. Using a Bayesian framework, a series of 

sensitivity analyses were conducted to gauge the plausibility of overturning conclusions presented in 

earlier prognostic factor review publications. These included considering the amount of unpublished 

data and the method used to adjust for PB. Over the sensitivity analyses conducted, the conclusions 

about the effect of cytoreduction to NMRD on OS were robust. This even holds true for one of the 

‘extreme’ sensitivity analyses, which incorporated a strong prior belief that the NMRD group was 

assumed to be favourable against all other comparisons in the network. This situation was 

considered by clinical experts to be unrealistic in practice. The adjustments made on the basis of the 

responses in Part A had a minimal impact on the effect estimates. Part B appears to have scope for 

more widespread priors. and further research in the prognostic factor EOC setting is unlikely to 

change confidence in the existing estimates of effect. The results of the ‘extreme value’ sensitivity 

analysis were consistent with the findings in the primary NMA (reported in the fourth publication in 

Appendix 6). Therefore, the existing conclusions appear to be reliable. 

 

6.1.2 Summary of evidence synthesis methodology in thesis 

There was a natural and sequential progression in statistical and ES methodology in the included 

publications. The initial review used standard pairwise analyses, as only two interventions were 

being compared, and Cochrane SR methodology for inclusion of RCTs. Pairwise MA simply pools 

evidence from a direct head-to-head comparison of studies that compare the same two 
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interventions. The methods set out to attempt to address whether there was any difference in 

various outcomes between IDS and PDS for women with EOC. 

 

The second review evaluated the effectiveness and safety associated with maximal effort debulking 

surgery in the management of advanced EOC, using methods that extended to analysis of non-

randomised studies in the absence of RCTs. This included a full risk of bias assessment using ROBINS-

I.(84) The ROBINS-I tool is the preferred risk of bias tool to be used in Cochrane Reviews for non-

randomised studies of interventions. The first two reviews used guidance from the Cochrane 

Handbook for Systematic Reviews of Interventions (CHSRI) and the certainty of the evidence was 

assessed using the GRADE approach.(77) I ensured that key aspects of this guidance was adhered to 

in each publication to meet the Methodological Expectations for Cochrane Intervention 

Reviews (MECIR), as adherence to MECIR is a requirement of a Cochrane review to meet core 

standards.(113, 216) 

 

These initial two reviews did not provide any clear evidence of best surgical management, so an 

assessment of the prognostic impact of RD after primary surgery on survival outcomes was made in 

the third publication in Appendix 5. While the same pairwise approach to the MA was used, 

guidance for the conduct of SRs of prognostic factors was followed.(130) This included a risk of bias 

assessment using QUIPS and a modified approach to assessing the certainty of the evidence. The 

Cochrane Prognosis Methods Group recommends the use of the QUIPS tool to assess risk of bias in 

prognostic factor studies. The fourth publication in Appendix 6 extends beyond standard pairwise 

MAs by using a NMA. The NMA is a better way of utilising the available data as the approach forms 

part of the methods guidance underpinning policy making in many jurisdictions. A NMA 

simultaneously allowed estimates of relative effectiveness for any pair of RD thresholds forming the 

evidence network. 

https://methods.cochrane.org/mecir
https://methods.cochrane.org/mecir
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The thesis then attempts to explore different approaches aimed at strengthening the confidence in 

effect estimates presented in the NMA. This was achieved by enabling a more informed judgement 

of the PB domain to be made which facilitated the overall certainty of the evidence judgements to 

be more reliable. In the first instance, an expert elicitation exercise was conducted as a means of 

quantifying and incorporating views on the nature and extent of PB associated with the prognostic 

factor SRs. Although expert elicitation is not an objective exercise, it makes the (arguably 

reasonable) assumption that any consensus judgements will raise certainty.  

 

The results of the expert elicitation exercise were used as a framework for a novel extension to a 

previous statistical approach that used elicitation methods to fit a selection model.(118) The 

elicitation exercise also used an alternative novel approach that asked respondents to estimate the 

number of missing studies and their corresponding effect sizes. The practical application of the 

results of both parts of the elicitation exercise was demonstrated in the sixth publication in 

Appendix 9 using a Bayesian NMA. The Bayesian NMA has potential advantages over a frequentist 

NMA as it can incorporate external evidence (in this case from the expert elicitation exercise) and 

can more easily perform complex analyses due to the flexibility of the simulation approach.(217) The 

most extreme sensitivity analysis in the sixth publication (see Section 5.3.1.3), which diluted the 

effect estimates for PB the most, also demonstrated the extent to which existing data had the 

potential to convince those who were sceptical about the results of the primary analyses.
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6.2 Originality and novel methodology 

All publications were unique in their own right, but certain aspects were novel in their application or 

in the methodology components that were developed. The thesis demonstrates several novel 

approaches involving the adjustment of effect estimates in a MA, as well as methods to fully utilise 

the assessment of the certainty of the evidence.  

 

While most of the methodology in my first three publications was applied in a standard way, several 

aspects were original such as the modification of some risk of bias domains and the application of 

GRADE to a prognostic factor framework. The fourth publication in Appendix 6 demonstrates the 

application of a NMA; it represents an extension beyond pairwise analyses that has not been 

previously conducted in this area. 

 

Publications 4-6 explored procedures to raise the certainty of the evidence by presenting effect 

estimates that are more reliable. The NMA findings were also used to demonstrate novel methods 

for addressing uncertainties that may reduce the impact of the findings on practice. Whilst not an 

aim of my thesis it is worth noting that it is uncommon to present a NMA using both frequentist and 

Bayesian frameworks. There appears to be a lack of literature that compares these two approaches 

empirically, especially for time-to-event data. The analyses presented in my body of work offers a 

route to understanding the differences between the two approaches.   

 

The results of the frequentist NMA reported the in the publication in Appendix 6 and that of the 

Bayesian one using non-informative priors (referred to as ‘base case’ in the Bayesian analyses) in the 

publication in Appendix 9 appeared to be near identical other than the different interpretations 

across frameworks. 
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I gave some focus on contributing to the debate surrounding how to explore the potential impact of 

PB on study findings and conclusions. There is no consensus on a standard approach for identifying 

and adjusting for PB, with many methods focusing on its identification alone.(218, 219) As such, I 

have proposed an approach that has hitherto received little attention in MAs: the consideration of 

expert opinion and the incorporation of their views and opinions into the MA to inform the 

adjustment. The information gained in the elicitation exercise was utilised to adjust the MAs for any 

perceived PB in a Bayesian NMA (sixth publication in Appendix 9). 

 

The analyses that adjust for PB represents a major update and extension to the analyses presented 

in Sections 4.4.3 and 4.5.2. Copas selection models (used in Publication 6 and based on the 

methodology described in Section 3.7.2.1 relating to Part A of the elicitation exercise) have been 

used to adjust for PB in other areas (specifically single comparison MAs).(118, 191) The framework 

was applied in the thesis as an extension to the NMA by incorporating multi-arm studies, something 

I am not aware of being used elsewhere. Furthermore, the use of Copas selection models had only 

previously been proposed for networks of trials with less than or equal to three network nodes. 

Therefore, the methodology and code for the analyses reported is included in the sixth publication 

(Appendix 9). This code can be readily adapted to other NMAs which include studies with more than 

three arms.  

 

In Part B of the elicitation exercise, I generated new knowledge by applying a new method for 

adjusting for PB in the EOC clinical data. This approach could be useful for MAs in the wider 

advanced EOC research area as well as more generally in other areas. The approach may be 

particularly pertinent in oncology where survival estimates are readily available and reliable.
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6.3 Strengths and limitations 

The obvious strength of the publications included in the thesis is the rigour and comprehensive 

nature of the research conducted. Systematic guidance was followed, as well as general good clinical 

practice, while all research papers were published in peer reviewed journals. Common strengths and 

limitations as well as guidance followed in ES methodologies are outlined in the individual 

publications that form the body of evidence in this thesis. This section outlines the main strengths 

and limitations of the body of research and focuses on non-standard items that have not been 

previously mentioned in these publications or in any great detail in the thesis.  

 

ES guidance encourages attempts to be made to minimise bias in the review process, which includes 

trying to minimise selection and confounding biases. The second publication in Appendix 4 

demonstrated the first instance of the application of the minimum n=100 inclusion constraint. The 

SR included non-randomised studies of at least 100 patients, where it can be argued that this could 

minimise potential biases, negate small study effects, and avoid issues around statistical adjustment. 

While it was hypothesised that including small studies might not lead to appropriate MA estimates, 

the reverse may also be true and the pragmatic approach in the thesis may have introduced small 

study effects in their omission. However, only including non-randomised studies that used statistical 

adjustment for important baseline characteristics using multivariate analyses seems wholly sensible.  

 

A further threat to the validity of any SR is the possibility of PB. Studies that did not find a 

statistically significant difference between treatments may not have been published. Standard 

approaches are available in ES guidance to identify PB but very little is available on making an 

adjustment to effect estimates in a MA. I was able to suggest alternative methods in the body of 

work in the thesis to the limited existing ones. The methods and their application in two of the 

publications report estimates of effect that should be considered more reliable than any that do not 
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attempt to adjust for PB. I argue that they should be considered in their application in any area 

where PB is considered a serious threat to the validity of the results in a ES. The relative simplicity of 

the application of the novel methodology proposed in Part B of the elicitation exercise could be 

particularly appealing to researchers conducting a review. Part A of the exercise extends beyond the 

existing method to allow the inclusion of studies including up to four arms. The expert elicitation 

exercise described in the publication in Appendix 7 was designed in consultation with several 

experienced senior gynae-oncologists and it was expected a priori that the number of respondents 

who could provide a basis for meaningful conclusions to be drawn would be as few as four to 16 

experts.(189-192) The sample size achieved in the elicitation exercise (n = 18) was comfortably 

above this so provided a firm basis to form priors in which to use in the Bayesian analyses.  

 

The thesis did not account for the experience of patient representatives which can be viewed as a 

limitation. It was felt that the elicitation exercise should be restricted to experts in the field and the 

views of patients in this case would not be useful. However, in the absence of any adequate QoL 

data in the overall body of research in the thesis it is clearly a limitation and represents a gap in the 

evidence base. I make several suggestions in the following section as to how this could potentially be 

addressed. 

 

I was mindful that in the elicitation exercise, answers given by the experts to open ended questions 

could be prone to an "extreme answer bias". Therefore, the instructions that accompanied the 

elicitation exercise were deliberately quite extensive. This was discussed in detail when the exercise 

was designed, and it was felt that more biases would be introduced if a ceiling of the number of 

estimated studies had been applied. It was anticipated that the experts would give ‘sensible’ 

answers given their expertise in the subject area and the thorough briefing and instructions given 
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prior to respondents completing the exercise. From the observed responses there was no reason to 

question this assumption as most seemed to be within an acceptable range. 

 

Whilst the elicitation approach utilised in the body of research appeared to be a success, there are 

alternative approaches that could also have been considered. The SHeffield ELicitation Framework 

(SHELF),(220) which describes the process of elicitation through discussion among groups of experts 

might be an alternative. There are potential advantages from a group discussion, notably the ability 

to help a respondent who is unfamiliar with the concept of making an informed guess or estimating 

a probability.(220) The limitation of the SHELF approach is that individuals must devote much more 

of their time and has the potential for high costs. The elicitation approach preferred in the body of 

research in the thesis was by comparison inexpensive and allowed a degree of flexibility, as the 

exercise could be completed over several sessions.
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6.4 Context of body of research in thesis with existing guidelines and policy 

This thesis includes publications that should be considered in any review of the management of 

advanced EOC, whilst these now represent the most up-to-date reviews of relevant evidence to 

underpin new guidance. In addition, the novel methods applied allow the certainty of the evidence 

to be raised. 

 

6.4.1 Summary of existing studies and guidelines identified  

NICE are currently in consultation with experts in developing an interventional procedure document 

reporting an overview of extensive surgery for advanced EOC,(48) which makes this thesis very 

timely. The guidance that is currently in preparation has discouraged the use of the term 

‘ultraradical’ favouring instead, the term ‘maximal effort debulking (cytoreductive) surgery’ as an 

alternative which I have incorporated into my thesis. The current guidelines which were last updated 

in 2013, state that evidence on the efficacy and safety of maximal effort debulking surgery for 

advanced EOC is inadequate.(50) The guidance recommends that maximal effort debulking surgery 

should not be done except with special arrangements for clinical governance, consent and audit or 

research. The NICE Committee for the 2013 guidance noted that cytoreduction of OC to NMRD, 

together with all intra-abdominal metastases, is the best prognostic factor for improving survival. 

However, this potential survival advantage needs to be weighed against the morbidity and risks of 

very extensive surgery when considering the balance of QoL and survival.(50) NICE state that 

standard (radical) surgery should as a minimum comprise, total hysterectomy, bilateral adnexectomy 

with excision of the pelvic peritoneum, total omentectomy including the supracolic omentum, 

removal of bulky pelvic and lumbo-aortic nodes, simple peritonectomies and/or localised colonic 

resection. Procedures such as appendicectomy may have previously been considered part of 

standard surgery but evidence now suggests that this could be unnecessary and may cause harm. 

Maximal effort debulking surgery is an extension of standard (radical) surgery including at least one 
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of the following: stripping of the diaphragm(s), extensive stripping of the peritoneum, multiple 

resections of the bowel (excluding localised colonic resection), liver resection, partial gastrectomy, 

cholecystectomy and splenectomy (with or without resection of the tail of the pancreas).(50) 

 

A more recent review of clinical guidelines(54) showed clear international differences in OC survival 

and these differences in treatment could be contributing to survival disparities. The objective of the 

review by Norell et al(54) was to compare clinical practice guidelines and patterns of care across 

seven high-income countries. Guidelines widely used in routine OC treatment were included. The 

review also included an expert questionnaire component with questions on surgical practice which 

were validated and tested by an expert clinical working group. Twenty-seven guidelines were 

compared, and 119 clinicians completed the survey. Guideline-related measures varied between 

countries but did not correlate with survival internationally. Given that Norell et al looked at seven 

countries it is clear that within countries, there is likely to be a lack of consensus and differing 

guidelines. Indeed, Norell et al reports patterns of surgery to vary internationally, including rates of 

performing more extensive surgery and achieving high levels of cytoreduction to NMRD. Consensus 

amongst Norwegian and Australian clinicians in the survey was for the use of maximal effort 

debulking surgery, whereas clinicians from Canada and the UK agreed with the use of maximal effort 

debulking surgery to a lesser extent, with some respondents opposing a more extensive approach. 

There was a reasonable proportion of clinicians in the survey who appeared willing to undertake 

maximal effort debulking surgery and this belief correlated with 3-year survival in advanced OC (rs = 

0.94, P = 0.017). However, Norell et al(54) found that most guidelines identified did not explicitly 

recommend maximal effort debulking surgery. Clinicians from countries performing higher rates of 

cytoreduction to NMRD were more likely than countries performing lower rates to be proponents of 

maximal effort debulking surgery. Norwegian clinicians were least likely to perceive age of the 

patient as a barrier to achieving cytoreduction to NMRD and Norway demonstrated the highest 

survival in elderly patients with advanced stage disease. In the UK, where clinicians had a perceived 
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lack of supportive care, survival for these older patients was lower. Norell et al reported that 

patients with advanced OC are more likely to have severe co-morbidities and higher mortality, and 

historically, elderly patients were shown to be less likely to receive comprehensive surgical 

treatment. It was also noted in the clinical guidelines that available resources and operating theatre 

time may influence a surgeons’ ability to perform extensive surgery and could impact patient 

outcomes. 

 

Another guidelines report from Belgium in 2016 by Vergote et al(215) provided recommendations 

based on scientific evidence for the diagnosis, treatment and follow-up of EOC. The report stated 

that clinicians were encouraged to interpret their recommendations in the context of the individual 

patient’s situation and her own values and preferences. Furthermore, in the absence of good quality 

evidence on optimal treatment options, patient participation in clinical trials was to be encouraged 

as much as possible. The guidelines reported by Vergote et al(215) acknowledged that the evidence 

was limited but supported the use of radical surgical techniques (such as diaphragm resection, 

peritoneal stripping, splenectomy etc) to obtain resection of all macroscopic tumour to 0 cm. The 

guidelines showed the prognostic value of debulking to NMRD at the end of surgery and supporting 

evidence from the use of radical surgery. The guidelines formulated a strong recommendation 

(despite low level of evidence) that cytoreduction to NMRD should be the aim of primary surgery 

(upfront or interval debulking surgery) and that the term optimal should no longer be used as old 

definitions of surgery resulting in debulking to < 2cm or < 1cm. 

 

A before and after uncontrolled cohort study of maximal effort debulking surgery after it was 

introduced at a population level, did not demonstrate improved outcomes(69). The shift to a more 

radical surgical approach led to a reduction in the proportion of women who had surgery as part of 

their treatment (10% fewer), either due to the general poor health of patients or the lack of surgical 
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expertise to perform more radical surgery. This study should be repeated to incorporate a control 

component in order to make meaningful inferences. 

 

While not part of any existing guidelines yet, QoL was reported as a primary outcome in the Surgery 

in Ovarian Cancer - Quality of life Evaluation Research (SOCQER-2) study,(221) which was a 

prospective, non-randomised multicentre observational study conducted in the UK, India and 

Australia. This study found that patients with advanced stage EOC had no important differences in 

EORTC QLQ-C30 global scores measured across six weeks, six months and 12 months post- surgery 

when undergoing surgery of varying complexity, despite a higher preoperative disease burden in 

patients undergoing more radical surgical procedures. Across all groups of women receiving all forms 

of complex surgery (categorised by surgery complexity scores (SCS) and grouped into low, 

intermediate, and high), global QoL showed a small but significant improvement by 12 months 

postoperatively. Patients who underwent the most complex surgery (high-SCS group) had small to 

moderate detriments in EORTC QLQ-C30 physical function, role function and emotional function at 6 

weeks post-surgery compared with patients undergoing less extensive surgery (intermediate- and 

low-SCS groups), but by 6 to 12 months post-surgery these functions are comparable across all SCS 

categories. A majority of women undergoing high-SCS surgery without disease progression 

experienced a positive change in QoL by 12 months post-surgery. There were no clinically 

meaningful differences in QoL among patients undergoing surgery of different complexities. The 

authors of the study concluded that patients undergoing high-complexity surgery can be reassured 

that by 12 months post-surgery most will have better QoL after than immediately before 

surgery.(221) 

 

The SOCQER-2 study (221) also found that patients who underwent low-complexity surgery had 

higher rates of RD and lower survival compared with those with a similar disease burden undergoing 
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surgery of intermediate complexity. However, no statistical adjustment was performed in these 

analyses. Postoperative RD was associated with poorer OS, particularly in patients undergoing low-

complexity surgery, but again no statistical adjustment was made. The SOCQER-2 study(221) 

acknowledged potential selection bias, but since recruitment to the study was carried out by 

research nurses, that systematic bias introduced by surgeons recruiting patients whom they believed 

would recover well after extensive surgery was unlikely. 

 

6.4.2 Agreements and disagreements between body of research in thesis and existing studies 

and guidelines 

Evidence from the body of evidence in the thesis suggested that it may not matter too much about 

the timing of the surgery, rather how successful the surgery is in terms of cytoreduction to NMRD. 

My research found only very low certainty evidence comparing maximal effort debulking and 

standard surgery in women with advanced EOC and also subgroups with carcinomatosis. In isolation, 

the evidence from this publication in the thesis generally supports the current 2013 NICE guidance 

appraisal.(50) There is a suggestion in the body of evidence in the thesis that maximal effort 

debulking surgery may result in better survival, but results are based on retrospective studies, at 

high risk of bias, in relatively few women.  

 

The NICE guidance found cytoreduction of OC to NMRD, together with all intra-abdominal 

metastases, as being the best prognostic factor for improving survival.(50) Therefore, given a lack of 

consensus in guidelines and an absence of good quality evidence from interventional studies, 

reviews and clinical guidelines, the thesis focused on a prognostic setting to assess the importance of 

RD as a prognostic factor. This was used as a proxy to determine the value in cytoreduction to NMRD 

and whether or not maximal effort to achieve this should be made if at all possible. The body of 

evidence in the thesis culminated in presenting a Bayesian NMA that adjusted for PB. The results of 
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these analyses were robust to sensitivity analyses which incorporated a high level of perceived PB 

which diluted the effect estimates, but not to a large enough extent to overturn the primary 

conclusions. Therefore, this should remove some uncertainty about attempts at achieving 

cytoreduction to NMRD and may encourage more aggressive approaches in order to do so in cases 

where it may potentially be more difficult to achieve. The guidelines by Norell et al(54) show an 

apparent willingness by clinicians to undertake a more radical approach. 

 

The body of evidence in the thesis supported Belgian clinical guidelines from 2016 (215) by 

demonstrating the strong association between OS and debulking to NMRD after PDS, even after 

adjustments for PB. In a PDS setting, the research in the thesis provided moderate-certainty 

evidence that RD after PDS is a strong prognostic factor for OS (and PFS in the publication in 

Appendix 5) in women with advanced EOC. The certainty of the evidence for these outcomes was 

very low for studies involving IDS. The evidence in the thesis supported the Belgian guidelines that 

there should be three distinct categories of RD after PDS including NMRD (labelled as optimal), < 1 

cm (labelled as near-optimal and strictly meaning 0.1-1 cm), and > 1 cm (suboptimal). This 

consolidates previous findings but provides more compelling evidence since the NMA in my body of 

work adjusts for PB and allows the moderate certainty of the evidence to be a more robust 

judgement. Although evidence was limited, the findings of the prognostic factor assessment of IDS 

was still of interest because it was not reported in any other literature. The prognostic factor 

Cochrane SR (publication in Appendix 5) suggested that after IDS there may be only two categories 

of RD for OS, although this is based on very low certainty evidence. Only one study in the SR 

adequately separated NMRD from the RD < 1 cm category with all other studies including NMRD in 

this category. I did not identify any other research that examined this and the fact that prognostic 

factor study designs seem to include NMRD in the RD < 1 cm category suggests that there may 

already be an acceptance that two categories hold. 
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Any potential survival advantage of more extensive surgery needs to be offset against the risks of 

morbidity and QoL.(50) Assessment of QoL was not widely available in interventional studies 

included in publications within the body of evidence in the thesis. Therefore, survival was the focus 

when in a prognostic setting. SOCQER-2 is an important study(221) as it was the first of its size and 

conduct to critically address QoL in radical surgery and plugs a big research gap in the thesis. 

Although the main focus of my thesis was on survival outcomes, QoL and surgical morbidity are of 

high importance, so the results of the SOCQER-2 study are timely. 

 

The publications that form the body of work in the thesis contribute to the evidence base available 

for guidelines in this area. Policy makers and guideline developers should give the results full 

consideration given some of the contemporary and novel methods that were employed. The 

concept of raising confidence in the PB GRADE domain and the overall certainty of the evidence 

judgement should be appealing to policy makers and guideline developers. In the UK the latest 

guidance from NICE on maximal debulking (cytoreductive) surgery for advanced ovarian cancer is 

still under consultation(48). Therefore, the thesis could be used as an additional source in any 

considerations and can be made available to the guideline panel. At present, maximal effort 

debulking surgical procedures are recommended to be performed by a team of surgeons with 

appropriate expertise and should be restricted to accredited specialised centres. However, the core 

evidence in the current NICE guidelines comes from unadjusted cohort studies,(51, 222-227) small 

case series(228), uncontrolled before and after studies(69, 229) and SRs.(1, 3, 230, 231) The 

guideline document used the evidence reported in the maximal effort debulking SR (Publication 2) 

and the prognostic factor SR (Publication 3) and these publications reported adjusted analyses. 

Adjusting for baseline characteristics and other important covariates is important when only non-

randomised studies are available. The associated biases of such studies are comprehensively 

discussed in Sections 2.2 to 2.4. The NICE guidelines acknowledge evidence from various sources, 

but failed to extend beyond the findings of Publications 3 and 4. They would likely benefit from 
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documenting the extensions reported in Publications 5-6 in Chapter 5, for reasons previously 

outlined in Section 6.1. There is scope for the current NICE guideline(48) to reflect the data provided 

in the thesis. If Publications 5 and 6 were incorporated into their guideline it would increase 

confidence in the conclusions drawn from the prognostic risk factor SR evidence (Publication 3). It 

would also potentially allow for the extent of tumour debulking to be considered a proxy for the 

expected impact of maximal effort debulking surgery on overall survival. This may appeal to 

guideline developers wanting to move away from individual clinician preferences regarding choice of 

initial primary surgery.
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6.5 Areas for future research 

While I have highlighted various limitations throughout the thesis, this section identifies gaps in the 

literature arising out of the thesis and future research needs to meet the sixth objective. This 

includes both clinical and methodological capacities, with an emphasis on raising the certainty of the 

evidence. 

6.5.1. Areas for clinical research 

For the first publication in Appendix 3, which compared PDS and IDS, there are currently five 

ongoing studies, but none of these studies will likely report adequate data on QoL outcomes.(232-

236) Reuss et al(233) aims to assess the role of maximal effort PDS (to achieve higher rates of

cytoreduction to NMRD) versus IDS. The results of this trial will hopefully address questions raised by 

studies with lower optimal and near-optimal debulking rates. Collection of QoL data is an important 

patient-centred outcome in advanced ovarian disease, especially if there is minimal difference in 

survival between treatment options. QoL outcomes were poorly and incompletely reported across 

included studies in the interventional SRs included in the thesis. One of the main research gaps in 

the literature arising out of the thesis was an absence of substantial or robust QoL data. In order to 

explore this further in women with advanced EOC, a patient generated index (PGI) survey could be 

conducted.(237) It is known that EOC can profoundly impact women’s quality of life but my body of 

work presented in this thesis was unable to adequately address this outcome due to a scarcity of 

data. Therefore, the aim of a PGI survey would be to provide evidence on outcomes of importance 

to women who have advanced EOC. The concept and methodology of a PGI is discussed in 

Section 6.5.3.4. 

The second publication in Appendix 4 confirmed that there has never been a randomised study to 

address the role of maximal effort debulking surgery in advanced EOC. To date, most studies in this 
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area have assessed RD as an outcome rather than survival. In order to support existing guidelines, 

the role of maximal effort debulking surgery in the management of advanced stage OC could be 

addressed through conducting a sufficiently powered RCT comparing maximal effort debulking and 

standard surgery. If RCTs are not feasible, high quality non-randomised studies should be designed. 

Such studies should include all patients diagnosed within a fixed population and agree criteria for 

prognostic factors that will form the key adjustment in analyses. Population-level, multi-centre 

studies are important in this area, as what works or does not work in one institution may be very 

different from what works elsewhere.(221) Multivariable analysis should allow for baseline 

prognostic factors but not for variables (such as extent of RD or operating time) that would be 

recorded until after decisions were made on which type of surgery to adopt. The experience of the 

treating surgeon should also be factored into any analysis.(223) 

 

Future primary research should focus on investigations that determine whether increasing attempts 

at debulking to NMRD have a direct effect in improving survival outcomes using methodologies and 

trial designs that reduce or eliminate confounding effects, such as the women's performance status, 

disease spread and tumour biology. The body of evidence in the thesis used secondary research to 

demonstrate an acceptable level of remaining RD after PDS to significantly prolong survival and what 

threshold should result in the surgeon being more conservative in their approach if debulking to 

NMRD is not plausible. The next piece of research in this area could focus on developing a prognostic 

model for accurately predicting important outcomes to determine the performance for predicting 

the risk stratification of women with this disease.(238, 239) The results of the prognostic factor 

analyses in the thesis showed the relative benefit of debulking to NMRD and while the analyses 

adjusted for various important baseline characteristics, they do not give the prognosis of women 

after their primary surgery. It would be useful for patients and clinicians alike to predict their survival 

based on their own individual risk factors to allow planning for future further line treatment options. 

Risk prediction models have also been previously proposed for predicting events such as unplanned 
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hospital admissions, which are costly and potentially preventable.(240) Measures of a risk prediction 

review should include discrimination, the area under the (curve) (AUC) receiver operating 

characteristic (ROC), calibration and overall model performance.(241, 242) A prediction model for 

survival would allow women and their families to plan for the future, as well as aid future decisions 

on their subsequent further line treatment care pathway. 

 

6.5.2 Public and Patient Involvement and Engagement 

The guidelines reported by Norell et al(54) also accounted for the experience of patient 

representatives which was not done in the thesis. The influence of more radical surgery on long term 

QoL was reported to not be a major drawback, the survival benefit weighing more importantly in the 

overall balance. In the absence of any good quality QoL data in the body of evidence in the thesis, 

any external reported outcomes should be considered in the wider evidence in any implementation 

and policy decisions. Any future guidelines should incorporate Patient and Public Involvement and 

Engagement (PPIE).(243-245) PPIE is essential to the success of research, with continuous 

involvement at every stage of the research cycle from applying for funding, through to sharing and 

disseminating study findings. Through active partnerships with a diverse group of patients, their 

family and carers and members of the public, who have personal experiences and an interest in the 

relevant research, PPIE can help make sure research stays relevant as well as being high quality.(243)  

 

The CGNOCG provided valuable support with PPIE which ensured key sections of the Cochrane SRs 

were peer reviewed by patient representatives so that they were understandable by a lay reader. In 

the UK, organisations such as Ovacome,(246) Target Ovarian Cancer(247) and CRUK(248) can also be 

approached to assist with the formulation of patient and public advisory groups for ovarian cancer 

specific projects to ensure that the public’s perspective is considered throughout. I have previously 

had excellent support in my ovarian cancer research from Peg Ford who is co-Founder and Emeritus 

President of the Ovarian Cancer Alliance of San Diego (OCASD)(249). As an ovarian cancer survivor 
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and cancer research advocate for over 15 years, her commitment matches many other informed and 

involved advocates to be a bridge between the patient community and the scientific/medical world, 

working hand-in-hand to advance evidence-based research to better serve both communities.(250) 

This research has varied from applying for grant applications to assisting with my SR publications to 

ensure key sections are understandable to a lay person. An organisation like OCASD could provide a 

PPIE advisor on a project to offer invaluable input into any future reviews or guidelines and be a part 

of any patient advisory groups. Patients could also be identified from sources such as the Managing 

Editors of the CGNOCG and via the Cochrane Consumer Network,(251) and patient advisors could 

assist with dissemination and ensuring the guidelines are accessible to patients. An organisation 

such as the OCASD would be able to assist in dissemination to all partner members throughout the 

USA. Patient advisors are usually recompensed for their time in accordance with INVOLVE 

rates.(252-254) 

 

6.5.3 Areas for further methodological development  

A number of methods have been applied and developed in this thesis and any limitations and ease of 

application have been documented. The focus of the thesis was to identify, apply and develop tools 

to help facilitate ES methods such as NMAs and adjustment for PB. While the thesis has 

acknowledged existing methods, many are either not easy to use or are not currently implemented 

in certain situations, especially when analysing time to event data. It was clear that more concise 

guidance across the board is still required such as whether to conduct a NMA in a frequentist or 

Bayesian framework in different settings, how to conduct a trial sequential analysis (TSA)(255-257) 

and further techniques for assessing PB to list but a few. This sub-section focuses on the 

methodological areas in the greatest need of development to strengthen the evidence base and ES 

more generally. 
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6.5.3.1 Risk of bias assessment 

The domains in ROB2 are unchanged from those included in ROB1 and the signalling questions in 

ROB2 are aimed at getting better responses, but these may be unlikely to change overall judgements 

if experienced reviewers are the ones making the assessments. Therefore, it is unlikely that the risk 

of bias judgements would differ in any of the six domains used to assess risk of bias in the 

publication in Appendix 3. I was aware of the developmental signalling questions so used these 

when making judgements. There are also lots of tools for assessment of risk of bias in non-

randomised studies so any further development should be monitored to utilise in any updated 

research in the future.(157, 258) 

 

6.5.3.2 GRADE assessment in a prognostic factor review setting 

Guidance on the use of GRADE for prognostic factor studies has not yet been published.(74, 162) 

Therefore, it will be important to adhere to full published prognostic factor ES guidelines in the 

future when guidance is made available. While attempts to appraise the quality and certainty of the 

evidence were made in the publication in Appendix 5 and in the subsequent NMA publications, 

expert guidance is likely to improve the confidence in the judgements. The CINeMA web application 

to assess the certainty of the evidence in a NMA needs to be developed to incorporate time-to-event 

data.(175) Section 3.5.2.4 documents that the methodological framework of CINeMA essentially 

covers items recommended in the PRISMA NMA reporting guidelines(174) and is broadly based on 

the GRADE approach,(74) but specific guidance for survival outcomes that could be used in the 

publication in Appendix 6 is sought. 

 

6.5.3.3 Replication of future elicitation exercise 

One expert elicitation exercise may not be sufficient to change practice, but the collection of more 

evidence through routine expert elicitation should be encouraged, not only in EOC research, but in 



131 
 

other disease areas. Every ES should aim to improve precision and reliability of effect estimates and 

consequently raise confidence in the estimates and the certainty of the overall evidence. The 

Bayesian application of this should also become more routine in areas where PB is likely to be an 

issue.  

 

6.5.3.4 Patient generated index for quality of life outcome 

In the absence of good quality data on QoL and morbidity in the thesis, an evaluation of the impact 

of advanced EOC on QoL, as perceived by women with EOC, using a PGI could be made. A PGI survey 

could be developed to include women with EOC to provide information on outcomes of importance 

to them, as well as aiming to identify additional outcomes that ought to be collected in future 

primary studies or define relevant outcomes for further SRs of the literature. Existing cancer specific 

questionnaires may not fully capture the impact of EOC on the QoL of women. Yet understanding 

the outcomes of importance to this patient group could inform the tailoring of interventions 

available to this group of women and could help better meet the need of a particular individual. The 

PGI is an individualised patient-reported health instrument which allows the respondent to select, 

weight, and rate the importance of a particular health outcome.(259) It was designed with the aim 

of producing a valid measure of outcome that reflects areas of importance to patients’ lives(237) 

and involves the respondent deciding what factors are important to them. The aim is therefore to 

capture the diverse range of concerns or priorities of respondents. Using the PGI, respondents can 

vary the weight they attach to these concerns or priorities. An overall score for each respondent can 

then be calculated by multiplying the rating for each health area by the proportion of points 

allocated to that particular area. The participant sample for the PGI would consist of women who 

have advanced stage EOC. Patients could be recruited via the NHS (e.g., via hospital attendance, 

clinical contacts) and cancer charities, such as Ovacome as discussed in Section 6.5.2. A postal survey 

could be sent out to women and a recruitment target over several waves of recruitment could be set 
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in order to be able to conduct the PGI. Data analysis would include sample demographics, grouping 

of the areas of importance of an individual’s life that they report to be affected by their condition 

and the frequency that the area was mentioned within the sample as a whole. PGI scores of overall 

QoL could also be reported alongside existing questionnaires such as EQ-5D-5L. FS-12/36 and EORTC 

QLQ-C30 and Correlation between these could be performed. 

 

6.5.3.5 Individual participant data meta-analysis 

An extension to the analyses included in the thesis could utilise an individual patient data (IPD) 

MA,(260) rather than using aggregate data. IPD MAs are recognised as providing high-quality clinical 

evidence that could be considered when the ES is updated in the future. They can more easily 

incorporate a consistent selection of confounders to adjust for, which would reduce the impact of 

selective reporting of analyses and outcomes. An IPD MA would also allow for a further 

comprehensive exploration of confounders, which could include looking at possible interaction 

effects between confounders.(261) IPD MAs may be particularly important for chronic and other 

diseases where treatment effects may depend on the length of follow-up. This is especially the case 

where there are risks and benefits that vary differently over time.(262) This may be applicable to the 

surgical interventions involving more radical procedures which have short term high risk but 

potential long-term benefit. 

 

While an IPD may improve the quality of the data and analyses through the inclusion of all trials and 

all participants and detailed checking, they are not plausible in many areas. They are exceptionally 

time-consuming and can typically take many months to retrieve data from trial administrators. IPD 

MAs often include a mix of aggregate data too where it is not possible to obtain IPD datasets within 

an acceptable timeframe. That is the primary reason such analyses were not considered in this thesis 
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and might not be worth consideration until there is a sufficient change in practice regarding the 

administrative processes in dealing with IPD.  

 

6.5.3.6 Living systematic review 

The body of work in this thesis has made extensive use of SR and MA methodology. A concern with 

such work arises from the frequency with which a SR or MA is updated. An update has been defined 

as “a new edition of a published SR with changes that can include new data, new methods, or new 

analyses to the previous edition”.(263) Cochrane reviews are typically updated within two to three 

years, but the recommendation is that a review should be habitually updated to include the most 

recent evidence.(264) Indeed, Cochrane has recently encouraged the use of living SRs, which adopt a 

continual updating process, such as monthly searching followed by rapid incorporation of new 

evidence into the published review. Living SRs are claimed to be more appropriate for questions that 

are of high importance to decision makers and for which new evidence is likely to be frequently 

published that would have an important impact on the review’s findings.(265) 

 

The updating approach that is an integral part of standard Cochrane and living SRs is, essentially, 

unadjusted cumulative MA.(266) Reanalysing a MA after adding each newly identified study may 

lead to spurious statistically significant results due to repeated testing of significance as study data 

accumulate. This is analogous to the biases associated with conducting multiple interim analyses in 

trials without adjustment.(255, 267) Therefore, further consideration about ways of accounting for 

this is needed before living reviews should be considered in future EOC research. 
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6.5.3.7 Trial sequential analysis 

To deal with the issues associated with repeated testing of significance discussed in Section 6.5.3.6, a 

TSA(255-257) could be conducted. One of the limitations of my body of work was the inability to 

assess the impact of a MA being subjected to repeated statistical evaluation. In a MA, it is important 

to minimise the risk of making a false-positive or false-negative conclusion. A TSA is similar in nature 

to a group sequential analysis of a single trial and may be applied to a MA to evaluate the evidence. 

When a MA is subjected to repeated statistical evaluation, there is an increased risk that point 

estimates and confidence intervals will yield spurious inferences. More precisely, reanalysing a MA 

after adding each newly identified study, or adding in batches of studies, is prone to spurious p 

values and significant results because of repeated testing of significance as study data accumulate. 

This is analogous to biases associated with conducting interim analyses in a trial without inferential 

adjustment.(267) The aim of a TSA is to attempt to avoid wrongly concluding treatment differences 

in the absence of a benefit (i.e., true versus false positive). Therefore, a TSA aims to conceptualise 

the results of a MA, avoid the need to continually update and potentially accelerate the decision-

making process. 

 

In a TSA, the required information size (IS) is calculated to demonstrate or reject a relative risk 

reduction (RRR) of an event between two groups in a primary MA.(255-257) IS in a MA should at 

least equal the sample size of an adequately powered trial. In the primary framework,(268) decisions 

are largely based on statistical significance, where power and stopping rules are crucial to the future 

success of treatment and avoidance of continuing treatments that are not effective or are harmful. 

In the context of policy and guidelines, a TSA in a secondary analysis setting would be useful to test 

the robustness of existing evidence from a MA. At a review level, it may also aid futility (acceptance 

that an intervention is unlikely to be any better than the comparator) in the same way that adaptive 

designs would with certain treatments. To avoid making potentially false conclusions based on 
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statistically significant MAs, I would prefer in any future exercise to utilise a TSA in my EOC research 

as an additional component to GRADE, rather than as an isolated statistical analysis. 

 

It is important to note that substantial or considerable heterogeneity would have a large impact on 

the TSA, so a model variance-based estimate should be used to correct for heterogeneity. A 

heterogeneity-corrected required IS should be used to construct sequential monitoring boundaries 

based on the O'Brien-Fleming type alpha-spending function for cumulative z-scores (corresponding 

to the cumulative MA).(257) This is analogous to interim monitoring in an RCT to determine when 

sufficient evidence of a treatment effect has been accrued.(267) These monitoring boundaries are 

relatively insensitive to the number of repeated significance tests. The required IS is the sample size 

required for a reliable and conclusive MA and is at least as large as that needed in a single powered 

RCT. Futility boundaries should also be considered (to test for no statistically significant difference as 

well as a significant benefit in a two-sided test) and the possibility that an intervention could also 

harm. 

 

A TSA would be useful as an additional component of GRADE to potentially increase confidence in 

the overall certainty of the evidence judgements and potentially lead to more reliable conclusions. 

Currently only one TSA has been conducted in ovarian cancer research and this was identified in 

women in remission after initial surgery, which assessed maintenance chemotherapy.(269) 

Unfortunately a TSA could not be conducted in my body of work as the methodology needs further 

development so that it can be routinely used for time-to-event data and be applied to the EOC 

research. At present the TSA framework and guidance is restricted to dichotomous and continuous 

outcomes.(257) 
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The TSA approach has been criticised by some, largely based on concerns about the abuse of 

significance probabilities (p values). TSA or other sequential methods have not been recommended 

in Cochrane reviews,(270) as there has been a general move away from significance testing.(271) In 

this sense a TSA can be seen as a step backwards. Previous research found that a TSA may produce 

results consistent with a standard MA, and where this is not the case, it may be because the studies 

are small and heterogeneous, so any interpretation should be cautious.(272, 273) I am a strong 

advocate of moving beyond statistical significance in the main analyses but feel adding a TSA as a 

component of GRADE adds an element of objectivity and makes the overall certainty of the evidence 

judgements more robust. In this context, the main argument against a TSA being the misuse of 

statistical significance is not persuasive, if expert guidance is adhered to.(257) Therefore, to 

demonstrate the full TSA methodology for consideration in future EOC research, I conducted one in 

a different setting(112) and outline a full description of the required parameters and estimates that 

would be required in Table 7. The most important consideration when choosing the parameters 

used to calculate the required IS is that they are all defined a priori.
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Table 7: Description of required parameters in a trial sequential analysis and estimates used in 
case study publication and proposed future epithelial ovarian cancer meta-analysis 

Parameter Case study estimate Future advanced 
epithelial ovarian cancer 
estimate 

Comments 

Pc(death) From the MA that 
was conducted (but 
estimate also 
considered the other 
existing MAs that had 
been published in this 
area) 

Previous MA of RCTs; 
previous RCT; previous 
MA of observational 
studies; Previous 
observational study; 
from the meta-analysis 
that was conducted 

It is important that the 
Pc(death) (as well as the 
rest of the parameters to 
calculate the required IS 
are defined a priori in a 
protocol, never after. 

α 5% 1-5% 5% is usually reported but 
could consider having a 
lower value. 

β 10% (90% power) 10% (90% power) A β of up to 20% could be 
used in theory, but 10% is 
more sensible so as not to 
compromise power. 

RRR From the MA that 
was conducted (but 
estimate also 
considered the other 
existing MAs that had 
been published in this 
area) 

Based on meta-analysis Be careful to consider a 
RRR that is plausible. 
Surgery, certain vaccines, 
and antibiotics could 
potentially have large 
RRRs in certain settings 
but, generally, powering 
on a smaller RRR is more 
realistic. 

D2 Model variance-based 
SAs using different 
values of D2 

Model variance-based 
SAs using different 
values of D2 

D2 in a MA is the relative 
variance reduction when 
the MA model is changed 
from a RE into a FE model. 
D2 can readily adjust the 
required IS in any RE 
model meta-analysis. 
D2 ≥ I2 

Continuity 
correction 

0.01 0.01 Used in trials that reported 
zero events in one or both 
arms. 

TSA: Trial sequential analysis; SR: Systematic review; Pc(death): Proportion of deaths in control group; α: Type I 
error rate; β: Type II error rate; RRR: Relative risk reduction; IS: Information size; I2: The percentage of the 
variability in effect estimates that is due to heterogeneity rather than sampling error (chance); D2: Diversity 
(measure of heterogeneity) is described as the proportion of the total variance in a random-effects model 
contributed by the between trial variation despite the chosen between trial variance estimator.; RCT: 
Randomised controlled trial; MA: Meta-analysis; CI: Confidence interval; RE: Random effects model; FE: Fixed 
effects model 
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6.5.3.8 Value of information analysis 

Additionally, a value of information (VOI) analysis(274, 275) could be undertaken to identify whether 

further research is worthwhile, which could also be incorporated as an additional domain in GRADE 

rather than as a separate analysis in its own right. In an advanced EOC setting, a VOI could be used in 

parallel with a TSA or as an alternative approach to determine the real value of conducting further 

research, especially if dealing with time-to-event data which cannot currently be implemented 

within the TSA framework. The results of a VOI would be presented at both an individual and 

population level for all scenarios. Furthermore, the use of expected value of partial perfect 

information (EVPPI) could be explored to ascertain what type of additional evidence would be most 

valuable. This is a research gap unlikely to have been addressed before so presents a good 

opportunity for detailed discussion and recommendations. 

 

6.5.3.9 Evidence to decision framework 

An evidence to decision (EtD) using DECIDE framework(276) could also be applied to my EOC 

research in the future to make recommendations that consider the entirety of the evidence base. An 

EtD is an extension beyond GRADE by widening the overall approach and considering elements 

outside of the SR evidence. This builds on the practical application of GRADE(74) as well as additional 

considerations to assess the evidence on a policy and implementation level. DECIDE is based on six 

domains involved in the decision-making process (D: define the problem; E: establish the criteria; C: 

consider all the alternatives; I: identify the best alternative; D: develop and implement a plan of 

action; E: evaluate and monitor the solution and feedback when necessary). This approach utilises 

the five main considerations used in the GRADE approach(74) (study limitations (risk of bias), 

unexplained heterogeneity and inconsistency of effect, imprecision, indirectness, and PB), along with 

the wider certainty of the body of evidence, considering other aspects that will affect policy and 

implementation. 
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While the opportunity to conduct an EtD did not materialise during the completion of my body of 

work, I did lead on the recommendation development process of a technical working group for an 

EtD framework for the British Ivermectin Recommendation Development (BIRD) steering group that 

utilised the DECIDE approach.(276) The purpose of this working group was to reach consensus for 

decision making and I use this experience to outline the potential for repeating a similar exercise in 

my EOC research if the opportunity presents itself in the future.(277) 

 

The design of an EtD exercise should involve a formal panel of clinical experts, methodologists and 

stakeholders that will evaluate the evidence to address priority questions. The target audience in an 

EOC setting should include national and local policymakers, health care professionals, implementers, 

patients, and the public. An EtD exercise should utilise standard procedures for guideline 

development and could be developed as described in the World Health Organization (WHO) 

Handbook for Guideline Development (2014).(278) The following procedures should be given 

consideration: 

 

(i) Identification of priority questions and outcomes; 

(ii) Evidence retrieval and synthesis; 

(iii) Assessment of the evidence; 

(iv) Formulation of the recommendation; and 

(v) Planning for implementation, dissemination, impact evaluation and updating. 
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The GRADE approach for quantitative evidence should be applied, to ensure the quality of the 

scientific evidence that forms the basis of the recommendation. If applied to advanced EOC research 

in the future each of the following criteria should be examined: 

 

• Intervention effects: the benefits and harms associated with the intervention for advanced 

EOC; 

• Values: the importance that those affected by advanced EOC assign to the outcomes 

associated with the intervention; 

• Resources: the resource implications (costs and cost-effectiveness) of the intervention 

implementation; 

• Equity: considers the health equity implications associated with the intervention; 

• Acceptability: how acceptable the intervention would be to relevant stakeholders, including 

health care workers and patients; and 

• Feasibility: how feasible it would be to implement. 

 

Any panel would make judgements on these different decision-making criteria, which would lead to 

possible recommendations which could be endorsing or rejecting the intervention based on the 

wider evidence or offering a conditional recommendation in certain contexts, such as a research 

context or specific populations or settings. 

 

The added time, cost, and complexity of an EtD framework could be viewed as too burdensome and 

labour intensive compared with using the GRADE approach for assessing the certainty of the 

evidence alone. Healthcare decisions tend to be complex and any system for moving from evidence 
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to decisions requires a balance between simplicity and fully transparent consideration of all 

important factors.(276, 279) Although EtD frameworks are complex, they can add clarity and make 

the judgments underlying a decision more explicit.(279) 

6.5.3.10 Summary 

This section has outlined various limitations of the work reported in this thesis, as well as identifying 

gaps in the evidence base that remain, and from these the future research needs. Several extensions 

to existing methods to consolidate the standard GRADE approach(74) have been proposed in this 

section. The rationale for consolidating existing domains or introducing additional ones was to 

strengthen the confidence in the overall GRADE judgements being made. I proposed that all of the 

suggested methods should be considered as additional items within an existing or additional GRADE 

domain, rather than reported separately. Within the GRADE framework, this would potentially 

minimise independent judgemental decisions and raise the confidence in the overall conclusions. 

Incorporating additional items as part of GRADE such as a TSA,(255-257) VOI,(274, 275) expert 

elicitation,(132) or some other methodological component, especially any that adds an element of 

objectivity, is worthy of consideration to methodologists who may want to further develop the 

GRADE tool.(74)
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6.6 Conclusions 

The body of work described in this thesis includes ES and MA methodology, applied in both 

traditional and novel ways. The research that I conducted extends beyond standard approaches to 

develop, explore, and apply methods that aimed to raise the certainty of the evidence. The aim of 

my thesis was to evaluate the role of surgery in advanced EOC, where ES methodology was applied 

and developed to help establish the evidence base to support practice guidelines.  

 

A combination of chemotherapy and debulking surgery with maximal tolerable effort, is standard 

treatment for women with advanced EOC. The timing of surgery appears to have little or no effect 

on survival outcomes for the overall population. Publication 1 found evidence to support the role of 

PDS as treatment for advanced (stage IIIc/ IV) ovarian cancer, where achieving a macroscopic debulk 

to NMRD can be reasonably expected. IDS may be a reasonable (or preferred) alternative for women 

with stage IV disease, poor performance status or co-morbidities. Compared to PDS, IDS may 

increase the rate of macroscopic cytoreduction, but this does not appear to translate into an 

increase in OS. Evidence on extent of surgery which was examined in Publication 2 was much less 

certain as it was limited and provided only very low-certainty evidence. In order to support existing 

guidelines, the role of maximal effort debulking surgery in the management of advanced stage EOC 

could be addressed through the conduct of a sufficiently powered RCT comparing maximal effort 

debulking with standard surgery, or a well-designed non-randomised study, if a RCT is not possible.  

 

It is acknowledged that there is considerable variation in practice with respect to debulking to small 

volume disease (achieving NMRD or near-optimal cytoreduction to < 1 cm) after primary surgery 

between different surgeons and centres. Predicting surgical debulking to small volume disease prior 

to surgery will be dependent on this variation. This is likely to present problems when attempting to 

develop models which aim to predict prognosis. This affects decisions on whether to perform PDS or 

IDS as the initial surgery. At present this decision is dictated by clinician preference. 
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NMRD remains a key prognosticator of survival in advanced EOC. This result was largely consolidated 

through the research that used elicitation methods to adjust the effect estimates in the NMA for PB. 

The series of sensitivity analyses that used various adjustments showed that the result of the 

primary unadjusted MA holds. Moving forward, PB should be considered in the interpretation of any 

MA and an expert elicitation exercise could be used as one of several ways of obtaining external 

information to make an adjustment. According to the body of research, whether PDS or IDS is the 

primary treatment, the surgical goal should be to completely remove all visible disease. Although RD 

of < 1 cm (near-optimal) improves survival, as shown in this thesis, this is not clear following IDS. The 

survival advantage should be considered with any potential morbidity or AE trade-offs. 

 

The concepts of the expert elicitation exercise in my body of research should be strongly considered 

for utilisation in other meta-analyses, particularly in areas of oncology. Empirical evidence that 

incorporates expert elicitation in areas of uncertainty may assist in the development of clinical 

guidelines, enabling the disadvantages of contemporary statistical methodologies to be combined 

with previously implicit expert consensus. The findings in the thesis may inform clinical guidelines 

and assist the shared decision-making process between patients, carers, and clinicians in routine 

practice on selecting the most appropriate choice of primary surgical approach for women with 

advanced EOC. This work may represent “the best available evidence” at this time while trials are 

conducted. Waiting for ‘perfect’ evidence will only further delay decisions regarding the delivery of 

health care in the management of advanced EOC. Other methods explored in this thesis (but not 

confined to the included publications) aimed at raising the certainty of the evidence, such as a TSA 

and EtD framework. A TSA as an outright analysis is designed to determine whether or not further 

evidence is required, but I suggest in future work that this is utilised as an additional component to 

the GRADE domains to test how robust the judgements were. These methods should be related to 

future advanced EOC research when sufficient data are available and methodological advances are 

made to incorporate time-to-event outcomes. 
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The evidence presented in the thesis and from identification of wider clinical guidelines in advanced 

EOC suggests there is a clear benefit of achieving cytoreduction to NMRD after primary surgery. 

Other guidelines(215) make similar recommendations based upon the evidence on RD as a 

prognostic factor for advanced EOC after primary surgery, but they do not report the most reliable 

estimates. They also appear to overstate the volume and strength of evidence on maximal effort 

debulking surgery in the interventional ES that they identified. The added value of my body of work 

in this thesis is that it demonstrates that there is almost a complete absence of good quality 

evidence on maximal effort debulking surgery. My research however found a very strong association 

between cytoreduction to NMRD and increased survival. Such evidence may encourage the surgical 

community to attempt to increase the rate that maximal effort debulking is attempted. My research 

can be focused on exploring whether the extent of tumour debulking was a prognostic factor 

predicting survival. This in turn has been interpreted as a proxy for the expected impact of maximal 

effort debulking surgery on overall survival, as such data has not hitherto been (and is unlikely) to 

come from the future RCTs of one debulking strategy over another. The body of work in the thesis 

also showed that it may not matter if the form of debulking surgery was PDS or IDS if the outcome 

was cytoreduction to NMRD. However, my research showed that if it is unlikely that the tumour 

could be cytoreduced to NMRD, but it was plausible it could be debulked to near-optimal (RD<1cm), 

then PDS is likely to be the optimal choice of treatment. The thesis found evidence that if a tumour is 

not completely debulked to NMRD after IDS then all other RD thresholds may be sub-optimal. While 

this needs further exploration, this finding has not been explored or reported in any guidelines. 

 

Arguably, NICE should consider the body of evidence in the thesis in their pending guideline 

update(48) as documented in Section 6.4.2. They should also consider the adoption of some of the 

purposed methods that aimed to raise the confidence in the certainty of the evidence.  

In an absence of any firm guidance which has remained largely unchanged in the last decade, there 

is a need to be more directive about treatment rather than relying solely on the treatment 
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preference of the clinicians performing the surgery. An EtD framework exercise may also be worth 

consideration by NICE. This approach could add further strength to the overall confidence in the 

findings drawn from the evidence base. It could also widen the scope by introducing the six DECIDE 

domains(276) which could be used to address  priority questions about maximal debulking surgery. 

These questions may ultimately dictate whether the evidence from the thesis gets implemented 

because policy decisions are likely to be dependent on factors beyond the effectiveness evidence 

base. The most obvious of these being costs and available resources within the NHS. 
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Appendix 2: FIGO classification for ovarian cancer 2014 FIGO ovarian, fallopian 

tube, and peritoneal cancer staging system and corresponding TNM 

Stage Extent of tumour Substage Details 
I 
(T1-N0-M0) 
  
  

Tumour confined to ovaries 
or fallopian tube(s) 

IA 
(T1a-N0-M0) 

Tumour limited to one ovary (capsule intact) 
or fallopian tube; no tumour on ovarian or 
fallopian tube surface; no malignant cells in 
the ascites or peritoneal washings 

IB 
(T1b-N0-M0) 

Tumour limited to both ovaries (capsules 
intact) or fallopian tubes; no tumour on 
ovarian or fallopian tube surface; no 
malignant cells in the ascites or peritoneal 
washings 

IC 
(T1c1-N0-M0) 

Tumour limited to one or both ovaries or 
fallopian tubes, with any of the following: 
IC1: surgical spill 
IC2: capsule ruptured before surgery or 
tumour on ovarian or fallopian tube surface 
IC3: malignant cells in the ascites or peritoneal 
washings 

II 
(T2-N0-M0) 

Tumour involves one or 
both ovaries or fallopian 
tubes with pelvic extension 
(below pelvic brim) or 
primary peritoneal cancer 

IIA 
(T2a-N0-M0) 

Extension and/or implants on uterus and/or 
fallopian tubes and/or ovaries 

IIB 
(T2b-N0-M0) 

Extension to other pelvic intraperitoneal 
tissues 

III 
(T1/T2-N1-
M0) 

Tumour involves one or 
both ovaries or fallopian 
tubes, or primary peritoneal 
cancer, with cytologically or 
histologically confirmed 
spread to the peritoneum 
outside the pelvis and/or 
metastasis to the 
retroperitoneal lymph 
nodes 

IIIA 
IIIA1: 
(T1/T2-N1-M0) 
IIIA2: 
(T3a2-N0/N1-M0) 
  

IIIA1: Positive retroperitoneal lymph nodes 
only (cytologically or histologically proven): 
IIIA1(i) Metastasis up to 10 mm in greatest 
dimension 
IIIA1(ii) Metastasis more than 10 mm in 
greatest dimension 
IIIA2: microscopic extra-pelvic (above the 
pelvic brim) peritoneal involvement with or 
without positive retroperitoneal lymph nodes 

IIIB 
(T3b-N0/N1-M0) 
  

Macroscopic peritoneal metastasis beyond the 
pelvis up to 2 cm in greatest dimension, with 
or without metastasis to the retroperitoneal 
lymph nodes 

IIIc 
(T3c-N0/N1-M0) 

Macroscopic peritoneal metastasis beyond the 
pelvis more than 2 cm in greatest dimension, 
with or without metastasis to the 
retroperitoneal lymph nodes (includes 
extension of tumour to capsule of liver and 
spleen without parenchymal involvement of 
either organ) 

IV 
(Any T, any 
N, M1) 

Distant metastasis excluding 
peritoneal metastases 

IVA Pleural effusion with positive cytology 
IVB Parenchymal metastases and metastases to 

extra-abdominal organs (including inguinal 
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lymph nodes and lymph nodes outside of the 
abdominal cavity) 

FIGO: The International Federation of Gynecology and Obstetrics; T: Extent of the primary tumour; N: Whether the cancer 
is present in the lymph nodes; M: whether the cancer has metastasised 
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A B S T R A C T

Background

Epithelial ovarian cancer presents at an advanced stage in the majority of women. These women require a combination of surgery and
chemotherapy for optimal treatment. Conventional treatment has been to perform surgery first and then give chemotherapy. However,
there may be advantages to using chemotherapy before surgery.

Objectives

To assess whether there is an advantage to treating women with advanced epithelial ovarian cancer with chemotherapy before debulking
surgery (neoadjuvant chemotherapy (NACT)) compared with conventional treatment where chemotherapy follows debulking surgery
(primary debulking surgery (PDS)).

Search methods

We searched the following databases up to 9 October 2020: the Cochrane Central Register of Controlled Trials (CENTRAL), Embase via Ovid,
MEDLINE (Silver Platter/Ovid), PDQ and MetaRegister. We also checked the reference lists of relevant papers that were identified to search
for further studies. The main investigators of relevant trials were contacted for further information.

Selection criteria

Randomised controlled trials (RCTs) of women with advanced epithelial ovarian cancer (Federation of International Gynaecologists and
Obstetricians (FIGO) stage III/IV) who were randomly allocated to treatment groups that compared platinum-based chemotherapy before
cytoreductive surgery with platinum-based chemotherapy following cytoreductive surgery.

Data collection and analysis

Two review authors independently extracted data and assessed risk of bias in each included trial. We extracted data of overall (OS) and
progression-free survival (PFS), adverse events, surgically-related mortality and morbidity and quality of life outcomes.  We used GRADE
methods to determine the certainty of evidence.

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Main results

We identified 2227 titles and abstracts through our searches, of which five RCTs of varying quality and size met the inclusion criteria. These
studies assessed a total of 1774 women with stage IIIc/IV ovarian cancer randomised to NACT followed by interval debulking surgery (IDS)
or PDS followed by chemotherapy. We pooled results of the four studies where data were available and found little or no diBerence with
regard to overall survival (OS) (Hazard Ratio (HR) 0.96, 95% CI 0.86 to 1.08; participants = 1692; studies = 4; high-certainty evidence) or
progression-free survival in four trials where we were able to pool data (Hazard Ratio 0.98, 95% CI 0.88 to 1.08; participants = 1692; studies
= 4; moderate-certainty evidence).

Adverse events, surgical morbidity and quality of life (QoL) outcomes were variably and incompletely reported across studies. There are
probably clinically meaningful diBerences in favour of NACT compared to PDS with regard to overall postoperative serious adverse eBects
(SAE grade 3+): 6% in NACT group, versus 29% in PDS group, (risk ratio (RR) 0.22, 95% CI 0.13 to 0.38; participants = 435; studies = 2;

heterogeneity index (I2) = 0%; moderate-certainty evidence). NACT probably results in a large reduction in the need for stoma formation:

5.9% in NACT group, versus 20.4% in PDS group, (RR 0.29, 95% CI 0.12 to 0.74; participants = 632; studies = 2; I2 = 70%; moderate-certainty
evidence), and probably reduces the risk of needing bowel resection at the time of surgery: 13.0% in NACT group versus 26.6% in PDS

group (RR 0.49, 95% CI 0.30 to 0.79; participants = 1565; studies = 4; I2 = 79%; moderate-certainty evidence). NACT reduces postoperative

mortality: 0.6% in NACT group, versus 3.6% in PDS group, (RR 0.16, 95% CI 0.06 to 0.46; participants = 1623; studies = 5; I2 = 0%; high-
certainty evidence). QoL on the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ-C30) scale produced inconsistent and imprecise results in three studies (MD -0.29, 95% CI -2.77 to 2.20; participants = 524; studies = 3;

I2 = 81%; very low-certainty evidence) but the evidence is very uncertain and should be interpreted with caution.

Authors' conclusions

The available high to moderate-certainty evidence suggests there is little or no diBerence in primary survival outcomes between PDS
and NACT. NACT probably reduces the risk of serious adverse events, especially those around the time of surgery, and reduces the
risk of postoperative mortality and the need for stoma formation. These data will inform women and clinicians (involving specialist
gynaecological multidisciplinary teams) and allow treatment to be tailored to the person, taking into account surgical resectability, age,
histology, stage and performance status. Data from an unpublished study and ongoing studies are awaited.

P L A I N   L A N G U A G E   S U M M A R Y

Does giving chemotherapy before surgery improve survival or quality of life for women with advanced ovarian epithelial cancer?

What is the issue?
Epithelial ovarian cancer, arising from the surface layer of the ovaries or lining of the fallopian tubes, is the ninth most common cancer
worldwide in women, and is the most common form of ovarian cancer (approximately 90% of ovarian cancers). Unfortunately, most women
with ovarian cancer present at a late stage, when their disease has spread throughout the abdomen. This is because ovarian cancer oQen
arises from the ends of the fallopian tubes, from where single cells can drop out into the abdominal cavity even when the primary tumour
is microscopic. These tumour cells circulate around the abdominal cavity in the lubricating peritoneal fluid, implant on other surfaces and
grow over time until they cause symptoms. Even then, symptoms, such as bloating and bowel disturbance (most commonly constipation),
are nonspecific and easily attributed to more common benign conditions. In Europe and the UK, just over a third of women diagnosed with
ovarian cancer are alive five years aQer diagnosis.

Conventional treatment for ovarian cancer involves two modalities of treatment: surgery and chemotherapy. The intention of surgery is to
stage the disease (assess where the cancer has spread to) and remove as much of the visible (macroscopic) cancer as possible (known as
debulking or cytoreduction), preferably to the point where the surgical team is not able to see any visible residual disease in the abdominal
cavity. However, since most women will have widespread disease, surgery alone is unlikely to cure the disease and most will also need
chemotherapy. Chemotherapy for ovarian cancer uses platinum-based drugs to treat cells that cannot be removed by surgery (macroscopic
disease) or are too small to be seen (microscopic disease). Traditionally, chemotherapy was given aQer surgery (primary debulking surgery
(PDS) and adjuvant chemotherapy) . However, chemotherapy can be used before surgery (known as neoadjuvant chemotherapy (NACT)
and interval debulking surgery (IDS)) with the aim of shrinking the cancer and allowing women to get better prior to undertaking major
surgery. Women who receive NACT and IDS complete the remaining cycles of chemotherapy following surgery.

What did we do?
We searched electronic databases up to October 2020 and conducted handsearches for unpublished reports of trials. We included
randomised controlled trials (RCTs) of NACT and IDS versus surgery (primary debulking surgery (PDS)) followed by chemotherapy in women
diagnosed with advanced stage epithelial ovarian cancer and pooled study outcome data, where appropriate.

What did we find?
We identified 2227 titles and abstracts from the search. From these, we found five RCTs which met our inclusion criteria, including a total
of 1774 women with advanced ovarian cancer. We were able to pool data from four studies. These trials compared women who were
given chemotherapy prior to surgery (NACT) with women who underwent surgery first (PDS) prior to chemotherapy. We found little or no
diBerence between the two treatments with respect to the time to death and probably little or no diBerence in the time to progression
of the disease. We found that giving NACT reduces the risk of postoperative mortality and need for stoma formation, for which we have

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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high certainty. NACT probably reduces the risk of some severe complications of surgery, but some of these data were less well reported
in the included studies and so we have moderate to low certainty about these results. The studies only enrolled women with stage IIIc/IV
ovarian cancer i.e. those who had advanced disease; a large proportion of women in this review had very bulky tumours. We are currently
awaiting results of three ongoing studies and one unpublished full publication of a study that is awaiting classification that will hopefully
contribute more evidence to guide clinical practice in this area in the future.

What does this mean?
Overall, the evidence was of moderate to high certainty. There is little or no diBerence in how long women with advanced epithelial ovarian
cancer will survive, if they have chemotherapy or surgery first, where both treatments are planned. There is probably little or no diBerence
in how long it will take for the cancer to regrow aQer initial treatment. NACT probably reduces some of the risks of surgery, probably
halves the risk of needing the bowel removed, and probably has a large reduction in the risk of needing the bowel diverted through the
abdominal wall via a stoma (a bag attached to the abdominal wall to collect bowel contents). NACT/IDS is an alternative to PDS followed
by chemotherapy in women with bulky stage IIIc/IV disease. Individual decisions about which treatment to have first will depend on the
individual woman's wishes, how well she is at the time of diagnosis, the risks of surgery and the burden and distribution of disease.

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Summary of findings 1.   Neoadjuvant chemotherapy prior to interval surgery (NACT) compared to surgery followed by chemotherapy (PDS) for initial
treatment in advanced ovarian epithelial cancer

NACT/IDS compared to PDS/adjuvant chemotherapy for initial treatment in advanced ovarian epithelial cancer

Women or population: women with advanced ovarian epithelial cancer

Settings: hospital-based care in countries including Algeria, Argentina, Austria, Belgium, Canada, Ireland, Italy, Japan, Norway, the Netherlands, Portugal, Spain, Sweden,
the UK and New Zealand

Intervention: platinum-based chemotherapy followed by debulking surgery (neoadjuvant chemotherapy)

Comparison: primary debulking surgery followed by platinum-based chemotherapy (adjuvant chemotherapy)

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with PDS Risk with NACT

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationOverall survival (fol-
low-up 4.4 to 6 years)

757 per 1,000 743 per 1000
(704 to 783)

HR 0.96
(0.86 to 1.08)

2000
(4 RCTs)

⊕⊕⊕⊕
HIGH

NACT results in little to no difference in overall
survival. Absolute risk of death at 4 years demon-
strated for absolute effects using formula of cor-
responding intervention risk per 1000 = 1000 -
(exp[ln(1 - proportion of patients with event) x
HR]) x 1000 (Tierney 2007). Baseline risk of death
at 4 years taken from PDS outcomes for com-
bined Vergote 2010 and Kehoe 2015 data pub-
lished in Vergote 2018

Study populationProgression-free sur-
vival (follow-up 4.4 to
6 years) 858 per 1,000 852 per 1000

(821 to 879)

HR 0.98
(0.88 to 1.08)

1847
(4 RCTs)

⊕⊕⊕⊝

MODERATE 2
NACT probably results in little to no difference in
progression-free survival. Absolute risk of recur-
rence at 1 year demonstrated for absolute effects
using formula of corresponding intervention risk
per 1000 = 1000 - (exp[ln(1 - proportion of pa-
tients with event) x HR]) x 1000 (Tierney 2007).
Baseline risk of recurrence in PDS taken from
combination of Vergote 2010 and Kehoe 2015 da-
ta published in Vergote 2018

Study populationSurgically-related se-
vere adverse effects
(grade 3+) - stoma for- 204 per 1,000 59 per 1000

(24 to 151)

RR 0.29
(0.12 to 0.74)

632
(2 RCTs)

⊕⊕⊕⊝

MODERATE 2
NACT probably results in a large reduction in rate
of stoma formation.
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mation (within 30 days
of surgery)

Study populationSurgically-related se-
vere adverse effects
(grade 3+) - bowel re-
section (within 30 days
of surgery)

266 per 1,000 130 per 1000
(80 to 210)

RR 0.49
(0.30 to 0.79)

1565
(4 RCTs)

⊕⊕⊕⊝
MODERATE

NACT probably reduces surgically-related severe
adverse effects (grade 3+) - bowel resection.

Study populationSurgically-related se-
vere adverse effects
(grade 3+) - postopera-
tive G3+ events (within
30 days of surgery)

294 per 1,000 65 per 1,000
(38 to 112)

RR 0.22
(0.13 to 0.38)

435
(2 RCTs)

⊕⊕⊕⊝

MODERATE 2
NACT probably reduces surgically-related severe
adverse effects (grade 3+) - postoperative G3+
events.

Study populationSurgically-related
postoperative mortali-
ty (28 days to 6 months

of surgery4)
 36 per 1,000 6 per 1000

(2 to 17)

RR 0.16
(0.06 to 0.46)

1623
(5 RCTs)

⊕⊕⊕⊕
HIGH

NACT reduces postoperative mortality. 

EORTC QLQ-C30 QoL
at 6 months - global
health

The mean
EORTC QLQ-
C30 QoL at 6
months - global
health was 66.5

MD 0.29 lower
(2.77 lower to
2.2 higher)

- 524
(3 RCTs)

⊕⊝⊝⊝

VERY LOW 2
NACT may reduce/have little to no effect on
EORTC QLQ-C30 QoL at 6 months - global health
but the evidence is very uncertain.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Outcome unlikely to have been seriously aBected by lack of blinding in the study and so not downgraded for risk of bias due to lack of blinding
2 Downgraded by 1 level for risk of bias due to unblinded study designs, which may have had an eBect on some outcomes
3 Downgraded by 3 levels due to concerns about overall risk of bias, concerns about imprecision, inconsistencies in results and general heterogeneity. QoL outcome was based
on a selected number of institutions with better QoL compliance in largest study. While the trial authors oBer justification for their approach, several diBerences were found
when comparing the outcomes of the 404 selected women (of which only 212 were assessed in QoL domains) to the overall populations of 670 women. Women from the selected
institutions had significantly better OS and PFS when compared to women treated in institutions which were excluded because of poor compliance rates.

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D
a
ta
b
a
se o

f S
ystem

a
tic R

e
vie
w
s



N
e
o
a
d
ju

v
a
n
t ch

e
m

o
th

e
ra

p
y
 b

e
fo

re
 su

rg
e
ry

 v
e
rsu

s su
rg

e
ry

 fo
llo

w
e
d
 b

y
 ch

e
m

o
th

e
ra

p
y
 fo

r in
itia

l tre
a
tm

e
n
t in

 a
d
v
a
n
ce

d
 o

v
a
ria

n
 e

p
ith

e
lia

l
ca

n
ce

r (R
e
v
ie

w
)

C
o
p
yrig

h
t ©
 2021 T

h
e C
o
ch
ra
n
e C
o
lla
b
o
ra
tio
n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &
 S
o
n
s, Ltd

.

6

4 Most postoperative deaths were within 28-30 days of surgery, but there were four late surgically-related deaths in Fagotti 2016. Definition of postoperative period varied between
studies.
  C

o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D
a
ta
b
a
se o

f S
ystem

a
tic R

e
vie
w
s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Ovarian cancer is now the ninth most common cancer in females,
aBecting 313,959 women globally in 2020 (GLOBOCAN 2020). In
Europe and the UK, just over a third of women with ovarian
cancer are alive five years aQer diagnosis (CRUK 2018; EUROCARE
2015), largely because most women with ovarian cancer are
diagnosed when the cancer is already at an advanced stage
(Siegel 2018). Symptoms are oQen vague and of short duration
and, as yet, there are no eBective screening programmes. In
early-stage disease (Federation of International Gynaecologists
and Obstetricians (FIGO) stage I/IIa;  Table 1), radical surgery
will cure most women, although a proportion of women benefit
from adjuvant chemotherapy (Lawrie 2015). In advanced cancer,
even radical surgery cannot remove all microscopic disease and
so survival is dependent upon chemo sensitivity. Unfortunately,
around 75% of women present when the disease has spread
outside the pelvis (FIGO stage III/IV), when surgery alone cannot be
curative and the role of surgery is less clear.

The standard treatment of advanced ovarian cancer (FIGO stage
III/IV) is a staging laparotomy with primary debulking surgery
(PDS) followed by platinum-based chemotherapy. The extent of
tumour cytoreduction is considered the most important prognostic
factor.  GriBiths 1975  was the first to report a relationship
between the size of residual disease and survival. Meta-analyses of
nonrandomised studies (NRS) have since concurred that survival
correlates positively with the extent of tumour debulking achieved
(Allen 1995; Bristow 2002; Hunter 1992). The extent of debulking
achievable, however, may be directly related to tumour biology,
which would strongly bias results from nonrandomised controlled
trials (RCTs). Tumours that have also spread to the para-aortic or
scalene lymph nodes may be less likely to be optimally debulked
intra-abdominally at surgery (Burghardt 1991; Petru 1991). Thus,
the ability to achieve successful debulking may in part reflect
tumour biology. One exploratory analysis of three prospectively
randomised trials in advanced ovarian cancer suggested that
surgical debulking can partially overcome these biological factors
(Du Bois 2009). Other independent prognostic factors for overall
survival (OS) were shown to be age, performance status, grade,
FIGO stage and histology (Du Bois 2009). Interestingly, a recent
study demonstrated that routinely removing non-bulky lymph
nodes in epithelial ovarian cancer (EOC) does not improve survival
(Harter 2019).

The definition of what constitutes 'optimal' or 'maximal' debulking
has changed since the 1980s, originally considered to be no residual
tumour deposit of greater than 2 cm in diameter, and more recently
as residual tumour of ≤ 1 cm; the current aim is to leave no
macroscopic disease (no disease leQ visible to the naked eye - so
called 'complete' or 'R0' surgery) (Thigpen 2011). This is somewhat
misleading in advanced ovarian cancer, since in other cancers
an 'R0 resection' indicates that the tumour has been removed
with proven microscopically normal margins. In advanced ovarian
cancer, due the pattern of spread via the intra-abdominal cavity,
microscopic disease is likely to remain, even aQer a macroscopic
debulk is achieved, hence the terms 'complete' and 'R0' will not be
used in this review.

In the past, some investigators had not shown a benefit to maximal
debulking in women with high-volume, advanced disease (Hoskins

1992; Vergote 1998). However, this may have been because some
were very unwell prior to surgery and not fit enough at that
stage to withstand a major operation.  Vergote 1998,  therefore,
introduced a policy of treating women with primary chemotherapy
(neoadjuvant chemotherapy (NACT)) or primary debulking surgery
(PDS), depending on the extent of the disease and performance
status. Following the change in patient management, they reported
an overall improvement in survival, despite a reduction in primary
debulking rates from 82% to 57%.

The role of so-called ultra-radical surgery in ovarian cancer, with
extensive surgical eBort oQen involving the upper abdomen, is
a separate question and this review does not seek to question
the value or extent of surgery, rather its timing in respect to
its combination with chemotherapy. However, a nonrandomised
study demonstrated the importance of the combination of surgery
and chemotherapy, with a reduced survival in those who had
chemotherapy alone and did not go on to have interval debulking
surgery (IDS) (Hall 2019). This is supported by findings from a recent
cohort study from Sweden, which demonstrated no improvement
in survival with system-wide introduction of ultra-radical surgery
for ovarian cancer, associated with a reduction in those undergoing
surgery by around 10% (Falconer 2020). Studies that do not use
whole population cohorts are at critical risk of bias and may
overestimate the benefits of upfront surgery (e.g. Mueller 2016).

Description of the intervention

NACT involves giving chemotherapy before attempting
cytoreductive surgery for advanced ovarian cancer and is a
rationale used in other tumour types. It has evolved from the
practice of IDS, a secondary attempt at tumour cytoreduction
performed aQer a suboptimal attempt at primary cytoreduction
and adjuvant chemotherapy. In a Cochrane Review (Tangjitgamol
2010), additional IDS performed by gynaecological oncologists
secondary to PDS and adjuvant chemotherapy was found to oBer
no additional survival benefit compared with standard treatment
of advanced ovarian cancer. However, IDS may improve survival
of women in whom primary surgery was not performed with
cytoreductive intent by a gynaecological oncologist and in those
who have had suboptimal PDS.

Bristow 2007 reviewed 26 nonrandomised studies (NRS) comparing
NACT with PDS and concluded that, while NACT might be a
viable option for those unsuitable for an attempt at primary
cytoreduction, because of significant comorbidities, current poor
performance status or impossibility of surgery, survival outcomes
with NACT may be inferior to PDS. However, this was based
on highly selected data, at critical risk of bias, as women with
worse disease were more likely to have received NACT/IDS rather
than PDS. Thus, platinum-based NACT may be an alternative
to PDS, particularly where complete cytoreduction at PDS is
considered unlikely (Swart 2009). Tumour resectability depends
on the patient's age, disease burden, comorbidities, location of
metastatic sites, performance status and stage (Vergote 2011a), as
well as the skill and philosophy of the surgical team (Chi 2010;
Kehoe 1994; Vergote 2011b). Retrospective data suggest that the
optimal time for IDS may be aQer three cycles of chemotherapy,
followed by a further three cycles, and that delaying to four cycles
might worsen OS (Bogani 2017). However, these data are based on
retrospective analysis of NRS data and are therefore at critical risk
of bias, as women who are less well are more likely to have delayed
surgery. On multivariate analysis, only the Eastern Co-operative

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)
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Oncology Group performance status correlated with OS (hazard
ratio (HR), 1.76; 95% confidence interval (CI), 1.2 to 2.49; P = 0.001).

The goal of surgery, whether IDS or PDS, should be complete
resection of all disease (Onda 2010). A review of 21 NRS (Kang 2009)
found that, compared with PDS, NACT improved the rate of optimal
cytoreduction. However, this did not seem to influence survival.

How the intervention might work

There are several reasons why NACT may be preferable to PDS:

• NACT may decrease the size and extent of the tumour such that
complete resection is more feasible;

• NACT may improve patient performance status;

• PDS necessitates hospital admission, whereas chemotherapy
can be administered in an outpatient setting and started
immediately;

• PDS delays starting chemotherapy as there is the potential for
chemotherapy to interfere with wound healing;

• if surgery is not curative, residual tumour cells may multiply
while the individual awaits recovery from surgery.

Concerns about using NACT include the following:

• NACT delays the removal of the tumour and, thereby, may
compromise women's survival;

• chemotherapy induces fibrosis, which may make complete
cytoreduction more diBicult;

• NACT may eBectively shrink cancer deposits but leave
microscopic disease that is then not surgically removed,
whereas the whole deposit might have been removed had it
been visible;

• if too many cycles of NACT are given pre-surgery, there
is a concern regarding the possibility of chemo-resistance
post-surgery. One meta-analysis found a negative association
between OS and the number of NACT cycles given (Bristow
2006);

• PDS reduces the tumour bulk and number of cancer cells,
thereby reducing the chance of developing chemo-resistance.

Why it is important to do this review

There has been considerable controversy in the literature
surrounding the use of NACT in advanced ovarian cancer (Chi 2011;
Du Bois 2011; Vergote 2011a). In one overview, Onda 2011 stated
"NACT is expected to become standard treatment for unselected
women with advanced ovarian cancer when favourable results
are confirmed by Phase III studies and several problems are
resolved". However, surveys among members of the US Society
of Gynecologic Oncology (Dewdney 2010), and the European
Society of Gynaecologic Oncology (Vergote 2011b) suggest a large
discrepancy in acceptance and use of NACT as a treatment option
for advanced ovarian cancer. Many investigators agree that NACT
has a place, at the very least, in women with lesions that cannot be
optimally resected, or in those too unwell to undergo major surgery
at diagnosis (Bristow 2007; Chi 2010; Swart 2009; Vergote 2011a).
To our knowledge, nine randomised trials of NACT versus PDS
have been started or completed in the past two decades (Fagotti
2016; Kumar 2009; Kehoe 2015; Mahner 2017; NCT04257786;
NCT04515602; Onda 2016; SUNNY; Vergote 2010). Since RCTs are
the 'gold standard' of evidence-based medical research, we hope

that a review of randomised evidence may clarify what the benefits
and risks are of using NACT for women with advanced ovarian
cancer, compared with the standard treatment of PDS.

This review updates previous analyses in this area, incorporating
additional data from previously published studies.

O B J E C T I V E S

To assess whether there is an advantage to treating women
with advanced epithelial ovarian cancer (EOC) with chemotherapy
before debulking surgery (neoadjuvant chemotherapy (NACT))
compared with conventional treatment where chemotherapy
follows debulking surgery (primary debulking surgery (PDS)).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs).

Types of participants

Women with advanced epithelial ovarian cancer (EOC) (FIGO stage
III/IV).

Types of interventions

Primary debulking surgery (PDS), with the aim of macroscopic
resection or optimal debulking (as defined by the investigators),
followed by platinum-based chemotherapy, compared to
platinum-based neoadjuvant chemotherapy (NACT) followed by
interval debulking surgery (IDS), with the aim of resecting disease
to the same degree as the PDS group.

Types of outcome measures

We extracted data for direct outcome measures, relevant to patients
and clinicians, including benefits, harms and quality of life data, as
detailed below.

Primary outcomes

• Overall survival (OS): defined as death from any cause from time
of randomisation

• Progression-free survival (PFS): defined as time free of disease
progression or death from time of randomisation

Secondary outcomes

• Morbidity/adverse eBects classified according to CTCAE 2017:
* direct surgical morbidity (e.g. bladder injury, intestinal
obstruction, haematoma, local infection, duration of
operation, need for blood transfusion; need for bowel
resection and/or stoma formation);

* surgically-related systemic morbidity and mortality (e.g.
deep vein thrombosis (DVT), pulmonary embolism (PE), chest
infection, cardiac events, need for blood transfusion);

* recovery, including duration of hospital stay;

* toxicity related to chemotherapy; grouped as
haematological, gastrointestinal, genitourinary, skin and
neurological toxicity.

• QoL measured using a validated scale (e.g. QLQ-C30 (Osaba
1994), QLQ-OV28 (Greimel 2003)).

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)
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• Extent of surgical debulking achieved (e.g. macroscopic, 0.1 to ≤
1 cm, > 1 cm and combined macroscopic and 0.1 to ≤ 1 cm, i.e.
'optimal').

We will present a summary of findings table reporting the following
outcomes listed in order of priority:

1. Overall survival

2. Progression-free survival

3. Surgically-related side eBects: need for blood transfusion

4. Surgically-related side eBects: stoma formation

5. Surgically-related side eBects: bowel resection

6. Surgically-related side eBects: postoperative grade 3+ events

7. Postoperative mortality ; postoperative grade 5 event

8. EORTC QLQ-C30 QoL at 6 months

Search methods for identification of studies

Electronic searches

The following electronic databases were searched on 9th October
2020:

• Embase via Ovid (1980 to 2020 week 40) (Appendix 1);

• MEDLINE (Silver Platter/Ovid, 1966 to October week 1 2020)
(Appendix 2);

• Cochrane Central Register of Controlled Trials (CENTRAL; 2020,
Issue 10) (Appendix 3);

• PDQ and MetaRegister (October 2020).

Searching other resources

The reference lists of the relevant papers found were searched for
further studies and we contacted the authors of relevant trials to
request information relating to their participation in unpublished
trials. Papers in all languages were sought and translations carried
out, if necessary.

All relevant articles found were entered into PubMed and, using
the 'related articles' feature, a further search was carried out for
any other published articles. Meta-register and PDQ were searched
for ongoing trials. We contacted the main investigators of relevant
trials for further information.

Data collection and analysis

Selection of studies

Two review authors independently selected trials from the results
of the searches according to the inclusion criteria specified above
(JM and SC, for this update). Disagreements were resolved by
discussion and referral to a third author (AB), if required.

Data extraction and management

Two review authors (SC and JM) independently extracted data
from the included trials onto a specifically designed data-collection
form. Where there were disagreements, these were resolved by
discussion. No attempt was made to blind review authors to
authors of articles or to journals.

For included studies, we recorded details of trial methodology, the
study population and sample size, inclusion and exclusion criteria,
intervention and comparison, duration of follow-up and risks
of bias. We extracted data relating to participant characteristics
(age, histology, grade, extent of disease, previous therapies) and
outcomes. For each outcome, we extracted the outcome definition
and unit of measurement.

Results were extracted as follows:

• for time-to-event data (survival and disease progression), we
extracted the log of the hazard ratio [log(HR)] and its standard
error. If these were not reported, we would have estimated the
log (HR) and its standard error using the methods of  Parmar
1998;

• for dichotomous outcomes (e.g. adverse events or deaths), we
extracted the number of women in each treatment arm who
experienced the outcome of interest and the number of women
assessed at the end point, in order to estimate a risk ratio (RR);

• for continuous outcomes (e.g. quality of life (QoL) measures), we
extracted the final value and standard deviation of the outcome
of interest and the number of women assessed at the end point
in each treatment arm, in order to estimate the mean diBerence
(MD) between treatment arms and its standard error.

Where data were missing or methods were unclear, we contacted
the authors for further information. We entered data into Review
Manager soQware (RevMan 2014) and three review authors (SC, AB,
JM) checked the data for accuracy.

Assessment of risk of bias in included studies

Using Cochrane's risk of bias tool (Higgins 2011), we re-assessed the
following for the included studies:

• selection bias: random sequence generation and allocation
concealment;

• Blinding of patietns and assessors: performance and detection
bias;

• attrition bias: incomplete outcome data;

• reporting bias: selective reporting of outcomes;

• other possible sources of bias.

The risk of bias tool (Appendix 4) was applied independently by up
to two review authors (SC and JM) and diBerences of opinion were
resolved by discussion. Results were summarised in a risk of bias
graph (Figure 1).
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Figure 1.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

R
an

do
m

 se
qu

en
ce

 g
en

er
at

io
n 

(s
el

ec
tio

n 
bi

as
)

A
llo

ca
tio

n 
co

nc
ea

lm
en

t (
se

le
ct

io
n 

bi
as

)
B

lin
di

ng
 o

f p
ar

tic
ip

an
ts

 a
nd

 p
er

so
nn

el
 (p

er
fo

rm
an

ce
 b

ia
s)

: A
ll 

ou
tc

om
es

B
lin

di
ng

 o
f o

ut
co

m
e 

as
se

ss
m

en
t (

de
te

ct
io

n 
bi

as
): 

A
ll 

ou
tc

om
es

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 (a
ttr

iti
on

 b
ia

s)
: A

ll 
ou

tc
om

es
Se

le
ct

iv
e 

re
po

rti
ng

 (r
ep

or
tin

g 
bi

as
)

O
th

er
 b

ia
s

Chekman 2015 - ? - - ? ? ?
Fagotti 2016 + ? - - - ? ?
Kehoe 2015 + + - - + ? ?
Onda 2016 + + - - + + -

Vergote 2010 + ? - - ? ? ?

 
Measures of treatment e;ect

We used the following measures of the eBect of treatment:

• for time-to-event data, we used the hazard ratio (HR);

• for dichotomous outcomes, we used the risk ratio (RR);
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• for continuous outcomes, we used the mean diBerence (MD)
between treatment arms.

Unit of analysis issues

No issues were noted.

Dealing with missing data

We noted levels of attrition. We did not impute missing outcome
data for any of the outcomes.

Assessment of heterogeneity

We assessed heterogeneity between studies by visual inspection
of forest plots, by estimation of the percentage heterogeneity
between trials that could not be ascribed to sampling variation
(Higgins 2003), by a formal statistical test of the significance
of the heterogeneity (Deeks 2001) and, where possible, by
subgroup analyses (see below). If there was evidence of substantial
heterogeneity, the possible reasons for this were investigated and
reported.

Assessment of reporting biases

We did not produce funnel plots to assess the potential for small-
study eBects as there were only five included trials.

Data synthesis

If suBicient clinically similar studies were available, their adjusted
results were pooled in meta-analyses.

• for time-to-event data, hazard ratios (HRs) were pooled using
the generic inverse variance facility of RevMan 5;

• for any dichotomous outcomes, RRs were calculated for each
study and these were then pooled;

• for continuous outcomes, the MDs between the treatment arms
at the end of follow-up were pooled as all trials measured the
outcome on the same scale, otherwise standardised MDs would
have been pooled.

Random-eBects models with inverse variance weighting were used
for all meta-analyses (DerSimonian 1986).

Subgroup analysis and investigation of heterogeneity

For this updated review, we included the following subgroup
analyses:

• age: 60 years or less and over 60 years;

• extent of debulking achieved: complete debulking; residual
tumour 1 cm or less; residual tumour greater than 1 cm.

These subgroups were not prespecified in the original protocol (see
DiBerences between protocol and review), and were evaluated with
respect to primary outcomes only. In future versions of this review,
we plan to subgroup data by FIGO stage (Stage 3c versus 4).

Sensitivity analysis

In future versions of this review, where possible and with
the inclusion of additional studies, sensitivity analyses will be
performed where there is a risk of bias associated with the quality
of any of the included trials.

Summary of findings and assessment of the certainty of the
evidence

We presented the overall certainty of the evidence for each
outcome (Types of outcome measures) according to the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) approach, which takes into account issues not only
related to internal validity (risk of bias, inconsistency, imprecision,
publication bias) but also to external validity such as directness
of results (Langendam 2013). We created a summary of findings
table (Summary of findings 1) based on the methods described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2020) and using GRADEpro GDT 2015 (GRADEpro
GDT). We used the GRADE checklist and GRADE Working Group
certainty of evidence definitions (Meader 2014). We downgraded
the evidence from 'high' certainty by one level for serious (or by two
for very serious) concerns for each limitation.

• High certainty: we are very confident that the true eBect lies
close to that of the estimate of the eBect.

• Moderate certainty: we are moderately confident in the eBect
estimate. The true eBect is likely to be close to the estimate of the
eBect, but there is a possibility that it is substantially diBerent.

• Low certainty: our confidence in the eBect estimate is limited.
The true eBect may be substantially diBerent from the estimate
of the eBect.

• Very low certainty: we have very little confidence in the eBect
estimate. The true eBect is likely to be substantially diBerent
from the estimate of eBect.

R E S U L T S

Description of studies

Results of the search

For details of the search strategies, see Appendix 1 and Appendix 2.

Our search identified 2227 unique references, excluding duplicates
(Figure 2). At least two review authors (JM, SC) independently
screened each abstract in this update of the review; 2083 articles
that obviously did not meet the inclusion criteria were excluded
at this stage. We retrieved 144 references in full and translated
these into English, where appropriate. We found 23 references,
reporting on five randomised controlled trials (RCTs), that met our
inclusion criteria (Chekman 2015; Fagotti 2016; Kehoe 2015; Onda
2016; Vergote 2010); 12 references reporting on five ongoing trials
(Kumar 2009, Mahner 2017  NCT04257786; NCT04515602; SUNNY).
We excluded the remaining 108 references (see Excluded studies).
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Figure 2.   Study flow diagram of the search (up to October 2020).
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Kumar 2009 had reported interim analyses in abstract form, but the
outcomes were inadequately reported and the risk of bias profile
was unclear, so we briefly discussed this trial in the Agreements and
disagreements with other studies or reviews in the Discussion and
included it with the list of ongoing studies (see Ongoing studies)
rather than give it any weight in the main body of the review.
Despite contacting the author, unfortunately, no further data have
been provided to date for inclusion in the review.

One full-text study (Jiang 2018) is awaiting classification
(see  Characteristics of studies awaiting classification).  Jiang
2018 described the study as a retrospective, cross-sectional study.
However, the two groups (NACT versus PDS) were described as
'randomised' and ethical approval and informed consent were
sought from study participants. There were significant diBerences
in surgical outcomes between the two groups, but no significant
diBerences in survival outcomes. Despite contacting the author,
unfortunately, no further data have been provided to date for
inclusion in the review.

Included studies

See Characteristics of included studies.

Chekman 2015 was a randomised controlled trial (RCT), conducted
in Algeria between 2008 and 2014. The study enrolled 90
women with FIGO stage IIIc ovarian carcinoma who were
randomised to either primary debulking surgery (PDS) followed
by chemotherapy or neoadjuvant chemotherapy (NACT) followed
by interval debulking surgery (IDS). The same surgeon operated
on all women in both intervention arms. It would appear that
all women had surgery as well as chemotherapy. Nine women
were excluded (reasons not stated) and only data for those who
had their disease resected to < 1 cm (including no macroscopic
residual disease) were reported, i.e. there did not appear to be
an intention-to-treat analysis. The diagnosis of stage IIIC ovarian
carcinoma was confirmed by laparoscopic exploration in all but
three cases. The number of cycles of chemotherapy in the NACT
arm was six cycles (Carboplatin AU5/7.5 mg/mL/minute + Paclitaxel
175 mg/m2/3 hours every three weeks) on average with 44%
having six cycles (range 3 to 7 cycles). Women in the PDS arm
had six cycles of chemotherapy on average (78%) (range: 4 to 9)
and followed the same chemotherapy protocol as in the NACT
arm. The mean duration of follow-up was 254.2 months (range:
69 to 480 months). The trial reported on < 1 cm residual tumour
nodules (optimal debulk) or macroscopic resection, overall survival
(OS), recurrence-free survival (RFS), morbidity and discussed the
role of lumboaortic lymphadenectomy. The study was in abstract
form only, but Professor Chekman kindly provided us with more
information on request. Unfortunately, survival outcomes could
not be analysed, as data for time-to-event outcomes were not
provided in an appropriate format for inclusion.

Kehoe 2015 (CHORUS) was a multicentre, non-inferiority phase
III RCT, conducted in 87 institutions in the UK and New Zealand.
Inclusion criteria were women with clinical or radiological evidence
of a pelvic mass with extra-pelvic disease compatible with stage
III or IV ovarian, fallopian tube or primary peritoneal cancer who
were fit for surgery and chemotherapy. All women had clinical
assessment including serum tumour markers and radiological
imaging and 552 women were randomised to undergo treatment;
two women were subsequently excluded due to being randomised
in error. In the PDS arm, 276 women were assigned to undergo

PDS followed by six cycles of platinum-based chemotherapy within
six weeks of surgery. In the PDS arm, women with residual
tumour deposits > 1 cm were eligible to undergo an additional
cytoreductive surgery aQer three cycles of chemotherapy. In the
NACT arm, 274 women were assigned to undergo NACT for three
cycles with platinum-based chemotherapy and then have IDS and
to recommence chemotherapy within six weeks of surgery. Women
in the NACT arm had histological or cytological confirmation
of diagnosis before commencing chemotherapy. The primary
outcome measure was OS; secondary outcomes were progression-
free survival and quality of life (QoL). QLQC-30 and QLQ-Ov28 QoL
questionnaires were used. The published QoL data provided only
the global score at baseline (pretreatment), six months and 12
months post-treatment.

In the NACT arm, 253 (92%) of 274 women started treatment as
allocated and 217/274 (79%) had IDS. Nineteen of the 274 (6.9%)
women in the NACT arm had no treatment; 36 women had no
surgery following chemotherapy; 17 women had no postoperative
chemotherapy (one of whom had primary surgery). In the PDS arm,
251 (91%) of 276 women started treatment as allocated; 212 (77%)
had adjuvant chemotherapy. Ten of the 276 (3.6%) women had
no treatment; 11 women had chemotherapy first with no surgery
aQerwards; 39 women had no postoperative chemotherapy (one
of whom had preoperative chemotherapy); one woman had an
unknown postoperative treatment status. See Characteristics of
included studies for further details.

Vergote 2010 (EORTC 55971/NCIC OV13) was a large, international,
multicentre, non-inferiority phase III RCT. In total, 718 women
were enrolled between 1998 and 2006; however, 48 were excluded
aQer randomisation owing to authorisation irregularities at the
Argentinian centre. Thus, 670 women with stage IIIc/IV epithelial
ovarian cancer (EOC), primary peritoneal cancer or fallopian tube
cancer were evaluated. For inclusion, an extra-pelvic tumour
needed to be 2 cm or more and treatment needed to begin
within three weeks of the initial biopsy. The experimental group
(334 women) were allocated to receive three cycles of platinum-
based NACT, followed by IDS and then at least three more
cycles of chemotherapy (CT). The control group (336 women)
received 'standard' treatment (i.e. PDS plus at least six cycles
of platinum-based CT ± IDS). The primary outcome was OS.
Secondary outcomes were progression-free survival (PFS), surgical
morbidity and mortality, QoL and adverse eBects. The investigators
performed subgroup analyses on OS with respect to age, FIGO stage
and extent of residual tumour. Subgroups of age were: age under 50
years, age 50 to 70 years and age over 70 years; subgroups of extent
of residual tumour were: no residual tumour, residual tumour of 1
mm to 10 mm, and residual tumour greater than 10 mm. QoL data
from the Vergote 2010 trial were subsequently reported by Greimel
2013 (see nested references in Vergote 2010).

Of the 334 women assigned to NACT, 326 (98%) started
chemotherapy and 295 (88%) underwent IDS. Of the 336 women
assigned to the PDS group, 315 (94.3%) had PDS and 88.4% started
chemotherapy. See Characteristics of included studies for further
details.

Onda 2016 (JCOG0602) was a multicentre, non-inferiority, phase III
RCT conducted in Japan. The authors enrolled 301 women between
2006 and 2011. For inclusion, women had stage III/IV ovarian, tubal
and peritoneal cancers diagnosed by clinical findings, radiological
imaging and cytology. CA125 had to be > 200 U/mL and CEA < 2
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ng/mL to exclude malignancies of other anatomical sites. Women
assigned to the control group (149) underwent PDS followed
by eight cycles of platinum-based chemotherapy. An additional
debulking operation was performed aQer PDS, if PDS leQ > 1
cm of residual tumour. An additional debulking operation was
mandatory if the uterus, adnexa or omentum had not been
removed at PDS, unless disease progression occurred. Women
assigned to the experimental group (152) received four cycles
of platinum-based NACT, then underwent IDS followed by a
further four cycles of chemotherapy. The primary outcome of the
study was OS, with survival data published in a peer reviewed
journal in 2020, having previously been presented in conference
proceedings. Secondary outcomes were invasiveness of surgery in
terms of adverse events; these data have been published. No QoL
assessment was performed.

Fagotti 2016 (SCORPION) was a single institution, superiority,
phase III RCT. In total, 280 women with advanced ovarian cancer
were enrolled into the study but, in order to be eligible for
randomisation to the study arms, women had to undergo a
staging laparoscopy. This was to obtain histology and confirm
diagnosis, as well as assess the tumour load. Tumour load was
assessed using a predictive index (PI). Only women with a PI
score >/= to 8 and </ = 12, corresponding to a high tumour load,
were eligible for randomisation. If it was deemed not possible to
perform a staging laparoscopy due to large masses occupying the
abdominal cavity infiltrating the abdominal wall or the presence
of mesenteric retraction, women were withdrawn from the study.
AQer recruitment reached 110 women in order to achieve statistical
power for the analysis of the first co-primary end point of
major perioperative morbidity, further women were recruited to
attain statistical power on PFS (more details are given in Risk of
bias in included studies). Two hundred and twenty-five women
underwent staging laparoscopy in total, but only 171 went on to be
randomised. In the control group, 84 women were assigned to PDS
followed by six cycles of platinum-based chemotherapy started
within four weeks of surgery. Once women in the control arm
had undergone PDS they were not allowed to have an additional
cytoreductive procedure. In the experimental group, 87 women
were assigned to three or four cycles of platinum-based NACT
and to undergo surgery within four weeks of the last cycle, if
disease progression was excluded on imaging. The final cycles
of chemotherapy in the experimental arm were resumed within
four weeks of IDS. The mean and median time to the start of
chemotherapy was 42.7 (SD = 18.3) and 41 days (range: 18-169)
in the PDS arm, respectively. In the NACT arm, the mean time to
chemotherapy was 26.4 days (SD = 11.5) and the median was 26
days (range: 3-79). The mean and median time to start adjuvant
treatment aQer IDS in the NACT arm was 39 (SD = 10.8) and 37
(range: 14-71) days, respectively. Co-primary outcomes were PFS
survival and postoperative complications. Secondary outcomes
were OS and QoL. Further data were kindly provided by Professor
Fagotti. Some outcomes were reported based on the initially
published cohort of 110 patients, whereas others were reported for
the final 171 participants in the randomised cohort.

Excluded studies

See Characteristics of excluded studies.

One hundred and eight references were excluded for the following
reasons:

• Non-RCTs (77);

• Eleven RCTs without a surgical arm comparison (Bertelsen 1990;
Chan 2017; Deval 2003; Dutta 2005; Liu 2017; Lotze 1987; Mackay
2011; Mahner 2006; Polcher 2009; Rutten 2012; Trope 1997);

• Three RCTs of IDS following PDS (Redman 1994; Van der Burg
1995; Varma 1990);

• One RCT of non-platinum-based NACT versus surgery
(Evdokimova 1982);

• One RCT of chemotherapy plus iliac artery embolisation versus
surgery (Liu 2004);

• Fourteen reviews or systematic reviews (Baekelandt 2003;
Bristow 2001; Dai-yuan 2013; Fujiwara 2013; Kumar 2015;
Lyngstadaas 2005; Mahner 2014; Makar 2016; Qin 2018; Sato
2014; Schorge 2014; Xiao 2018; Yang 2017; Zeng 2016);

• Two pooled analyses of studies included in the review (Vergote
2018; Vergote 2019);

• One RCT comparing early IDS aQer 3 cycles of NACT with late IDS
aQer 6 cycles of NACT (Kumari 2020).

Liu 2004, an RCT comparing NACT plus iliac artery embolisation
versus PDS, was originally an 'included study' in the 2006 version
of this review.  In a previous update of the review, we revised our
assessment of this study and excluded it, as the study findings
might have been attributable to NACT versus PDS, iliac artery
embolisation, or the combination, because NACT versus PDS was
not the only variable in the study and iliac artery embolisation was
not delivered in both arms.

Risk of bias in included studies

For this update of the review, a combination of two out of three
review authors (from SC, AB, JM ) independently re-assessed the
risk of bias in each included trial according to pre-defined criteria
stated in the methods section (Figure 1).

Allocation

The Chekman 2015 study selection bias was judged to be at high
risk, especially when compared to other studies with centralised
randomisation, although allocation concealment was unclear due
to lack of information. Ninety women with FIGO stage IIIc ovarian
carcinoma were enrolled and underwent surgery, but only 82
women were randomised: 41 to PDS/chemotherapy and 41 to
NACT/IDS. The randomisation was performed in the operating
room by random draw by someone other than the surgeon,
once verification of inclusion criteria and resectability under
laparoscopy or laparotomy had been confirmed.

The Fagotti 2016 study was deemed to be at low risk of
selection bias, albeit from a highly selected population. A centrally-
performed, computer-generated list for block randomisation (1:1
ratio) was used. Women were randomly (maximum allowable
percentage deviation = 10%) allocated to PDS + systemic adjuvant
chemotherapy (arm A, control) or to NACT + IDS (arm B,
experimental). Women were only eligible for randomisation into
the study once they had undergone a staging laparoscopy to assess
disease burden. The staging laparoscopy was used as a triage tool
to assess eligibility for the study. If a staging laparoscopy was
unfeasible, women were removed from the study. If the staging
laparoscopy was successful, a predictive index (PI) value was
calculated based upon seven parameters: presence or absence
of omental cake, extensive carcinomatosis of the peritoneal or
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diaphragmatic surfaces, mesenteric retraction, infiltration of the
stomach, spleen or bowel and or superficial liver metastases. If the
PI score was ≥ 8 or ≤ 12, this was considered to be a high tumour
load, related to lower chances of optimal cytoreduction and worse
prognosis. The PI scoring system was based upon earlier work by
the same group (Fagotti 2006; Fagotti 2013; Vizzielli 2014).

The initial phase of the Fagotti 2016 study identified 280 women,
of whom 14.3% (40) were excluded: seven due to refusal to
participate; 15 due to PS score > 2; and 18 due to age > 75
years. A further 15 women (6.25%) had an unsuccessful attempt
at a staging laparoscopy, leaving 225 women who underwent a
successful staging laparoscopy. Of those 225 women, a further 115
(51.1%) were excluded following staging laparoscopy: 69 due to a
PI score < 8; 31 due to mesenteric retraction or PI score > 12; and 15
had non-EOC histology. This leQ 110 women, with 55 allocated to
each arm of the study. These complexities in trial design introduce
potential sources of bias and may limit the applicability to the
general advanced ovarian cancer population.

The risk of selection bias in the Kehoe 2015 study was deemed
to be low risk as the randomisation was performed centrally
using a minimisation method based on randomising centre, largest
radiological tumour size, clinical FIGO stage, and prespecified
chemotherapy regimen.

The Onda 2016 study was deemed to be at low risk of selection bias.
The Japan Clinical Oncology Group (JCOG) data centre randomly
assigned treatment to each woman via a minimisation method
based on institution, stage (III versus IV), performance status (0 to 1
versus 2 to 3) and age (< 60 versus > 60).

In Vergote 2010, randomisation and allocation were performed
centrally and the study appeared to be at low risk of allocation
bias, although details of the process of randomisation method and
concealment were lacking in published data.

Blinding

The five included studies were open-label studies and outcome
assessment were not blinded. This is probably not an issue
for primary outcomes (i.e. survival); however, it may lead to
detection bias with regard to other outcomes or subgroups (e.g.
extent of debulking achieved). The importance of blinding of
outcome assessment in ovarian cancer studies had been raised
in a Gynecologic Cancer InterGroup (GCIG) consensus statement
(Thigpen 2011). Data for such outcomes are thus to be interpreted
with caution and all studies were deemed to be at high risk of bias.

Incomplete outcome data

Chekman 2015 was at unclear risk of attrition bias due to lack of
reported details.

Fagotti 2016 was judged to be at high risk of attrition bias. AQer
the recruitment of 110 women was achieved for the analysis of
the first co-primary end point of major perioperative morbidity,
further women were recruited to attain statistical power on PFS.
The final trial cohort consisted of 171 women, with 84 randomised
to PDS and 87 randomised to NACT. Information was not available
for two patients who were lost during treatment, one for each arm.
The initial published data reported QoL outcomes and short-term
surgical outcomes. There were substantial missing data for QoL
outcomes, but relative results (hazard ratios (HRs)) for survival (OS

and PFS) were adequately reported and analysed. Of the women
included in the analysis, 82/84 women in the PDS arm required
upper abdominal surgical procedures compared to 28/74 women
who underwent IDS (42.3%). Median duration of entire treatment
from randomisation to completion of medical treatment was also
longer in the PDS arm (38 weeks versus 28 weeks). This was due
to an almost two-week diBerence in time to start post-surgery
chemotherapy (median time post-PDS 40 days; median time post-
IDS 27 days; P = 0.0001).

Kehoe 2015  and  Onda 2016  were deemed to be at low risk of
attrition bias, as all trial participants were accounted for and the
results were analysed on an intention-to-treat basis.

In the  Vergote 2010  study, data from 48 women from Argentina
were excluded owing to "potential authorisation irregularities";
however, the investigators stated that their results were similar
when these excluded data were included. The exclusions appeared
erroneously as pre-randomisation exclusions on the published
study-flow diagram. The study was, therefore, at unclear risk of
attrition bias.

Selective reporting

Chekman 2015 was at unclear risk of reporting bias due to lack of
detail.

Fagotti 2016 was at unclear risk of reporting bias due to
the diBerences in numbers reported for diBerent outcomes, as
described above, and lack of quality of life data to date.

In Kehoe 2015, the risk of reporting bias was unclear. All
prespecified outcome measures have been reported in some
capacity, but QoL data were provided only in the form of a global
score at baseline, six months and 12 months post-treatment.

The potential for reporting bias in the Onda 2016 study is now
deemed to be low risk; surgical morbidities were reported in
the initial publication and survival outcomes have now been
published .

There was an unclear risk of selective reporting bias for QoL data
in the Vergote 2010 study. Vergote 2010 (including Greimel and
colleagues) subsequently published the QoL data from the Vergote
2010 study (see additional reference under Vergote 2010). They
reported that compliance for all women was too restrictive and
changes to the protocol-defined analysis plan were made. The
dataset for QoL data was then restricted to institutions with the
best compliance. The authors stated that the sample size of the
Vergote 2010 was overpowered to detect clinically meaningful
diBerences in QoL between the two study arms and they therefore
decreased the sample size for QoL data to 400 participants. They
further restricted QoL data collection to institutions that had
50% compliance at baseline and at least 35% on further follow-
up over all enrolled women. Twenty-seven institutions out of 59
contributed 404 women (60.3% of the total 670 trial participants).
The participants in institutions that were included in the QoL
data had statistically significant diBerences compared to those
participants not included: they had larger tumours (P < 0.01)
and optimal debulking rates were 20% higher (P = 0.001). Those
participants in institutions selected for inclusion in QoL data
analysis had a greater median OS (nine months longer; P = 0.001)
and a greater median progression-free survival (PFS) (2.4 months
longer; P < 0.001) than the participants in the institutions that were
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not included in the QoL data collection. In addition, as well as
selecting institutions with the highest compliance with QoL data,
the overall compliance from those institutions was still relatively
poor over time. Compliance rates were 83.4% at baseline, 58.7% at
chemotherapy cycle 3, 74% at chemotherapy cycle 6, 59.4% at six-
month follow-up and 45.7% at 12-month follow-up.

The authors concluded that there were no diBerences in the QoL
functioning or symptoms scales, other than for pain and dyspnoea..
At baseline, the PDS group had higher pain scores (P = 0.046; PDS
mean 36.7; NACT mean 29.9) and lower dyspnoea scores (P = 0.049;
PDS mean 22.9; NACT mean 27.9). As the diBerence between the
groups was less than 10 points, the authors concluded that this did
not represent a "clinically relevant diBerence".

There was, therefore, unclear risk of reporting bias for the QoL data,
given the diBerences in disease that those participants selected for
measurement of this outcome had in comparison with participants
in the institutions not selected.

Other potential sources of bias

Due to lack of detail, Chekman 2015 was judged to be at unclear risk
of other potential sources of bias.

The complexity of the inclusion criteria in Fagotti 2016, as described
above, mean that we were unclear about other potential sources of
bias and the study design limits the applicability of the study to a
wider, less selected, cohort of women with ovarian cancer.

Supplementary data in Kehoe 2015 table 7 show that hysterectomy/
bilateral salpingo-oophorectomy (BSO) and omentectomy were
performed in varying proportions in the diBerent arms. It is unclear
what eBect this might have on outcomes and this could be a
potential source of bias.

In the Onda 2016 study, 14 women (one in PDS and 13 in
NACT) underwent some type of additional surgery (oB-protocol
treatment). These oB-protocol operations were not included as PDS
or IDS in the analysis. There appeared to be more oB-protocol
surgery in the NACT group. No intention-to-treat analysis was
performed. These issues could be another potential source of bias.

E;ects of interventions

See: Summary of findings 1 Neoadjuvant chemotherapy prior
to interval surgery (NACT) compared to surgery followed by
chemotherapy (PDS) for initial treatment in advanced ovarian
epithelial cancer

Overall survival (OS) (Analyses 1.1 to 1.4)

Meta-analysis of four studies (Fagotti 2016; Kehoe 2015; Onda
2016; Vergote 2010), assessing 1692 participants, demonstrated
little or no diBerence in OS between neoadjuvant chemotherapy
(NACT) and primary debulking surgery (PDS) for initial treatment in
advanced ovarian cancer (hazard ratio (HR) = 0.96, 95% CI 0.86 to
1.08; high-certainty evidence); Analysis 1.1; Figure 3 and Figure 4).

 

Figure 3.   Forest plot of comparison: 1 NACT vs PDS, outcome: 1.1 Overall survival.
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Figure 4.   In the PDS group 757 people out of 1000 had died over 4 years compared to 743 (95% CI 704 to 783) out of
1000 for the NACT group.  Green = alive at 4 years with PDS/chemo; yellow = additional people alive at 4 years with
NACT/IDS; red = people who had died by 4 years with either NACT/PDS or PDS/chemo.

 
The results were also robust (i.e. no meaningful diBerence between
subgroups) in terms of OS when three trials (Fagotti 2016; Kehoe
2015; Vergote 2010) were subgrouped by age (< 50, 50 to 70 and
70+ years) (Analysis 1.2), and extent of residual disease in two
studies (Kehoe 2015; Vergote 2010) (up to 0.5 mm, 0.5-1 cm, > 1 cm)
(Analysis 1.3). The results were also robust when three trials (Kehoe
2015; Onda 2016; Vergote 2010) were subgrouped by stage (III and
IV) (Analysis 1.4). Survival data by stage were not yet available for
one study (Fagotti 2016).

We were not able to extract time-to-event data for OS from
the Chekman 2015 study. However, in total, 24 women died during

the study period; 15 women (62.5%) in the PDS arm compared to
nine women (37.5%) in the NACT arm.

Progression-free survival (PFS) (Analysis 1.5)

Meta-analysis of four studies (Fagotti 2016; Kehoe 2015; Onda 2016;
Vergote 2010), assessing 1692 participants, found there is probably
little or no diBerence in risk of disease progression between NACT
and PDS for initial treatment in advanced ovarian cancer (HR = 0.98,

95% CI 0.88 to 1.08; I2 = 0%; moderate-certainty evidence) (Analysis
1.5; Figure 5 and Figure 6).
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Figure 5.   Forest plot of comparison: 1 NACT vs PDS, outcome: 1.4 Progression-free survival.
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Figure 6.   In the PDS group 858 people out of 1000 had ovarian cancer that had recurred by 2 years compared to 852
(95% CI 821 to 879) out of 1000 for the NACT group.  Green = not had recurrent disease by 2 years with PDS/chemo;
yellow = additional people without recurrent disease by 2 years with NACT/IDS; red = peopel with recurrent disease
by 2 years with either NACT/PDS or PDS/chemo.

 
From the Chekman 2015 study, we were not able to extract time-
to event data for PFS. However, there were 36 recurrences (44%);
20 participants with progressive disease (55.5%) in the control arm
(PDS) and 16 (44.5%) in the experimental (NACT) arm.

Of the 12 women in  Chekman 2015  who were still alive with
confirmed recurrence, five (41.6%) were in the PDS arm and seven
(58.3%) were in the NACT arm. Peritoneal recurrence was reported
to be most common. Further details about recurrence are given in
the table Characteristics of included studies.
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Extent of residual disease

In  Kehoe 2015, 79/219 women (36%) and 39/255 women (15%)
had no macroscopic residual disease in the NACT and PDS
arms, respectively; 68/219 (31%) and 57/255 (22%) had 'optimal
debulking' (defined as 0.1 cm to 1 cm residual disease) in the NACT
and PDS arms, respectively; and 54/219 (25%) and 137/255 (54%)
had suboptimal debulking (defined as > 1 cm) in the NACT and
PDS arms, respectively. Overall, 147/219 (67%) women and 96/255
(38%) women in the NACT and PDS arms, respectively, had < 1 cm
residual disease. Data on degree of resection were missing for 18
women in the NACT group and 22 in the PDS group.

In the NACT arm, 55/274 (20%) women did not have debulking
surgery. In the PDS arm, 251 women had PDS and another four had
surgery aQer NACT, so 21 of the 276 allocated to PDS women did not
have debulking surgery (7.6%).

In  Vergote 2010, of those who had debulking surgery, 151/295
women (51.2%) and 61/315 women (19.4%) had no macroscopic
residual disease in the NACT and PDS arms, respectively; 87/295
(29.5%) and 70/315 (22.2%) had 1 mm to 10 mm residual disease
in the NACT and PDS arms, respectively; and 52/295 (17.6%) and
167/315 (53%) had suboptimal debulking (> 1 cm residual disease)
in the NACT and PDS arms, respectively. Data on debulking status
were stated as missing for five (1.7%) women in the NACT group
and 17 (5.4%) women in the PDS group. See  Characteristics of
included studies table for further details. Therefore, of those who
had NACT and interval debulking surgery (IDS), 238 women (80.7%)
had debulking to < 1 cm residual disease compared to 131 women
(41.6%) who had PDS.

Of those assigned to NACT, 326/334 (98%) started chemotherapy
and 295/334 (88%) went on to have IDS. In the PDS group, 315
(94.3%) had PDS and 88.4% started chemotherapy.

In  Fagotti 2016, 57/74 women (77%) and 40/84 women (47.6%)
had no macroscopic residual disease in the NACT and PDS arms,
respectively; 16/74 (21.6%) and 38/84 (45.2%) had residual disease
0.1 cm to 1 cm in the NACT and PDS arms, respectively. Therefore,
debulking to < 1 cm was achieved for 73/74 (98.6%) and 78/84
(92.8%) in the NACT and PDS arms, respectively; 1/74 (1.4%) and
6/84 (7.2%) had suboptimal debulking (residual disease > 1 cm) in
the NACT and PDS arms, respectively (13 participants in the NACT
arm did not undergo IDS). This is despite extensive pre-assessment
and intraoperative exclusion (laparoscopic assessment), which
diBered significantly from the Kehoe 2015 and Vergote 2010 studies.

In  Onda 2016, 83/150 women (55%) and 45/147 women (31%)
had no macroscopic residual disease in the NACT and PDS arms,
respectively; 24/150 (16%) and 47/147 (32%) had residual disease
0.1 cm to 1 cm in the NACT and PDS arms, respectively; and 23/150
(15%) and 55/147 (37%) had residual disease > 1 cm in the NACT and
PDS arms, respectively. Overall, 107/150 women (71%) and 92/147
women (63%) had optimal debulking (defined as debulking to no
residual disease > 1 cm) in the NACT and PDS arms, respectively.
Higher optimal debulking rates than  Kehoe 2015  and  Vergote
2010 may be due to lower initial disease burden, since the entry
criteria included all stage III disease, not just bulky stage IIIc, and
9 (6%) in the PDS and 10 (6.6%) in the NACT groups had no
measurable disease (presumably by RECIST criteria (Eisenhauer
2009) but not stated) at outset.

Severe adverse e;ects (SAEs) (Analyses 1.6)

The trial of Fagotti 2016  reported major perioperative morbidity,
initially when the trial had randomised 110 participants. Some level
of granularity in adverse events was not given in the follow-up
publication, so some analyses were based on the initial cohort
(n = 110), whereas analyses included in the follow-up publication
included all 171 women.

Some studies reported all SAEs during the study period (Kehoe
2015; Onda 2016; Vergote 2010), whereas some reported surgically-
related SAEs only (Chekman 2015; Fagotti 2016). The following
grade 3/4 (CTCAE 2017) SAEs were reported (Analysis 1.6):

Haemorrhage and blood transfusion requirements (Analyses
1.6.1 and 1.6.2)

Meta-analysis of three studies (Fagotti 2016; Kehoe 2015; Vergote
2010), assessing 1264 participants, found there may be little of no
diBerence in risk of haemorrhage between NACT and PDS for initial
treatment in advanced ovarian cancer (RR = 0.93, 95% CI 0.50 to

1.74; I2 = 69%; low-certainty evidence).

In the Kehoe 2015  and Vergote 2010  studies, the need for blood
transfusions and average blood loss were not reported in the
published versions of the studies. However, Vergote 2010 provided
unpublished data with respect to the number of women who
received blood transfusions in the NACT and PDS groups. Meta-
analysis of four trials (Chekman 2015; Fagotti 2016; Onda 2016;
Vergote 2010), assessing 1085 participants, suggested NACT and IDS
likely resulted in a slight reduction in needing a blood transfusion
aQer surgery compared to PDS (RR 0.80, 95% CI 0.65 to 0.99;

participants = 1085; I2 = 50%; moderate-certainty evidence).

Venous thromboembolism (Analysis 1.6.3)

Meta-analysis of data from four studies (Fagotti 2016; Kehoe 2015;
Onda 2016; Vergote 2010) suggested that there may be a reduction
in the risk of venous thromboembolism in the NACT arm versus the
PDS arm, although this was based on a low number of events (n =
27), so should be interpreted with caution (RR 0.28, 95% CI 0.09 to

0.90; participants = 1490; I2 = 15%; low-certainty evidence).

Infection (Analysis 1.6.4)

Meta-analysis of data from four studies (Fagotti 2016; Kehoe 2015;
Onda 2016; Vergote 2010) found women in the NACT arm probably
had less risk of infection than in the PDS arm (RR 0.30; 95% CI 0.16

to 0.56; participants = 1490; I2 = 0%, moderate-certainty evidence).

Gastrointestinal (GI) fistulae (Analysis 1.6.5)

Meta-analysis of data from four studies (Fagotti 2016; Kehoe 2015;
Onda 2016; Vergote 2010), found that NACT may be associated with
lower risk of severe gastrointestinal fistulae than PDS, although the
overall event rate was very low (n = 17) (RR 0.30; 95% CI 0.09 to 0.97:

1490 participants; I2= 0%; low-certainty evidence).

Other SAEs (Analyses 1.6.6 to 1.6.14 and 1.6.17)

Overall postoperative G3+ SAEs from two studies (Fagotti 2016;
Onda 2016) found that the number of patients who had a G3+ SAE
in the postoperative period was probably lower in the NACT group

(RR 0.22, 95% CI 0.13 to 0.38; participants = 435; studies = 2; I2 = 0%;
moderate-certainty evidence) (see Analysis 1.6.18 and Figure 7).
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Figure 7.   In the PDS group 29 people out of 100 had G3+ post op serious adverse events (SAE) compared to 6 (95% CI
4 to 20) out of 100 for the NACT group.  Green = no post op G3+ SAE with PDS/chemo; yellow = additional people who
were better with NACT/IDS; red = people with G3+ SAEs with either NACT/PDS or PDS/chemo.

 
The proportion of remaining SAEs that were assessed was low.
There was probably little or no diBerence between arms for risk of
urinary/vaginal fistula, nausea, vomiting, diarrhoea, neutropenia,
neurotoxicity, thrombocytopenia, anaemia, febrile neutropenia
and renal toxicity (see analyses 1.6.6 to 1.6.14; 1.6.17; all low-
certainty evidence). IDS may be associated with less risk of stoma
formation, bowel resection, and postoperative grade 3+ events
than PDS.

In the Chekman 2015 study, there were a total of 17 complications:
12/41 women in the PDS arm; 5/41 women in the NACT-IDS arm
(intraoperative incidents). We were careful not to over interpret this

result from a trial of low numbers in each arm, with issues regarding
imprecision and unclear risk of bias.

The authors reported that eight re-operations (9.8%) were
performed, mainly for abdominal and vascular complications; six
(7.3%) in the PDS arm and two (2.4%) in the NACT-IDS arm.

Stoma formation (Analysis 1.6.15)

Women were less likely to require formation of a stoma (colostomy
or ileostomy) in the NACT arm versus the PDS arm, although data
were only presented in two of the studies (Fagotti 2016; Kehoe 2015)

(RR 0.43, 95% CI 0.26 to 0.72; participants = 581; studies = 2; I2 = 0%;
moderate-certainty evidence) (Analysis 1.6.15 and Figure 8).
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Figure 8.   In the control group 20 people out of 100 had stoma formation following initial surgery compared to 6
(95% CI 2 to 15) out of 100 for the active treatment group. Green = no stoma with PDS/chemo; yellow = additional
people who didn't require a stoma with NACT/IDS; red = people who required a stoma with either NACT/PDS or PDS/
chemo.

 
Bowel resection (Analysis 1.6.16)

Women were probably less likely to require a bowel resection (large
and small bowel data combined) in the NACT arm versus the PDS
arm from data in four studies (Fagotti 2016; Kehoe 2015; Onda
2016; Vergote 2010) (RR 0.49, 95% CI 0.30 to 0.79; participants =

1565; studies = 4; I2 = 79%; moderate-certainty evidence) (Analysis
1.6.16).

Perioperative/postoperative mortality (Analysis 1.7)

Meta-analysis of five studies (Chekman 2015; Fagotti 2016; Kehoe
2015; Onda 2016; Vergote 2010), assessing the 1625 participants
who had surgery, found women in the NACT arm had less risk

of perioperative/postoperative mortality than in the PDS arm
(Analysis 1.7; RR 0.16, 95% CI 0.06 to 0.46; participants = 1623;

studies = 5; I2 = 0%; high-certainty evidence). Three out of 787
(0.4%) women died within a month of surgery in the NACT arm
compared to 26 out of 836 (3.1%) deaths in the PDS arm and,
overall, 30/836 (3.6%) due to postoperative complications. There
were an additional four deaths in Fagotti 2016 due to postoperative
complications in women who survived more than 30 days aQer
surgery, although these deaths were directly related to surgery.
Overall, postoperative mortality was therefore 3.6% (30/836) in
the PDS group versus 0.4% (3/787) in the NACT group (Analysis
1.7 and Figure 9).
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Figure 9.   In the PDS group 36 people out of 1000 died in the post-operative period compared to 6 (95% CI 2 to 17)
out of 1000 for the NACT group. Green = alive at the end of the post-operative period with  PDS/chemo; yellow =
additional people who were alive with NACT/IDS; red = people who died in the post-operative period with either
NACT/PDS or PDS/chemo.

 
In Chekman 2015, no deaths were recorded postoperatively (0 to
30 days), but one death was recorded aQer a second course of
neoadjuvant chemotherapy (prior to surgery).

Chemotherapy-related toxicity (Analysis 1.8)

Chemotherapy-specific-related toxicity was not specifically
reported in  Vergote 2010  as all SAEs were reported together.
However, median time to re-start chemotherapy aQer surgery was
18 days (range 5 to 55) and 19 days (range 0 to 84) in the NACT
and PDS groups, respectively. In Fagotti 2016, the median time to
start chemotherapy following surgery was lower in the NACT group
(NACT = 27 days (range 16 to 37 days) versus PDS = 40 days (range
17 to 120 days); P < 0.0001)) for the initial 110 patient cohort.

Two trials (Kehoe 2015; Onda 2016), assessing 768 participants,
found that there may be little or no diBerence in chemotherapy-
related SAEs between arms, although we have low certainty in

these results (Analysis 1.8; OR 0.88, 95% CI 0.57 to 1.36, I2 = 54%;
low-certainty evidence).

Quality of life (QoL) (Analyses 1.9 to 1.10)

Three studies (Kehoe 2015; Fagotti 2016; Vergote 2010), assessing
524 participants, reported on QoL at six months using the EORTC
QLQ-C30 questionnaire. In two studies, individual symptoms
were reported (Fagotti 2016; Vergote 2010). We did not interpret
pooled results for individual symptoms due to heterogeneity

in results and the summary eBects are merely displayed in
forest plots to demonstrate the heterogeneity. Results were either
inconsistent or there did not appear to be any diBerences in
QoL measures in individual domains between arms. The global
health domain was the only domain to demonstrate a numerically
significant diBerence between arms, but the magnitude of the
diBerence was so small, it would be very unlikely to be clinically
meaningful.  Vergote 2010  and  Kehoe 2015  also reported QoL at
12 months with similar results, but due to the high dropout rate,
especially by 12 months, these results were of very low-certainty
and should be interpreted with caution (Analysis 1.9; Analysis 1.10).
Previously, the Kehoe 2015 results were reported separately, due to
uncertainty in which QoL data were reported in the original paper.
However, following clarification, we have been able to amalgamate
these data. Further data from  Kehoe 2015  for individual QoL
parameters are awaited and it may be possible to combine further
QoL data in future updates.

Duration of operation

Mean operating times in Chekman 2015 were 233 minutes (range
69 minutes to 360 minutes) and 273 minutes (range 144 minutes
to 480 minutes) in the NACT and PDS groups, respectively. Mean
operating times in the Fagotti 2016 study for IDS aQer NACT and PDS
were 253.2 minutes (SD = 101.4) and 460.6 minutes (SD = 102.6),
respectively.
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In  Vergote 2010,  the median operating times were 180 minutes
(range 30 minutes to 560 minutes) and 165 minutes (range
10 minutes to 720 minutes) in the IDS and PDS arms,
respectively. Kehoe 2015 reported that the median operation time
was 120 minutes in both groups (interquartiles ranges were 80 to
161 and 90 to 155 in the PDS and NACT arms, respectively; the
overall range was 12 to 450 mins). Onda 2016 found that median
operating time, when accounting for the main procedure only (not
counting an additional debulking procedure in the PDS group) was
302 minutes in the NACT group and 240 minutes in the PDS group
(P < 0.001). However, if the subsequent operative procedures were
accounted for in both groups, median operating times were 270
minutes and 347 minutes in the NACT and PDS groups, respectively
(P < 0.001). Due to disparities in the data collected, we are not able
to combine these in a meta-analysis.

Length of stay following surgery

Fagotti 2016  reported mean length of hospital stay; in the NACT
group, the mean was 6.7 days (SD = 3.9 days) and 14.8 days (SD =
11.3) in the PDS group (P < 0.001). In Kehoe 2015, length of stay was
provided as follows: "fewer women were discharged from hospital
within 14 days aQer surgery in the primary-surgery group compared
with primary chemotherapy (198/249, 80% versus 197/211, 93%, P
< 0·0001)". Data were not amenable to meta-analysis. These data
were not available for Chekman 2015, Onda 2016 or Vergote 2010.

D I S C U S S I O N

Summary of main results

We found five studies that met the inclusion criteria, including a
total of 1774 randomised participants. One trial (Chekman 2015)
was only available in abstract form (further details were provided
by the trial author on request) and contributed to less than 5%
of all participants included in the review. We found little or no
diBerence in survival outcomes in women with stage IIIc/IV ovarian
cancer who were treated with neoadjuvant chemotherapy (NACT)
plus interval debulking surgery (IDS) compared with primary
debulking surgery (PDS) plus chemotherapy. Surgically-related
morbidity (grade 3/4) was probably higher in the PDS group (such
as haemorrhagic, infective and thromboembolic adverse eBects).
NACT prior to surgery reduces postoperative deaths and the need
for stoma formation by two-thirds and probably reduces the need
for bowel resection by half. Quality of life (QoL) outcomes were
poorly and incompletely reported and results were inconsistent in
trials that reported this outcome. Choice of surgical treatment is
likely to be dictated by clinical factors in and preferences of the
patient, clinician training and surgeon preference.

Overall completeness and applicability of evidence

In a previous version of this review, the evidence for the non-
inferiority of NACT versus PDS for advanced ovarian cancer was
not widely applicable, as only participants with stage IIIc/IV ovarian
tumours (extra-pelvic disease larger than 2 cm) were included
in  Vergote 2010, and the majority of participants had extensive
disease (metastatic lesions larger than 10 cm were present in
61.6% of women)(Morrison 2012). In the subgroup of women with
preoperative extra-pelvic tumour of less than 5 cm in diameter (189
women), PDS significantly improved OS compared with NACT (HR
0.64; 95% CI 0.44 to 0.93) (Vergote 2010 Supplementary appendix).
Furthermore, when sub-grouped by FIGO stage, women with stage
IV disease may have a survival advantage with NACT than with

PDS although due to inconsistency between studies this should be
interpreted with caution (HR 0.88, 95% CI 0.69 to 1.14; participants
= 391; studies = 3)).

This update, with the addition of overall survival data, includes data
from four studies with diBering patient inclusion criteria, so the
evidence for non-inferiority of NACT-IDS is more widely applicable.

Meta-analysis of four studies (Fagotti 2016; Kehoe 2015; Onda 2016;
Vergote 2010), assessing 1692 participants, produced a hazard ratio
of (HR 0.96, 95% CI 0.86 to 1.08), therefore there is high-certainty
evidence for little or no diBerence in OS between NACT and PDS
for initial treatment in advanced ovarian cancer, based on the
relatively heterogeneous populations included in these studies.

Meta-analysis of four trials found moderate-certainty evidence for
little or no diBerence in risk of disease progression between NACT
and PDS for initial treatment in advanced ovarian cancer (HR 0.98,
95% CI 0.88 to 1.08; participants = 1692; studies = 4).

The QoL data analysis of variance, adjusted for baseline scores,
showed that there may or may not be a diBerence in scores between
NACT and PDS at six months (MD -0.29, 95% CI -2.77 to 2.20;

participants = 524; studies = 3; I2 = 81%)). However, we are very
uncertain of these data and it is unlikely that there is a clinically
meaningful diBerence. By 12 months we are even less certain of the
data, due to high numbers of women dropping out, most likely due
to disease progression.

The smaller studies of  Onda 2016  (301 women) and  Fagotti
2016 (171 women) published perioperative morbidity data initially.
Updated survival data were published for both of these studies in
2020, including a larger cohort in  Fagotti 2016  than in the initial
cohort.

Heterogeneity of disease burden and treatments between
studies

One of the criticisms of the Vergote 2010 and Kehoe 2015 studies
has been that the macroscopic cytoreduction rates for both arms
were lower than those reported in retrospective cohort studies.
However, Vergote 2010 and Kehoe 2015 both included women with
extensive disease: ~70% of women in each arm with metastatic
deposits measuring > 5 cm, and a quarter of all participants
had stage IV disease (Vergote 2010 specifically excluded stage IIIc
disease based on para-aortic or pelvic lymph node metastases
unless para-aortic lymph nodes larger than 2 cm). In Vergote 2010,
61% in the PDS arm had individual metastatic deposits larger than
10 cm (74% larger than 5 cm). Ten women in the PDS arm and 19
in the NAC/IDS arm were unable to receive either study treatment
in  Kehoe 2015  due to disease burden. This is similar to  Onda
2016 where almost a third of women had stage IV disease. This is
likely to represent the surgical equipoise at that time, so women
with more bulky disease, thought to be less likely to be optimally
debulked, were entered into the studies and women with disease
thought amenable to surgery were not enrolled. This contrasts
with Fagotti 2016 where much fewer women had stage IV disease
(13 women (15.5%) women in the PDS arm versus eight women
(9.2%) in the NACT/IDS arm). Additionally, in Fagotti 2016 women
were only included, if they were deemed optimally debulkable
(residual tumour < 1 cm) at laparoscopy, resulting in 130 of 240
women who underwent a staging laparoscopy being excluded from
randomisation in the initial cohort of 110 patients (15 procedures

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

aborted due to too extensive disease for laparoscopy; 69 were
excluded because of a PI score <8; 31 excluded due to a PI score > 12
or 31 who had presence of mesenteric retraction; and a further 15
found not to have epithelial ovarian/fallopian/peritoneal cancer ).
Women in Fagotti 2016 were also younger than those in the other
three studies (PDS arm mean age 54.8 years (n = 84; SD = 9.7) versus
56.2 years (n = 87; SD = 10.7) in NACT arm). This study is therefore
not representative of the many women with ovarian cancer, which
limits its applicability when examined in isolation.

In the Japanese multi-centre  Onda 2016  study, of 147 women
who underwent PDS, optimal debulking was achieved in 37%.
More than a third of women in the PDS arm underwent an
additional attempt at cytoreductive surgery (additional debulking
surgery (ADS)), despite maximal surgical eBort at initial surgery,
taking the total optimal debulking proportion (<1 cm residual
disease) to 63% in the PDS arm (PDS + ADS aQer four cycles
of chemotherapy). This is a significant amount of additional
treatment in the PDS arm compared to the NACT/IDS arm and puts
the study at high risk of performance bias, since these women
received additional treatment compared to those in the NACT
arm, which was selectively delivered, as the study participants and
personnel were not blinded. A proportion of women in the Onda
2016  and  Vergote 2010  studies underwent PDS and ADS (37%
and 17%, respectively) (aQer four cycles of chemotherapy in Onda
2016  and six cycles in  Vergote 2010).  Kehoe 2015  also allowed
for ADS aQer PDS, if incompletely debulked at PDS, but we have
been unable to determine if any in the PDS arm underwent further
ADS, and it would appear that none did. It would be expected that
women in the PDS arm who underwent primary and ADS, to leave
a lower volume of residual disease, should have superior outcomes
to those women who had NACT-IDS, if surgical eBort is the only
determinant of survival; this does not seem to be the case from
these RCT-level data.

The  Fagotti 2016  trial was a mono-centric trial which only
randomised women to the trial once they had undergone a staging
laparoscopy that produced a predictive index score of disease
burden of between ≥ 8 or ≤ 12, predictive of achieving optimal
cytoreduction (Vizzielli 2014). If women were deemed as not
able to have optimal cytoreduction, they were not eligible for
randomisation. Not surprisingly, the macroscopic debulking rates
achieved in the Fagotti 2016 study were higher than those of the
other studies in the review; 90.9% of women in the PDS arm
achieved optimal debulking to < 1 cm of residual disease (45.5%
macroscopically debulked) compared with 90.4% in the NACT-
IDS arm (57.7% macroscopically debulked). The improved median
overall survival of up to 43 months in Fagotti 2016, in comparison
with 27 months from the individual patient meta-analysis of the
EORTC and CHORUS trial (Vergote 2018) represents diBerences in
age, disease burden and additional chemotherapy agents (notably
bevacizumab and Poly (ADP-ribose) polymerase (PARP) inhibitors).
This is pertinent as the Vergote 2010 study, in further analyses (Van
Meurs 2013) found that NACT particularly benefited women with
stage IV disease  with individual metastatic deposits of ≥ 4.5 cm,
whereas PDS  may be preferable for those with stage IIIc disease
and individual  metastatic deposits <4.5 cm. In women with either
stage IIIc disease with larger metastatic deposits (≥4.5 cm) and
those with stage IV disease and smaller volume metastatic disease
(<4.5 cm) PDS and NACT were similarly eBective.  The more general
applicability of the Fagotti 2016 trial is therefore compromised by
selecting only those who are deemed as having the potential for

optimal debulking rather than all-comers. Additionally, although
complete debulking to no residual disease is associated with a
survival advantage, given that, to date, there has been no RCT
comparing PDS or NACT followed by IDS to chemotherapy alone,
by not attempting any surgical treatment on the subset of women
who had very bulky disease it is unclear if any diBerences in OS
or PFS would have been apparent, if they had been included in
the trial. Excluding women with a predictive index (PI) score of
≥12 therefore may have prevented those women who may have
most benefited from NACT-IDS from inclusion in the study. It is
therefore interesting that, despite diBerences in patient selection
and subsequent treatment between the studies, findings were
largely similar between the studies. This adds to the applicability of
these findings.

Quality of the evidence

We consider the current evidence for primary outcomes of overall
and progression-free survival to be of high to moderate-certainty.
Further research may have an impact on our confidence in the
estimates of eBects and may change the estimates, overall and/
or for subgroups of women with advanced ovarian cancer. We
consider the evidence with regard to surgical morbidity and
adverse events to be of high to low-certainty, downgraded due to
risk of bias and a small number of events and further research may
change these estimates. QoL outcomes provided very low-certainty
evidence, mainly due to inconsistency, imprecision and substantial
attrition.

Potential biases in the review process

To our knowledge there are no biases in the review process, other
than a potential for bias due to the introduction of subgroup
analyses (i.e. stage, age and residual disease) in the last update
of the review that were not specified in the original protocol. At
the stage this decision was made (first update), there was only one
included study. The decision for subgroup analyses was therefore
made prior to inclusion of the majority of studies in this version
of the review. Specifically, the one author of previous versions of
this review who was involved in a study included in this update
had no role in screening, decisions about inclusion/exclusion, data
extraction or analysis.

We still hope to include data from the Kumar 2009 trial. However,
at the time of writing, the investigators had not published their
final analyses, despite the trial being scheduled to be completed
by 2012. We made the decision to discuss the interim data from
this trial in Agreements and disagreements with other studies or
reviews rather than as an included trial with incomplete outcomes
to avoid potentially biasing the results. Once these data are
published along with the results of the other ongoing trials (Mahner
2017; NCT04257786; NCT04515602; SUNNY ), we plan to update the
review.

Agreements and disagreements with other studies or
reviews

Other studies

Investigators of the ongoing study  Kumar 2009, have presented
interim results (at the ACSO conferences in 2006 and 2007) despite
the trial being scheduled for completion in 2012. Preliminary
data from Kumar 2009 appear to corroborate the findings of the
other included studies in this review. In the 2009 abstract, the
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investigators reported no significant diBerences in OS and PFS with
HRs for OS and PFS of 0.94 (95% CI 0.56 to 1.56) and 1.1 (95% CI 0.71
to 1.86), respectively (PDS versus NACT). Blood loss, perioperative
mortality, postoperative infections and length of hospital stay
were all reduced in the NACT group; in addition, QoL scores were
significantly better in the NACT group "at the end of treatment" (P <
0.001). We understand from correspondence with Professor Kumar
(from Sept 2011 to January 2012 and again in January 2019) that
this trial is now closed, that new analyses are being undertaken
and that data will be presented in manuscript form soon. Owing to
insuBicient data in the 2009 report and discrepancies in some of
the reported findings over time, we took the decision to await the
final statistical analyses before including the interim data in meta-
analyses (see Characteristics of ongoing studies).

The study by Kumari 2020 was a prospective pilot RCT conducted
in India (Jan 2012-Dec 2013) comparing early IDS aQer three
cycles of NACT (control arm) with late IDS aQer six cycles of NACT
(experimental arm). The study recruited 30 women with advanced
ovarian epithelial cancer, the hypothesis being that late IDS
would improve optimal cytoreduction rates. Optimal cytoreduction
(defined as <1 cm deposits residual disease) was achieved more
frequently in the late IDS arm (60%) compared to the early IDS arm
(23%) (Odds ratio 10.5; P=0.01 ). Delivering six cycles of NACT before
IDS increased the likelihood of achieving optimal cytoreduction, by
a factor of 10, compared to early IDS. No other factor was associated
with cytoreduction rate (CA125 / tumour size / age / performance
status). However, women in the late IDS arm had a median of nine
cycles of chemotherapy compared to a median of 6 cycles in the
early IDS arm (P=0.0041), due to women in the late IDS arm having
further chemotherapy following surgery.. Although at major risk of
performance bias, this is a useful study, especially in the context
of the COVID-19 pandemic when surgery has been delayed due to
COVID-19 infection risk and limited access to operating theatres
and ITU beds for major debulking procedures. It suggests there is
still value in oBering IDS to women who haven't been able to have
surgery aQer 3 cycles.

Per-protocol pooled analysis of individual women data from
two of the included studies

One study pooled longer-term survival data from women in
the  Kehoe 2015  and  Vergote 2010  studies (Vergote 2018). We
included this study as an additional reference to both of the studies
from whom women were included. This was a pre-planned analysis
prior to the launch of the Kehoe 2015 study. A total of 1220 women
were included in the per-protocol pooled analysis (670 from Vergote
2010 and 550 from the Kehoe 2015), of whom 612 women received
PDS and 608 NACT. Median follow-up was 7·6 years. When women
from both studies were combined there was little or no diBerence in
OS between the NACT and PDS groups (HR 0·97, 95% CI 0·86 to 1·09;
P = 0·586). However, women with stage IV disease may have better
OS and PFS outcomes with NACT versus PDS (OS HR 0·76, 95% CI
0·58 to 1·00; P = 0·048; PFS HR 0·77, 95% CI 0·59 to 1·00; P = 0·049).
They concluded that when choosing between treatment strategies
with women at diagnosis "one should account not only for the
risk of perioperative morbidity and the possibility of debulking
the women’s disease to zero residual tumour, but also for FIGO
stage and the extent of metastatic disease at presentation." They
concluded that NACT, followed by IDS, should be standard of care
in women with stage IV disease, with PDS reserved for "exceptional
circumstances with easily resectable disease".

Systematic reviews

Systematic reviews of RCTs

A meta-analysis by  Dai-yuan 2013  examining the role of IDS in
ovarian cancer, combined the RCTs of  Vergote 2010  and  Rose
2004. However, the Rose 2004 study randomised women who had
undergone PDS and three cycles of chemotherapy to undergo a
further interval debulking surgery prior to completing three further
cycles of chemotherapy or to complete three further cycles of
chemotherapy without further IDS. Therefore, this meta-analysis
did not compare the timing of chemotherapy in relation to surgery
alone. There may also be some irregularities in the data extraction,
as the authors state they were extracting data on atrial fibrillation
duration, leQ ventricular size, ejection fraction and sinus rhythm
maintenance without anti-arrhythmic drugs (which were not in
the original study). The meta-analysis produced similar HRs to
this review, despite using a fixed-eBect model, as opposed to the
random-eBects model used in this review. HR for OS 0.98 (95% CI
0.85 to 1.14) and HR for PFS 1.03 (95% CI 0.91 to 1.16).

A systematic review by Yang 2017 included the same four studies
(Fagotti 2016; Kehoe 2015; Onda 2016; Vergote 2010) as this review
in their meta-analysis of serious adverse event and QoL data, but
not survival data. They showed that the NACT group had lower risks
of grade 3/4 infections (RR 0.30 95% CI 0.16 to 0.56), gastrointestinal
(GI) fistulae (RR 0.24 95% CI 0.06 to 0.95) risk of any grade 3 or 4
event (RR 0.29 95% CI 0.11 to 0.78), and a lower rate of death within
28 days (RR 0.14 95% CI 0.04 to 0.49), although with a similar risk
of blood transfusion (RR 0.60 95% CI 0.28 to 1.29). These findings
are very similar to this review. Yang 2017 also found that the QoL
data favoured the NACT group at the six months follow-up point.
The likelihood of achieving a macroscopic debulk was higher in the
NACT group (macroscopic debulk RR 1.95 95% CI 1.33-2.87; optimal
debulk (< 1 cm) = RR 1.61 95% CI 1.05 to 2.47).

Systematic reviews of RCTs and non-randomised studies

A systematic review and meta-analysis by  Xiao
2018 combined Vergote 2010 with nine cohort studies and two case-
control studies. They calculated a median OS of 32 months with
NACT and 37 months with PDS and a median PFS of 15 months with
NACT and 15 months with PDS. Given the inclusion of observational
studies in this review, there is likely to be critical risk of selection
bias in the NACT group, as the NACT group contained older
women with more co-morbidities, poorer performance status,
higher CA125 at presentation and later FIGO stage, compared to the
PDS group. This review also supported a higher optimal debulking
rate achieved with NACT compared to PDS (despite more advanced
disease in the NACT group) but, unsurprisingly given the imbalance
between the groups, no survival benefit was conferred. The odds
ratios produced for serious adverse events were in favour of NACT,
although only major infection rates, wound complications and
vascular events reached statistical significance.

A meta-analysis by Qin 2018  combined  Kehoe 2015  and  Vergote
2010  with 22 observational studies: 21 retrospective cohorts
and one case-control study. The fixed-eBect meta-analysis
combining Kehoe 2015 and Vergote 2010 produced an HR for OS of
0.93 (95% CI 0.81 to 1.06) and an HR for PFS of 0.97 (95% CI 0.86
to 1.09), suggesting little or no diBerence between the two groups,
similar to the findings of this review. Further, in keeping with the
findings of this review, the risks of some serious adverse events
(venous thromboembolism (VTE) , infection and GI events) were
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lower in the NACT group. In addition, NACT was associated with a
shorter stay in the intensive therapy unit (ITU) and overall shorter
hospital stay compared to PDS. There was no diBerence found
in risk of haemorrhage between the two groups. They included
data from a trial by Melis 2016  , but this study has subsequently
been withdrawn from publication calling into question its validity.
As with our review and the reviews discussed below, the rates of
optimal debulking were higher in the NACT group, but did not
confer a survival advantage.

A meta-analysis by  Zeng 2016  combined four RCTs, but like Dai-
yuan 2013 included diBerent treatment strategies in the NACT/IDS
arm: PDS versus NACT/IDS followed by completion chemotherapy
(Kehoe 2015; Vergote 2010); PDS followed by chemotherapy with
randomisation to either further cytoreductive surgery (ADS) (if
progressive disease ruled out) and completion chemotherapy or
completion chemotherapy alone (Rose 2004  and  Van der Burg
1995). This meta-analysis produced HR for OS 0.94 (95% CI 0.81
to 1.08) and HR for PFS 0.89 (95% CI 0.77 to 1.03). As one would
expect, there were high levels of heterogeneity between the studies
included. This review also found that NACT favoured being able to
achieve optimal cytoreduction (RR = 1.76 (95% CI 1.59 to 1.98)), but
again did not confer a survival benefit.

Economic analyses

We did not specifically perform a search for articles examining the
health economic eBect of PDS versus NAC. However, our search
found five studies which compared the approaches in a variety of
settings. We will therefore discuss their results as a brief economic
commentary and consider a formal economic analysis in future
updates of this review.

Cost-e/ectiveness analyses based on non-randomised cohorts

Poonawalla 2015 identified a cohort of elderly women 65 years of
age from the Surveillance, Epidemiology and End-results (SEER)
Medicare-linked database in the USA from January 2000 to
December 2009. These data are therefore not based on clinically
equivalent groups in an RCT-setting, although propensity score
was used to correct for diBerences in baseline characteristics.
Costs of care from diagnosis to death or last Medicare claim were
estimated, using the phase of care approach, and compared to
years of survival to calculate the incremental cost-eBectiveness-
ratio (ICER). The authors calculated that the average life-time
costs of NACT was $17,417 based on 2010 costs (estimated 2021
equivalent values of $21,007/€17,629/£15,109) more than PDS, and
that the ICER was $174,173 (estimated 2021 equivalent values of
$210,083/€176313/£151,101) due to the 0.1 incremental life-year
gained from the NACT approach. Stratifying the women between
high and low risk, the ICER for high-risk women was $42,988
per life-year saved (estimated 2021 equivalent values of $51,851/
€43,516/£37,299), which met their threshold for cost-eBectiveness.
High-risk participants were those women known to have worse
postoperative outcomes (those >75 years of age with stage 4
disease or those >75 years of age with stage 3 disease and co-
morbidity score >/=1) and it was in this group that NACT was
deemed cost-eBective.

In another study, also from the SEER-Medicare database (1992 to
2009) Forde 2015 estimated the seven-month cost of care following
PDS and NCACT for advanced ovarian cancer in women > 65 years
of age. Of 4506 women, 82.4% received PDS and 17.6% NACT.
Women with stage IV disease were more likely to have NACT. The

authors found little or no diBerence in costs of care for women
with stage IIIC disease between PDS and NACT. However, costs for
those with stage IV disease were higher in those who had PDS (12%
diBerence; $63,131 for PDS versus $55,302 for NACT; P < 0.0001.
Costs were based on 2010 data and this diBerence of $7828 has an
estimated 2021 values of $9441/€7925/£6791. Five-year OS in this
non-randomised population was lower in the NACT group for both
stage IIIC and IV (stage IIIC HR = 1.27, 95% CI 1.10 to 1.47; stage IV
HR = 1.19, 95% CI 1.03 to 1.37).

Cost-e/ectiveness analyses modelled from RCT data

Rowland 2015 evaluated the cost implications of NACT versus PDS,
limiting their analysis to those over 65 years of age. The authors
modelled their analyses based on subgroup analyses, based on
age, from Vergote 2010. They concluded that NACT was cost-saving
compared to PDS in women over 65 years of age and that, assuming
equal survival, NACT produced cost savings of $5616 based on
2010 USA Medicare reimbursement rates at that time (calculated as
equivalent to $6773/€5685/£4871 in 2021).

A later cost-eBectiveness study (Tran 2018) used data from all four
studies included in our meta-analysis (Fagotti 2016; Kehoe 2015;
Onda 2016; Vergote 2010) to model costs of NACT versus PDS, based
on a hypothetical cohort of women aged 65 years with advanced
epithelial ovarian cancer (EOC) of median baseline characteristics
for women in the USA. They based costs on 2015 providers' fees
for Medicare and Medicaid Services, taking into account both
surgical and chemotherapy adverse events. They estimated that
NACT costs $20,762 per woman compared with $27,796 for PDS,
saving $7,034 per woman in the seven-month post-treatment time
horizon (calculated as equivalent to $7805/€6549/£5613 in 2021).
However, these data are aBected by the relatively low macroscopic
and optimal (< 1 cm residual disease) debulking rates in the RCTs
used for the model.

The same team (Cole 2018) modelled costs of NACT and PDS based
on the more aggressive surgical paradigm employed in  Fagotti
2016. They based their model on a hypothetical annual cohort
of 15,000 women in the USA with advanced ovarian cancer over
a one-year time horizon based on US Medicare fee schedules
and Hospital Cost and Utilization Project inflation adjusted to
2015. The authors based their calculations on the event rates in
those randomised within  Fagotti 2016  (not including those who
underwent laparoscopy but were excluded from the study), thereby
representing a cohort with less bulky disease than the other
three studies (Kehoe 2015; Onda 2016; Vergote 2010). They found
that NACT was associated with an estimated $142 million costs
savings (calculated as equivalent to $157.6 million/€132 million/
£113 million in 2021) based on the 15,000 women cohort. There
were estimated to be 1098 fewer ovarian cancer related deaths,
1355 additional life-years and 1715 additional quality-adjusted life
years (QALYs). NACT was associated with a predicted cost saving of
$9452 per woman (calculated as equivalent to $10488/€8796/£7537
in 2021) and a 7.3% lower risk of postoperative death. These data
may change now that OS data are available from Fagotti 2016, but
have not been updated as yet.

Higher surgical complexity and higher optimal debulking rates
are, as demonstrated, likely to widen the diBerence in costs,
since those in the PDS arm require more complex surgery to
achieve debulking, from the published RCT data. Re-calculating
the costs and cost-eBectiveness/QALY now that there are OS data
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from  Fagotti 2016  and the ongoing/unpublished studies, with
higher macroscopic debulking rates and complexity, will be of great
interest.

Other reviews

Many review articles and non-randomised cohort studies have been
published on this subject, many representing single-institution
cohorts and including criticisms of the studies included in this
review. Many of these studies are at critical risk of selection bias,
especially as many do not examine all patients within a population,
including those not fit for surgery initially, and so are likely to over-
estimate the benefits of upfront surgery (e.g. Mueller 2016). This
emphasises the importance of to focusing on what is known from
randomised data, where attempts have been made to limit these
significant risks of bias. The reader is referred to the literature, since
an in-depth narrative review of non-randomised studies is outside
of the scope of this review.

Vergote 2010  performed post hoc multivariate analyses on their
data. Achievement of macroscopic debulking was the strongest
independent predictor of prolonged survival (P = 0.001), followed
by stage IIIc disease (P = 0.001), small tumour size before
randomisation (P = 0.001), endometrioid histological type (P =
0.005), and younger age (P = 0.005). This is in keeping with findings
of a review by Du Bois 2009 and other non-randomised studies.

Vergote 2011b  went on to review the results of their  Vergote
2010  study, discussing their results in context with other studies
(including Rose 2004 and Van der Burg 1995) and their implications
for practice. They recommended selection criteria for utilising NACT
in stage IIIc/IV disease. These are the Leuven selection criteria for
women when considering NACT and IDS in stage IIIc/IV ovarian
cancer include the following:

• tumours greater than 2 cm around the superior mesenteric
artery or behind the porta hepatis; or

• intrahepatic metastases or extra-abdominal metastases
(excluding resectable inguinal or supraclavicular lymph nodes);
or

• poor general condition (e.g. over 80 years of age); or

• extensive serosal invasion necessitating bowel resections of
greater than 1.5 m; or

• women who cannot be easily debulked to no residual tumour
(e.g. more than one bowel resection, expected operating time
greater than four hours).

According to  Vergote 2011b, these criteria include ~50% of
women with stage IIIc and IV disease in an otherwise unselected
population. While agreeing that surgical skills are important, the
authors stressed that radicality of surgery should be tailored to the
general condition and extent of disease of the women, in order to
decrease postoperative morbidity and mortality.

A non-systematic review/opinion piece by  Schorge
2014  (interestingly entitled "Primary debulking surgery for
advanced ovarian cancer: are you a believer or a dissenter?")
argued that the decision about when to operate involves finely
balancing an appropriately aggressive surgical technique to
achieve macroscopic debulking whilst trying to avoid unnecessary
morbidity. They state that data show that women benefit from
a single maximal debulking eBort, but the timing of that eBort
remains controversial. As the greatest survival benefit is associated

with no macroscopic residual disease aQer surgery, the ability to
assess preoperatively which women are most likely to by eBectively
cytoreduced, by triaging to either PDS or NACT-IDS, involves many
complex factors. These factors include the woman's existing co-
morbidities, her current physical condition, the surgical team,
preoperative imaging and discussion and decision making between
the multi-disciplinary team (MDT) and the woman.

The authors conclude that women who appear to benefit the most
from PDS are those with stage IIIA or IIIB disease (excluded from
the largest studies of  Kehoe 2015  and  Vergote 2010), those with
stage IIIC and a Fagotti laparoscopic predicative index (PI) score
of < 8 (Fagotti 2006; Fagotti 2013; Vizzielli 2014), or those with
stage IIIC with promising MDT imaging review at an 'expert' centre
routinely able to incorporate ultra-radical procedures. In contrast
those women who appear to benefit the most from NACT-IDS are
women with stage IIIC disease that is too extensive to be optimally
debulked, based on imaging and/or laparoscopic scoring, women
with stage IV disease, women with a performance status too poor
to undergo an attempt at PDS or women without access to an
experienced ovarian cancer surgical team, or elderly or morbidly
obese women when ultra-radical procedures appear necessary.

A recent study (Havrilesky 2019) investigated patient preferences
for attributes of PDS versus NACT for treatment of newly diagnosed
ovarian cancer using a survey, educational video and discrete
choice experiment activities. Overall the 101 participants preferred
better clinical outcomes, less extensive surgery, lower surgical
mortality risks, lower risks of readmission and longer PFS and OS.
OS ranked the most important factor for consideration, followed
by complications requiring readmission, PFS, surgical mortality,
extent of surgery and lastly treatment order. Participants would
tolerate higher risks of operative morbidity and mortality to
gain more substantial survival outcomes (6 months). Conversely,
participants were also willing to accept a reduction in survival
outcomes (a 11-month reduction in PFS(95% CI 5 to 19 months)
and a 7-month reduction in OS (95% CI 2 to 12 months)) to achieve
a reduction in risk of surgical mortality. Limitations of this study
were that 95% of participants had already received chemotherapy,
a third were currently receiving chemotherapy and a third of all
participants had recurrent disease. As the participants were not
treatment naïve their previous experiences may have impacted on
their perception of and tolerance for treatment risks versus survival
advantages gained.

A review by  Sato 2014  argues that there may be a diBerence
in the assessment of the degree of macroscopic debulking
achieved following PDS or NACT-IDS. As NACT-IDS is associated
with tissue fibrosis and adhesions induced by chemotherapy,
interpretation of tumour spread within the peritoneal cavity may
be compromised. Incomplete tumour resection aQer NACT-IDS may
occur, if perioperative evaluation of tumour spread is incorrect
and therefore incomplete resection of potentially resectable areas
may occur. The authors argue that microscopically carcinomatous
areas have a benign appearance more oQen aQer NACT than
at primary surgery. The authors highlighted that at present the
optimal number of chemotherapy cycles in the NACT-IDS setting is
unknown.

Based on the currently available data there has been a shiQ to
oBering NACT in some treatment settings. A retrospective national
cohort study by Wright 2014 reviewed US SEER data from 1991 to
2007 for women with stage II-IV ovarian cancer. Using regression
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analysis to adjust for eBects of confounding variables on outcome
and propensity score analysis to estimate the probability that a
woman would undergo a given intervention, they performed a
stratified analysis on women who lived longer than six months
and underwent both surgery and chemotherapy in 'high volume'
centres. This was defined as a hospital referral region that had
more than 25 women attend for cancer-directed therapy, either
surgery or chemotherapy over the 16-year period. In the initial
observational analysis of 5345 (55.8%) women underwent PDS and
2238 (23.8%) underwent NACT, the remainder had no treatment.

The percentage of women undergoing NACT-IDS increased from
19.7% in 1991 to 31.8% in 2007, with a concomitant decrease in PDS
from 63.2% in 1991 to 49.5% in 2007. Women most likely to receive
NACT-IDS were older, recently diagnosed (i.e. in the 2000s not
1990s), have serous histology, live in metropolitan areas, have stage
III or IV disease and have a Charlson co-morbidity score of 1. The
substantial imbalance between treatment groups suggests strong
selection bias in the cohort and there were strong associations
between area of residence in the USA and primary treatment
received. An instrumental variable analysis was performed to
assess for geographic variation in treatment pattern (the diBerence
in the expected rates of NACT use and the observed rates of NACT
use). Once this instrumental variable analysis was performed, the
primary treatment chosen had minimal eBect on cancer-specific
survival (HR 0.94, 95% CI 0.58 to 1.52) or OS (HR 1.04, % CI 0.67 to
1.60). When the observational cohort and propensity-scored cohort
survival data were calculated this favoured PDS (HR 1.27 (95% CI
1.19 to 1.35) and HR 1.24 (95% CI 1.1.5 to 1.34), respectively). The
authors concluded that in the subset of women who have both
surgery and chemotherapy (regardless of total cycles completed),
there is no evidence of a diBerence in survival regardless of timing
of surgery. The median OS in the propensity-scored cohort was 27.2
months in the PDS group and 21 months in the NACT-IDS group,
not hugely dissimilar to  Vergote 2010  data of 30 months in the
NACT-IDS group and 29 months in the PDS group, emphasising the
applicability of the RCT data included in this review. The authors
acknowledge that excluding women who survived less than six
months from the analysis may have biased survival estimates.

A retrospective cohort Rauh-Hain 2017 of women less than 70 years
of age without co-morbidities from the National Cancer Database
in the USA found 22,962 women had been treated for stage III or IV
ovarian cancer between 2003 to 2011. Of these, 3126 women had
undergone NACT, with or without subsequent IDS. Using propensity
scoring, the authors matched each woman in the NACT group with a
woman in the PDS group, controlling for age, year at diagnosis, race,
ethnicity, treating facility type, insurance status, stage, histological
subtype and grade. The authors compared OS in 2935 matched
pairs from the retrospective cohort. Once matched they calculated
an OS HR of 1.18 (95% CI 1.11 to 1.26), an 18% higher hazard of
death (all-cause mortality) in the NACT group. Although the authors
compared the matched pairs on an intention-to-treat basis (women
who underwent PDS but never received chemotherapy and women
who underwent NACT but never underwent IDS were included) 26%
of the NACT group never received surgery implying that either they
were not fit enough to undergo surgery or their disease progressed
on chemotherapy. As with any observational cohort data there
is selection bias in the NACT cohort, as we do not know why
treatment decision were made. Prior to the propensity scoring, the
NACT group were known to be significantly older and less likely
to have stage III disease in comparison with the PDS group.  They

noted that on sensitivity analysis, "lower survival in women who
received NACT could be explained by a higher prevalence of limited
performance status in women undergoing NACT".   Propensity
scoring attempts to reduce selection bias in observational studies,
but there may well be other unidentified confounding variables that
are present in the NACT group to account for the lower survival
figures.

A Korean retrospective (2006 to 2014) cohort review of 435
consecutive women operated on in one centre looked at morbidity
and survival diBerences aQer a paradigm shiQ in practice in 2010
to utilise more NACT-IDS (Lee 2018). The authors split the cohort
into two groups. Group 1 were women operated on between 2006
to 2010. In this group 181 women (83.3%) underwent PDS and 35
women underwent NACT-IDS (16.2%). Group 2 consisted of women
who were operated on between 2011 to 2014 during which time
112 women (51.1%) underwent PDS and 107 (48.9%) underwent
NACT-IDS. The paradigm shiQ involved women being treated
with NACT-IDS if they fulfilled one of three considerations: (1)
pulmonary or liver parenchymal metastases visible on preoperative
imaging; (2) medically inoperable due to co-morbidities; (3) optimal
cytoreduction was deemed infeasible due to high tumour burden,
as defined by a Fagotti PI score of > 8 at diagnostic laparoscopy.
This is in contrast to the Fagotti 2016 study, which included women
if the PI score was between 8 and 12. The two groups diBered
substantially in their baseline characteristics. Group 2 contained
significantly more women with stage IV disease, ASA score 2, 3
and 4, higher median CA 125 levels and underwent > six cycles
of chemotherapy. Intra-peritoneal chemotherapy was utilised in
13% of group 1 women but none of the women in group 2. The
progression-free survival in group 2 compared to group 1 was HR
1.01 (95% CI 0.75 to 1.37) and overall survival HR 0.93 (95% CI
0.63 to 1.36) with no diBerences in survival despite the increased
use of NACT in group 2. The shiQ to increased use of NACT was
also associated with increased rates of achieving a macroscopic
debulk (G1 = 10.2%; G2 = 21.5%) without increasing perioperative
morbidity and mortality. The rates of performing more complex
surgical procedures also increased in group 2 (G1 = 35.6%; G2 =
57.5%) with no change in perioperative morbidity between the two
groups. The authors conclude that the use of NACT did not improve
the survival rate, however, there were no survival diBerences
between the groups aQer increased use of NACT, despite the women
in group 2 having more stage IV disease, more co-morbidities and
more extensive surgery than those women in group 1.

Melamed 2018  conducted a quasi-experimental fuzzy regression
discontinuity design (Fuzzy RDD) and cross-sectional analysis
comparing five regions in the USA. Two regions (New England
and East South Central - 95 hospitals) had rapidly increased their
use of NACT in 2011 to 2012 by 27.3% and 23.3%, respectively.
These regions were compared to three control regions (South
Atlantic, West North Central and East North Central - 378 hospitals)
where rates of NACT use in 2011 to 2012 only increased by 2%.
They compared survival outcomes, censored at three years aQer
diagnosis, for 6034 women; 1156 women in the increased NACT
regions and 4878 women in the control regions. The natural
experiment compared the diBerent regions and a cross-sectional
analysis compared the year and percentage of NACT use on
survival. In 2013, two out of the three control regions increased
their use of NACT, which allowed for further comparison between
control regions. All-cause mortality in the increased NACT regions
decreased HR 0.81(95% CI 0.71 to 0.94) compared to the control
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regions, which saw no change in all cause mortality (HR 1.02, 95%
CI 0.93 to 1.12). Death rates within 30- and 90-days of surgery also
decreased in the regions that had increased NACT (30-day mortality
from 3.1% to 1.8% and 90-day mortality from 7.0% to 4.0%), which
also diBered from the control regions (30-day mortality from 1.9%
to 2.2%; and 90-day mortality from 5.0% to 4.3%). The two control
regions that went on to increase their use of NACT in 2013 also
saw a reduction in mortality hazard compared to the control region
that did not increase the use of NACT. The authors concluded
that survival increased in the regions with increased use of NACT
because NACT decreased surgical morbidity and mortality and that
this reduction is greater in clinical practice than that seen in RCTs.
They postulated whether PDS might be more extensive in the USA
than in countries that have been involved in RCTs comparing PDS
and NACT, which might explain the increased survival benefits in
their cohort. The authors acknowledged that survival benefits may
attenuate aQer three years, the time point at which their data
were censored, compared to RCT data, which censored follow-up
at five years. They concluded that not all women will benefit from
NACT and that the survival benefit seen has been from increased
adoption of NACT, occurring selectively in those women with stage
IV disease and older women. They also highlight that the regions
that increased their use of NACT had higher baseline perioperative
mortality than control regions and speculated whether, in those
regions with better than average surgical outcomes, increased use
of NACT might not achieve the same increase in survival benefits.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

It is of note that the role of NACT versus PDS remains an area of
controversy in the gynaecological oncology community, despite
four well-conducted studies, with diBering inclusion criteria,
demonstrating little or no diBerence in survival outcomes and
reduced severe adverse events in those who had NACT. It is an
area which oQen suBers from a distinct lack of equipoise. This
is most oQen directed as criticism of the results of the included
studies, largely based on concerns regarding low rates of optional/
macroscopic debulking achieved in  Kehoe 2015  and  Vergote
2010, especially. Further studies have been set up to specifically
address some of these concerns, although it should be noted that
the Fagotti 2016 study achieved excellent debulking rates, although
with the exclusion of higher risk women, both in terms of age and
disease status. This limits the applicability of the Fagotti 2016 data
on its own to the wider population of women with advanced
ovarian cancer, but strengthens the outcomes and applicability
within the context of the meta-analysis.

Current evidence is that a combination of chemotherapy and
debulking surgery with maximal tolerable eBort, is standard
treatment for women with advanced ovarian cancer. The order of
these treatment modalities appears to have little or no diBerence
on survival outcomes for the overall population. These data
support the role of PDS as treatment for advanced (stage IIIc/
IV) ovarian cancer where achieving a macroscopic debulk can be
reasonably expected. NACT may be a reasonable (or preferred)
alternative for women with stage IV disease, poor performance
status or co-morbidities. Compared to PDS, NACT may increase
the rate of macroscopic cytoreduction, but this does not appear
to translate into an increase in OS. e know from another RCT that
removal of microscopic lymph node disease does not improve
survival (Harter 2019). The authors of  Fagotti 2016  in their

discussion noted that those with macroscopically debulked disease
and those with residual disease <1 cm at PDS
"have superimposable median progression-free
survival". These data suggest that small volume, chemotherapy-
sensitive disease deposits are eBectively treated by neoadjuvant
chemotherapy.

The existing quality of evidence is of high to moderate certainty
for survival outcomes and high to low certainty for adverse events
and very-low certainty for quality of life (QoL) outcomes. One
important outcome for women to consider is that, from these data,
NACT reduces the risk by around two-thirds of needing a stoma
following the operation (one stoma saved for every seven women
who have NACT compared to PDS; number needed to treat for an
additional beneficial outcome’ (NNTB) = 6.89), which may or may
not be reversible later, depending on indication and subsequent
response to treatment. NACT also reduces the risk of dying aQer
surgery (3 fewer postoperative death for every 100 women having
NACT compared to PDS; NNTB = 30.3); these outcomes were of high
certainty.

The Leuven selection criteria (Vergote 2011b; Vergote 2016) may
oBer a reasonable guide to women selection for PDS versus NACT,
although it would be important to validate these criteria in a clinical
trial setting.

As far as we are aware, there is, to date, no study that compares
NACT/ interval debulking surgery (IDS) with NACT alone, although
this review did not specifically search for studies in this area.
These data are therefore limited to those patients in whom the
intention was to perform IDS aQer NACT at the outset; we have
not examined the role of IDS versus no IDS.  However, those with
disease refractory to chemotherapy have a very poor prognosis and
QoL should be the primary concern in this situation, as they are
unlikely to benefit from major surgery.  The other patient cohort
not addressed by these studies are those who may not have been
fit enough to be considered surgical candidates at the outset,
but whose performance status may be suBiciently improved by
chemotherapy to be considered for IDS.

Interestingly, it would appear that some have misinterpreted
retrospective data, which show an association between survival
and degree of surgical debulking, as evidence that surgery is
not indicated, if a macroscopic debulk is not thought achievable.
This has not been tested in an RCT setting and cannot be
extrapolated from the available data. A recent non-randomised
study (NRS), comparing centres with a diBerent surgical ethos,
demonstrates that those who have chemotherapy alone, with
no attempt at debulking surgery, do poorly (Hall 2019). A
recent audit of ovarian cancer care in England demonstrated
significant diBerences in rates of treatment for ovarian cancer
between regions, including rates of surgery and combination
of surgery and chemotherapy (http://www.ncin.org.uk/
cancer_type_and_topic_specific_work/
cancer_type_specific_work/gynaecological_cancer/
gynaecological_cancer_hub/
ovarian_cancer_audit_feasibility_pilot_outputs).

Importantly, data from the studies included in this review do not
support or refute an ultra-radical approach to surgery, as patients
in both arms had maximal surgical eBort.
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Cost-benefit analyses based on models derived from RCT data,
suggest that a NACT strategy oBers improved cost-eBectiveness
over a one-year time horizon following initial treatment, although
these data will require updating now that OS data are available
from all of the included studies in this review.

Implications for research

There are currently four ongoing studies (Mahner 2017;
NCT04257786; NCT04515602; SUNNY) and one unpublished RCT
(Kumar 2009). Mahner 2017 aims to address the role of ultra-radical
primary debulking surgery (to achieve higher rates of macroscopic
resection) versus NACT/IDS. The results of these studies will
hopefully address questions raised by studies with lower optimal
and macroscopic debulking rates.

Collection of QoL data is an important patient-centred outcome in
advanced ovarian disease, especially if there is minimal diBerence
in survival between treatment options. These were poorly and/or
incompletely reported across included studies in this review. Data
on rates of stoma formation should also be provided, since women
worry about this prior to surgery and it is an important outcome for
them.

This review does not address the role of NACT/IDS versus
chemotherapy only, without IDS (NACT by definition is followed
by other treatment). It can be extrapolated from other studies
(e.g.  Rose 2004; Van der Burg 1995), that NACT/IDS compared
to chemotherapy alone is very likely to improve OS in first-line
treatment. A Cochrane Review (Tangjitgamol 2010) demonstrated
improved survival for women who had IDS following PDS, but
only where there was no previous maximal debulking attempt
by a gynaecological oncologist. In addition, results from the
studies included in this review show a strong association between
achievement of optimal debulking and an improved prognosis.
However, studies of secondary debulking surgery in a recurrent
disease setting have not been so clear cut and demonstrate
improved survival outcomes only in women when macroscopic
debulking can be achieved, in one study (Du Bois 2017; Du Bois
2020 ), but not in another (Coleman 2018). An RCT would be needed
to address the value of adding IDS to first-line chemotherapy
treatment versus chemotherapy alone, but is very unlikely to be
thought to be ethical, as non-randomised data strongly support
debulking surgery in a primary setting in women who are fit enough
to be considered for major surgery (e.g. Hall 2019).

The Leuven selection criteria (Vergote 2011b; Vergote 2016) or
similar triage tools to determine which women would be better
served by PDS or NACT as first treatment for advanced ovarian
cancer need to be validated in a clinical trial setting and prognostic
selection criteria examined in a prognostic methods review.

An interesting article from one of our excluded studies (Wenzel
2017), examined the role of a women decision-making tool to help
women come to an individual decision regarding intraperitoneal
chemotherapy in ovarian cancer. A similar tool to aid shared
decision-making for timing of primary surgery in advanced ovarian
cancer would be extremely valuable.

As yet there has never been a randomised study to address the role
of ultra-radical surgery in ovarian cancer. Data used to support this
approach are based on retrospective review of data, oQen highly
selected and at critical risk of bias. It would not be acceptable

 in a chemotherapy study to demonstrate survival curves divided
retrospectively into groups based on initial response to treatment,
yet this routinely happens in surgical studies. Furthermore,
the argument for well-conducted prospective randomised trials
to confirm or refute doctrine in ovarian cancer debulking is
supported by the results of the recent LIONS study (Harter 2019).
This was an area where a large number of non-randomised
studies, including retrospective series, population studies, and
re-analysis of prospective trials, reported an improved survival
with systematic lymphadenectomy, as discussed in  Eisenhauer
2019, which is similar to the evidence used to support ultra-
radical surgery.  Harter 2019  performed a well-conducted RCT
that compared systematic removal of intra-abdominal lymph
nodes with removal of clinically enlarged nodes only. Women
were required to have had otherwise macroscopic debulking
achieved and were randomised once this had been achieved,
during surgery, to systematic lymphadenectomy or debulking of
enlarged nodes. They demonstrated no survival benefit from the
additional surgery (hazard ratio (HR) for death 1.06; 95% confidence
interval (CI), 0.83 to 1.34; P = 0.65), and those who had systematic
lymphadenectomy had clinically meaningful increases in serious
postoperative complications, including repeat laparotomy (12.4%
versus. 6.5%; P = 0.01) and higher death rates within 60 days of
surgery (3.1% versus. 0.9%; P = 0.049). This study adds weight to the
need for well-balanced RCTs to examine the role of surgery. It would
be important to include details of all women not included and/or
operated on within the study, so that we can compare outcomes
at a population level, ascertain how selective the inclusion criteria
are for involvement in the study, and how applicable their findings
might be to the general population of women with advanced
ovarian cancer. Interestingly, data from a cohort study where
ultra-radical surgery was introduced at a population level, did
not demonstrate improved outcomes (Falconer 2020). The shiQ
to an ultra-radical surgical approach led to an reduction in the
proportion of women who had surgery as part of their treatment
(10% fewer), presumably because more women were not thought
fit enough for an ultra-radical approach. The lead author, Dr.
Salehi, Director of ovarian cancer surgery at Karolinska University
Hospital, in Stockholm, Sweden, in a podcast discussing the
paper (https://soundcloud.com/bmjpodcasts/salehi-outcomes-of-
ultra-radical-surgery-in-ovarian-cancerwav) emphasised the need
for studies on survival outcomes of ovarian cancer surgery to
publish the outcomes including those who have and do not have
debulking surgery within a defined population, since otherwise
there is a significant risk of over-estimating the benefits of ultra-
radical surgery by selecting out those who do less well. Other
questions that remain in first-line treatment of advanced ovarian
cancer include optimal treatment options in more elderly women,
since few women over 70 years of age were included in any of
the studies included in this review. This population is ill-served by
clinical trials generally and, with an increasingly elderly population
in many countries, this is an ever-expanding cohort of women
for who we have little evidence to support recommendations for
treatment.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Randomised trial, conducted in Algeria between 1 June 2008 and 31 April 2014

Single-centre study; single surgeon operated on all women in both groups.

Participants 90 women with FIGO stage IIIc ovarian carcinoma enrolled and underwent surgery. 82 women ran-
domised, 41 to PDS and 41 to IDS

The diagnosis of stage IIIC ovarian carcinoma was confirmed by laparoscopy (78 cases) or laparotomy
(3 cases)

A thoraco-abdomino-pelvic scan and tumour markers CA-125 and CA-19.9

Interventions Primary complete cytoreduction surgery followed by chemotherapy (G1) or NACT chemotherapy fol-
lowed by debulking surgery then further chemotherapy (G2)

Chemotherapy regimen used was carboplatin ([AUC] 5) + paclitaxel 175 mg/m2, every 3 weeks

44% of women in the IDS arm had 6 cycles of chemotherapy prior to debulking surgery, 10% had 4 cy-
cles and 15% had 3 cycles.

In the PDS arm, 78% of women had 6 cycles of chemotherapy after their surgery.

Outcomes Rate of debulking to residual disease to  nodules <1 cm or complete resection, OS, recurrence-free sur-
vival (RFS), morbidity and rate of lumboaortic lymphadenectomy

Notes The trial was in abstract form only but Professor Chekman kindly provided us with the following infor-
mation on request:

The mean operating time was 254.2 min with (range 69 min to 480 min)

PDS (G1); mean operating time 273 min; (range 144 min to 480 min)

IDS (G2); mean operating time 233 min; (range 69 min to 360 min)

Chekman 2015 
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Average blood loss:

24 women (29%) were transfused; 13 women (16%) were transfused 1 unit; 9 women (11%) were trans-
fused 2 units; 2 women (2.4%), were transfused 3 units

PDS group: 15 women underwent blood transfusion (18%) versus IDS (G2): 9 women underwent blood
transfusion (11%).

There were no postoperative deaths (0 to 30 days)

1 death recorded after the second cycle of NACT

They performed 8 re-operations (9.8%) mainly for abdominal and vascular complications: PDS group
(G1) six (7.3%); and IDS group (G2) two (2.4%)

Macroscopic resection was achieved in 30 women: 16 in PDS group (G1); and 14 in IDS group (G2).

There were 36 recurrences:

20 women in the PDS group (G1); and 16 women in the IDS group (G2)

Another frequently recurring recurrence was abdominal-pelvic lymph node recurrence with 19.4% of
women with evidence of abdomino-pelvic nodal relapse in the total population. This was similar in
both groups. The other recurrences were localised, in order of frequency, in the hepatic (n = 6), pul-
monary (n = 2), cerebral (n = 1) and inguinal (n = 2) levels (it should be noted that one or more sites may
be affected by tumour recurrence).

Isolated biological recurrences (increase in CA-125 without associated radiological evidence) were not
recorded.

In this trial, 22% of women had recurred before the first year, 38% between the first and second year,
25% between the second and third year and 13.8% beyond the third year. Thus, most recurrences
(86%) were recorded during the first three years and 15% after the third year (time of occurrence of re-
currence (P = 0.49)).

There were 24 deaths:

15 in the PDS group (G1); and 9 in the IDS group (G2)

Of the 12 remaining women who had a recurrence and remained alive, 5 were in the PDS group (G1)
and 7 were in the IDS group (G2).

The mean PFS was 13.15 months (95% CI 9.19 to 17.10).

In the PDS group (G1), mean PFS was 27.92 months [range 7 to 64] and in the IDS group (G2) mean PFS
was 24.72 months [range 11 to 52].

Surgical management of recurrence occurred in 19.4% of cases.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk The randomisation was performed in the operating room by random draw by
someone other than the surgeon, once verification of inclusion criteria and re-
sectability under laparoscopy or laparotomy had been confirmed. Histological
confirmation of carcinomatosis of ovarian origin was by extemporaneous ex-
amination.

Allocation concealment
(selection bias)

Unclear risk Information lacking about the concealment process

Chekman 2015  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Unblinded study and so some outcomes at high risk of bias

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label study and no details of independent blinded assessment

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Minimal data provided regarding outcomes; only percentages provided for OS
and PFS, no raw numbers, no confidence intervals or statistical calculations
provided. Morbidity rate provided but unclear as to what specific morbidities
this rate referred to

Selective reporting (re-
porting bias)

Unclear risk No information regarding why lumboaortic lymphadenectomy chosen as an
outcome. No information regarding what constituted morbidity data

Other bias Unclear risk Insufficient information to permit judgement

Chekman 2015  (Continued)

 
 

Study characteristics

Methods Single institution (Italy) randomised phase III clinical trial, superiority trial (SCORPION) enrolled 280
women

Participants Women aged 18 to 75 years with FIGO stage IIIc or IV ovarian, fallopian tube, or primary peritoneal
cancer and histological confirmation of diagnosis. Histological sample obtained through staging la-
paroscopy and high tumour load calculated through laparoscopic predictive index (PI). PI between 8
and 12 without evidence of mesenteric retraction became inclusion criteria to go onto randomisation
into the trial arms (110 randomised initially and presented in 2016 reference; additional 61 patients in
2020 update with OS data; total 171 participants).

Interventions PDS + systemic adjuvant chemotherapy (arm A, standard) or to NACT + ITS (arm B, experimental)

Outcomes Co-primary outcome measures were PFS and perioperative outcomes (early and late postoperative
complications). Secondary outcomes were OS and QoL.

171 patients were randomly assigned to primary debulking surgery (PDS) (n = 84) versus neoadjuvant
chemotherapy (NACT) (n = 87).

Mean age (SD); PDS = 54.8 (9.7); NACT = 56.2 (10.7)

ECOG performance status:

PS = 0: PDS = 40 (47.6%); NACT =  39 (44.8%)

PS = 1: PDS = 35 (41.7%); NACT = 41 (47.1%)

PS = 2: PDS = 9 (10.7%); NACT = 7 (8%)

FIGO Stage:

Stage IIIc: PDS = 71 = (84.5%); NACT = 79 (90.8%)

Stage IV: PDS = 13 (15.5%); NACT = 8 (9.2%)

Median follow-up: 59 months (95% CI 53 to 64 months)

Fagotti 2016 
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Median overall survival:

PDS =  41 months for patients; NACT =  43 months (HR 1.12, 95% CI 0.76 to 1.65; P = 0.56)

Median PFS:

PDS = 15 months; NACT = 14  months (HR 1.05, 95% CI 0.77 to 1.44; P = 0.73)

Median number of chemotherapy cycles = 6 in both groups; range 0 to 6 cycles in PDS arm and 3 to 6
in NACT arm

Women in the NACT arm received a median number of four cycles prior to IDS.

3 women in the PDS arm progressed and did not receive chemotherapy. Chemotherapy schedule was
as follows:

- 3-weekly carboplatin-paclitaxel: 31 (60.8%) PDS arm versus 29 (55.8%) NACT arm (P = 0.691);

- 3-weekly carboplatin-paclitaxel-bevacizumab: 14 (27.4%) PDS arm versus 20 (38.5%) NACT arm (P =
0.296);

- weekly carboplatin-paclitaxel: 5 (9.8%) PDS arm versus 3 (5.7%) NACT arm (P = 0.444);

- weekly carboplatin: 1 (1.9%) PDS arm versus 0 (0%) NACT arm (P = 0.310).

Median duration of treatment (randomisation to completion): 38 weeks for PDS (range 17 to 45
weeks) and 28 weeks for NACT arm (range 16 to 34 weeks). This was largely due to increased time to
start/restart chemotherapy after surgery: median time after PDS was 40 days (range 17 to 120 days) ver-
sus 27 days after IDS (range 16 to 37 days) (P = 0.001).

Operative time (mins), mean (SD): PDS = 460.6 mins (102.6); NACT = 253.2 mins (101.4); P < 0.0001

Surgical complexity score (SCS): (P < 0.0001)

SCS 1: PDS = 0 (0%); NACT = 43 (58.1%)

SCS 2: PDS = 9 (10.7%); NACT = 20 (27.0%)

SCS 3: PDS = 75 (89.3%); NACT = 11 (14.9%)

Size of residual disease (P = 0.001)

No macroscopic disease: PDS = 40 (47.6%); NACT = 57 (77.0%)

0.1-1 cm: PDS = 38 (45.2%); NACT = 16 (21.6%)

> 1 cm: PDS = 6 (7.1%); NACT =  1 (1.4%)

Patients with postoperative major complications (G3+ SAEs)

Early (≤ 30 days): PDS = 39 (46.4%); NACT = 7 (9.5%); P < 0.0001

Late (1-6 months): PDS = (11.9%); NACT = 1 (1.4%); P = 0.009

Notes Trial registered on ClinicalTrials.gov (No. NCT01461850)

We are very grateful to Professor Fagotti for providing additional information for this study. We under-
stand that further information will be published.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A centrally performed, computer-generated list for block randomisation (1:1
ratio) was used. Women randomly (max allowable percentage deviation =

Fagotti 2016  (Continued)
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10%) allocated to PDS + systemic adjuvant chemotherapy (arm A, standard) or
to NACT + IDS (arm B, experimental)

Allocation concealment
(selection bias)

Unclear risk Randomisation was done centrally by an independent DMC (CUSH-CTC), how-
ever there was no mention of whether the sequence was protected prior to as-
signment.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not possible to blind participants or personnel to interventions in the trial. It
was unclear what impact this would have in terms of bias, although it did carry
a high risk.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label study and no indication of independent blinded assessment

Incomplete outcome data
(attrition bias)
All outcomes

High risk Substantial missing data for QoL outcomes. Unable to provide chemotherapy
SAE data due to missing data. Postop SAEs more fully presented for initial 110
cohort. Additional unpublished data provided by author

Selective reporting (re-
porting bias)

Unclear risk Data for OS and PFS for entire cohort provided in subsequent publication and
unpublished data from author for entire cohort. SASs during chemotherapy
not reported and only partial QoL outcomes reported due to missing data (see
above)

Other bias Unclear risk The authors stated that the types of surgery performed on women in each
arm of the study were significantly different. In women in the PDS arm, up-
per abdominal surgical procedures were performed in all women compared
to 42.3% of women in the IDS arm. This is likely due to the beneficial effect of
chemotherapy reducing the volume of disease but as the study was not blind-
ed, there is potential for high risk of bias.
Median duration of entire treatment from randomisation to completion of
medical treatment was also longer in the PDS arm (38 weeks versus 28 weeks).
This was due to a statistically significant difference in time to start post-
surgery chemotherapy (median time post-PDS 40 days, median time post-IDS
27 days). This was likely due to the greater extent of surgery required for those
with higher volume disease in the PDS group, but due to lack of blinding risk of
bias was unclear.

No conflict of interest declared

Fagotti 2016  (Continued)

 
 

Study characteristics

Methods Multicentre international RCT non-inferiority trial (CHORUS)

Participants 552 women with stage IIIc/IV EOC enrolled in the UK and New Zealand

Interventions Primary surgery then 6 cycles of platinum-based chemotherapy or 3 cycles of platinum-based
chemotherapy, surgery, then a further 3 cycles of platinum-based chemotherapy

Outcomes OS, PFS, QoL

Median follow-up of surviving women = 4.4 years (IQR 3.5–6.1)

Surgery scheduled after 3 cycles of chemotherapy in NACT group

Kehoe 2015 
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Chemotherapy details:

Single-agent carboplatin: NACT = 63 (23%); PDS = 66 (24%);

Carboplatin paclitaxel: NACT = 210 (77%); PDS = 207 (75%);

Carboplatin plus other chemotherapy agent: NACT = 1 (< 1%); PDS = 3 (1%).

Dose modification required: NACT = 100 (39%); PDS = 87 (38%)

PDS group: 251 (91%) of 276 women started treatment as allocated; 212 (77%) had adjuvant
chemotherapy.

• 15 had primary chemotherapy:
* 11 unfit for surgery;

* 3 clinician’s choice;

* 1 because of women's choice.

• Of the 15 who had primary chemotherapy:
* 4 had surgery after chemotherapy (2 after four cycles);

□ 3 had more chemotherapy after surgery (2 had two cycles);

□ 1 did not have more chemotherapy after surgery.

• 11 did not have surgery after chemotherapy (7 had six cycles):
* 5 unfit;

* 3 disease progression;

* 2 had a complete response to chemotherapy;

* 1 through woman's choice.

• 10 did not have surgery or chemotherapy:
* 3 died before treatment;

* 3 unfit;

* 2 withdrew from trial;

* 1 disease progression;

* 1 no malignancy.

• 10 did not have surgery or chemotherapy:
* 3 died before treatment;

* 3 unfit;

* 2 withdrew from trial;

* 1 disease progression;

* 1 no malignancy.

NACT group: 253 (92%) of 274 women started treatment as allocated and 217 (79%) had IDS.

Median duration of treatment was 22 weeks in both groups (NACT interquartile range (IQR) 19 to 24
weeks; PDS IQR 17 to 24 weeks).

• 2 had primary surgery:
* 1 unfit for primary chemotherapy, but then had six cycles after surgery;

* 1 had benign disease.

• 19 did not have chemotherapy or surgery:
* 6 ineligible malignancy;

* 5 died before treatment;

* 3 no malignancy;

* 2 deemed inoperable;

* 3 withdrew from the trial.

Kehoe 2015  (Continued)
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• 16 did not have more chemotherapy after surgery:
* 6 died;

* 3 did not have ovarian cancer;

* 3 had surgery after the full six cycles of chemotherapy;

* 3 because of women's choice;

* 1 progressive disease.

Notes www.ctu.mrc.ac.uk/plugins/StudyDisplay/protocols/CHORUS protocol Version 2.0 - 05 June 2008.pdf

Additional age and survival details:

< 50 years: OS 22.8 months (18.5 to 34.4); PFS 13.2 months (9.9 to 17.1)

50 to 70 years: OS 24.1 (20.6 to 28.4); PFS 11.4 (10.5 to 12.5)

> 70 years: OS 20.8 (14.7 to 25.8); PFS 10.4 (8.8 to 12.0)

We are very grateful to Professor Kehoe and his team for providing additional information for this
study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random assignment centrally at the Medical Research Council Clinical Tri-
als Unit by telephone using a minimisation method with a random element.
Women stratified according to randomising centre, largest radiological tumour
size, clinical FIGO stage, and prespecified chemotherapy regimen with equal
probability of assignment to each treatment arm

2 women who had been randomised were subsequently excluded. One woman
had been randomised by mistake as an administrative error and one woman
was found not to have the capacity to consent and was therefore ineligible for
the trial.

Allocation concealment
(selection bias)

Low risk Central randomisation by the Medical Research Council Clinical Trials Unit by
telephone

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Unblinded, therefore high risk for some outcomes assessed by investigators
involved with patient care (e.g. optimal debulking)

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk No report of blinded central assessment

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All women accounted for and analysed by ITT analysis

Selective reporting (re-
porting bias)

Unclear risk All pertinent outcomes appeared to have been reported in some capacity. Pre-
specified outcomes as per clinicaltrials.gov protocol for OS; PFS and QoL - see
outcomes section in methods and clinical trials.gov website. Only global QoL
outcomes reported at baseline, 6 months and 12 months

Other bias Unclear risk 64 centres: surgery performed by specialist gynaecological oncologists; further
23 registered centres: only non-surgical management provided. Supplemen-
tary data in table 7 showed that hysterectomy/bilateral salpingo-oophorecto-

Kehoe 2015  (Continued)
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my (BSO) and omentectomy performed in varying proportions. Unclear what
effect this might have on outcomes

Kehoe 2015  (Continued)

 
 

Study characteristics

Methods Randomised phase III non-inferiority study (JCOG0602) conducted in 34 institutions in Japan

Participants 301 women aged 20 to 75 years enrolled with stage III or IV ovarian, tubal and peritoneal cancers diag-
nosed by clinical findings, imaging studies (CT, MRI and CXR) and cytology of ascites, pleural effusions
or tumour centesis

Interventions PDS followed by 8 cycles of chemotherapy +/- additional IDS if not completely debulked prior to
commencing chemotherapy compared to 4 cycles of NACT followed by IDS and a further 4 cycles of
chemotherapy

Outcomes Primary outcomes of OS and PFS

Planned follow-up initially 5 years, extended to 6 years

Secondary outcomes of adverse events, frequency and duration of surgery, amount of blood loss
and frequency of blood, plasma and albumin transfusions, postoperative mortality within 30 days of
surgery

Median age (range): PDS = 62 (25-86); NACT = 63 (33-81)

Stage: 

PDS: stage 3 = 257 (77%); stage 4 = 77 (23%); other = 2 (0.6%); 

NACT: stage 3  = 253 (76%); stage 4 = 81 (24%)

Performance status (PS):

PS 0-1: PDS = 130 (87.2%); NACT = 131 (86.2%)

PS 2-3: PDS =  19 (12.8%); NACT =  21 (13.8%)

Median cycles of chemotherapy: NACT = 8 (IQR 7 to 8); PDS = 8 (IQR 6 to 8)

Chemotherapy schedule:

Carboplatin (AUC6) and paclitaxel 175 mg/m2 given 3-weekly for a total of 8 cycles with IDS scheduled
after 4 cycles

Overall survival:

HR for death with NACT compared with PDS was 1.052 (90.8% CI, 0.835 to 1.326; P = 0.24 for non-inferi-
ority calculated using the Cox proportional hazard model stratified by FIGO stage, PS and age)  

Progression-free survival:

HR for progression with NACT compared with PDS was 0.96 (95% CI, 0.75 to 1.23 calculated by the Cox
proportional hazard model stratified by the FIGO stage, PS and age)

Optimal debulking at first surgical effort  (0 cm & < 1 cm): PDS = 55/147 (37%); NACT = 107/130
(82%) 

Postoperative G3+ events after initial surgical effort: PDS = 15.0% (n = 22/147); NACT = 4.6% (n =
6/130)

Onda 2016 
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Operation time: PDS = 341 min; NACT = 273 min; P < 0.001

Postoperative any G3+ SAEs: PDS = 15.6%; NACT =  4.6%; P = 0.003

Chemotherapy-related non-haematological G3-4 SAEs: 

First 4 cycles chemotherapy: PDS = 28/138 (20·3%); NACT = 27 (18·0%); P = 0.65

Second 4 cycles chemotherapy: PDS =  11 (8·8%); NACT = 15 (11·9%); P =  0·54

Completion of treatment: PDS = 99 (66.4%); NACT = 103 (67.8%); P = 0.90

Notes 49 women randomised to primary debulking arm underwent additional interval debulking surgery. We
are very grateful to Professor Onda for providing additional data for this meta-analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The JCOG Data Centre randomly assigned treatment to each women via a min-
imisation method with equal probability of assignment to each treatment arm.
Balancing factors were institution, stage (III versus IV), performance status (0
to 1 versus 2 to 3) and age (< 60 versus > 60).

Allocation concealment
(selection bias)

Low risk The JCOG Data Centre randomly assigned treatment to each women via a min-
imisation method with equal probability of assignment to each treatment arm.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Women and treating physicians were not masked to assigned treatment.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Individuals assessing outcomes and analysing data were not masked to as-
signed treatment.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk OS and PFS analysed using appropriate statistical methods. All women ac-
counted for and similar numbers completed treatment in each arm

Selective reporting (re-
porting bias)

Low risk Study recognised that QoL may contribute to measures of treatment invasive-
ness, but scope was on survival outcomes. Study protocol published alongside
paper as supplementary information

Other bias High risk Fourteen women (one in PDS and 13 in NACT) underwent some type of surgery
(oB-protocol treatment). These oB-protocol surgeries were not included as
PDS or IDS in the analysis. Appeared to be significantly more in NACT group

No ITT analysis carried out

Onda 2016  (Continued)

 
 

Study characteristics

Methods EORTC-GCG 55971

Multicentre non-inferiority RCT; 59 institutions in Belgium, Canada, the UK, Sweden, the Netherlands,
Italy, Norway, Spain, Austria, Portugal, Ireland and Argentina

Vergote 2010 
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Recruitment period: 1998 to 2006

Median follow-up: 56.4 months

Participants 718 women enrolled, 48 excluded post-randomisation owing to authorisation irregularities at the Ar-
gentinian centre leaving 670 women

Inclusion criteria: evidence of stage IIIc/IV EOC, primary peritoneal cancer or fallopian tube cancer by
intraperitoneal biopsy or FNA plus presence of extra-pelvic tumour of at least 2 cm (excluding ovaries)
on laparoscopy or CT scan; WHO performance status of 0 to 2; no other serious disabling diseases con-
traindicating PDS or NACT; no prior primary malignancies; no brain metastases; adequate haematolog-
ical, renal and hepatic function; absence of other factors that could affect compliance; CA-125:CEA ra-
tio higher than 25 Treatment had to start within 3 weeks of initial biopsy/FNA.

Interventions Experimental: NACT (334 women) - 3 cycles of platinum-based NACT, followed by IDS within 6 weeks of
third cycle, then at least 3 more cycles of NACT

Control: PDS (336 women) plus at least 6 cycles of platinum-based chemotherapy ± IDS

All surgery was performed by gynaecological oncologists.

Outcomes OS, PFS, QoL (QLQ-C30 and QLQ-Ov28), surgical morbidity and mortality, toxicity, optimal debulking

Median follow-up = 4.7 years

Chemotherapy details:

Platinum-taxane: NACT = 283(87.9%); PDS = 243 (78.4%)

Platinum only: NACT = 20 (6.2%); PDS = 25 (8.1%)

Other: NACT = 19 (5.9%); PDS 21 (6.8%)

No chemotherapy: NACT = 0 (0%); PDS = 21 (6.8%)

Median time to re-start chemotherapy after surgery in days (range):

NACT = 18 days (5 to 55) versus PDS 19 days (0 to 84)

• 336 were assigned to PDS

• 315 received assigned intervention

• 21 did not receive assigned intervention
* 8 (38%) were withdrawn by physician

* 3 (14%) declined to participate

* 3 (14%) had different histologic diagnosis

* 1 (5%) died

* 2 (10%) had unresectable tumour

* 3 (14%) had logistic or administrative problem

* 1 (5%) had unknown reason

• 315 (94%) underwent primary debulking
* 297 (88%) started chemotherapy

* 57 (17%) underwent interval debulking

* 11 (3%) underwent second-look procedure

• 334 were assigned to NACT

Vergote 2010  (Continued)
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• 326 received assigned intervention
* 8 did not receive assigned intervention

* 3 (38%) were withdrawn by physician

* 2 (25%) declined to participate

* 1 (13%) had different histologic diagnosis

* 1 (13%) died

* 1 (13%) had logistic or administrative problem

* 2 (1%) underwent primary debulking

• 326 (98%) started NACT

• 295 (88%) underwent interval debulking

• 6 (2%) underwent second-look procedure

Notes Baseline characteristics were similar: stage IIIc (75.7% versus 76.5%) or stage IV (22.9% versus 24.3%);
mean age 63 years (NACT) versus 62 years (PDS); at least 6 cycles received by 276/322 (85.8%) of NACT
group and 253/310 (81.6%) of PDS group.

The number of women with metastases > 5 cm at the time of surgery in the NACT group was half that
of the PDS group (37.2% versus 74.5%) suggesting NACT-related tumour shrinkage. Optimal debulking
(80.6% versus 41.6%) and complete debulking were achieved more often in NACT group, but this did
not translate into improved survival, even though complete debulking was a prognostic indicator for
OS.

Median OS was 30 versus 29 months (NACT versus PDS) and median PFS was 12 months for both
groups.

Intervention effects on OS differed significantly between participating countries.

A per-protocol analysis of those who underwent surgery (322/334 in NACT arm and 310/336 in PDS arm)
was performed. However, 295 women in the NACT group underwent IDS and 315 women underwent
PDS. Data from the published supplementary data differed from those in Figure 2 of the published pa-
per. These data were from the supplementary data, although we noted that the percentages are calcu-
lated from the 295 and 315 denominators of women who actually had NACT/IDS and PDS, respective-
ly, rather than the per-protocol analysis, as the table suggested. After debulking surgery, 7 women as-
signed to NACT and 11 women assigned to PDS were subsequently found on final histology not to have
EOC.

QoL data reported in separate publication (Greimel and et al. 2013 see additional reference un-
der  Vergote 2010 )

Only 404 women included in QoL analysis. QoL was limited to data from institutions with the best com-
pliance. Over 50% baseline compliance rate and 35% at follow-up chosen as pragmatic cut-oB

Women in the QoL study subset differed from the entire population.

Only institutions with good QoL compliance were included in the QoL substudy.  The institutions with
good QoL compliance differed from those studies excluded from the QoL analysis and compared to in-
stitutions with poor QoL compliance had:

• better OS (median 32.30 versus 23.29 months; P = 0.0006);

• PFS (median 12.35 versus 9.92 months; P = 0.0002);

• 39.9% optimal debulking surgery compared to 19.9% in excluded institutions (P = 0.0011);

• more women with biopsy-proven EOC (90.3% versus 79.3%; P = 0.0050);

• more women with larger tumours (P = 0.0034);

• laparoscopy used more frequently (40.3% versus 21.4%) and FNA cytology used less frequently (36.1%
versus 56.0%) for biopsy in the selected centres (P = 0.0002);

• fewer women with unknown tumour grade (35.6% versus 48.5%; P = 0.0009);

• No differences were found in terms of age, WHO performance status and FIGO stage between institu-
tions.

Vergote 2010  (Continued)
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Quote: "No differences between the treatment arms in the QoL functioning or symptoms scales, except
for pain and dyspnoea. At baseline women treated with PDS had significantly higher pain scores (P =
0.046; PDS mean 36.7; NACT mean 29.9) and significantly lower dyspnoea scores (P = 0.049; PDS mean
22.9; NACT mean 27.9) compared to women treated with NACT. However, the difference was below 10
points indicating no clinically relevant difference."

We are very grateful to Professor Vergote for providing additional information for this study.
 

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation done centrally by computer-generated randomisation, but de-
tail of methods lacking in published data. Minimisation used to stratify for in-
stitution, biopsy method, tumour stage and largest preoperative tumour size.
QoL outcomes were based on a selected number of institutions selected for
their QoL data compliance.

Allocation concealment
(selection bias)

Unclear risk Central allocation but detail of methods lacking and data from 48 women from
Argentina were excluded after randomisation owing to "potential authorisa-
tion irregularities"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Unblinded, therefore high risk for some outcomes assessed by investigators
involved with patient care (e.g. optimal debulking)

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Unblinded study and no mention of central independent blinded assessment

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3/336 versus 5/334 lost to follow-up but substantial proportion were missing
for QoL outcome; overall outcomes were complete.

Selective reporting (re-
porting bias)

Unclear risk All prespecified outcomes reported. Analysis by ITT and per-protocol

However, QoL outcome was based on a selected number of institutions with
better QoL compliance.

While the trial authors offered justification for their approach, several differ-
ences were found when comparing the outcomes of the 404 selected women
(of which, only 212 were assessed in QoL domains) to the overall populations
of 670 women. Women from the selected institutions had significantly better
OS and PFS when compared to women treated in institutions which were ex-
cluded because of poor compliance rates.

Other bias Unclear risk 48 post-randomisation exclusions from the Argentinian centre owing to quote:
"authorisation irregularities" were indicated erroneously as pre-randomisa-
tion exclusions on the study-flow diagram. The investigators stated that "The
results of the study were similar whether the 48 patients....were included or
excluded".

Vergote 2010  (Continued)

BSO: bilateral salpingo oophorectomy
CEA: carcinoembryonic antigen
CT: computer tomography
EOC: epithelial ovarian cancer
FIGO: Federation of International Gynaecologists and Obstetricians
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FNA: fine needle aspiration; HR: hazard ratio; IDS: interval debulking surgery; ITT: intention to treat; IQR: interquartile range; MRI:
magnetic resonance imaging; NACT: neoadjuvant chemotherapy; OS: overall survival; PDS: primary debulking surgery; PFS: progression-
free survival; QoL: quality of life; RCT: randomised controlled trial; WHO: World Health Organization.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ansquer 2001 Retrospective study of 54 women with unresectable disease at primary laparotomy

Baekelandt 2003 Review article

Bertelsen 1990 RCT of chemotherapy (cisplatin versus cisplatin, cyclophosphamide, doxorubicin) no surgery ran-
domisation

Bidzinski 2005 Retrospective study

Bristow 2001 Meta-analysis of the impact of optimal debulking. no surgical randomisation in any trial included

Chambers 1990 Retrospective case series of 17 women

Chan 2003 Prospective case control series of 17 women

Chan 2017 Wrong intervention, participants randomised to either weekly with 3-weekly paclitaxel. No surgical
randomisation

Chi 2012 Wrong study design, retrospective review, no randomisation

Cole 2018 Wrong study design; economic analysis comparing treatment strategies but no randomisation

Colombo 2009 Not an RCT. Retrospective review of 203 women with stage IIIc/IV EOC; 142 received PDS and 61
received NACT. Overall median survival was 35 months. Concludes that PDS is management of
choice. NACT is indicated in non-operable tumours or in women with poor performance status

Cowan 2017 Editorial article, not an RCT

Da Costa 2014 Wrong study design, retrospective cohort.

Dai-yuan 2013 Wrong study design, meta-analysis

Daniele 2017 Wrong Intervention. Evalution of adding Bevacizumab to NACT prior to IDS. Not an RCT

Deval 2003 RCT of different chemotherapy regimens. No surgical randomisation. 102 women with stage IV
ovarian cancer. 53% primary surgery, 15% secondary surgery, 32% no surgery. No significant differ-
ences in survival

Dutta 2005 RCT, but comparing surgery after 3 or 6 cycles of chemotherapy, with no up-front surgery arm.
Small study (24 women). No details of how women were randomised. No assessment of survival
outcomes

ESGO 2013 Wrong study design, conference proceedings. No studies identified that had not already been
found.

Evdokimova 1982 RCT of NACT then surgery versus surgery then chemotherapy. Chemotherapy - alternating cycles
of cyclophosphamide/5-fluorouracil and cyclophosphamide hexamethylmelamine, therefore non-
platinum based. Survival advantage for up-front surgery
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Study Reason for exclusion

Everett 2006 Not an RCT. Retrospective study in which 200 women with advanced ovarian cancer received NACT
(98 women) or PDS (102 women). Optimal cytoreduction achieved more frequently in the NACT
group. Optimal cytoreduction was associated with better survival

Fagö-Olsen 2014 Wrong study design, prospective cohort

Fagotti 2018 Commentary in response to per protocol joint analysis of Kehoe 2015 and Vergote 2010 studies

Fanfani 2003 Retrospective case-control series of 73 women with unresectable disease receiving NACT com-
pared with 184 women with resectable disease undergoing conventional treatment

Feng 1998 Retrospective case series of 18 women with advanced ovarian cancer treated with NACT

Forde 2015 Wrong study design, cost analysis

Fujiwara 2013 Wrong study design, review article

Ghaemmaghami 2008 Not an RCT. Retrospective study of 92 women with advanced ovarian cancer. Compared 24 women
with unresectable disease and NACT/IDS with 68 women with PDS and chemotherapy. PDS was as-
sociated with longer survival. Extent of residual tumour associated with poorer prognosis

Giannopoulos 2006 Not an RCT. Prospective cohort study of 64 women with stage IIIc/IV ovarian cancer. 35 women
were considered unresectable and received NACT with IDS and 29 received PDS. Concluded that
there was less morbidity in the IDS group. Optimal cytoreduction higher in NACT group (NS)

Grosso 2013 Wrong intervention, no randomisation

Hanker 2010 Not an RCT. Exploratory meta-analysis on the impact of surgical debulking, using individual patient
data from 3 RCTs that investigated platinum/taxane-based regimens after primary surgery for ad-
vanced ovarian cancer. Concluded that the goal of 'optimal debulking' in PDS should be complete
resection

Hegazy 2005 Not an RCT. Prospective study of 59 women with advanced ovarian cancer who received NACT if op-
timal cytoreduction was not feasible (27 women) or PDS (32 women) if it was feasible

Hou 2007 Not an RCT. Retrospective study of 172 women with advanced ovarian cancer: 109 received PDS
and 63 received NACT. NACT was associated with less perioperative morbidity, more 'optimal cy-
toreduction' and less need for further aggressive surgery

Inciura 2006 Not an RCT. Retrospective study of 574 women; 213 received NACT and 361 received PDS. No signif-
icant differences in survival rates or 'optimal cytoreduction' rates

Iranian Society Reproductive
Medicine Conference

Wrong study design, conference proceedings no RCTs identified

Jacob 1991 Retrospective case-control series

Kayikcioglu 2000 Retrospective series of 189 women. No randomisation

Kayikcioglu 2001 Retrospective series of 205 women. No randomisation

Kehoe 2011 Wrong study design, recruitment to CHORUS trial poster

Kuhn 2001 Prospective NRS of 31 women treated with NACT vs 32 women with conventional treatment

Kumar 2015 Wrong study design, review article.
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Study Reason for exclusion

Lawton 1989 Prospective case series of 23 women with suboptimally debulked disease at primary surgery

Lee 2006 Not an RCT. Prospective study of 40 women with advanced EOC. Compared 18 women who re-
ceived NACT with 22 who received PDS. No significant survival differences between groups

Lee 2018 Wrong study design - non RCT - experience from a single cancer centre

Lim 1993 Non-randomised prospective case series of 30 women with untreated FIGO stage III and IV ovari-

an carcinoma given carboplatin (400 mg/m2) and ifosfamide (5 g/m2) with mesna. No surgical ran-
domisation

Liu 1995 Retrospective case series

Liu 2004 Randomised 85 women with advanced ovarian cancer to NACT plus ovarian artery embolisation or
PDS. 42 women received 1 cycle of neoadjuvant platinum-based chemotherapy (cisplatin, doxoru-
bicin and cyclophosphamide) directly into the ovarian artery, followed by ovarian artery embolisa-
tion. These women then had debulking surgery followed by 7 cycles of intravenous platinum-based
chemotherapy. The 43 women in the control arm underwent debulking surgery and then received
8 cycles of intravenous platinum-based chemotherapy. The results may have been attributable to
the chemotherapy, embolisation or the combination

Liu 2015 Wrong study design, retrospective cohort study

Liu 2017 Trial comparing intra-peritoneal chemotherapy timing rather than timing of surgery in relation to
chemotherapy administration.

Loizzi 2005 Retrospective case-control study of 30 women

Lotze 1987 RCT of intra-arterial chemotherapy, not surgery

Lyngstadaas 2005 Systematic review. No RCTs identified for NACT

Mackay 2011 Ongoing RCT of intravenous NACT versus intraperitoneal NACT (NCIC CTG OV.21 protocol)

Mahner 2006 Conference presentation of Polcher 2009

Mahner 2014 Review article

Makar 2016 Review article

Malzoni 1993 Case report

Mazzeo 2003 Retrospective case series of 45 women

Melamed 2018 Wrong study design: quasi-experimental fuzzy regression discontinuity design and cross-sectional
analysis.

Morice 2003 Retrospective study of 57 women with unresectable disease undergoing chemotherapy then
surgery with 28 women with resectable disease following surgery then chemotherapy

Negretti 1988 Retrospective case series of 27 women

Nick 2015 Wrong study design, case series

Oe 2011 Not an RCT but methods not clear. More details requested from authors

Neoadjuvant chemotherapy before surgery versus surgery followed by chemotherapy for initial treatment in advanced ovarian epithelial
cancer (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

57



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Onda 2009 Not an RCT. A cohort of 56 women with advanced mullerian tumours underwent a diagnostic la-
paroscopy, NACT and IDS. The aim of the study was to determine whether diagnostic laparoscopy
was necessary before NACT. Clinical diagnosis plus cytology/histology yielded a positive predictive
value > 95% for advanced mullerian tumours. Concluded that diagnostic laparoscopy not neces-
sary before giving NACT

Onnis 1996 Retrospective case series of 88 women with NACT then surgery

Polcher 2009 Phase II RCT comparing 2 NACT treatment schedules, namely 3/6 cycles (40 women) or 2/6 cycles
(43 women) of carboplatin/docetaxel followed by optimal debulking surgery. Primary outcome was
pre-operative reduction in ascites volume. Secondary outcomes were residual tumour, periopera-
tive morbidity and mortality. Concluded that 2 NACT cycles is a reasonable option. Any residual dis-
ease associated with survival rates

Poonawalla 2015 Non RCT - cost-effectiveness study comparing NACT and PDS in elderly patients

Prescott 2016 Wrong study design: retrospective study on effect of blood transfusion in Vergote 2010 study

Qin 2018 Systematic review of RCTS and observational studies

Querleu 2013 Wrong study design, letter

Rafii 2007 Not an RCT. Retrospective study on the benefit of debulking surgery in Stage IV ovarian cancer us-
ing data from GINECO randomised studies of platinum/taxane regimens

Rauh-Hain 2017 Wrong study design; population level comparison of OS outcomes of NACT versus PDS

Recchia 2001 Prospective non-randomised Phase II study of primary chemotherapy in 34 women with stage IV
ovarian cancer. No surgical randomisation

Redman 1994 RCT comparing IDS versus no further surgery in women suboptimally debulked at primary surgery

Robova 2003 Not an RCT. Treated 87 women with inoperable EOC with NACT. Conference abstract only

Rowland 2013 Wrong study design, cost analysis (abstract)

Rowland 2015 Wrong study design, cost analysis (paper)

Rutten 2012 Wrong intervention, randomisation to laparoscopy or not prior to PDS

Salzer 1990 Prospective non-randomised cohort study of different chemotherapy regimens and IDS

Sato 2014 Wrong study design, review

Sayyah-Melli 2013 Wrong study design, prospective cohort

Schorge 2014 Wrong study design, review

Schwartz 1994 Retrospective case-control study of 11 women treated with NACT followed by surgery

Schwartz 1999 Retrospective case-control study of 59 women treated with NACT followed by surgery. Included
long-term follow-up of 28 women from 2 other studies (Schwartz 1994 and Chambers 1990)

Shibata 2003 Retrospective, NRS
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Study Reason for exclusion

Shimizu 1993 Retrospective case series of 138 women with ovarian cancer. 77 women had conventional treat-
ment, 82 had exploratory laparotomy alone with 74 then receiving chemotherapy

Steed 2006 Not an RCT. Retrospective analysis of 116 women with advanced ovarian cancer who received
NACT (50 women) or primary surgery (66 women)

Sun 2000 Retrospective study. 95 women managed by traditional surgery-chemotherapy (76 women) or
chemotherapy-surgery-chemotherapy (17 women)

Surwit 1999 Retrospective case series of 39 women receiving NACT prior to surgery

Taskin 2013 Wrong study design, not randomised, retrospective cohort study.

Taylor 2015 Wrong study design, retrospective case series.

Tran 2018 Wrong study design: cost-effectiveness study comparing different treatment approaches

Trope 1997 RCT study of chemotherapy regimens. No randomisation arm for surgery

Ushijima 2002 Retrospective case-control study of 65 women with unresectable ovarian cancer treated with NACT
and surgery

Van der Burg 1995 RCT of IDS following suboptimal primary surgery (319 women)

Van Meurs 2013 Wrong study design, biomarker analysis

Varma 1990 Abstract of the later full Trial by Redman 1994, comparing secondary debulking surgery or
chemotherapy after all women had initially undergone primary debulking surgery

Vergote 1998 Retrospective longitudinal study of 285 women: 112 in first cohort all underwent surgery; of second
cohort (173 women) 43% received primary chemotherapy and 57% received PDS

Vergote 2000 Retrospective analysis of 338 women, including longer-term follow-up of those in Vergote 1998 pa-
per

Vergote 2018 Pooled analysis of individual patient data from the EORTC 55971(Vergote 2010) and Kehoe 2015 tri-
als. Data already included in review.

Vergote 2019 Pooled analysis of individual patient data from the EORTC 55971(Vergote 2010) and Kehoe 2015 tri-
als. Data already included in review.

Vrscaj 2002 Retrospective case-control study of 75 women with advanced ovarian cancer

Wenzel 2017 Wrong Intervention. RCT trialling a patient decision making tool around IV or IP chemotherapy ver-
sus standard care. No surgical randomisation.

Wright 2013 Wrong study design, retrospective study

Wu 2012 Wrong study design, retrospective study

Xiao 2018 Systematic review and meta-analysis

Yang 2017 Meta-analysis of perioperative outcomes

Zamagni 2014 Wrong study design, comparison of 3 versus 6 cycles of chemotherapy
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Study Reason for exclusion

Zeng 2016 Wrong study design, systematic review of surgery in primary treatment of ovarian cancer

EOC: epithelial ovarian cancer; FIGO: Federation of International Gynaecologists and Obstetricians; GINECO: Group d'Investigateurs
Nationaux pour l'Etude des Cancers Ovariens; IDS: interval debulking surgery; NACT: neoadjuvant chemotherapy; NCIC CTG: NCIC Clinical
Trial Group; NRS: non-randomised study; NS: not significant; PDS: primary debulking surgery; RCT: randomised controlled trial
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods To investigate the role and significance of neoadjuvant chemotherapy in advanced ovarian cancer.

Participants 128 patients clinically diagnosed with stage IIC-IV advanced epithelial ovarian cancer (EOC)

Interventions Neoadjuvant chemotherapy (NACT) combined with interval cytoreductive surgery (ICS) group
(n=66) and primary cytoreductive surgery (PCS) group (n=62). Chemotherapy in the PCS group was
administered after cytoreductive surgery.

Outcomes Progression-free survival (PFS) and overall survival (OS)

Secondary outcomes include operative time, bleeding, optimal debulking surgery, rate of clinical
remission.

Longer operating time in PDS group (mean 275.94mins +/- 70.84) versus NACT (mean 215.65mins
+/- 68.48) P < 0.05.

Higher blood loss in PDS group (mean 794.94mls +/- 250.16) versus NACT (mean 467.84mls
+/-220.14) P < 0.05.

Lower optimal debulking rate in PDS group (38.7%) versus NACT (60.6%) P < 0.05.

Mean follow up time 61.3 months.

28 deaths in NACT group (42.4%) and 32 deaths in PDS group (51.6%) not significantly different.

Mean PFS NACT 18.5 months versus 17.9 PDS not significantly different.

Mean OS NACT 47.5 months versus 46.3 months PDS not significantly different.

Notes Study describes itself as a retrospective cross sectional study although women were 'randomised'
into NACT or PCS groups. Author contacted for clarification of study design and further data.

Jiang 2018 

EOC: epithelial ovarian cancer; ICS:  interval cytoreductive surgery; IDS: interval debulking surgery; NACT: neoadjuvant chemotherapy; NCIC
CTG: NCIC Clinical Trial Group; NRS: non-randomised study; NS: not significant; OS: overall survival; PCS: primary cytoreductive surgery;
PDS: primary debulking surgery; PFS; Progression-free survival; RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Kumar

Methods RCT; open-label

Participants 180 women

Included if: age 20 to 65 years; EOC stage IIIc & IV (pleural effusion only); ECOG PS 0-2; cytol-
ogy/biopsy-positive women; good compliance; previously untreated women

Kumar 2009 
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Excluded if: any medical contraindication to surgery; psychiatric illness; cardiac, liver or renal dys-
function

Interventions Upfront surgery followed by 6 cycles of paclitaxel + carboplatin (chemotherapy) (arm A) or upfront
chemotherapy - 3 cycles chemotherapy followed by surgery then 3 more cycles of chemotherapy

Outcomes Optimal debulking rate (≤ 1 cm), OS, PFS, clinical CR, QoL, operating time, blood loss, stay in ICU,
duration of hospital stay, infections, chemo-toxicity

Starting date  

Contact information lalitaiims@yahoo.com

Notes Clinical Trials Register: NCT00715286

Interim results presented at 2007 ASCO meeting: 113/139 women evaluable, 20% optimally de-
bulked in PDS group versus 85% in the NACT group. NACT group also experienced less blood loss (P
= 0.01), shorter hospital stay (P = 0.04), less postoperative infection (2 cases versus 7 cases; P = 0.06)
and less operative mortality (1 deaths versus 5 deaths; P = 0.08). Median OS was 29 months in PDS
group versus 41 months in NACT group.

Interim results presented in Kumar 2009: 128/133 women evaluable, 62 in PDS group, 66 in NACT
group. Optimum debulking was achieved in 22.6% and 86.2% (P < 0.0001), respectively. The NACT
group experienced less blood loss (413 mL versus 600 mL; P < 0.0001), reduced postoperative infec-
tions (1.54% versus 14.5%; P < 0.025), reduced operating time (75.4 minutes versus 89.2 minutes;
P < 0.001) and shorter hospital stay (7.6 days versus 11.5 days; P < 0.001). Median follow-up at 42
months found similar OS of 42 months and 41 months in the PDS and NACT group, respectively (the
2007 results presented showed significantly better OS in the NACT group). HR for OS (PDS versus
NACT) was 0.94; 95% CI 0.56 to 1.56. HR for PFS (PDS versus NACT) was 1.1; 95% CI 0.71 to 1.86. QoL
score was significantly better in the NACT group 'at the end of treatment' (P < 0.001)

There are some discrepancies in these data when compared with the 2007 interim results (e.g. OS
data). Furthermore, the denominators used to create these data were not stated in Kumar 2009,
and continuous data were presented without standard deviations. The authors stated that com-
plete results will be published soon.

Kumar 2009  (Continued)

 
 

Study name Role of neoadjuvant chemotherapy in advanced ovarian cancer: TRUST-trial of radical upfront sur-
gical therapy in advanced ovarian cancer (ENGOT ov33 / AGO-OVAR OP7)

Methods Multi-centre international randomised controlled trial comparing primary debulking surgery (max-
imally debulked - complete gross resection) followed by 6 cycles of chemotherapy (control arm)
with 3 cycles of neoadjuvant chemotherapy followed by interval debulking surgery (maximally de-
bulked - complete gross resection) and another 3 cycles of chemotherapy (experimental arm).

There are 3 parts to the trial the first 2 parts were conducted in Germany alone. The 3rd part is the
multi-centre international trial including centres in the UK (1), USA (1), France (3), Germany (8), Italy
(3), Denmark (1), Austria (1) and Sweden (2). All are actively recruiting at present except Austria.

The trial aims to recruit 686 participants

Participants Suspected or histologically-confirmed, newly diagnosed invasive epithelial ovarian cancer FIGO
stage IIIB-IV (IV only if resectable metastasis)
Females aged ≥ 18 years
Women who have given their written informed consent
Good performance status (ECOG 0/1)
Good ASA score (1/2)

Mahner 2017 
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Preoperative CA 125/CEA ratio ≥ 25 (if CA-125 is elevated)*
If < 25 and/or biopsy with non-serous, non-endometrioid histology, esophago-gastro-duo-
denoscopy (EGD) and colonoscopy mandatory to exclude gastrointestinal primary cancer
Assessment of an experienced surgeon, that is based on all available information, the women can
undergo the procedure and the tumour can potentially be completely resected
Adequate bone marrow function: Absolute neutrophil count (ANC) ≥ 1.5 x 109/L. This ANC cannot
have been induced or supported by granulocyte colony stimulating factors.
Platelet count ≥ 100 x 109/L.
Renal function: Serum-Creatinine ≤ 1.5 x institutional upper limit normal (ULN).
Hepatic function:
Bilirubin ≤ 1.5 x ULN.
SGOT ≤ 3 x ULN
Alkaline phosphatase ≤ 2.5 x ULN.
Neurologic function: Neuropathy (sensory and motor) less than or equal to CTCAE Grade 1

Interventions Primary debulking surgery followed by 6 cycles of chemotherapy (control arm) or 3 cycles of
neoadjuvant chemotherapy followed by interval debulking surgery and a further 3 cycles of
chemotherapy (experimental arm)

Outcomes Primary outcome measure is OS

(Women will be followed up for a minimum of 5 years after registration/randomisation or until
death)

Secondary outcome measures are:

Progression-free survival (PFS)

(Women will be followed up for a minimum of 5 years after registration/randomisation or until
death)

Progression-free survival time is calculated from the date of randomisation until the date of first
progressive disease or death, whichever occurs first or date of last contact (censored observation).
Progressive disease is defined as clinical or imaging-detected tumour progression or death in cases
without prior documented tumour progression.
Progression-free survival 2 (PFS2)

(Women will be followed up for a minimum of 5 years after registration/randomisation or until
death)
PFS2 time is calculated from the date of randomisation until the date of second progressive dis-
ease or death, whichever occurs first or date of last contact (censored observation).
Time to first subsequent anticancer therapy or death (TFST)

(Time Frame: Women will be followed up for a minimum of 5 years after registration/randomisation
or until death)
Time to first subsequent anticancer therapy is calculated from the date of randomisation until the
starting date of the first subsequent anticancer therapy or death, whichever occurs first or date of
last contact (censored observation). Maintenance treatments following a cytostatic treatment are
not considered separate treatment lines.
Time to second subsequent anticancer therapy or death (TSST)

(Time frame: Women will be followed up for a minimum of 5 years after registration/randomisation
or until death)
Time to second subsequent anticancer therapy is calculated from the date of randomisation until
the starting date of the second subsequent anticancer therapy or death, whichever occurs first or
date of last contact (censored observation). Maintenance treatments following a cytostatic treat-
ment are not considered separate treatment lines.
QoL

(Time frame: women will be followed up for a minimum of 5 years after registration/randomisation
or until death)
QoL as measured by EORTC QLQ-C30 (Version 3), EORTC QLQ-OV28, EQ-5D-3L

Mahner 2017  (Continued)
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Documentation of surgical complications

(Time frame: women will be followed up for 1 year after surgery or until death)
Assessment of safety: documentation of surgical complications 28 days after surgery and 1 year af-
ter surgery.

Starting date Recruitment commenced in July 2016 and is expected to close in April 2023.

Contact information office-wiesbaden@ago-ovar.de

Notes  

Mahner 2017  (Continued)

 
 

Study name NCT04257786

Methods Randomised open label study

Participants 80 participants. Females aged

18 years to 80 years

with advanced epithelial ovarian cancer. Stage 2D or more

; Performance status (PS) according to Eastern Cooperative Oncology Group (ECOG) ≤ 2

No contra-indication

to bevacizumab.

Interventions Primary surgery then chemotherapy versus

Neoadjuvant chemotherapy (NACT) followed by surgery

Outcomes Primary outcome:

Percentage of patient where complete resection of the tumour can be achieved

Starting date 1/3/2020

Contact information Ali Hussien Ali Sayed, Specialist, Assiut University, Egypt

Notes  

NCT04257786 

 
 

Study name FOCUS (NCT04515602)

Methods Randomised phase III open label multicenter study

Participants 410 female participants with

pathologically confirmed stage IIIC and IV epithelial ovarian cancer, fallopian tube cancer or prima-
ry peritoneal carcinoma;

Part 1

NCT04515602 
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• Females aged ≥ 18 years and cPCI score ≤ 8;

• Performance status (ECOG 0-2);

• Good ASA (1/2);

• Adequate bone marrow, renal and hepatic function to receive chemotherapy and subsequent
surgery.

Part 2

• Females aged ≥ 18 years, and < 70 years with cPCI score ≥ 10;

• For FIGO IVB patients, abdominal lesions should be confined to one lobe of liver parenchyma
metastasis or splenic metastasis. All extra-abdominal metastases should be resectable, such as
inguinal lymph nodes, solitary supraclavicular, retrocrural or paracardial nodes;

• Good performance status (ECOG 0-1);

• Good ASA score (1/2);

• Adequate bone marrow, renal and hepatic function to receive chemotherapy and subsequent
surgery

Interventions Part 1, Arm I

(low/medium tumour burden)

PDS: Primary debulking surgery with a maximum cytoreduction, then followed by 6 cycles of Pacli-

taxel 175mg/m2 or Docetaxel 60-75 mg/m2 plus Carboplatin AUC (area under the curve) 5.

For patients with gBRCA/sBRCA mutation and CR/PR after first-line chemotherapy, maintenance
therapy of PARP inhibitors.

Part 1 Arm II (low/medium tumour burden)

NACT:

3 cycles of Paclitaxel 175mg/m2 or Docetaxel 60-75 mg/m2 plus Carboplatin AUC (area under the
curve) 5, Interval debulking surgery with a maximal cytoreduction of complete gross resection,
then followed by another 3 cycles of chemotherapy.

For patients with gBRCA/sBRCA mutation and CR/PR after first-line chemotherapy, maintenance
therapy of PARP inhibitors.

Part 2 Arm I (high tumour burden)

PDS:

Primary debulking surgery with a maximum cytoreduction, then followed by 6 cycles of Paclitaxel

175mg/m2 or Docetaxel 60-75 mg/m2 plus Carboplatin AUC (area under the curve) 5.

For patients with gBRCA/sBRCA mutation and CR/PR after first-line chemotherapy, maintenance
therapy of PARP inhibitors.

Part 2 Arm II (high tumour burden)

NACT:

3 cycles of Paclitaxel 175mg/m2 or Docetaxel 60-75 mg/m2 plus Carboplatin AUC (area under the
curve) 5, Interval debulking surgery with a maximal cytoreduction of complete gross resection,
then followed by another 3 cycles of chemotherapy.

For patients with gBRCA/sBRCA mutation and CR/PR after first-line chemotherapy, maintenance
therapy of PARP inhibitors.

Outcomes Primary:

• Overall survival

NCT04515602  (Continued)
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Secondary:

• Progression-free survival;

• Postoperative complications evaluated at 30-day, 60-day, 90-day after upfront cytoreductive
surgery or interval debulking surgery;

• Quality of life (Qol) as measured by QOQ-C30;

• Quality of life (Qol) as measured by FACT-O;

• The overall survival time minus the total treatment time of surgery and chemotherapy after ran-
domisation, regardless of the targeted therapy;

• Time to first subsequent anticancer therapy;

• Time to secondary subsequent anticancer therapy;

• Progression-free survival 2.

Starting date estimated start date January 2021

Contact information Lina Shen (shen.lina@zs-hospital.sh.cn); Tingyu Luan (luan.yuting@zs-hospital.sh.cn)

Notes Sponsors and Collaborators:

Shanghai Gynecologic Oncology Group, Obstetrics & Gynecology Hospital of Fudan University, Xin-
hua Hospital, Shanghai Jiao Tong University School of Medicine Shanghai First Maternity and In-
fant Hospital

Estimated completion date January 2028.

NCT04515602  (Continued)

 
 

Study name Study of upfront surgery versus neoadjuvant chemotherapy in patients with advanced ovarian can-
cer (SUNNY) in China and Korea

Methods To compare the efficacy and safety in women with FIGO (2014) stage IIIC or IV epithelial ovarian
cancer, fallopian tube cancer, or peritoneal carcinoma treated with neoadjuvant chemotherapy
followed by interval debulking surgery versus upfront surgery.
A randomised phase III multi-centre study

Participants A total of 456 women will be accrued for this study within 5 years.

Inclusion criteria

• Age ≥ 18 years.

• Pathologic confirmed stage IIIC and IV epithelial ovarian cancer, fallopian tube cancer or primary
peritoneal carcinoma (diagnosis by biopsy or fine needle aspiration*). Laparoscopic biopsy with
pictures is recommended.

* If fine needle aspiration showing an adenocarcinoma, women should satisfy the following condi-
tions: a. the patient has a pelvic mass, and b. omental cake or other metastasis larger than 2 cm in
the upper abdomen, or pathologic confirmed extra-abdominal metastasis, and c. serum CA-125/
CEA ratio>25. If serum CA-125/CEA ratio<25 or malignancies of other origins, such as breasts and
digestive tract, are suspected from symptoms, physical examinations or imaging diagnosis, en-
doscopy or ultrasonography should be done to exclusive metastasis ovarian cancer.

• ECOG performance status of 0 to 2

• ASA score of 1 to 2

• Adequate bone marrow, liver and renal function to receive chemotherapy and subsequently to
undergo surgery

• White blood cells >3,000/µL, absolute neutrophil count ≥1,500/µL, platelets ≥100,000/µL, haemo-
globin ≥9 g/dL

SUNNY 
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• Serum creatinine <1.25 x upper limit of normal (ULN) or creatinine clearance ≥60 mL/min accord-
ing to Cockroft-Gault formula or to local lab measurement

• Serum bilirubin <1.25 x ULN, AST(SGOT) and ALT(SGPT) < 2.5 x ULN

• Comply with the study protocol and follow-up

• Written informed consent

Exclusion Criteria

• Women with non-epithelial tumours as well as borderline tumours

• Mucinous ovarian cancer

• Low-grade ovarian cancer

• Synchronous or metachronous (within 5 years) malignancy other than carcinoma in situ

• Any other concurrent medical conditions contraindicating surgery or chemotherapy that could
compromise the adherence to the protocol

• Other conditions, such as religious, psychological and other factors, that could interfere with pro-
vision of informed consent, compliance to study procedures, or follow-up

Interventions Women will receive upfront maximal cytoreductive surgery followed by at least 6 cycles of adjuvant
chemotherapy or 3 cycles of neoadjuvant chemotherapy followed by interval debulking surgery,
and then at least 3 cycles of adjuvant chemotherapy.
Women are followed every 3 months within the first 5 years, and then every 6 months.

Outcomes Primary outcome measure

• OS

Secondary outcome measures

• PFS

• Postoperative complications - the surgical complications will be evaluated at 30-day after upfront
cytoreductive surgery or interval debulking surgery

• QoL assessments using QOQ-C30 questionnaire

Starting date December 2015

Contact information Rong Jiang, MD - jiang.rong@zs-hospital.sh.cn
Yuting Luan, RN - yutingluan@163.com

Notes Estimated study completion date December 2022

SUNNY  (Continued)

ALT: alanine aminotransferase; ASCO: American Society of Clinical Oncology; ASA; American Society of Anesthesiology; AST: aspartate
aminotransferase; AUC: area under the curve; BRCA:  Breast cancer susceptibility protein (g = germline; s = somatic); CI: confidence interval;
cPCI: clinical peritoneal cancer index; CR: complete response; ECOG PS: Eastern Cooperative Oncology Group Performance Scale; EOC:
epithelial ovarian carcinoma; HR: hazard ratio; ICU: intensive care unit; NACT: neoadjuvant chemotherapy; OS: overall survival; PDS:
primary debulking surgery; PFS: progression-free survival; QoL: quality of life; PR: partial regression; RCT: randomised controlled trial; ULN:
upper limit of normal.
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Comparison 1.   NACT vs PDS

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Overall survival 4 1692 Hazard Ratio (IV, Random, 95% CI) 0.96 [0.86, 1.08]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Overall survival by age 3 1391 Hazard Ratio (IV, Random, 95% CI) 0.94 [0.83, 1.06]

1.2.1 Age < 50 years 2 129 Hazard Ratio (IV, Random, 95% CI) 1.12 [0.64, 1.96]

1.2.2 Age <60 years 1 157 Hazard Ratio (IV, Random, 95% CI) 0.71 [0.50, 1.01]

1.2.3 Age 50-60 years 1 57 Hazard Ratio (IV, Random, 95% CI) 1.17 [0.59, 2.29]

1.2.4 Age 50-70 years 1 439 Hazard Ratio (IV, Random, 95% CI) 0.96 [0.77, 1.19]

1.2.5 Age 60-70 years 2 271 Hazard Ratio (IV, Random, 95% CI) 0.93 [0.71, 1.22]

1.2.6 Age > 70 years 3 338 Hazard Ratio (IV, Random, 95% CI) 0.99 [0.78, 1.25]

1.3 Overall survival by
residual disease

2 1173 Hazard Ratio (IV, Random, 95% CI) 0.93 [0.79, 1.11]

1.3.1 Residual disease up
to 0.5cm

2 334 Hazard Ratio (IV, Random, 95% CI) 1.12 [0.58, 2.13]

1.3.2 0.5cm > Residual dis-
ease ≤ 1cm

2 399 Hazard Ratio (IV, Random, 95% CI) 0.86 [0.69, 1.08]

1.3.3 Residual tumour > 1
cm

1 172 Hazard Ratio (IV, Random, 95% CI) 0.89 [0.64, 1.24]

1.3.4 Residual disease
1-2cm

1 218 Hazard Ratio (IV, Random, 95% CI) 0.82 [0.61, 1.10]

1.3.5 Residual disease
>2cm

1 50 Hazard Ratio (IV, Random, 95% CI) 1.08 [0.59, 1.99]

1.4 Overall survival by
stage

3 1519 Hazard Ratio (IV, Random, 95% CI) 0.95 [0.84, 1.08]

1.4.1 Stage 3 3 1128 Hazard Ratio (IV, Random, 95% CI) 0.98 [0.85, 1.14]

1.4.2 Stage 4 3 391 Hazard Ratio (IV, Random, 95% CI) 0.88 [0.69, 1.14]

1.5 Progression-free sur-
vival

4 1692 Hazard Ratio (IV, Random, 95% CI) 0.98 [0.88, 1.08]

1.6 Surgically-related se-
vere adverse effects (grade
3+)

5   Risk Ratio (IV, Random, 95% CI) Subtotals only

1.6.1 Haemorrhage 3 1264 Risk Ratio (IV, Random, 95% CI) 0.93 [0.50, 1.74]

1.6.2 Need for blood trans-
fusion

4 1085 Risk Ratio (IV, Random, 95% CI) 0.80 [0.65, 0.99]

1.6.3 Venous thromboem-
bolism

4 1490 Risk Ratio (IV, Random, 95% CI) 0.28 [0.09, 0.90]

1.6.4 Infection 4 1490 Risk Ratio (IV, Random, 95% CI) 0.30 [0.16, 0.56]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.6.5 Gastrointestinal fis-
tula

4 1541 Risk Ratio (IV, Random, 95% CI) 0.30 [0.09, 0.97]

1.6.6 Urinary/vaginal fistu-
la

2 1106 Risk Ratio (IV, Random, 95% CI) 1.06 [0.15, 7.49]

1.6.7 Nausea 2 577 Risk Ratio (IV, Random, 95% CI) 0.42 [0.02, 8.23]

1.6.8 Vomiting 2 577 Risk Ratio (IV, Random, 95% CI) 0.41 [0.03, 6.03]

1.6.9 Diarrhoea 1 474 Risk Ratio (IV, Random, 95% CI) 0.58 [0.11, 3.15]

1.6.10 Neutropenia 1 103 Risk Ratio (IV, Random, 95% CI) 1.15 [0.48, 2.74]

1.6.11 Neutrotoxicity 1 103 Risk Ratio (IV, Random, 95% CI) 1.02 [0.15, 6.97]

1.6.12 Thrombocytopenia 1 103 Risk Ratio (IV, Random, 95% CI) 5.10 [0.25, 103.61]

1.6.13 Febrile neutropenia 1 103 Risk Ratio (IV, Random, 95% CI) 3.06 [0.13, 73.36]

1.6.14 Renal toxicity 1 103 Risk Ratio (IV, Random, 95% CI) Not estimable

1.6.15 Stoma formation 2 632 Risk Ratio (IV, Random, 95% CI) 0.29 [0.12, 0.74]

1.6.16 Bowel resection 4 1565 Risk Ratio (IV, Random, 95% CI) 0.49 [0.30, 0.79]

1.6.17 Splenectomy 3 1067 Risk Ratio (IV, Random, 95% CI) 0.31 [0.08, 1.12]

1.6.18 Post- operative G3+
events

2 435 Risk Ratio (IV, Random, 95% CI) 0.22 [0.13, 0.38]

1.7 Postoperative mortali-
ty

5 1623 Risk Ratio (IV, Random, 95% CI) 0.16 [0.06, 0.46]

1.8 Chemotherapy-related
SAEs (G3+)

2 768 Odds Ratio (IV, Random, 95% CI) 0.88 [0.57, 1.36]

1.9 EORTC QLQ-C30 QoL at
6 months

3   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.9.1 Global health 3 524 Mean Difference (IV, Random, 95%
CI)

-0.29 [-2.77, 2.20]

1.9.2 Fatigue 2 307 Mean Difference (IV, Random, 95%
CI)

-0.55 [-6.02, 4.93]

1.9.3 Nausea 2 307 Mean Difference (IV, Random, 95%
CI)

2.12 [-0.36, 4.61]

1.9.4 Pain 2 307 Mean Difference (IV, Random, 95%
CI)

0.35 [-7.41, 8.12]

1.9.5 Constipation 2 307 Mean Difference (IV, Random, 95%
CI)

-2.17 [-7.24, 2.89]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.9.6 Insomnia 2 307 Mean Difference (IV, Random, 95%
CI)

0.30 [-0.86, 1.47]

1.9.7 Apetite loss 2 307 Mean Difference (IV, Random, 95%
CI)

0.47 [-0.31, 1.24]

1.9.8 Dyspneoa 2 307 Mean Difference (IV, Random, 95%
CI)

2.47 [-3.42, 8.36]

1.9.9 Diarrhoea 2 307 Mean Difference (IV, Random, 95%
CI)

-0.77 [-12.69, 11.15]

1.9.10 Financial difficulties 2 307 Mean Difference (IV, Random, 95%
CI)

2.46 [-5.33, 10.25]

1.10 EORTC QLQ-C30 QoL
at 12 months

2   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.1 Global health 2   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.2 Fatigue 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.3 Nausea 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.4 Pain 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.5 Dyspneoa 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.6 Insomnia 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.7 Apetite loss 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.8 Constipation 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.9 Diarrhoea 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.10.10 Financial difficul-
ties

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected
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Analysis 1.1.   Comparison 1: NACT vs PDS, Outcome 1: Overall survival

Study or Subgroup

Vergote 2010 (1)
Kehoe 2015
Onda 2016
Fagotti 2016

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.09, df = 3 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

-0.0202
-0.1393

0.05
0.11

SE

0.09
0.0966

0.14
0.199

Favours NACT
Total

334
274
152
87

847

PDS
Total

336
276
149
84

845

Weight

40.2%
34.9%
16.6%
8.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

0.98 [0.82 , 1.17]
0.87 [0.72 , 1.05]
1.05 [0.80 , 1.38]
1.12 [0.76 , 1.65]

0.96 [0.86 , 1.08]

Hazard Ratio
IV, Random, 95% CI

0.7 0.85 1 1.2 1.5
Favours NACT Favours PDS

Footnotes
(1) We have applied 95% CIs (investigators reported 90% CIs).
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Analysis 1.2.   Comparison 1: NACT vs PDS, Outcome 2: Overall survival by age

Study or Subgroup

1.2.1 Age < 50 years
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 1.39, df = 1 (P = 0.24); I² = 28%
Test for overall effect: Z = 0.41 (P = 0.68)

1.2.2 Age <60 years
Kehoe 2015
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.91 (P = 0.06)

1.2.3 Age 50-60 years
Fagotti 2016
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.44 (P = 0.66)

1.2.4 Age 50-70 years
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)

1.2.5 Age 60-70 years
Fagotti 2016
Kehoe 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.12, df = 1 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

1.2.6 Age > 70 years
Fagotti 2016
Kehoe 2015
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 2 (P = 0.83); I² = 0%
Test for overall effect: Z = 0.11 (P = 0.91)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.32, df = 9 (P = 0.81); I² = 0%
Test for overall effect: Z = 0.98 (P = 0.33)
Test for subgroup differences: Chi² = 3.45, df = 5 (P = 0.63), I² = 0%

log[Hazard Ratio]

0.506
-0.09

-0.3425

0.1528

-0.04

-0.181
-0.0513

0.24
-0.0726

0.05

SE

0.428
0.27

0.1789

0.345

0.11

0.344
0.154

0.697
0.161

0.19

NACT
Total

23
47
70

75
75

23
23

210
210

33
116
149

8
83
77

168

695

PDS
Total

22
37
59

82
82

34
34

229
229

23
99

122

5
95
70

170

696

Weight

2.1%
5.3%
7.4%

12.0%
12.0%

3.2%
3.2%

31.7%
31.7%

3.2%
16.2%
19.4%

0.8%
14.8%
10.6%
26.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.66 [0.72 , 3.84]
0.91 [0.54 , 1.55]
1.12 [0.64 , 1.96]

0.71 [0.50 , 1.01]
0.71 [0.50 , 1.01]

1.17 [0.59 , 2.29]
1.17 [0.59 , 2.29]

0.96 [0.77 , 1.19]
0.96 [0.77 , 1.19]

0.83 [0.43 , 1.64]
0.95 [0.70 , 1.28]
0.93 [0.71 , 1.22]

1.27 [0.32 , 4.98]
0.93 [0.68 , 1.28]
1.05 [0.72 , 1.53]
0.99 [0.78 , 1.25]

0.94 [0.83 , 1.06]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours NACT Favours PDS
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Analysis 1.3.   Comparison 1: NACT vs PDS, Outcome 3: Overall survival by residual disease

Study or Subgroup

1.3.1 Residual disease up to 0.5cm
Kehoe 2015
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.18; Chi² = 6.03, df = 1 (P = 0.01); I² = 83%
Test for overall effect: Z = 0.33 (P = 0.74)

1.3.2 0.5cm > Residual disease ≤ 1cm
Kehoe 2015
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.18, df = 1 (P = 0.67); I² = 0%
Test for overall effect: Z = 1.31 (P = 0.19)

1.3.3 Residual tumour > 1 cm
Kehoe 2015
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.71 (P = 0.48)

1.3.4 Residual disease 1-2cm
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.33 (P = 0.18)

1.3.5 Residual disease >2cm
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 9.56, df = 6 (P = 0.14); I² = 37%
Test for overall effect: Z = 0.81 (P = 0.42)
Test for subgroup differences: Chi² = 1.24, df = 4 (P = 0.87), I² = 0%

log[Hazard Ratio]

-0.22
0.44

-0.11
-0.21

-0.12

-0.2

0.08

SE

0.19
0.19

0.15
0.18

0.17

0.15

0.31

NACT
Total

73
95

168

110
88

198

86
86

113
113

24
24

589

PDS
Total

72
94

166

111
90

201

86
86

105
105

26
26

584

Weight

13.6%
13.6%
27.2%

18.0%
14.6%
32.6%

15.6%
15.6%

18.0%
18.0%

6.5%
6.5%

100.0%

Hazard Ratio
IV, Random, 95% CI

0.80 [0.55 , 1.16]
1.55 [1.07 , 2.25]
1.12 [0.58 , 2.13]

0.90 [0.67 , 1.20]
0.81 [0.57 , 1.15]
0.86 [0.69 , 1.08]

0.89 [0.64 , 1.24]
0.89 [0.64 , 1.24]

0.82 [0.61 , 1.10]
0.82 [0.61 , 1.10]

1.08 [0.59 , 1.99]
1.08 [0.59 , 1.99]

0.93 [0.79 , 1.11]

Hazard Ratio
IV, Random, 95% CI

0.5 0.7 1 1.5 2
Favours NACT Favours PDS
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Analysis 1.4.   Comparison 1: NACT vs PDS, Outcome 4: Overall survival by stage

Study or Subgroup

1.4.1 Stage 3
Kehoe 2015
Onda 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.39, df = 2 (P = 0.30); I² = 16%
Test for overall effect: Z = 0.25 (P = 0.80)

1.4.2 Stage 4
Kehoe 2015
Onda 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 2.65, df = 2 (P = 0.27); I² = 25%
Test for overall effect: Z = 0.94 (P = 0.35)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.77, df = 5 (P = 0.33); I² = 13%
Test for overall effect: Z = 0.80 (P = 0.42)
Test for subgroup differences: Chi² = 0.48, df = 1 (P = 0.49), I² = 0%

log[Hazard Ratio]

-0.150823
0.04
0.07

-0.094311
0.14

-0.33

SE

0.109
0.16

0.1

0.1836
0.23
0.18

NACT
Total

206
105
253
564

68
47
81

196

760

PDS
Total

206
100
258
564

70
49
76

195

759

Weight

26.5%
13.9%
30.3%
70.7%

10.9%
7.2%

11.3%
29.3%

100.0%

Hazard Ratio
IV, Random, 95% CI

0.86 [0.69 , 1.06]
1.04 [0.76 , 1.42]
1.07 [0.88 , 1.30]
0.98 [0.85 , 1.14]

0.91 [0.63 , 1.30]
1.15 [0.73 , 1.81]
0.72 [0.51 , 1.02]
0.88 [0.69 , 1.14]

0.95 [0.84 , 1.08]

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours NACT Favours PDS

 
 

Analysis 1.5.   Comparison 1: NACT vs PDS, Outcome 5: Progression-free survival

Study or Subgroup

Vergote 2010 (1)
Kehoe 2015 (2)
Fagotti 2016
Onda 2016

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.93, df = 3 (P = 0.82); I² = 0%
Test for overall effect: Z = 0.49 (P = 0.62)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.01
-0.09
0.05

-0.04

SE

0.079
0.092

0.16
0.128

NACT
Total

334
274

87
152

847

PDS
Total

336
276

84
149

845

Weight

42.3%
31.2%
10.3%
16.1%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.01 [0.87 , 1.18]
0.91 [0.76 , 1.09]
1.05 [0.77 , 1.44]
0.96 [0.75 , 1.23]

0.98 [0.88 , 1.08]

Hazard Ratio
IV, Random, 95% CI

0.7 0.85 1 1.2 1.5
Favours NACT Favours PDS

Footnotes
(1) We have applied 95% CIs (Investigators used 90% CIs)
(2) 0.09
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Analysis 1.6.   Comparison 1: NACT vs PDS, Outcome 6: Surgically-related severe adverse e;ects (grade 3+)

Study or Subgroup

1.6.1 Haemorrhage
Vergote 2010 (1)
Kehoe 2015
Fagotti 2016 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.20; Chi² = 6.39, df = 2 (P = 0.04); I² = 69%
Test for overall effect: Z = 0.21 (P = 0.83)

1.6.2 Need for blood transfusion
Vergote 2010
Chekman 2015
Fagotti 2016
Onda 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 6.03, df = 3 (P = 0.11); I² = 50%
Test for overall effect: Z = 2.07 (P = 0.04)

1.6.3 Venous thromboembolism
Vergote 2010
Kehoe 2015
Fagotti 2016
Onda 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.25; Chi² = 3.53, df = 3 (P = 0.32); I² = 15%
Test for overall effect: Z = 2.14 (P = 0.03)

1.6.4 Infection
Vergote 2010
Kehoe 2015
Fagotti 2016
Onda 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.77, df = 3 (P = 0.43); I² = 0%
Test for overall effect: Z = 3.75 (P = 0.0002)

1.6.5 Gastrointestinal fistula
Vergote 2010
Kehoe 2015
Onda 2016
Fagotti 2016 (3)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.83, df = 3 (P = 0.84); I² = 0%
Test for overall effect: Z = 2.01 (P = 0.04)

1.6.6 Urinary/vaginal fistula
Vergote 2010
Kehoe 2015

NACT
Events

12
14
34

60

155
9
5

79

248

0
0
0
4

4

5
6
0
1

12

1
1
0
1

3

1
1

Total

322
219
74

615

289
41
52

150
532

322
219
52

130
723

322
219
52

130
723

322
219
130
74

745

322
219

PDS
Events

23
8

42

73

181
15
15
98

309

8
5
3
7

23

25
16
4
1

46

3
2
5
4

14

1
1

Total

310
255
84

649

310
41
55

147
553

310
255
55

147
767

310
255
55

147
767

310
255
147
84

796

310
255

Weight

31.0%
25.6%
43.4%

100.0%

47.0%
7.9%
4.7%

40.4%
100.0%

15.0%
14.6%
14.1%
56.3%

100.0%

43.8%
46.4%
4.7%
5.2%

100.0%

27.9%
24.8%
17.1%
30.2%

100.0%

50.0%
50.0%

Risk Ratio
IV, Random, 95% CI

0.50 [0.25 , 0.99]
2.04 [0.87 , 4.77]
0.92 [0.66 , 1.27]
0.93 [0.50 , 1.74]

0.92 [0.80 , 1.06]
0.60 [0.30 , 1.21]
0.35 [0.14 , 0.90]
0.79 [0.65 , 0.96]
0.80 [0.65 , 0.99]

0.06 [0.00 , 0.98]
0.11 [0.01 , 1.90]
0.15 [0.01 , 2.85]
0.65 [0.19 , 2.16]
0.28 [0.09 , 0.90]

0.19 [0.07 , 0.50]
0.44 [0.17 , 1.10]
0.12 [0.01 , 2.13]

1.13 [0.07 , 17.90]
0.30 [0.16 , 0.56]

0.32 [0.03 , 3.07]
0.58 [0.05 , 6.38]
0.10 [0.01 , 1.84]
0.28 [0.03 , 2.48]
0.30 [0.09 , 0.97]

0.96 [0.06 , 15.32]
1.16 [0.07 , 18.51]

Risk Ratio
IV, Random, 95% CI
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Analysis 1.6.   (Continued)
1.6.6 Urinary/vaginal fistula
Vergote 2010
Kehoe 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 0.06 (P = 0.95)

1.6.7 Nausea
Kehoe 2015
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 3.37; Chi² = 3.66, df = 1 (P = 0.06); I² = 73%
Test for overall effect: Z = 0.57 (P = 0.57)

1.6.8 Vomiting
Kehoe 2015
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 2.87; Chi² = 4.07, df = 1 (P = 0.04); I² = 75%
Test for overall effect: Z = 0.66 (P = 0.51)

1.6.9 Diarrhoea
Kehoe 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)

1.6.10 Neutropenia
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)

1.6.11 Neutrotoxicity
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)

1.6.12 Thrombocytopenia
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.06 (P = 0.29)

1.6.13 Febrile neutropenia
Fagotti 2016
Subtotal (95% CI)
Total events:

1
1

2

1
2

3

1
3

4

2

2

9

9

2

2

2

2

1

1

322
219
541

219
51

270

219
51

270

219
219

51
51

51
51

51
51

51
51

1
1

2

12
1

13

12
2

14

4

4

8

8

2

2

0

0

0

0

310
255
565

255
52

307

255
52

307

255
255

52
52

52
52

52
52

52
52

50.0%
50.0%

100.0%

52.1%
47.9%

100.0%

48.2%
51.8%

100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

0.96 [0.06 , 15.32]
1.16 [0.07 , 18.51]
1.06 [0.15 , 7.49]

0.10 [0.01 , 0.74]
2.04 [0.19 , 21.80]
0.42 [0.02 , 8.23]

0.10 [0.01 , 0.74]
1.53 [0.27 , 8.77]
0.41 [0.03 , 6.03]

0.58 [0.11 , 3.15]
0.58 [0.11 , 3.15]

1.15 [0.48 , 2.74]
1.15 [0.48 , 2.74]

1.02 [0.15 , 6.97]
1.02 [0.15 , 6.97]

5.10 [0.25 , 103.61]
5.10 [0.25 , 103.61]

3.06 [0.13 , 73.36]
3.06 [0.13 , 73.36]
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Analysis 1.6.   (Continued)

Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.69 (P = 0.49)

1.6.14 Renal toxicity
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

1.6.15 Stoma formation
Kehoe 2015
Fagotti 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.31; Chi² = 3.30, df = 1 (P = 0.07); I² = 70%
Test for overall effect: Z = 2.60 (P = 0.009)

1.6.16 Bowel resection
Vergote 2010
Kehoe 2015
Onda 2016
Fagotti 2016 (4)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.19; Chi² = 14.10, df = 3 (P = 0.003); I² = 79%
Test for overall effect: Z = 2.94 (P = 0.003)

1.6.17 Splenectomy
Vergote 2010
Fagotti 2016
Onda 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.88; Chi² = 9.26, df = 2 (P = 0.010); I² = 78%
Test for overall effect: Z = 1.79 (P = 0.07)

1.6.18 Post- operative G3+ events
Fagotti 2016 (5)
Onda 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.00, df = 1 (P = 0.32); I² = 0%
Test for overall effect: Z = 5.31 (P < 0.00001)

1

0

0

10
7

17

28
18
39
14

99

13
7
0

20

7
6

13

51

51
51

219
74

293

322
219
152
74

767

322
74

130
526

74
130
204

0

0

0

25
44

69

48
27
66
71

212

18
54
2

74

46
22

68

52

52
52

255
84

339

310
255
149
84

798

310
84

147
541

84
147
231

100.0%

50.5%
49.5%

100.0%

25.4%
22.2%
28.1%
24.4%

100.0%

43.5%
43.1%
13.4%

100.0%

58.7%
41.3%

100.0%

3.06 [0.13 , 73.36]

Not estimable
Not estimable

0.47 [0.23 , 0.95]
0.18 [0.09 , 0.38]
0.29 [0.12 , 0.74]

0.56 [0.36 , 0.87]
0.78 [0.44 , 1.37]
0.58 [0.42 , 0.80]
0.22 [0.14 , 0.36]
0.49 [0.30 , 0.79]

0.70 [0.35 , 1.39]
0.15 [0.07 , 0.30]
0.23 [0.01 , 4.66]
0.31 [0.08 , 1.12]

0.17 [0.08 , 0.36]
0.31 [0.13 , 0.74]
0.22 [0.13 , 0.38]

0.005 0.1 1 10 200
Favours NACT Favours PDSFootnotes

(1) Results for all SAEs in this trial are per protocol, not ITT.
(2) Estimated Blood Loss >750 ml for those who had surgery
(3) three pancreatic fistulae and one biliary fistula
(4) Single bowel resection (NACT = 10 versus PDS = 52); multiple bowel resections (NACT= 4 versus PDS =19)
(5) within 30 days of surgery. Further post-op SAE > 30 days (NACT =1; PDS = 13)
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Analysis 1.7.   Comparison 1: NACT vs PDS, Outcome 7: Postoperative mortality

Study or Subgroup

Chekman 2015
Fagotti 2016 (1)
Kehoe 2015 (2)
Onda 2016 (3)
Vergote 2010 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.22, df = 3 (P = 0.75); I² = 0%
Test for overall effect: Z = 3.38 (P = 0.0007)
Test for subgroup differences: Not applicable

NACT
Events

0
0
1
0
2

3

Total

41
75

219
130
322

787

PDS
Events

0
7

14
1
8

30

Total

40
84

255
147
310

836

Weight

13.9%
27.6%
11.1%
47.4%

100.0%

Risk Ratio
IV, Random, 95% CI

Not estimable
0.07 [0.00 , 1.28]
0.08 [0.01 , 0.63]
0.38 [0.02 , 9.16]
0.24 [0.05 , 1.12]

0.16 [0.06 , 0.46]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours NACT Favours PDS

Footnotes
(1) Fagotti 2016 includes 3 post-op deaths within 30 days and a further 4 late post-op deaths, over 30 days, due to post-op complications.
(2) deaths within 28 days of surgery
(3) Defined as 'treatment-related deaths related to surgery' within 4 weeks of surgery

 
 

Analysis 1.8.   Comparison 1: NACT vs PDS, Outcome 8: Chemotherapy-related SAEs (G3+)

Study or Subgroup

Kehoe 2015
Onda 2016 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.06; Chi² = 2.20, df = 1 (P = 0.14); I² = 54%
Test for overall effect: Z = 0.58 (P = 0.56)
Test for subgroup differences: Not applicable

Experimental
Events

102
62

164

Total

254
149

403

Control
Events

110
53

163

Total

228
137

365

Weight

56.0%
44.0%

100.0%

Odds Ratio
IV, Random, 95% CI

0.72 [0.50 , 1.03]
1.13 [0.70 , 1.81]

0.88 [0.57 , 1.36]

Odds Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours [NACT] Favours [PDS]

Footnotes
(1) Combination of SAEs during cycles 1-4 and 5-8 (All SAEs excluding bone marrow suppression)
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Analysis 1.9.   Comparison 1: NACT vs PDS, Outcome 9: EORTC QLQ-C30 QoL at 6 months

Study or Subgroup

1.9.1 Global health
Fagotti 2016
Kehoe 2015
Vergote 2010 (1)
Subtotal (95% CI)
Heterogeneity: Tau² = 3.33; Chi² = 10.56, df = 2 (P = 0.005); I² = 81%
Test for overall effect: Z = 0.22 (P = 0.82)

1.9.2 Fatigue
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 15.14; Chi² = 32.25, df = 1 (P < 0.00001); I² = 97%
Test for overall effect: Z = 0.20 (P = 0.84)

1.9.3 Nausea
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 2.77; Chi² = 6.77, df = 1 (P = 0.009); I² = 85%
Test for overall effect: Z = 1.68 (P = 0.09)

1.9.4 Pain
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 31.06; Chi² = 104.45, df = 1 (P < 0.00001); I² = 99%
Test for overall effect: Z = 0.09 (P = 0.93)

1.9.5 Constipation
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 12.92; Chi² = 29.93, df = 1 (P < 0.00001); I² = 97%
Test for overall effect: Z = 0.84 (P = 0.40)

1.9.6 Insomnia
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.27; Chi² = 1.57, df = 1 (P = 0.21); I² = 36%
Test for overall effect: Z = 0.51 (P = 0.61)

1.9.7 Apetite loss
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.58, df = 1 (P = 0.45); I² = 0%
Test for overall effect: Z = 1.18 (P = 0.24)

1.9.8 Dyspneoa
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 17.58; Chi² = 37.26, df = 1 (P < 0.00001); I² = 97%
Test for overall effect: Z = 0.82 (P = 0.41)

1.9.9 Diarrhoea
Fagotti 2016
Vergote 2010

NACT
Mean

59.14
69.1
72.1

34.33
25.7

34.37
4.2

14.86
15.4

41.43
13.2

17.49
27.2

24.61
9.5

20.73
16.3

7.12
9.4

SD

4.08
18.71

2.8

4.5
3.5

4.72
2.2

3.37
3.6

4.42
2.6

3.74
4.1

3.32
3.7

4.33
3.7

1.91
1.9

Total

49
114
99

262

49
99

148

49
99

148

49
99

148

49
99

148

49
99

148

49
99

148

49
99

148

49
99

PDS
Mean

61.28
61.5
73.1

32.04
29

30.82
3.2

10.54
19

40.96
17.9

17.9
26.4

23.8
9.3

15.22
16.8

13.98
4.1

SD

3.98
23.63

3

3.74
3.8

4.34
2.3

2.25
3.8

4.05
2.8

3.8
4.3

2.49
4

3.8
3.9

3.3
2

Total

46
103
113
262

46
113
159

46
113
159

46
113
159

46
113
159

46
113
159

46
113
159

46
113
159

46
113

Weight

40.2%
13.6%
46.2%

100.0%

49.3%
50.7%

100.0%

44.1%
55.9%

100.0%

49.9%
50.1%

100.0%

48.8%
51.2%

100.0%

40.9%
59.1%

100.0%

43.8%
56.2%

100.0%

49.4%
50.6%

100.0%

49.9%
50.1%

Mean Difference
IV, Random, 95% CI

-2.14 [-3.76 , -0.52]
7.60 [1.89 , 13.31]

-1.00 [-1.78 , -0.22]
-0.29 [-2.77 , 2.20]

2.29 [0.63 , 3.95]
-3.30 [-4.28 , -2.32]
-0.55 [-6.02 , 4.93]

3.55 [1.73 , 5.37]
1.00 [0.39 , 1.61]

2.12 [-0.36 , 4.61]

4.32 [3.17 , 5.47]
-3.60 [-4.60 , -2.60]

0.35 [-7.41 , 8.12]

0.47 [-1.23 , 2.17]
-4.70 [-5.43 , -3.97]
-2.17 [-7.24 , 2.89]

-0.41 [-1.93 , 1.11]
0.80 [-0.33 , 1.93]
0.30 [-0.86 , 1.47]

0.81 [-0.37 , 1.99]
0.20 [-0.84 , 1.24]
0.47 [-0.31 , 1.24]

5.51 [3.87 , 7.15]
-0.50 [-1.52 , 0.52]
2.47 [-3.42 , 8.36]

-6.86 [-7.95 , -5.77]
5.30 [4.77 , 5.83]

Mean Difference
IV, Random, 95% CI
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Analysis 1.9.   (Continued)

Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 73.74; Chi² = 386.02, df = 1 (P < 0.00001); I² = 100%
Test for overall effect: Z = 0.13 (P = 0.90)

1.9.10 Financial difficulties
Fagotti 2016
Vergote 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 31.42; Chi² = 175.84, df = 1 (P < 0.00001); I² = 99%
Test for overall effect: Z = 0.62 (P = 0.54)

Test for subgroup differences: Chi² = 4.05, df = 9 (P = 0.91), I² = 0%

7.12
9.4

39.47
10.2

1.91
1.9

2.56
1.9

49
99

148

49
99

148

13.98
4.1

33.02
11.7

3.3
2

2.66
2

46
113
159

46
113
159

49.9%
50.1%

100.0%

49.8%
50.2%

100.0%

-6.86 [-7.95 , -5.77]
5.30 [4.77 , 5.83]

-0.77 [-12.69 , 11.15]

6.45 [5.40 , 7.50]
-1.50 [-2.03 , -0.97]
2.46 [-5.33 , 10.25]

-20 -10 0 10 20
Favours NACT Favours PDS

Footnotes
(1) Kehoe 2015 data now combined, as authors confirm Global QoL scores were on same EORTC QLQ-C30 scale as Vergote 2010 and Fagotti 2016 studies

 
 

Analysis 1.10.   Comparison 1: NACT vs PDS, Outcome 10: EORTC QLQ-C30 QoL at 12 months

Study or Subgroup

1.10.1 Global health
Kehoe 2015
Vergote 2010

1.10.2 Fatigue
Vergote 2010

1.10.3 Nausea
Vergote 2010

1.10.4 Pain
Vergote 2010

1.10.5 Dyspneoa
Vergote 2010

1.10.6 Insomnia
Vergote 2010

1.10.7 Apetite loss
Vergote 2010

1.10.8 Constipation
Vergote 2010

1.10.9 Diarrhoea
Vergote 2010

1.10.10 Financial difficulties
Vergote 2010

NACT
Mean

67.5
67.8

29.1

5.6

15.1

18.9

22.1

10.6

14.2

8.1

10

SD

22.38
3.1

3.8

2.4

3.9

4

4.4

4.1

3

2.2

2.2

Total

69
64

64

64

64

64

64

64

64

64

64

PDS
Mean

61.8
70.4

29.1

3.4

19.1

15.6

24.8

9.6

12.5

4.7

12.4

SD

24.16
3.3

4.1

2.7

4.2

4.3

4.8

4.4

3.3

2.4

2.4

Total

64
78

78

78

78

78

78

78

78

78

78

Mean Difference
IV, Random, 95% CI

5.70 [-2.23 , 13.63]
-2.60 [-3.66 , -1.54]

0.00 [-1.30 , 1.30]

2.20 [1.36 , 3.04]

-4.00 [-5.33 , -2.67]

3.30 [1.93 , 4.67]

-2.70 [-4.22 , -1.18]

1.00 [-0.40 , 2.40]

1.70 [0.66 , 2.74]

3.40 [2.64 , 4.16]

-2.40 [-3.16 , -1.64]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours NACT Favours PDS
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A D D I T I O N A L   T A B L E S
 

Stage Extent of tumour Substage Details

Ia Limited to 1 ovary, no tumour on surface or capsule rupture,
no positive ascites

Ib Limited to both ovaries, no tumour on surface or capsule
rupture, no positive ascites

I Limited to ovaries

Ic Stage Ia or Ib but with capsule ruptured, tumour on ovarian
surface or positive peritoneal washings/ascites

IIa Extension, metastases to uterus, tubes, or a combination

IIb Extension to other pelvis tissues

II Limited to 1 or both
ovaries with pelvic ex-
tension

II c Stage IIa or IIb with tumour on the surface of 1 or both
ovaries, or with capsule ruptured, or with positive peritoneal
washings/ascites

IIIa Tumour grossly limited to the true pelvis with negative re-
gional lymph nodes, microscopic seeding of abdominal peri-
toneal surfaces or extension to small bowel or mesentery

IIIb Macroscopic metastases < 2 cm; negative regional lymph
nodes

III Limited to abdomen
with histologically
confirmed peritoneal
implants outside the
pelvis or positive
nodes, or both, or ex-
tension to small bowel
or omentum IIIc Macroscopic metastases > 2 cm or positive regional lymph

nodes, or both

IV Distant metastases   Growth outside the abdominal cavity (e.g. lung, liver
parenchyma (superficial liver metastases is stage III))

Table 1.   Carcinoma of the ovary: FIGO* nomenclature 

FIGO: Federation of International Gynaecologists and Obstetricians
* From FIGO 2009 as all included studies used 2009 classification not 2018
 

 

A P P E N D I C E S

Appendix 1. Embase search strategy

Embase (R) 1980 to Sept 2006 via Ovid:
The search: (ovar*) and (cancer* or carcinoma* or malignan* or neoplas* or tumour* or tumor*) and (chemotherap*) and (surg*) and (rct
or random* or study or studies or trial* or investigation*) and (advanced or stage III or stage IV)

Embase Sept 2006 to date:

1. exp ovary tumor/

2. (ovar* adj5 (neoplas* or tumor* or tumour* or cancer* or malignan* or carcinoma*)).mp.

3. 1 or 2

4. chemotherap*.mp.

5. dt.fs.

6. exp antineoplastic agent/

7. exp cancer chemotherapy/

8. adjuvant chemotherapy/
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9. 4 or 5 or 6 or 7 or 8

10.surg*.mp.

11.su.fs.

12.exp surgery/

13.10 or 11 or 12

14.3 and 9 and 13

15.random*.ti,ab.

16.factorial*.ti,ab.

17.(crossover* or cross over* or cross-over*).ti,ab.

18.placebo*.ti,ab.

19.(doubl* adj blind*).ti,ab.

20.(singl* adj blind*).ti,ab.

21.assign*.ti,ab.

22.allocat*.ti,ab.

23.volunteer*.ti,ab.

24.crossover procedure/

25.double blind procedure/

26.randomised controlled trial/

27.single blind procedure/

28.15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29.14 and 28

Appendix 2. MEDLINE search strategy

The full MEDLINE search strategy via Silver Platter, from 1966 to Sept 2006 was: (ovar*) and (cancer* or carcinoma* or malignan* or neoplas*
or tumour* or tumor*) and (chemotherap*) and (surg*) and (rct or random* or study or studies or trial* or investigation*) and (advanced
or stage III or stage IV)

It contained free text (including alternative spellings) and MeSH terms, and MeSH headings were exploded.

MEDLINE Sept 2006 to date:

1. exp Ovarian Neoplasms/

2. (ovar* adj5 (neoplas* or tumor* or tumour* or cancer* or malignan* or carcinoma*)).mp.

3. 1 or 2

4. chemotherap*.mp.

5. drug therapy.fs.

6. exp Antineoplastic Agents/

7. Antineoplastic Combined Chemotherapy Protocols/

8. Neoadjuvant Therapy/

9. 4 or 5 or 6 or 7 or 8

10.surg*.mp.

11.surgery.fs.

12.exp Surgical Procedures, Operative/

13.10 or 11 or 12

14.3 and 9 and 13

15.randomized controlled trial.pt.

16.controlled clinical trial.pt.

17.randomized.ab.

18.placebo.ab.

19.clinical trials as topic.sh.

20.randomly.ab.

21.trial.ti.

22.15 or 16 or 17 or 18 or 19 or 20 or 21

23.14 and 22
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key:

mp=title, original title, abstract, name of substance word, subject heading word, unique identifier
fs=floating subheading
pt=publication type
ab=abstract

Appendix 3. CENTRAL search strategy

#1 MeSH descriptor Ovarian Neoplasms explode all trees
#2 ovar* near/5 (neoplas* or tumor* or tumour* or cancer* or malignan* or carcinoma*)
#3 (#1 OR #2)
#4 chemotherap*
#5 Any MeSH descriptor with qualifier: DT
#6 MeSH descriptor Antineoplastic Agents explode all trees
#7 MeSH descriptor Antineoplastic Combined Chemotherapy Protocols explode all trees
#8 MeSH descriptor Neoadjuvant Therapy explode all trees
#9 (#4 OR #5 OR #6 OR #7 OR #8)
#10 surg*
#11 Any MeSH descriptor with qualifier: SU
#12 MeSH descriptor Surgical Procedures, Operative explode all trees
#13 (#10 OR #11 OR #12)
#14 (#3 AND #9 AND #13)

Appendix 4. Assessing 'Risk of bias' of included studies

We assessed the risk of bias of included studies according to the following criteria.

(1) Random sequence generation (checking for possible selection bias)

We described for each included study the method used to generate the allocation sequence in suBicient detail to allow an assessment of
whether it produced comparable groups. We assessed the method as:

• low risk of bias (any truly random process, e.g. random number table; computer random number generator);

• high risk of bias (any non-random process, e.g. odd or even date of birth; hospital or clinic record number);

• unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal allocation to interventions prior to assignment and assessed whether
intervention allocation could have been foreseen in advance of, or during recruitment, or changed aQer assignment. We assessed the
methods as:

• low risk of bias (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• high risk of bias (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth);

• unclear risk of bias.

(3) Blinding of outcome assessment (checking for possible detection bias)

We described for each included study the methods used, if any, to blind outcome assessors from knowledge of which intervention a
participant received. We assessed methods used to blind outcome assessment as:

• low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition bias owing to the amount, nature and handling of incomplete outcome data)

We described for each included study the completeness of data including attrition and exclusions from the analysis. We stated whether
attrition and exclusions were reported and the numbers included in the analysis at each stage (compared with the total randomised
participants), reasons for attrition or exclusions where reported, and whether missing data were balanced across groups or were related to
outcomes. Where suBicient information was reported, or could be supplied by the trial authors, we re-included missing data in the analyses
that we undertook. We assessed methods as:

• low risk of bias (e.g. no missing outcome data or missing data < 20%; missing outcome data balanced across groups);
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• high risk of bias (e.g. numbers or reasons for missing data imbalanced across groups; 'as treated' analysis done with substantial
departure of intervention received from that assigned at randomisation or <80% assessed at endpoint for at least the primary
outcomes);

• unclear risk of bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the possibility of selective outcome reporting bias and what we found. We
assessed the methods as:

• low risk of bias (where it is clear that all of the study's pre-specified outcomes and all expected outcomes of interest to the review were
reported);

• high risk of bias (where not all the study's pre-specified outcomes were reported; one or more reported primary outcomes were not pre-
specified; outcomes of interest were reported incompletely and so could not be used; study failed to include results of a key outcome
that would have been expected to have been reported);

• unclear risk of bias.

(6) Other bias (checking for bias owing to problems not covered by 1 to 5 above)

We described for each included study any important concerns we had about other possible sources of bias. We assessed each study as:

• low risk of other bias;

• high risk of other bias;

• unclear whether there is risk of other bias.

W H A T ' S   N E W

 

Date Event Description

7 April 2021 New citation required but conclusions
have not changed

Review updated but conclusions not changed

7 April 2021 New search has been performed New search to 9 October 2020 and data added from studies in-
cluded in previous version

 

H I S T O R Y

Protocol first published: Issue 3, 2005
Review first published: Issue 4, 2007

 

Date Event Description

1 February 2021 Amended Correction to survival data for Kehoe 2015

1 February 2021 New citation required but conclusions
have not changed

New citation required but conclusions have not changed. Correc-
tion to survival data for Kehoe 2015

29 May 2019 New search has been performed Search updated 11 February 2019.

28 May 2019 New citation required but conclusions
have not changed

Updated with inclusion of four new studies. Three ongoing un-
published studies identified.

27 March 2014 Amended Contact details updated.
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Date Event Description

21 June 2012 New search has been performed Search updated; 26 newly identified reports added to studies
awaiting classification, including five reports of three ongoing
studies (CHORUS #a; Kumar #a; Onda #a).

21 June 2012 New citation required and conclusions
have changed

One new trial (Vergote 2010) included. Conclusions changed.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We have updated the methodology of this review to be consistent with the latest Cochrane guidelines, therefore the method of assessing
and reporting the risk of bias of included studies has changed from the protocol.

We apply GRADE approach and have added a 'Summary of findings' table, which was not part of Cochrane methodology at the time the
original protocol was published.

Although these were not in the original protocol, these were included in the previous update of this review and applied again to this latest
update, so were pre-specified prior to this update.

On advice of a reviewer we have added bowel resection and stoma formation to the outcome measures and included these in the Summary
of findings 1, as these are important outcomes for women and can have life-long eBects. In this update we have also included post-operative
death as a specific outcome in the Summary of findings 1, which although it is a grade 5 SAE of surgical morbidity, which was therefore
one of the specified outcomes for collection, was not separately reported in previous versions of the review.
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A B S T R A C T

Background

Ovarian cancer is the seventh most common cancer among women and the leading cause of death in women with gynaecological
malignancies. Opinions diJer regarding the role of ultra-radical (extensive) cytoreductive surgery in ovarian cancer treatment.

Objectives

To evaluate the eJectiveness and morbidity associated with ultra-radical/extensive surgery in the management of advanced-stage
epithelial ovarian cancer.

Search methods

We searched CENTRAL (2021, Issue 11), MEDLINE Ovid and Embase Ovid up to November 2021. We also searched registers of clinical trials,
abstracts of scientific meetings, reference lists of included studies and contacted experts in the field.

Selection criteria

Randomised controlled trials (RCTs) or non-randomised studies (NRS), analysed using multivariate methods, that compared ultra-radical/
extensive and standard surgery in women with advanced primary epithelial ovarian cancer.

Data collection and analysis

Two review authors independently assessed whether potentially relevant studies met the inclusion criteria, abstracted data and assessed
the risk of bias. We identified three NRS and conducted meta-analyses where possible.

Main results

We identified three retrospective observational studies for inclusion in the review. Two studies included women exclusively undergoing
upfront primary debulking surgery (PDS) and the other study including both PDS and interval debulking surgical (IDS) procedures. All
studies were at critical risk of bias due to retrospective and non-randomised study designs.

Meta-analysis of two studies, assessing 397 participants, found that women who underwent radical procedures, as part of PDS, may have

a lower risk of mortality compared to women who underwent standard surgery (adjusted HR 0.60, 95% CI 0.43 to 0.82; I2 = 0%; very low-
certainty evidence), but the evidence is very uncertain. The results were robust to a sensitivity analysis including women with more-
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extensive disease (carcinomatosis) (adjusted HR 0.61, 95% CI 0.44 to 0.85; I2 = 0%; n = 283, very low-certainty evidence), but the evidence
is very uncertain.

One study reported a comparison of radical versus standard surgical procedures associated with both PDS and IDS procedures, but a
multivariate analysis was only undertaken for disease-free survival (DFS) and therefore the certainty of the evidence was not assessable
for overall survival (OS) and remains very low. The lack of reporting of OS meant the study was at high risk of bias for selective reporting
of outcomes.

One study, 203 participants, found that women who underwent radical procedures as part of PDS may have a lower risk of disease
progression or death compared to women who underwent standard surgery (adjusted HR 0.62, 95% CI 0.42 to 0.92; very low-certainty
evidence), but the evidence is very uncertain. The results were robust to a sensitivity analysis in one study including women with
carcinomatosis (adjusted HR 0.52, 95% CI 0.33 to 0.82; n = 139; very low-certainty evidence), but the evidence is very uncertain.

A combined analysis in one study found that women who underwent radical procedures (using both PDS and IDS) may have an increased

chance of disease progression or death than those who received standard surgery (adjusted HR 1.60, 95% CI 1.11 to 2.31; I2 = 0%; n =
527; very low-certainty evidence), but the evidence is very uncertain. In absolute and unadjusted terms, the DFS was 19.3 months in the
standard surgery group, 15.8 in the PDS group and 15.9 months in the IDS group.

All studies were at critical risk of bias and we only identified very low-certainty evidence for all outcomes reported in the review.
Perioperative mortality, adverse events and quality of life (QoL) outcomes were either not reported or inadequately reported in the
included studies. Two studies reported perioperative mortality (death within 30 days of surgery), but they did not use any statistical
adjustment. In total, there were only four deaths within 30 days of surgery in both studies. All were observed in the standard surgery group,
but we did not report a risk ratio (RR) to avoid potentially misleading results with so few deaths and very low-certainty evidence. Similarly,
one study reported postoperative morbidity, but the authors did not use any statistical adjustment. Postoperative morbidity occurred more
commonly in women who received ultra-radical surgery compared to standard surgery, but the certainty of the evidence was very low.

Authors' conclusions

We found only very low-certainty evidence comparing ultra-radical surgery and standard surgery in women with advanced ovarian cancer.
The evidence was limited to retrospective, NRSs and so is at critical risk of bias. The results may suggest that ultra-radical surgery could
result in improved OS, but results are based on very few women who were chosen to undergo each intervention, rather than a randomised
study and intention-to-treat analysis, and so the evidence is very uncertain. Results for progression/DFS were inconsistent and evidence
was sparse. QoL and morbidity was incompletely or not reported in the three included studies.

A separate prognostic review assessing residual disease as a prognostic factor in this area has been addressed elsewhere, which
demonstrates the prognostic eJect of macroscopic debulking to no macroscopic residual disease.

In order to aid existing guidelines, the role of ultra-radical surgery in the management of advanced-stage ovarian cancer could be addressed
through the conduct of a suJiciently powered, RCT comparing ultra-radical and standard surgery, or well-designed NRSs, if this is not
possible.

P L A I N   L A N G U A G E   S U M M A R Y

Ultra-radical (extensive) surgery versus standard surgery to remove tumours in women with advanced ovarian cancer

Review question

What are the benefits and harms of ultra-radical (extensive) versus standard surgery in the management of ovarian cancer?

Background

The ovaries are small glands found on either side of the womb that produce and store eggs, and make hormones that control the menstrual
cycle (periods). Ovarian cancer is the most common cause of death in women with a cancer of the reproductive system. Opinions diJer
about whether women with advanced ovarian cancer have better outcomes if they have 'ultra-radical' surgery, which is much more
extensive than standard surgery, to remove tumours. Standard surgery in an advanced disease setting still has an element of radicality and
comprises as a minimum many of the surgical procedures involved in more radical surgery. Ultra-radical (extensive) surgery is an extension
of standard surgery and may include at least one additional extensive surgical procedure.

Review methods

We searched the scientific literature for studies comparing ultra-radical and standard surgery for women with advanced ovarian cancer. We
looked for randomised controlled trials, which are regarded as the best type of study, and for non-randomised studies that were analysed
using methods that allow for diJerences between the groups of women receiving diJerent types of surgery.

Key results
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We identified three non-randomised studies. The evidence is very limited and uncertain for all results since women were chosen to undergo
each type of treatment, rather than randomly allocated, so there is a very high (critical) risk of bias in these types of studies.

In two studies (397 women), women who had radical surgery to remove the tumour may have 18% to 57% less chance of death compared
to women who had standard surgery. The results were similar for women with more-extensive disease. There were very few deaths within
30 days of surgery. There may be less chance of disease progression with radical surgery.

One study compared radical versus standard surgery associated with both upfront primary (tumour removed before starting
chemotherapy) and interval debulking (tumour removed between chemotherapy sessions) surgery on death, but the comparison was not
fair and there was high risk of bias for reporting of outcomes.

One study (203 women) found that women who had radical procedures as part of upfront primary debulking surgery may have 8% to 58%
less chance of disease progression or death compared to women who had standard surgery. The results were similar when including only
the 139 women with more-extensive disease (where risk was 18% to 67% lower).

One analysis (527 women) merging radical surgery groups in one study found that women who underwent ultra-radical procedures
(using both upfront primary and interval debulking surgical procedures) may be associated with 11% to 60% increased chance of disease
progression or death than those who received standard surgery.

All studies were at very high (critical) risk of bias and we were very unsure about the evidence. We included relatively few women due to
our stringent inclusion criteria. Studies either did not report or inadequately reported death, side eJects or quality of life.

Main conclusions and certainty in the evidence

Although some of these results may suggest that survival may be better in women receiving upfront primary ultra-radical surgery rather
than standard surgery, extreme caution is required with interpretation, as the studies were not well designed or analysed, and thus the
eJects could even be in the opposite direction.

We are unable to reach any definite conclusions about the relative benefits and harms of the two types of surgery. Better designed, large
studies are needed.

Ultra-radical (extensive) surgery versus standard surgery for the primary cytoreduction of advanced epithelial ovarian cancer (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Summary of findings 1.   Ultra-radical (extensive) surgery compared to standard surgery in women with stage IIIc or IV ovarian cancer

Ultra-radical (extensive) surgery compared to standard (radical) surgery in women with stage IIIc or IV ovarian cancer

Patient or population: women with stage IIIc or IV ovarian cancer
Setting: –
Intervention: ultra-radical (extensive) surgery
Comparison: standard surgery

Outcomes Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

What does this mean? Comments

Survival (overall
and disease- spe-
cific)

Follow-up: median
43–49 months

Overall survival
was listed as the
desired primary
outcome in the
protocol and we
note the potential
issues of report-
ing disease-specific
survival.

HR 0.60
(0.43 to 0.82)

397
(2 studies)

⊕⊖⊖⊖

Very lowa,b,c

Survival may be prolonged in
woman who received ultra-rad-
ical surgery compared to stan-
dard surgery but the evidence
was limited and very uncertain.
More studies are needed.

We could not present illustrative absolute ef-
fects because a representative control group
risk could not be ascertained from the stud-
ies. The HR estimates were adjusted for in
multivariable analyses and this cannot be
done in absolute terms so we made no at-
tempt as numbers were likely to mislead.

1 study reported 5-year disease-specific sur-
vival rather than categorising deaths by any
cause. We made an assumption that most
women with advanced-stage disease would
die of the disease rather than other comor-
bidities.

The results were robust to a sensitivity analy-
sis that included 2 studies assessing 283
women with more-extensive disease (carci-
nomatosis) (adjusted HR 0.61, 95% CI 0.44 to

0.85; I2 = 0%; very low-certainty evidence).

Progression-free
survival

Follow-up: median
43

HR 0.62
(0.42 to 0.92)

203
(1 observational
study)

⊕⊖⊖⊖

Very lowa,b,c

 

Disease progression may be de-
layed in woman who received
ultra-radical surgery compared
to standard surgery but the evi-
dence was limited and very un-
certain. More studies are need-
ed.

Participants received upfront debulking
surgery.

The results were robust to a sensitivity analy-
sis assessing a subset of 139 women with car-
cinomatosis (adjusted HR 0.52, 95% CI 0.33 to
0.82; very low-certainty evidence).
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Disease-free sur-
vival

Follow-up: median
49 months

HR 1.60
(1.11 to 2.31)

527
(2 analyses from
1 observational
study)

⊕⊖⊖⊖

Very lowa,b,c

Disease may relapse earlier in
woman who received ultra-rad-
ical surgery compared to stan-
dard surgery but the evidence
was limited and very uncertain.
More studies are needed.

Participants received upfront and interval de-
bulking surgical procedures.

Rate of optimal
cytoreduction

Although a secondary outcome, 'Optimal cytoreduction' was not reported in any multivariate analyses in any of the studies. We did not present any
unadjusted results for this as it is likely that 'optimal cytoreduction' will be higher in ultraradical surgery and would not be a fair comparison. 

Recurrence rate Not reported

(Loco)regional
control

Not reported

Adverse event:

perioperative
mortality

Follow-up: median
43–49 months

In total there were
only 4 deaths
within 30 days of
surgery in both
studies and none
in the ultra-radical
group. We did not
report a RR as to
not provide poten-
tially misleading
results with so few
deaths.

397

(2 observational
studies)

 

⊕⊖⊖⊖

Very lowa,b,c

In total there were only 4
deaths within 30 days of
surgery in both studies and
none in the ultra-radical group.
However, the evidence is limit-
ed and very uncertain and more
studies are needed.

None of the studies reporting this serious ad-
verse event used any statistical adjustment.

Upfront debulking surgery

In 1 study, there were 0 reported cases of pe-
rioperative mortality within 30 days in the
ultra-radical surgery group versus 3 women
died in the standard surgical group.

In another study, perioperative death within
30 days occurred in 0/119 (0%) in the surgery
group versus 1/84 (1.2%) in the standard
group.

Adverse event:

serious postoper-
ative morbidity

Follow-up: median
43

RR 3.24
(1.84 to 5.68)

203

(1 observational
study)

⊕⊖⊖⊖

Very lowa,b,c

Significant postoperative mor-
bidity occurred in 32/84 (38.1%)
women in the in ultra-radical
group versus 14/119 (11.8%)
women in the standard surgery
group. However, the evidence is
limited and very uncertain and
more studies are needed.

This study did not use any statistical adjust-
ment for this adverse event.

Women received upfront debulking surgery.

Quality of Life Not reported

CI: confidence interval; HR: hazard ratio; RR: risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for sparse data.
bDowngraded one level for high risk of bias concerns.
cDowngraded one level as outcomes were incompletely or inadequately (or both) reported.
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B A C K G R O U N D

Description of the condition

Ovarian cancer is the seventh most common cancer among women
and the leading cause of death in women with gynaecological
malignancies. Globally, there are over 200,000 new cases per year,
with approximately 6.1 new cases per 100,000 women per year. A
woman's cumulative risk of developing ovarian cancer by the
age of 75 years is 0.7%: 0.5% in low-income countries and 1.0%
in low- to middle-income countries (GLOBOCAN 2018). It is less
common in women under the age of 40 years, and the incidence
increases with age. In Europe, approximately 38% of women with
ovarian cancer are alive five years aQer diagnosis (EUROCARE
2015), largely because the early stages of the disease oQen
present with very few, if any, specific symptoms so most women
present with advanced-stage disease (Bast 2020; Kirby 2020;
Kurman 2008; Lancet 2007; Siegel 2020; Visintin 2008; Webb 2017).
Symptoms include: abdominal distension, bloating, indigestion,
urinary frequency, urinary urgency, early satiety, weight loss,
reduced appetite, abdominal and pelvic pain, and, less commonly,
vaginal bleeding (Rani 2018).

Cancers of the ovary are classified according to their cells of
origin. Most ovarian cancers originate from the surface (epithelial)
cells of the ovary/fallopian tubes and are termed epithelial
tumours, although some cancers can also arise from the substance
of the ovary, called stromal tumours, or from embryological
diJerentiation (sex cord and germ cell tumours) (American Cancer
Society 2020; CRUK 2018; Kurman 2014).  The staging of ovarian
cancer is based on the International Federation of Gynaecology
and Obstetrics (FIGO) classification system (Berek 2018; PDQ Adult
Treatment Editorial Board 2021; Prat 2014)). FIGO staging depends
on the findings at the time of surgery.  Stages I and II constitute
early-stage disease, where stage I is limited to the ovaries and stage
II tumours extend to the pelvis. Stages III and IV constitute advanced
disease. In stage III, the tumour extends outside the pelvis, or
involves lymph nodes within the pelvis, and stage IV is where the
tumour has spread to distant sites such as the liver, lungs and lymph
nodes in the neck (Berek 2018).

Description of the intervention

Treatment for women with epithelial ovarian cancer (EOC) is
a combination of surgery and platinum- and taxane-based
chemotherapy.  Prognosis depends not only on the stage and
histological type of the tumour, but also how much disease is leQ
behind (residual disease) following surgery.  Studies have shown
that residual disease aQer initial surgery is a strong independent
prognostic factor for survival, with improvements in both overall
and progression-free survival (PFS) being greatest in women with
no visible disease, also known as no macroscopic residual disease
(NMRD) or minimal (less than 1 cm, currently termed near-optimal
cytoreduction) visible residual disease at the end of surgery (Bryant
2021). Women who undergo more-extensive surgery may be more
likely to have tumour deposits of 2 cm or less at the end of surgery
(Bristow 2002; Crawford 2005; Horowitz 2015). Survival for women
who have residual tumour deposits of more than 2 cm or up to
2 cm at the end of the surgery appears to be similar, further
suggesting that optimal cytoreduction is associated with improved
survival rates (Bristow 2002; Bryant 2021). However, the extent
of surgical resection required to achieve optimal cytoreduction
remains controversial. There appears to be a universally diverse

practice with huge variations in achieving the NMRD rate of
between 22% and 98% (Bryant 2021).

Although there is a lack of evidence demonstrating a benefit from
performing a hysterectomy at the time of debulking surgery, this
is accepted practice as it aids the diagnosis of a primary tumour
site, for example, serous papillary cancers and carcinosarcomas
may originate from both the uterus and ovaries.  It also helps in
excluding synchronous primary uterine tumours. While systematic
lymphadenectomy of non-bulky nodes has been shown to worsen
outcomes (Harter 2019), removing the uterus and cervix, both tubes
and ovaries, the omentum and enlarged lymph nodes is part of
standard surgery (Aletti 2006a; Norell 2020; PDQ Adult Treatment
Editorial Board 2021; Todo 2003; Vergote 2016).

There has been a shiQ in recent years in some centres to
attempts at achieving complete cytoreduction with use of more-
extensive and radical procedures in performing cytoreductive
surgery (Phillips 2019). To achieve NMRD, surgeons oQen have
to perform radical and ultra-radical procedures with associated
significant postoperative morbidity and mortality. There were
Grade 3 and 4 complications in 19% of women aQer debulking
surgery for advanced ovarian cancer (Benedetti Panici 2015). In one
meta-analysis, there were no important diJerences in the quality
of life (QoL) of women in three randomised controlled trials (RCTs)
comparing primary surgery with improvements over baseline at six
and 12 months. However, there was insuJicient evidence on QoL
outcomes of women undergoing extensive or ultra-radical surgery
compared with those undergoing less-extensive surgery (Kumar
2019). However, the results of the SOCQER-2 (Surgery in Ovarian
Cancer – Quality of Life Evaluation Research – 2) cohort study
showed the global QoL of women undergoing low-, intermediate-
and high-complex surgery (based on a surgical complexity score)
improved at 12 months aQer surgery and was no worse in women
undergoing extensive surgery (Sundar 2021). This is an interesting
result, as, if there are no significant diJerences in QoL and
general morbidity aQer more-extensive surgery, then centres may
be more inclined to perform more-aggressive surgery more oQen.
Postoperative mortality within 28 days following debulking surgery
for ovarian cancer was reported in 2.5% of cases who underwent
primary debulking surgery in the EORTC (European Organisation
for Research and Treatment of Cancer) 55971 and 6% of cases in
CHORUS (Chemotherapy Or Upfront Surgery) trials (Kehoe 2015;
Vergote 2010).

Women with widespread disease, which involves the upper
abdomen, aJecting the diaphragm, liver, spleen and omentum,
or widespread disease aJecting the bowel, will need much
more radical surgery in order to achieve NMRD or optimal
cytoreduction.  The complexity of the procedures required to
achieve these outcomes undoubtedly increases.  Radical surgery
including bowel resection, splenectomy, liver resection and
diaphragmatic stripping has been described in the literature as
treatment for advanced ovarian cancer with low complication
rates (Bristow 2003; Eisenkop 2001; Jaeger 2001; Merideth 2003;
Montz 1989; Norell 2020; Pomel 2004; Vergote 2016). NICE (National
Institute for Health and Care Excellence) has previously published
guidance on ultra-radical (extensive) surgery for advanced ovarian
cancer (NICE 2013). Standard surgery in an advanced disease
setting still has an element of radicality and comprises as a
minimum, total hysterectomy, bilateral adnexectomy with excision
of the pelvic peritoneum, total omentectomy including the

Ultra-radical (extensive) surgery versus standard surgery for the primary cytoreduction of advanced epithelial ovarian cancer (Review)
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supracolic omentum, removal of bulky pelvic and lumbo-aortic
nodes, simple peritonectomies, localised colonic resection, or a
combination of these. Procedures such as appendicectomy may
have previously been considered part of standard surgery, but
evidence now suggests that this could be unnecessary and may
cause harm. Ultra-radical (extensive) surgery is an extension of
standard surgery including at least one of the following: stripping
of the peritoneum over the diaphragm, extensive stripping of
the peritoneum, multiple resections of the bowel (excluding
localised colonic resection), liver resection, partial gastrectomy,
cholecystectomy and splenectomy (with or without resection of the
tail of the pancreas) (NICE 2013).

How the intervention might work

It has been proposed that multiple factors, including tumour
biology, determine the manner of disease progression, which in
turn influences the likelihood of surgical cytoreduction (Colombo
2019; Eisenkop 2001; Hoskins 1992; Markman 2007). Supporters of
less-radical surgery argue that the initial extent of advanced disease
reflects the aggressiveness of the tumour, and ultimately dictates
treatment success. Therefore, when radical surgery becomes
necessary to achieve optimal cytoreduction, it may not improve
survival, despite leaving minimal residual disease (Colombo
2019; Covens 2000). Furthermore, the role of surgery has been
questioned because patients who undergo surgery to achieve
NMRD oQen represent women who may be younger and fitter, and
have relatively small preoperative tumour loads and, therefore, less
biologically aggressive tumours, and that diJerences in tumour
biology account for the survival benefits that are reported to be
from surgery (Eisenkop 1998; Hoskins 1992; Norell 2020; Vergote
2016). Perhaps of greater concern is the patient morbidity that is
incurred during such radical procedures, both in the perioperative
and postoperative periods (Chen 1985; Sundar 2021; van Dam 1996;
Venesmaa 1992).

Ultra-radical surgery is associated with a prolonged operating
time and exposure to anaesthesia. This may increase the risk of
hypothermia; respiratory complications such as atelectasis (lung
collapse), infection, adult respiratory distress syndrome; blood
loss; and intraoperative ureteric, bowel and bladder injury. In
the postoperative period, these women may require a longer
hospital stay and recovery time, with an increased risk of infection
(chest, wound, urine), venous thromboembolic disease, poorer
mobility and poorer nutritional status. The cost-eJectiveness of
such surgery would also require evaluation.

There is also a suggestion from one before-aQer study that
a structured shiQ to an ultra-radical upfront primary surgical
approach may not improve survival in surgically treated women
(Falconer 2020). In this population-based cohort study, women with
suspected advanced EOC near Stockholm in Sweden were included
via the Swedish Quality Registry for Gynecologic Cancer (SQRGC)
and the National Cancer Registry (NCR). Women were selected in
two sets of three-year cohorts, based on the year of their diagnosis
(a before cohort or an aQer cohort 2 change in surgical treatment
algorithm) and were followed for at least three years. Five-year
overall survival (OS) in non-surgically and surgically treated women
was analysed. AQer a median follow-up of around 28 months in
752 women, the complete resection rate increased from 37% to
67% as well as proportion of non-surgically treated women (from
24% to 33%). This study also demonstrated that a shiQ to ultra-
radical surgery increased the proportion of non-surgically treated

women. However, this study was not a 'controlled' before-aQer
study and as a consequence was prone to bias. The use of historical
controls are known to overestimate the benefit of new treatments.
Before-aQer studies also have a high risk of bias because there may
be unidentified diJerences between the intervention and control
groups that may aJect changes in the outcome measure (Sterne
2022).

Why it is important to do this review

To our knowledge, there have been no comprehensive and rigorous
systematic reviews on ultra-radical (extensive) surgery versus
standard surgery. There is no consensus in clinical guidelines, and
there is widespread variation in surgical practice globally with
varying rates of survival (Norell 2020). Willingness to undertake
more-extensive surgery was correlated with three-year survival
by distant stage, and clinicians from higher performing countries
appeared to be more likely than those from lower performing
countries to be proponents of 'ultra-radical' surgery (Norell 2020).
Guidelines from Belgium in 2016 supported the use of radical
surgical techniques to obtain resection of all macroscopic tumour
(Vergote 2016).

Given the diJerences in opinion regarding the role of extensive
debulking surgery in ovarian cancer treatment, we aimed to
systematically review the available evidence for ultra-radical
surgery in ovarian cancer management.

O B J E C T I V E S

To evaluate the eJectiveness and morbidity associated with ultra-
radical/extensive surgery in the management of advanced-stage
epithelial ovarian cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

• Randomised controlled trials (RCTs)

As we expected to find few, if any, RCTs of surgical interventions
(Johnson 2008), we included the following types of non-
randomised studies with concurrent comparison groups.

• Quasi-randomised trials, non-randomised studies, prospective
and retrospective cohort studies, and case series of 100 or more
participants

We excluded case-control studies, uncontrolled observational
studies and case series of fewer than 100 participants.

In order to minimise selection bias, we decided to include only
studies that used statistical adjustment for baseline case mix (e.g.
age, performance status, grade, etc.) using multivariate analyses.

Types of participants

Women diagnosed with stage III and IV EOC. Women having ultra-
radical surgery as part of upfront primary debulking surgery (PDS)
or interval debulking surgery (IDS; surgery halfway through the
course of chemotherapy) were included.

There is evidence that a high percentage of so-called 'ovarian'
high-grade serous carcinomas arise in the fimbrial end of the

Ultra-radical (extensive) surgery versus standard surgery for the primary cytoreduction of advanced epithelial ovarian cancer (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

8



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

fallopian tube. Serous tubal intraepithelial carcinoma is considered
a precursor lesion (Harley 2014).

Women with other concurrent malignancies women with recurrent
disease were excluded.

Types of interventions

• Intervention: ultra-radical surgery defined as total abdominal
hysterectomy, bilateral salpingo-oophorectomy, omentectomy,
removal of enlarged lymph nodes (para-aortic, pelvic,
obturator) and one or more of the following: upper
abdominal surgery (splenectomy, diaphragmatic or peritoneal
stripping, liver resection), bowel surgery or stoma formation
(excluding localised colonic resection) or urinary tract surgery,
peritonectomy (en bloc or excision of nodules, depending on
disease involvement).

• Comparison: standard surgery defined as total abdominal
hysterectomy, bilateral salpingo-oophorectomy, omentectomy
either with or without removal of enlarged lymph nodes
(para-aortic, pelvic, obturator), localised colonic resection and
debulking of any other superficial tumour plaques.

The types of interventions defined above have been widely
described in the literature and in the published NICE guidance on
ultra-radical (extensive) surgery for advanced ovarian cancer (NICE
2013).

Two included studies in the review also included some elements of
extensive surgery in the standard surgery group: segmental small
bowel resection (Chang 2012a), and rectosigmoid resection and
appendectomy (Luyckx 2012). It was decided to include these two
studies, because these surgical additions are common practice in
some countries such as Belgium (Vergote 2016).

Types of outcome measures

Primary outcomes

• Overall survival (OS): survival until death from all causes.
Survival was assessed from the time when women were enrolled
in the study. One study reported disease-specific survival rather
than death from any cause  (Aletti 2006a). We additionally added
this as an outcome in the review.

Secondary outcomes

• Progression-free survival (PFS).

• Disease-free survival (DFS).

• Optimal cytoreduction, defined as residual tumour less than 1
cm, or complete cytoreduction.

• Death within 30 days of intervention.

• Adverse events classified according to CTCAE 2017:
◦ direct surgical morbidity: for example, vascular injury, injury

to bladder, ureter, small bowel or colon, presence and
complications of adhesions, febrile morbidity, intestinal
obstruction, anastomotic leak, haematoma, collection, local
infection.

◦ surgically related systemic morbidity, for example, chest/
wound/urine infection, thromboembolic events (deep vein
thrombosis and pulmonary embolism), cardiac events
(cardiac ischaemia, myocardial infarction and cardiac
failure), cerebrovascular accident, transfusion reaction,
pulmonary oedema;

◦ recovery: delayed discharge, unscheduled re-admission.

• Quality of life (QoL) measured using a scale that has been
validated through reporting of norms in a peer-reviewed
publication.

Search methods for identification of studies

We sought papers in all languages and carried out translations
when necessary.

Electronic searches

See: Cochrane Gynaecological, Neuro-oncology and Orphan
Cancer Group methods used in reviews.

For this review update, we searched the following electronic
databases on 25 November 2021:

• the Cochrane Central Register of Controlled Trials (CENTRAL;
2021, Issue 11), in the Cochrane Library;

• MEDLINE via Ovid (November 2010 to November week 3 2021);

• Embase via Ovid (November 2010 to 2021 week 46).

The CENTRAL, MEDLINE and Embase search strategies are
presented in Appendix 1, Appendix 2, and Appendix 3.

All relevant articles found were identified on PubMed and using the
'related articles' feature, a further search was carried out for newly
published articles.

Searching other resources

Unpublished and grey literature

We searched metaRegister, Physicians Data Query, the
ISRCTN Registry (www.controlled-trials.com/rct), ClinicalTrials.gov
(www.clinicaltrials.gov), and the National Cancer Institute Register
(www.cancer.gov/clinicaltrials) for ongoing trials. We used search
terms derived from the main searches.

Reference lists

We searched reference lists of all included studies for additional
studies.

Handsearching

We handsearched abstracts of meetings from the International
Gynaecological Cancer Society (2000 to 2020), the British
Gynaecological Cancer Society (2008 to 2021), European Society of
Gynaecological Oncology (2003, 2005, 2009, 2015 and 2019) and the
Society of Gynecologic Oncology (2009, 2010, 2015 and 2019) to
identify unpublished studies.

Data collection and analysis

Selection of studies

We downloaded all titles and abstracts retrieved by electronic
searching to the reference management database Endnote
and removed duplicates. Three review authors (AB, PB, SH)
independently examined the remaining references. We excluded
those studies that clearly did not meet the inclusion criteria
and obtained copies of the full text of potentially relevant
references.  Three review authors (AB, PB, SH) independently
assessed the eligibility of retrieved papers. We resolved
disagreements by discussion between the three review authors
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and, when necessary, with fourth and fiQh review authors (RN,
KG). We documented reasons for exclusion in the Characteristics of
excluded studies table.

Data extraction and management

For included studies, we recorded the following data.

• Author, year of publication and journal citation (including
language).

• Country.

• Setting.

• Inclusion and exclusion criteria.

• Study design, methodology.

• Study population, abstracted by treatment arm if possible:
◦ total number enrolled;

◦ participant characteristics;

◦ age;

◦ ethnicity;

◦ comorbidities;

◦ response to neoadjuvant chemotherapy.

• Ovarian cancer details at diagnosis:
◦ FIGO stage (III or IV);

◦ histological cell type;

◦ diJerentiation.

• Previous treatment (neoadjuvant chemotherapy subgroup
analysis: responders versus non-responders).

• Surgical details:
◦ type of surgeon (gynae-oncologist, gynaecologist, general

surgeon);

◦ type of surgery (ultra-radical (extensive) versus standard).

• Risk of bias in study (see below).

• Duration of follow-up.

• Outcomes (see above) – OS, PFS, QoL and adverse events.
◦ For each outcome:

▪ outcome definition (with diagnostic criteria if relevant);

▪ unit of measurement (if relevant);

▪ for scales: upper and lower limits, and whether high or low
score is good.

◦ For results: number of participants allocated to each
intervention group.

◦ For each outcome of interest: sample size; missing
participants.

We extracted data on outcomes as follows.

• For time to event data (OS), we extracted the log of the hazard
ratio (HR) and its standard error from trial reports; if these were
not reported, we attempted to estimate the log (HR) and its
standard error using the methods of Parmar 1998.

We reported the HR and its 95% confidence interval (CI).  For
adjusted statistics, we noted the variables used in adjustment.
Where possible, all data extracted were those relevant to an
intention-to-treat analysis, in which participants were analysed in
groups to which they were assigned. We noted the time points at
which outcomes were collected and reported.

Two review authors (PB, SH) independently extracted data onto
a data abstraction form specially designed for the review.  We
resolved diJerences between review authors by discussion or
appeal to a third review author (RN), when necessary.

Assessment of risk of bias in included studies

We used the Risk of Bias In Non-randomised Studies of
Interventions (ROBINS-I) tool to assess bias in our included studies
(Sterne 2016). According to the ROBINS-I, non-randomised studies
of interventions (NRSI) aim to mimic a target trial (i.e. a hypothetical
pragmatic RCT), which may not be feasible or ethical to conduct.
Bias in this sense is defined as "systematic diJerence between the
results of the NRSI and the results expected from the target trial".
Given that the NRSIs included in our study were concerned with the
eJect of having undergone ultra-radical or standard surgery and
not the eJect of having been assigned to a surgery type, we may
further specify that bias is the systematic diJerence between the
results of NRSIs and the per-protocol eJect of a target trial.

The ROBINS-I rates bias along seven domains (see Appendix 4):

• confounding;

• selection of participants into the study;

• classification of interventions;

• deviation from intended interventions;

• missing data;

• measurement of outcomes; and

• selection of reported result.

Responses to signalling questions lead to the formulation of
domain-specific risk of bias ratings – no information, low,
moderate, serious and critical risk of bias – which then guide
the judgement for an overall risk of bias rating. We also added
additional signalling questions to the ones in ROBINS-I domains in
accordance with additional criteria for confounding and selection
of women so that we were confident in our judgements (Taggart
2001). These additional criteria for confounding included an
assessment of the comparability of treatment groups to see if there
were no diJerences between the two groups or that diJerences
had been controlled for, in particular with reference to age, FIGO
stage, histological cell type, diJerentiation, previous treatment
(neoadjuvant chemotherapy – responders versus non-responders)
and type of surgeon (gynae-oncologist, gynaecologist, general
surgeon). At least three of these characteristics were reported
and any reported diJerences were controlled for. To aid signalling
questions in selection of women into the study, we assessed
whether relevant details of criteria for assignment of women
to treatments was provided and whether the group of women
who received each intervention were representative and were not
selected by a subset of the population. If these additional signalling
questions were questionable in any way, then the risk of bias
judgement in that domain would be of serious or critical concern,
which is above a 'high' risk of bias judgement.

Three review authors (AB, PB, SH) independently applied the risk
of bias tool and resolved diJerences by discussion or by appeal to a
fourth review author (RN, KG). We tabulated results and presented
them in a risk of bias graph.

Measures of treatment e;ect

We used the following measures of the eJect of treatment.
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• For time to event data, we used the HR with 95% CI.

Unit of analysis issues

We did not expect or encounter any unit of analysis issues.

Dealing with missing data

We did not impute missing outcome data for any outcomes. For the
primary outcome, if data were missing or only imputed outcome
data were reported, we contacted study authors to request data on
the outcomes among participants who were assessed.

Assessment of heterogeneity

We assessed heterogeneity between studies by visual inspection
of forest plots, by estimation of the percentage heterogeneity
between trials that could not be ascribed to sampling variation
(Higgins 2003), by a formal statistical test of the significance
of the heterogeneity (Deeks 2001), and, where possible, by
subgroup analysis (see below). If there was evidence of substantial
heterogeneity, we investigated and reported the possible reasons
for this.

Assessment of reporting biases

We did not examine funnel plots corresponding to meta-analysis of
the primary outcome to assess the potential for small-study eJects
due to an insuJicient number of included studies. If there had
been evidence of small-study eJects, we would have considered
publication bias as only one of a number of possible explanations.
If these plots had suggested that treatment eJects may not have
been sampled from a symmetric distribution, as assumed by the
random-eJects model, we would have performed a sensitivity
analysis using the fixed-eJect model.

Data synthesis

If there were suJicient clinically similar studies available, we
pooled their results in a meta-analysis. We used adjusted summary
statistics as specified in Types of studies.

• For time-to-event data, we pooled HRs using the generic inverse
variance facility of Review Manager 5 (Review Manager 2014).

We used random-eJects models with inverse variance weighting for
all meta-analyses (DerSimonian 1986).

Subgroup analysis and investigation of heterogeneity

We performed subgroup analysis, grouping the studies by:

• reporting of survival (overall and disease-specific; progression
and disease-free);

• radicality of procedures in the ultra-radical groups.

We considered factors such as age, FIGO stage, type of surgery
(upfront primary debulking surgery (PDS) or IDS), type of surgeon
and length of follow-up in interpretation of any heterogeneity.

Sensitivity analysis

We planned to perform a sensitivity analysis excluding studies
at high risk of bias, but all three studies were at a high risk of
bias. However, we did perform sensitivity analyses including only
women with more-extensive disease (with carcinomatosis).

Summary of findings and assessment of the certainty of the
evidence

We presented the overall certainty of the evidence for each
outcome according to the GRADE approach, which takes
into account issues related to internal validity (risk of bias,
inconsistency, imprecision, publication bias) and to external
validity such as directness of results (see Summary of findings
1 based on the methods described the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019). We downgraded
the evidence from 'high' certainty by one level for serious (or by two
for very serious) concerns for each limitation.

• High certainty: we are very confident that the true eJect lies
close to that of the estimate of the eJect.

• Moderate certainty: we are moderately confident in the eJect
estimate. The true eJect is likely to be close to the estimate of the
eJect, but there is a possibility that it is substantially diJerent.

• Low certainty: our confidence in the eJect estimate is limited.
The true eJect may be substantially diJerent from the estimate
of the eJect.

• Very low certainty: we have very little confidence in the eJect
estimate. The true eJect is likely to be substantially diJerent
from the estimate of eJect.

R E S U L T S

Description of studies

Results of the search

When the search results were merged into EndNote and duplicates
were removed, there were 8606 unique references. The title and
abstract screening identified 107 references as potentially eligible.
The full-text screening excluded 103 of these, with the reasons for
exclusion presented in the Characteristics of excluded studies table.
We included four references reporting on three studies that met our
inclusion criteria (Aletti 2006a; Chang 2012a; Luyckx 2012).

The PRISMA flow diagram of the search results is presented
in Figure 1.
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Figure 1.   Study flow diagram up to 25 November 2021.

 

Ultra-radical (extensive) surgery versus standard surgery for the primary cytoreduction of advanced epithelial ovarian cancer (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Searches of the grey literature did not identify any additional
relevant studies.

The three included studies are described in the Characteristics of
included studies  table (Aletti 2006a; Chang 2012a; Luyckx 2012).
While it did not meet the inclusion criteria, we also identified
a study worthy of discussion that measured the introduction of
ultra-radical surgery on a population level (Falconer 2020). The
analysis had a before-aQer design but was excluded as it was not a
controlled study. Details of this study are given in Agreements and
disagreements with other studies or reviews.

Included studies

All three included studies (924 women) compared ultra-radical
or extensive surgery with standard surgery. The two most recent
studies also included some elements of extensive surgery in the
standard surgery group: segmental small bowel resection (Chang
2012a), and rectosigmoid resection and appendectomy (Luyckx
2012). We decided to include these two studies, because these
surgical additions are common practice in some countries such as
Belgium (Vergote 2016).

All studies enrolled women who underwent primary surgery and
adjusted their analyses in attempts to reduce selection bias in
assignment of participants to surgical treatment. All studies were
considered to have a high risk of bias. Despite each study reporting
multivariate analyses, confounding by indication could not be
excluded. In addition, in all cases, the adjusted HRs were derived
from prognostic models, which seem to have been assessed
based on significance testing and not on the inclusion of putative
confounders in the analysis, irrespective of statistical significance.

Design

All three studies reported retrospective analyses of participants
identified from surgical or medical records (Aletti 2006a; Chang
2012a; Luyckx 2012). Aletti 2006a reported a retrospective analysis
of 194 women from the Mayo clinic in Minnesota (USA),  Chang
2012a  (203 women) was set in South Korea (Ajou University
Hospital, Republic of Korea) and  Luyckx 2012  (527 women)
analysed data from seven gynaecological oncology centres in
France.

Participants

The median age at diagnosis of advanced EOC ranged from 54 years
in  Chang 2012a  to 64 years in  Aletti 2006a  (ages across studies
ranged from 24 to 90 years). About 65% to 82% of participants
had a serous histological tumour cell type. Most participants had
Grade IIIC tumour (84% to 100%) and 93% of women had tumour
Grade III in Aletti 2006a whereas the proportion with Grade III in
the other two studies was lower (49 to 58% based on non-missing
observations), with over a third having tumour Grade II in these
studies. Ascites varied across studies with  Aletti 2006a  reporting
mean ascites of 2076 mL and median of 1000 mL (range 0 mL to
12,000 mL). In  Chang 2012a, 45% of women had ascites greater
than 1000 mL, which was in contrast to Luyckx 2012 where median
ascites was 50 mL (range 0 mL to 8000 mL). In terms of residual
disease aQer primary surgery,  Luyckx 2012  had most favourable
outcome with 71% being cytoreduced to microscopic disease and
18.5% of remaining women having optimal cytoreduction (residual
disease less than 1 cm). The other two studies were fairly similar
with around two-thirds of women being optimally or completely

cytoreduced with the remaining third or so having residual disease
greater than 1 cm. Two studies reported American Society of
Anesthesiologists (ASA) score at baseline:  Aletti 2006a  (48% had
ASA scores 1 to 2 and 49% had ASA scores 3 to 4 with remaining
scores unknown) and  Chang 2012a  (56% had ASA scores 1 to 2
and 39% had ASA scores 3 to 4, with remaining scores unknown).
Two studies also reported extent of disease: 144 (74%) women had
carcinomatosis in Aletti 2006a and 149 (73%) had carcinomatosis
in  Chang 2012a.  Luyckx 2012  reported the extent of peritoneal
carcinomatosis with a median peritoneal cancer index of 10.
Approximately 39% had no upper abdominal lesions, 40% had
abdominal lesions of 2.5 cm or less, and 21% had upper abdominal
lesions greater than 2.5 cm.

Interventions

All three studies compared ultra-radical or extensive surgery
with standard surgery. However, the two more recent studies
additionally included some elements of extensive surgery in the
standard surgery group: segmental small bowel resection (Chang
2012a), and rectosigmoid resection and appendectomy (Luyckx
2012).  Aletti 2006a  and Chang 2012a  included only surgery from
upfront primary debulking surgery whereas Luyckx 2012 included
a mixture of PDS and IDS.

Aletti 2006a  performed initial surgery for diagnosis, staging and
surgical cytoreduction. Ultra-radical surgery was defined as having
any diaphragmatic surgery, bowel resection, splenectomy or
extensive abdominal peritoneal stripping or resection and was
compared to standard surgery defined as hysterectomy, complete
omentectomy, stripping of pelvic peritoneum or limited resection
of peritoneal-based nodules. Participants were first classified by
the extent of peritoneal dissemination. Those with tumour nodules
diJusely covering most of the bowel serosal surfaces and the
parietal peritoneum of the abdomen and pelvis were classified
as having carcinomatosis. The centre's division of gynaecological
surgery contained a mixed group of surgeons, some being more
likely to carry out ultra-radical surgery but all sharing a uniform
referral base with similar patient demographics, practising at a
single institution where each surgeon had access to identical
services and nursing support. The mean length of follow-up was
3.5 years and median was 2.7 years (range 0.02 to 10.5 years).
For the overall cohort of 194 women, 83 (42%) received ultra-
radical surgery and 111 (57%) received standard surgery. For the
subset of 144 women with worse disease (carcinomatosis), 68 (47%)
underwent ultra-radical surgery and 76 (53%) received standard
surgery.

Radical cytoreductive procedures in  Chang 2012a  included
radical oophorectomy with or without rectosigmoid colectomy,
total omentectomy, multiple bowel resections, diaphragm
peritonectomy or resection, liver resection, splenectomy, distal
pancreatectomy and gastric resection. Simple surgery included
total abdominal hysterectomy, bilateral salpingo-oophorectomy,
peritoneal biopsies or excisions, infracolic omentectomy, pelvic
lymphadenectomy, para-aortic lymphadenectomy and segmental
resection of small bowel. AQer surgery, all participants received
adjuvant platinum-based chemotherapy in combination with
paclitaxel for six to nine cycles. The median length of follow-up was
43 months (range 1 to 124 months).

Luyckx 2012  defined ultra-radical surgery as involving standard
surgery plus upper abdominal surgery such as stripping of the
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diaphragmatic peritoneum and splenectomy alone (group 2A in the
study), or a combination of digestive tract resections (right colon
and caecum, total colectomy and others), organ resection (spleen,
gallbladder, partial gastrectomy and others), coeliac lymph node
dissection, and total abdominal peritoneum stripping in addition
to standard surgery (group 2B in the study). The comparison
group was standard surgery with hysterectomy, bilateral salpingo-
oophorectomy, rectosigmoid resection, infragastric omentectomy,
pelvic and aortic lymphadenectomy and, when applicable,
appendectomy (group 1 in the study). The median length of follow-
up was 49 months.

Outcomes reported

Survival

Two studies reported outcomes for survival. One study applied
a multivariate analysis of OS adjusting the HR for surgery type,
age (continuous), FIGO stage and residual disease (Chang 2012a).
Although not reported in the original paper, Aletti 2006a provided
estimates of the HR from a multivariable Cox model, comparing
five-year disease-specific survival (DSS) (event being death from
advanced ovarian cancer) in the ultra-radical surgery group with
that in the standard surgery group for all 194 women and for
the 144 women with carcinomatosis. The HR for DSS in  Aletti
2006a  including all 194 women was adjusted for: age, ASA
score, carcinomatosis, mesenteric involvement, diaphragmatic
involvement, ascites, residual disease and operative time. The HR
for DSS in the subset of 144 women with carcinomatosis was
adjusted for: age, ASA score, tumour grade, residual disease and
operative time. Luyckx 2012 reported cox regression estimates for
OS but did not include type of surgery in their multivariate model
as it was not significant in univariate analysis.

Progression-free survival

Chang 2012a  reported PFS and adjusted the HR for FIGO stage,
tumour grade, residual disease and surgery type.

Disease-free survival

Luyckx 2012  reported an HR for disease-free survival (DFS)
and adjusted for FIGO stage, tumour grade, presence of upper
abdominal disease, amount of residual disease, and timing of
surgery (primary or interval) and surgery type.

Death within 30 days of intervention

Aletti 2006a and Chang 2012a reported perioperative death within
30 days. In this review, we used 'death within 30 days' as a
secondary outcome measure because this cut-oJ has been widely
used in the literature and would include people who died of
complications directly related to surgery that may only manifest
one to two weeks aQer surgery.

Adverse events

Chang 2012a  reported postoperative morbidity defined as
infected lymphocyst, thromboembolism, intestinal obstruction,
anastomostic leakage, ureteral injury, sepsis, intra-abdominal
abscess, pneumothorax, postoperative death within 30 days, or a
combination of these. Luyckx 2012 and Aletti 2006a did not report
adverse events by type of surgery.

None of the studies reported recurrence rate, QoL or (loco)regional
control.

For further details see the Characteristics of included studies table.

Excluded studies

We excluded 103 references aQer obtaining the full text for the
following reasons (see Characteristics of excluded studies table).

• In 12 studies, a comparison of ultra-radical and standard
surgery was not possible (Aletti 2006b; Aletti 2009a; Bahra 2013;
Bertelsen 1990; Eisenkop 2001; Eisenkop 2003; Grimm 2017;
Laios 2019; Pelissier 2018; Vidal 2016; Wimberger 2007; Yildirim
2014).

• In 22 studies, the comparison was not of interest to our study
(Chua 2011; Clark 2012; Clark 2014; Favero 2014; Ferrero 2014;
Fotopoulou 2012; Gremeau 2014; Guyon 2014; Hamilton 2011;
Hwang 2014; Hudry 2013; Janda 2014; Kato 2013a; Kehoe 2013;
Li 2014; Perri 2013; Pushpalatha 2011; Qin 2012; Rouzier 2010;
Sandadi 2014; Scalici 2014; Sehouli 2010).

• Participants in the comparison (standard surgery) group also
had extensive bowel surgery (which is classified as ultra-radical)
in 13 studies (Aletti 2006b; Canlorbe 2018; Chi 2004; Eisenhauer
2006; Eisenkop 1993; Eisenkop 1998; Elgamal 2019; Eoh 2017;
Filippova 2019; Gockley 2019; Kommoss 2010; Kuhn 1998; Tozzi
2019), diaphragmatic stripping in two studies (Tsolakidis
2010a; Tsolakidis 2010b), ultra-radical with splenectomy in one
study (Davies 2019), and extensive upper abdominal surgery in
two studies (Chi 2009; Oseledchyk 2016).

• In three studies, the intervention was a specific form of
ultra-radical surgery, but it was unclear whether those in the
comparison group received a diJerent form of ultra-radical
surgery or standard surgery (Aletti 2006c; Cai 2007; Eisenkop
2006).

• In three studies, there was no ultra-radical surgery performed
(Chang 2012b; Cormier 2012; Park 2011).

• Four studies included participants with recurrent disease
(Bristow 1999; Kato 2013b; Kolev 2014; van de Laar 2014),
whereas in one study it was unclear whether women with
recurrent disease were included (von Hugo 1989).

• Ten studies analysed data by descriptive statistics, no
multivariate analysis was performed (Barlin 2013; Chereau 2011;
Eng 2018; Soo Hoo 2015; McCann 2011; Muallem 2018; Phillips
2018; Sagara 2019; Zamurovic 2013; Zapardiel 2012).

• Ten studies included fewer than 100 participants in their
analyses (Angioli 2012; Butler 2012; Kim 2011; Liu 2013a;
Pathiraja 2011; Pathiraja 2013; Ratnavelu 2014; Stefanović 2011;
Sundar 2014; Wat 2012).

• Four studies included people with borderline tumours
(Kristensen 2014), germ cell tumours (Liu 2013b), only stages
pT1-2 (Oshita 2013), and where those with suboptimal debulking
were excluded (Rodriguez 2013).

• Thirteen studies were conference abstracts and the full text was
not available to make a decision (Campos 2014; Cummins 2019;
Jiang 2013; Liberale 2019; Lee 2017; Martinez 2014; Rodriguez
2012; Sundar 2018; Sundar 2019; Suzuki 2008; Szczesny 2016;
Wallace 2016; Wright 2012), one of which reported outcomes
that were not of interest (Wright 2012).

• In Ren 2015 (Jiang 2013 in abstract form), the type of surgery was
not included as a variable in a multivariable analysis of PFS.

• One study was an uncontrolled before-aQer study, but forms
part of the discussion in Agreements and disagreements with
other studies or reviews (Falconer 2020).
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Risk of bias in included studies

We did not identify any RCTs, so we did not apply Cochrane's risk
of bias tool (we planned to use ROB-1) for the assessment of these
types of studies. Instead, we used the ROBINS-I tool to assess bias
in our included studies (Sterne 2016).

The risk of bias assessments of the three included comparative
observational studies are summarised in  Table 1  and  Figure 2.
All studies had critical bias due to confounding because no
known prognostic factors could be identified that would have the

potential for confounding the eJect on intervention. In  Chang
2012a, adjusted HRs were derived from a prognostic model. No
details were presented on how modelling was performed, but this
seems to have been done based on significance testing (and not
on including putative confounders in the analysis, irrespective of
statistical significance). The adjusted HRs for  Luyckx 2012  were
derived from a prognostic model based on univariate significance
testing (P < 0.10) and not on including putative confounders in the
analysis, irrespective of statistical significance. In addition, the data
were collected retrospectively.

 

Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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All three studies were at low risk of bias in selection of participants
into the study. In all three, the intervention and follow-up occurred
simultaneously as outcomes would be observed immediately aQer
the cytoreductive surgery. Additionally, there was no evidence
of selection into the study due to variables measured aQer the
intervention, since participants were included retrospectively.

In all three studies, bias in classification of interventions was low
because the intervention statuses were clearly defined as either
having: aggressive surgery or not (Aletti 2006a), simple versus

radical surgical procedure (Chang 2012a), or standard surgery
versus standard surgery plus relatively routine upper abdominal
surgery versus ultra-radical surgery (Luyckx 2012).

All three studies were at unclear risk of bias due to deviations from
intended interventions. There was no evidence of any deviations
from interventions or usual practice but these may either be due to
omission or that deviations did not happen.

In all three studies, there was no diJerential follow-up or missing
data reported and no participants were reportedly omitted due to
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missing data. Although there is no reason to believe there was a
serious bias due to missing data, they were still not comparable to
a randomised trial. Therefore, we rated bias due to missing data as
moderate to high.

All three studies were at critical bias in measurement of outcomes.
In  Aletti 2006a, the multivariate analysis adjusted for variables
that were measured aQer the time origin in some of the analyses,
namely extent of residual disease and operative time (Altman
1995). Residual disease was also used as an adjustment prognostic
factor in the other two included studies (Chang 2012a; Luyckx
2012). This is likely to distort the estimate of survival as this
adjustment is made aQer surgery and is a key prognostic factor.

Only one study was at critical bias in selection of the reported result.
In  Aletti 2006a, the authors reported DSS rather than OS, which
is a more appropriate and reliable outcome measure and did not
report any QoL data, or state if there were any predefined outcome
measures prior to data analysis. Therefore, it is possible that the
outcomes may have been selectively reported. DSS is not a good
outcome measure to use for several reasons, for example the coding
of death certificates is notoriously prone to error. Also data were
reported in a subset of the 144 women with carcinomatosis (more-
extensive disease) only. There was unclear evidence of selective
reporting in the other studies as no protocol was available (Chang
2012a; Luyckx 2012). However, all outcomes mentioned in the
methods section seemed to have been reported in the results
section.

E;ects of interventions

See: Summary of findings 1 Ultra-radical (extensive) surgery
compared to standard surgery in women with stage IIIc or IV ovarian
cancer

We only identified very low-certainty evidence for all outcomes
reported in the review, but mainly due to relatively few women
being included due to stringent inclusion criteria. A breakdown
of adverse events was not adequately reported in two studies
(Aletti 2006a; Luyckx 2012) and QoL was not reported in any of
the three included studies. Although a secondary outcome, none
of the studies reported 'Optimal cytoreduction' in any multivariate
analyses. We did not present any unadjusted results for this as it
is likely that 'optimal cytoreduction' will be higher in ultraradical
surgery and would not be a fair comparison.

Survival (overall and disease-specific)

Upfront primary debulking surgery

Meta-analysis of two studies (397 women) found that women
who underwent radical procedures as part of PDS had 40% less
chance of mortality compared to women who underwent standard

surgery (adjusted HR 0.60, 95% CI 0.43 to 0.82; I2 = 0%; very low-
certainty evidence;  Analysis 1.1; Summary of findings 1) (Aletti
2006a; Chang 2012a). Aletti 2006a reported the five-year DSS rather
than categorising deaths by any cause. In Chang 2012a, the median
OS (unadjusted) was 66 months in the ultra-radical surgery group
and 38 months in the standard surgery group. The five-year DSS rate
(unadjusted) was 46% in the ultra-radical surgery group compared
with 13% in the standard surgery group.

The results were robust to a sensitivity analysis which included
two studies assessing 283 participants with more-extensive disease

(carcinomatosis), which found that women who underwent radical
procedures as part of PDS had 39% less chance of mortality
compared to women who underwent standard surgery (adjusted

HR 0.61, 95% CI 0.44 to 0.85; I2 = 0%; very low-certainty
evidence; Analysis 1.2; Summary of findings 1) (Aletti 2006a; Chang
2012a).

Upfront primary and interval debulking surgery

One study, which included women with stage IIIC and IV
disease, reported a comparison of radical versus standard surgical
procedures associated with both PDS and IDS procedures (Luyckx
2012). The study authors did not report the magnitude of eJect
in multivariate analyses and only included variables associated
with P < 0.05 on univariate analysis in Cox regression model. The
study found no diJerence in the risk of mortality between women
undergoing radical surgery versus standard surgery (403 women)
or ultra-radical versus standard surgery (424 women), in univariate
analyses. Multivariate analyses were not reported and, therefore,
the certainty of the evidence was not assessable and remained very
low.

Progression-free survival

Upfront primary debulking surgery

Chang 2012a, which assessed 203 participants, found that women
who underwent radical procedures as part of PDS had nearly 40%
less chance of disease progression or death compared to women
who underwent standard surgery (adjusted HR 0.62, 95% CI 0.42
to 0.92; very low-certainty evidence;  Analysis 1.3; Summary of
findings 1). The median PFS (unadjusted) was 18 in the ultra-radical
surgery group and 11 months in the standard surgery group. The
results were robust to a sensitivity analysis assessing a subset of
139 women with carcinomatosis, which found that women who
underwent radical procedures as part of PDS had nearly 50% less
chance of disease progression or death compared to women who
underwent standard surgery (adjusted HR 0.52, 95% CI 0.33 to 0.82;
very low-certainty evidence; Analysis 1.4; Summary of findings 1).

Disease-free survival

Upfront and interval debulking surgery

One study, which included women with stage IIIC and IV disease,
reported DFS for a comparison of radical versus standard surgical
procedures associated with both PDS and IDS procedures (Luyckx
2012). A combined analysis in one study (Luyckx 2012), assessing
527 women, found that those who underwent radical procedures
were associated with increased chance of disease progression or
death than those who received standard surgery (adjusted HR 1.60,

95% CI 1.11 to 2.31; I2 = 0%; very low-certainty evidence; Analysis
1.5; Summary of findings 1). In absolute and unadjusted terms,
the DFS was 19.3 months in the standard surgery group (group
1), 15.8 months in group 2A and 15.9 months in group 2B (the
two ultra-radical surgery groups) (see Characteristics of included
studies table for details of groups).

Death within 30 days of surgery

Upfront debulking surgery

None of the studies reporting death within 30 days of surgery used
any statistical adjustment.
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In Aletti 2006a, three women died within 30 days of their standard
surgical procedure whereas there were no reported cases of
perioperative mortality in the ultra-radical surgery group (very low-
certainty evidence).

In  Chang 2012a, perioperative death within 30 days occurred in
0/119 (0%) in the ultra-radical surgery group versus 1/84 (1.2%) in
the standard surgery group (very low-certainty evidence).

In total there were only four deaths within 30 days of surgery in both
studies and none in the ultra-radical group so we did not report a
risk ratio (planned outcome of choice a priori) to avoid potentially
misleading results with so few deaths (Summary of findings 1).

Adverse events

Upfront debulking surgery

Chang 2012a did not use any statistical adjustment for any adverse
events.

In Chang 2012a, there was postoperative morbidity in 32/84 (38.1%)
women in the ultra-radical surgery group versus 14/119 (11.8%)
women in the standard surgery group (RR 3.24, 95% CI 1.84 to 5.68;
very low-certainty evidence).

Women who underwent ultra-radical surgery had significantly
larger median estimated blood loss (800 mL with ultra-radical
surgery versus 500 mL with standard surgery; P = 0.03), were
more likely to receive a intraoperative or postoperative blood
transfusion (intraoperative: 25% with ultra-radical surgery versus
17.6% with standard surgery; postoperative: 39.3% with ultra-
radical surgery versus 26.1% with standard surgery; P = 0.01), had
longer median days in the intensive care unit (1.5 days with ultra-
radical surgery versus 0.8 days with standard surgery; P < 0.01), and
were more likely to experience postoperative morbidity (38% with
ultra-radical surgery versus 11.8% with standard surgery; P < 0.01)
than those who underwent standard surgery (very low-certainty
evidence; Summary of findings 1).

Operative time

Upfront debulking surgery

Chang 2012a did not use any statistical adjustment for operative
times between groups.

In Chang 2012a, women who underwent ultra-radical surgery had
significantly longer median operative times than those who had
standard surgery (307 with ultra-radical surgery versus 235 minutes
with standard surgery; P < 0.01). This outcome was not specified in
the summary of findings table.

D I S C U S S I O N

Summary of main results

We found three studies that met our inclusion criteria (Aletti 2006a;
Chang 2012a; Luyckx 2012). These studies reported retrospective
data for 924 women with advanced EOC (stage III/IV) who
underwent either ultra-radical or standard surgery. Two studies
reported on women who exclusively received PDS (Aletti 2006a;
Chang 2012a), whereas  Luyckx 2012  included women who had
received both PDS and IDS procedures.

Of the six outcomes examined, only survival (overall and disease-
specific and progression/disease-free), and perioperative mortality
were reported in more than one study. There is from two
observational retrospective studies providing very low-certainty
evidence that ultra-radical surgery compared to standard surgery
was associated with better OS in multivariate analyses (Chang
2012a). However, the evidence for better OS was not corroborated
in  Luyckx 2012, as surgery type was not found to be associated
with OS in a univariate analysis. In contrast, we also found evidence
from  Luyckx 2012  that ultra-radical surgery was associated with
worse DFS compared to standard surgery. We found that ultra-
radical surgery was no better than standard surgery regarding DSS
in multivariate analysis (Aletti 2006a).

In women with advanced-stage ovarian cancer, a diJerence in
perioperative mortality between ultra-radical surgery and standard
surgery could neither be demonstrated nor refuted due to the low
number of reported deaths within 30 days of surgery. We found
that there is very low-certainty evidence that these participants
who underwent ultra-radical surgery may be more likely to
experience postoperative morbidity, have longer operative time,
greater estimated blood loss, more likely to have intraoperative or
postoperative blood transfusions, and longer stay in the intensive
care unit compared to those who underwent standard surgery
(Chang 2012a).

In summary, across the three studies, we found insuJicient
evidence in assessing ultra-radical surgery versus standard surgery.

We did not identify any RCTs or comparative observational studies
that used statistical adjustment that addressed recurrence rate,
QoL or (loco)regional control.

Overall completeness and applicability of evidence

The included studies did not adequately address the objectives
of the review, with outcomes being incompletely reported or not
reported at all (e.g. QoL). The settings of the three studies spread
across three countries: USA, France and South Korea.

We assumed that the decision to perform standard or ultra-
radical procedures in these three retrospective studies was
determined by the surgeon's discretion unless the study authors
explicitly stated the reasons. Furthermore, descriptive information
on participant and disease characteristics were not reported
by type of surgery. Thus, confounding by indication cannot be
ruled out. Significance at univariate analyses was the primary
method for variable selection in multivariate analyses for all three
studies, highlighting the exploratory nature of these studies with
regards to identifying potential confounders. Putative confounders,
irrespective of statistical significance on their own, should always
be reported in statistical models. Depending on the outcome,
selected variables included a combination of age, FIGO stage,
residual disease, ASA score, operative time, timing of surgery,
tumour grade, or a combination of these in addition to surgery type.
Prognostic factors that are commonly known (or could, in principle,
be known) before the operation is performed (e.g. age, ASA
score, carcinomatosis, mesenteric involvement, diaphragmatic
involvement, ascites) are moderating variables and it is valid to
adjust for them. It may even be necessary to adjust for them as they
may confound the assignment to type of surgery.
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The sensitivity analysis including women with carcinomatosis
appeared to suggest that in women with more-extensive disease,
there is more benefit of radical surgery. Despite the certainty of the
evidence being very low, there was a suggestion that unless there
is some indication of both the preprocedure extent of disease and
the postprocedure residual disease, it is diJicult to define the value
of surgery. FIGO staging may simply be too crude to use to define
extent of disease for most cases.

One included study reported DSS, which included deaths from
ovarian cancer and deaths from surgical treatment (Aletti
2006a). Adjusted HRs for OS, which was this review's strict
primary outcome, was only reported in  Chang 2012a, although
we combined these outcomes for the meta-analysis with the
assumption that deaths from other causes would be minimal
(potentially a dubious assumption but we did present the diJerent
outcomes as a subgroup for transparency).

One limitation observed was the inclusion of potential mediating
variables in the multivariate models reported in the identified
studies The extent of residual disease is likely to be a consequence
of both the initial extent of disease (e.g. the pattern rather than the
stage and bulk) and the type of surgery (e.g. the degree of surgical
radicality). If residual disease is a putative risk factor for survival,
then it is likely to be the case that residual disease is a potential
mediator in the hypothesised causal pathway from surgery type
to survival. As such, residual disease does not meet the criteria
for a confounder (Kyriacou 2016), and its inclusion in multivariate
models would reduce the eJect of surgery type on survival.

Women with advanced ovarian cancer are generally in poor health
and have a relatively short life expectancy. A good QoL aQer
treatment is therefore an important issue in this group of women,
but unfortunately this review was unable to assess this important
outcome but the results of the recent SOCQER-2 study are discussed
below under Agreements and disagreements with other studies or
reviews (Sundar 2021).

Quality of the evidence

Overall, the certainty of the evidence was very low for all outcomes
because the review found only three relevant NRSs, all of which
were at high risk (critical) of bias (GRADE Working Group 2004).
This severely limits any conclusions. The three included studies
analysed 874 women, but not all could be included in the same
pooled analyses. All three studies were at critical risk of bias,
largely because they were retrospective in nature.  Participant
characteristics were not reported by surgical group so it was not
possible to assess whether the groups receiving diJerent types
of surgery were similar prior to surgery. However, the univariate
analysis showed which factors were important predictors of
survival individually and analysis of the type of surgery that
adjusted for these prognostic factors and generally gave similar
eJect estimates for survival estimates to the unadjusted results,
suggesting that prognostic factors were likely balanced between
surgical groups. However, it is possible that factors not significant
in univariate analysis could influence the estimates of eJect in
the multivariate model. Furthermore, the dichotomy of several
covariates  is also questionable and variables that were not
considered in the analysis, such as comorbidities and ethnicity,
could also influence results.

There were also other contributing factors to downgrade the level
of evidence to providing very low-certainty evidence. We had
concerns that residual disease aQer surgery had been adjusted
for in the Cox models for survival in all three included studies.
When assessing the eJect of ultra-radical versus standard surgery,
the extent of residual disease is likely to be a consequence
of whether ultra-radical or standard surgery was performed;
therefore, adjusting for extent of residual disease is likely to
dilute the estimate of the eJect of the type of surgery. 'Extent of
residual disease' is a mediating variable, on the causal pathway
between type of surgery and outcome (Altman 1995). Likewise,
operative time which was included in the Cox model in  Aletti
2006a  is also a mediating variable. Prognostic factors that are
known (or could in principle be known) before the operation
is performed (e.g. age, ASA score, carcinomatosis, mesenteric
involvement, diaphragmatic involvement, ascites) are moderating
variables and it is completely valid to adjust for them. Indeed,
it is necessary to adjust for them and they formed part of our
inclusion criteria because they are probably confounded with
assignment to treatment group. A separate prognostic review
assessing residual disease as a prognostic factor in this area has
been conducted (Bryant 2021). This review shows the prognostic
impact of achieving NMRD.

In the included studies, as well as many that were excluded, there
appeared to be an over-interpretation of statistical significance. For
example, in  Aletti 2006a, the adjusted HR was 0.64 (95% CI 0.40
to 1.04). The HR in women with carcinomatosis was 0.64 (95% CI
0.41 to 0.98). The former was somewhat dismissed because it was
"not statistically significant" but the authors were more convinced
by the latter. This carries through into the conclusions where
ultra-radical surgery is deemed to be beneficial for women with
carcinomatosis, but not for others. However, the point estimates
are in this instance identical. The reason the former is not significant
and the latter is, could simply be because the former was adjusted
for a large number of factors (Higgins 2019; Schisterman 2009). We
reflected this in our certainty of the evidence judgements, although
the power of meta-analyses did provide us as review authors
increased scope to make slightly more generalised conclusions
(than single study authors) as there was a suggestion that women
with carcinomatosis may have benefited from more radical surgery.

There were also many other factors aJecting assignment to the
surgical groups. It may have been the case that surgeons were
more likely to perform ultra-radical surgery if women are in better
health or they are themselves more experienced. We suggest
that because the adjusted and unadjusted HRs are similar, the
prognostic factors may be well balanced at baseline. Nonetheless,
we have been cautious and this is reflected in the certainty of
evidence judgements. While the groups may be well balanced, it
is possible that the ultra-radical group started oJ healthier and
their apparently better survival in upfront surgery was an artefact.
However, this is not possible to ascertain and more evidence of
better certainty is needed.

Aletti 2006a reported disease-specific OS. We assumed this to
be DSS, as DSS and OS are diJerent. OS counts all deaths
(from whatever cause) as an event; DSS counts only deaths from
ovarian cancer as an event. This raises the question about how
disease-specific survival counts deaths from other causes, where
presumably such deaths are censored. DSS is not a non-ideal
outcome measure to use due to the potentially poor and error-
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prone coding of death certificates. Furthermore, if someone dies
because of the treatment they receive, this may not be counted
as a death from ovarian cancer, but it is just as important to the
patient as a death from ovarian cancer. Thus the evaluation of the
relative benefits of the treatments should include these deaths. DSS
was not one of our prespecified outcomes, however we chose to
subgroup by DSS in the meta-analysis.

Potential biases in the review process

We performed a comprehensive search, including a thorough
search of the grey literature and at least two review authors
independently siQed and extracted data for all studies. The review
included NRSs and was not restricted to RCTs, which provide the
strongest level of evidence available. We made every attempt to
minimise bias in the review process. We anticipated that selection
bias was likely to be a real problem due to the non-randomised
assignment of women to surgery as it was likely that treatment
allocation depended on the clinical indication and the level of
surgical expertise available. We attempted to minimise this bias
by only including RCTs or quasi-RCTs or NRSs of suJicient quality
that adjusted for baseline diJerences between the groups receiving
diJerent types of surgery. Unfortunately, we were only able to
include three studies of such quality that met the inclusion criteria.

A further threat to the validity of the review is likely to be
the possibility of publication bias. Studies that did not find a
statistically significant diJerence between treatments may not
have been published. We were unable to assess this possibility as
the analysis was restricted to just three included studies.

Agreements and disagreements with other studies or
reviews

One before-aQer study suggested that a structured shiQ to an ultra-
radical upfront primary surgical approach may not improve survival
in surgically treated women (Falconer 2020). In this population-
based cohort study, women with suspected advanced EOC near
Stockholm in Sweden were included via the Swedish Quality
Registry for Gynecologic Cancer (SQRGC) and the NCR. Women
were selected in two sets of three-year cohorts, based on the year of
their diagnosis (a 'before' cohort or an 'aQer' cohort with a change
in surgical treatment algorithm) and were followed for at least three
years. Five-year OS in non-surgically and surgically treated women
was analysed. AQer a median follow-up of around 28 months in 752
women, the complete resection rate increased from 37% to 67%
as well as the proportion of non-surgically treated women, from
24% to 33%. This study also demonstrated that a shiQ to ultra-
radical surgery was associated with an increase in the proportion
of non-surgically treated women. However, this study was not a
'controlled' before-aQer study and as a consequence was prone to
bias (Goodacre 2015). The use of historical controls are known to
overestimate the benefit of new treatments. Before-aQer studies
also have a high risk of bias because there may be unidentified
diJerences between the intervention and control groups that may
aJect changes in the outcome measure (Sterne 2022).

One of the excluded studies evaluated the impact of diJerent
prognostic factors for surgical outcome and evaluated the impact
of surgical outcome on survival in women with advanced-stage
ovarian cancer (Wimberger 2007). In this prospective study,
798 women with FIGO IIB-IV disease from 136 centres within
Germany were operated on and then randomised to receive

either cisplatin plus paclitaxel or carboplatin plus paclitaxel
chemotherapy. Complete surgical data were obtained from 761
women and were analysed using multivariable logistic regression.
Complete cytoreduction with no macroscopic residual tumour
was achieved in 29.8% of women, with a significant improved
OS compared to women with visible, including small, remaining
disease (P < 0.0001). In women with FIGO stages IIIC and IV,
complete cytoreduction was less likely in older women, those with
a higher preoperative tumour load, worse performance status, and
peritoneal carcinomatosis. FIGO stage was not an independent
factor for complete cytoreduction in this group of women. The
authors identified a subgroup of 71 centres (referred to as type
A) which demonstrated the capability of performing ultra-radical
surgery having carried out pelvic or para-aortic lymphadenectomy
(or both) and peritoneal stripping in at least one of the enrolled
participants in the study. This group included 534 (69.8%) women.
The remaining 65 centres were identified as type B centres and
treated 227 women. A higher percentage of women with worse
performance status were treated in type A centres (53.9% in type
A versus 43.6% in type B; P = 0.009). Type A centres more oQen
achieved complete cytoreduction compared to type B centres
(32.8% in type A versus 22.9% in type B; P = 0.007). Treatment in type
A centres was associated with greater OS compared to treatment in
type B centres (45.2 months in type A versus 35 months in type B;
P = 0.045).

Their results suggest an advantage for aggressive primary surgery
and complete cytoreduction in women with more advanced
disease when operated on in experienced centres. Although this
study was excluded from the review because the comparative
groups were by treatment centres that contained a mixed case
load of ultra-radical and standard surgery, it does provide some
evidence that aggressive primary cytoreductive surgery can negate
the eJects of aggressive tumour biology in advanced ovarian
cancer, with a subsequent improvement in OS.

In Aletti 2006a, the authors reported that radical procedures were
performed at the same rate regardless of age (49% for age less than
65 years versus 51% for age greater than 65 years; P = 0.45) and
that participants with better ASA scores (1 or 2 versus 3 or 4) were
more likely to have aggressive procedures performed (59% with
ASA 1 or 2 versus 36% with ASA 3 or 4; P = 0.005), which implies
the overall medical condition of the participant at least partially
influences the decision to perform aggressive surgery. However, the
numbers of women in each surgical group were not reported. For
further details, see the Characteristics of included studies table.

One recent review of guidelines showed clear international
diJerences in ovarian cancer survival and these diJerences in
treatment could be contributing to survival disparities (Norell
2020). The objective of the review by Norell and colleagues
was to compare clinical practice guidelines and patterns of care
across seven high-income countries. They included guidelines
widely used in routine ovarian cancer treatment. The review also
included an expert questionnaire component, which included
questions on surgical practice and was validated and tested by an
expert clinical working group. Guideline and survey results were
crudely compared with three-year survival by 'distant' stage using
Spearman's rank order correlation.

Norell 2020 compared 27 guidelines, and 119 clinicians completed
the survey. Guideline-related measures varied between countries
but did not correlate with survival internationally. Reported
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patterns of surgical care varied internationally, including for
rates of extensive/'ultra-radical' surgery, and perceived barriers to
optimal cytoreduction. When surveyed, Norwegian and Australian
clinicians either agreed or strongly agreed with ultra-radical
surgery, whereas clinicians from Canada and the UK agreed with
ultra-radical surgery to a lesser extent, with some respondents
either disagreeing or strongly disagreeing with this approach.
When crudely compared, willingness to undertake extensive/ultra-
radical surgery correlated with three-year survival by distant
stage (Spearman's rank correlation coeJicient (rs) = 0.94, P =

0.017).  Norell 2020  reported that most guidelines that were
identified did not explicitly recommend ultra-radical (extensive)
surgery, but clinicians from higher-performing countries were
more likely than those from lower-performing countries to be
proponents of 'ultra-radical' surgery. Norwegian clinicians were
least likely to perceive age as a barrier to achieving optimal
cytoreduction and Norway demonstrated the highest survival
in elderly women with distant-stage disease. In the UK, where
clinicians perceived a lack of supportive care, survival for these
women was lower. Women with advanced ovarian cancer are
more likely to have severe comorbidities and higher mortality,
and historically, elderly women were less likely to receive
comprehensive surgical treatment. One Dutch study recently found
that older participants and those with advanced disease were
significantly less likely to receive any cancer-directed treatment
(Zijlstra 2019). It was also noted by the authors of Norell 2020 that
available resources and operating theatre time may influence a
surgeons' ability to perform extensive surgery and could impact
patient outcomes. They also added that it is this subcategory of
elderly women with advanced disease where survival is lowest and
where significant diJerences exist.

Guidelines from Belgium in 2016 provided recommendations based
on scientific evidence for the diagnosis, treatment and follow-
up of epithelial ovarian, fallopian tube and primary peritoneal
cancer (Vergote 2016). The report stated that clinicians were
encouraged to interpret their recommendations in the context
of the individual patient situation and her own values and
preferences. Furthermore, in the absence of good-quality evidence
on optimal treatment options, patient participation in clinical trials
was to be encouraged as much as possible. The guidelines reported
by Vergote 2016 acknowledged that the evidence was limited, but
suggested that it supports the use of radical surgical techniques
(such as diaphragm resection, peritoneal stripping, splenectomy,
etc.) to obtain complete resection of all macroscopic tumour.
The guidelines showed the prognostic value of debulking to no
macroscopic disease at the end of surgery and supporting evidence
from the use of radical surgery. The guidelines formulated a strong
recommendation (despite low level of evidence) that complete
debulking should be the aim of cytoreductive surgery (PDS or
IDS) and that the term optimal should no longer be used as old
definitions of optimal surgery (residual disease less than 2 cm or
less than 1 cm). We are more cautious in the interpretations in
our systematic review than the guidelines we identified. While the
results of the guidelines are compelled to make recommendations,
our review is restricted to the inclusion of just three NRSs and
we were bound by systematic review reporting guidance (Higgins
2019).

The guidelines reported by  Norell 2020  also accounted for the
experience of patient representatives. The influence of radical
surgery on long-term QoL was reported not to be a major

drawback, the survival benefit weighing more importantly in the
overall balance. The SOCQER-2 study reported QoL as a primary
outcome, which was a prospective, non-randomised multicentre
observational study run across the UK, India and Australia (Sundar
2021). Women were eligible if they had suspected or confirmed EOC
with radiological spread beyond pelvis and if primary or delayed
debulking surgery was planned.

The SOCQER-2 study found that women with late-stage ovarian
cancer had no important diJerences in European Organisation for
Research and Treatment of Cancer Quality of Life of Cancer Patients
– 30 (EORTC QLQ-C30) global scores measured across six weeks,
six months and 12 months' postsurgery when undergoing surgery
of varying complexity, despite a higher preoperative disease
burden in people undergoing more radical surgical procedures
(Sundar 2021). Across all groups of women receiving all forms
of complex surgery (categorised by surgery complexity scores
(SCS) and grouped into low, intermediate and high), global
QoL showed a small but significant improvement by 12 months
postoperatively. Women who underwent the most complex surgery
(high-SCS group) had small-to-moderate detriments in EORTC QLQ-
C30 physical function, role function and emotional function at
six weeks postsurgery compared with women undergoing less-
extensive surgery (intermediate- and low-SCS groups), but by six to
12 months' postsurgery, these functions were comparable across
all SCS categories. Most women undergoing high-SCS surgery
without disease progression experienced a positive change in QoL
by 12 months' postsurgery. There were no clinically meaningful
diJerences in QoL among women undergoing surgery of diJerent
complexities. The authors of the study concluded that women
undergoing high-complexity surgery can be reassured that by
12 months' postsurgery most will have better QoL aQer than
immediately before surgery (Sundar 2021).

The authors of SOCQER-2 found that women who underwent
low-complexity surgery had higher rates of residual disease and
lower survival compared with those with a similar disease burden
undergoing surgery of intermediate complexity (Sundar 2021).
However, there was no statistical adjustment performed in these
analyses. Postoperative residual disease was associated with
poorer OS, particularly in women undergoing low-complexity
surgery, but again they made no statistical adjustment.  Sundar
2021  acknowledged potential selection bias, but since research
nurses carried out recruitment to the SOCQER-2 study, that
systematic bias introduced by surgeons recruiting women whom
they believed would recover well aQer extensive surgery was
unlikely.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We found only very low-certainty evidence comparing ultra-radical
and standard surgery in women with advanced ovarian cancer and
also subgroups with carcinomatosis. The evidence suggested that
ultra-radical surgery may result in better survival, but results are
based on retrospective studies, at critical risk of bias, in relatively
few women. Results for progression/disease-free survival were
inconsistent and evidence was sparse. Quality of life (QoL) and
morbidity was not reported in the two groups, but the results of the
SOCQER-2 (Surgery in Ovarian Cancer – Quality of Life Evaluation
Research – 2) study are promising for those undertaking high-
complexity surgery (Sundar 2021). This study was the only one
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to adequately investigate QoL and it concluded that there can
be confidence in clinical practice that the use of high-complexity
surgery in advanced ovarian cancer will not have a detrimental
eJect on global QoL compared with less-complex surgery.

While we were unable to reach definite conclusions about the
relative benefits and adverse eJects of the two types of surgery in
our review (that applied stringent inclusion criteria), the guidelines
that we identified are worthy of consideration (Norell 2020; Vergote
2016). These guidelines generally supported the use of radical
surgical techniques to obtain no macroscopic residual disease in
appropriate women.

Implications for research

To date, most studies of ultra-radical (extensive) surgery for
advanced-stage ovarian cancer have assessed residual disease
as an outcome rather than survival. Other studies that have
assessed the role of ultra-radical surgery have not compared it
with standard surgery and have included women with recurrent
disease, making this a heterogeneous group of women and hence
limiting the inferences that can be made about the role of ultra-
radical surgery. In order to aid existing guidelines, the role of
ultra-radical surgery in the management of advanced-stage ovarian
cancer could be addressed through the conduct of a suJiciently
powered randomised controlled trial comparing ultra-radical and
standard surgery.

If randomised controlled trials are not feasible, high-quality non-
randomised studies should be designed to add to the existing
evidence base in the review. Such studies should include all
women diagnosed within a fixed population and agree criteria for
prognostic factors that will form the key adjustment in analyses.
Population-level, multicentre studies are important in this area

as what works or does not work in one institution may be very
diJerent from what works elsewhere. It would be important to test
the eJect of ultra-radical surgical adoption on the rates of surgery
and the eJects on those women who do not undergo surgery.
Multivariable analysis should allow for baseline prognostic factors,
but not for variables (such as extent of residual disease or operating
time) that were recorded aQer women were assigned to surgical
groups. The experience of the treating surgeon should also be
factored in.
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Study characteristics

Methods Retrospective cohort study of consecutive participants identified from surgical records.

Surgery carried out at Mayo Clinic, Minnesota (USA)

Participants Women with FIGO stage IIIC ovarian cancer, where disease status was extracted from surgical explo-
ration notes.
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Age at study entry: mean 64.4 years; median 64 years; range 24–87 years

All women presented with FIGO stage IIIC: 194/194 (100%)

Tumour cell type: serous 126 (64.9%), mucinous: 4 (2.1%), endometrioid: 18 (9.3%), clear cell: 7 (3.6%),
mixed: 17 (8.8%), seroanaplastic: 17 (8.8%), Müllerian origin: 2 (1%)

Tumour grade: 1: 1 (0.5%), 2: 13 (6.7%), 3: 180 (92.8%)

ASA score: 1: 7 (3.6%), 2: 87 (44.8%), 3: 88 (45.4%), 4: 7 (3.6%), unknown: 5 (2.6%)

Ascites: mean 2076 mL, median 1000 mL, range 0–12,000 mL

Extent of disease: carcinomatosis: 144 (74.2%), diaphragm involvement: 137 (70.6%), mesentery: 138
(71.1%), cul-de-sac: 163 (84%), omentum: 168 (86.6%), ascites: 160 (82.5%)

Residual disease: no gross visible: 46 (23.7%); 0–1 cm: 85 (43.8%); 1–2 cm: 22 (11.3%); > 2 cm: 41 (21.1%)

Baseline details for 144 women with carcinomatosis were not reported. However, it is known that 68
(47.2%) women underwent ultra-radical surgery and 76 (52.8%) underwent standard surgery.

Interventions Initial surgery performed for diagnosis, staging and surgical cytoreduction.

Intervention: ultra-radical surgery: if any diaphragmatic surgery, bowel resection, splenectomy or ex-
tensive abdominal peritoneal stripping or resection.

Comparison: standard surgery: hysterectomy, complete omentectomy, stripping of pelvic peritoneum
or limited resection of peritoneal-based nodules.

Outcomes • Disease-specific overall survival

• Perioperative mortality

Disease-specific survival: HR for death from advanced epithelial ovarian cancer (adjusted for age, ASA
score, carcinomatosis, mesenteric involvement, diaphragmatic involvement, ascites, residual disease
and operative time): 0.64 (95% CI 0.40 to 1.04). Provided through personnel communication with the
study authors.

Median disease-free survival: 15.9 with ultra-radical surgery; 19.3 months with standard surgery; signifi-
cant; not adjusted

Notes Follow-up: mean: 3.5 years; median: 2.7 years; range: 0.02–10.5 years

Participants were first classified by the extent of peritoneal dissemination. Those with tumour nodules
diffusely covering most of the bowel serosa surfaces and the parietal peritoneum of the abdomen and
pelvis were classified as having carcinomatosis.

In multivariate analysis, only residual disease and radical surgery were independent factors predicting
participant survival (Table 4).

Quote: "When examining the effect of radical surgery on all patients with carcinomatosis (n = 144), we
observed an improved disease-specific overall survival rate (38% versus 9%; log-rank test, P=0.001)
favouring patients who underwent radical procedures versus non-radical procedures (Fig. 3)".

Quote: "Radical procedures were performed at the same rate regardless of age (49% for age 65 years
versus 51% for age 65 years; P = 0.45). Patients with better ASA scores (1 or 2 versus 3 or 4) were more
likely to have aggressive procedures performed (59% versus 36%, respectively; P = 0.005), which im-
plies the overall medical condition of the patient at least partially influences the decision to perform
aggressive surgery".

Quote: "The 5-year disease-specific overall survival rate was 46% compared with 13% for patients with
radical and non-radical surgeries, respectively (log-rank test, P = 0.001; Fig. 4A)".

Quote: "The rate of optimal resection (residual disease 1 cm) was 84.5% compared with 51% on the ba-
sis of surgeon tendency to use radical procedures".

Aletti 2006a  (Continued)
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Quote: "Our division of gynaecologic surgery shares a uniform referral base with similar patient demo-
graphics, and we practice at a single institution where each surgeon has access to identical services
and nursing support".

Risk of bias

Bias Authors' judgement Support for judgement

1. Bias due to confounding
(a–d)

High risk Domain had a critical risk of bias: no known prognostic factors that have po-
tential for confounding of the effect on intervention. Information was collect-
ed retrospectively.

2. Selection bias (a) Low risk Intervention and follow-up start were simultaneous as a rule for cytoreductive
surgery. No evidence of selection into the study due to variables measured af-
ter the intervention since participants were included retrospectively.

3. Classification of inter-
ventions (a–b)

Low risk Well-defined surgical interventions based on aggressive surgery (yes versus
no).

4. Deviation from intended
interventions (a–c)

Unclear risk No evidence of any deviations from interventions or usual practice but may be
due to omission or that deviations did not happen.

5. Bias due to missing data
(a–b)

High risk Domain had moderate-to-high risk of bias: no differential follow-up or miss-
ing data reported; no participant selection due to missing data reported. In
some respects, there was no reason to believe there was serious bias due to
missing data as the study was sound for a non-randomised study with regard
to this domain but cannot be considered comparable to a well-performed ran-
domised trial. Therefore, it was sensible to judge the missing data domain at
moderate-to-high risk of bias.

6. Measurement of out-
comes (a–b)

High risk Domain had a critical risk of bias: disease-specific survival is not a good out-
come measure to use for several reasons, namely the coding of death certifi-
cates is notoriously error-prone. If someone dies because of the treatment
they receive, this may not be counted as a death from ovarian cancer. But it is
just as important to the patient as a death from ovarian cancer and the evalua-
tion of the relative benefits of the treatments should include these deaths. The
study authors would have had access to data for death from all causes.

7. Reporting bias (a–c) High risk Domain had a critical risk of bias: there is a serious problem in the multivari-
ate analysis. It adjusted for variables that were measured after the time origin,
namely extent of residual disease and operative time (Altman 1995). Also data
were reported in a subset of the 144 women with carcinomatosis (more-exten-
sive disease) only.

Aletti 2006a  (Continued)

 
 

Study characteristics

Methods Retrospective review of medical records. The decision to perform simple or radical procedures was de-
termined by the surgeon.

Participants Consecutive women with FIGO stage IIIC and IV primary epithelial ovarian, fallopian tube or peritoneal
cancer who underwent primary cytoreductive surgery at Ajou University Hospital, Republic of Korea
(enrolment 1 January 2000 to 31 December 2011).

Age: median 54 years; range 30–78 years

Chang 2012a 
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FIGO stage IIIC: 189 (93.1%); IV: 14 (6.9%)

Tumour cell type: serous 167 (82.3%), mucinous: 4 (2.0%), endometrioid: 5 (2.5%), clear cell: 9 (4.4%),
mixed: 18 (8.9%)

ASA score 1–2: 114 (56.2%); 3–4: 80 (39.4%); 9 not available

Tumour grade 1: 26 (12.8%), 2: 72 (35.5%), 3: 100 (49.3%), unknown: 5

Ascites > 100 mL: 92 (54.7%)

Peritoneal carcinomatosis 149 (73.4%)

Residual disease: no gross visible: 63 (31.0%); 0–1 cm: 67 (37.9%); > 1 cm: 63 (31.0%)

Median BMI: 23.3 (range 11.7–35.2)

Carcinomatosis: 149 (73.4%)

Baseline details not presented according to type of surgery.

Interventions Intervention: radical cytoreductive procedures included radical oophorectomy with or without rec-
tosigmoid colectomy, total omentectomy, multiple bowel resections, diaphragm peritonectomy or re-
section, liver resection, splenectomy, distal pancreatectomy, and gastric resection.

Comparison: simple surgery included total abdominal hysterectomy, bilateral salpingo-oophorecto-
my, peritoneal biopsies or excisions, infracolic omentectomy, pelvic lymphadenectomy, para-aortic
lymphadenectomy, and segmental resection of small bowel.

After surgery, all participants received adjuvant platinum-based chemotherapy plus paclitaxel for 6–9
cycles.

Outcomes Overall survival, progression-free survival and adverse events

Ultra-radical versus standard surgery

Median operative time (minutes): 307 versus 235; P < 0.01

Median estimated blood loss (mL): 800 versus 500; P = 0.03

Intra- or postoperative blood transfusion: 25% versus 17.6%; P = 0.01

Median stay in intensive care unit (days): 1.5 versus 0.8; P < 0.01

Postoperative mortality within 30 days: 1 versus 0

Any postoperative morbidity: 38% versus 11.8%; P < 0.01

Postoperative morbidity defined as infected lymphocyst, thromboembolism, intestinal obstruction,
anastomotic leakage, ureteral injury, sepsis, intra-abdominal abscess, pneumothorax or postoperative
death within 30 days.

Notes Follow-up: median 43 months; range 1–124 months

Retrospective non-randomised study. The decision to perform simple or radical procedures was deter-
mined by the surgeon. Confounding by indication could not be excluded. Participant and disease char-
acteristics not reported per type of surgery. Blinding not reported.

Adjusted HRs were derived from a prognostic model. No details on how modelling was performed, but
this seems to have been done based on significance testing (and not on including putative confounders
in the analysis, irrespective of statistical significance).

Risk of bias

Chang 2012a  (Continued)
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Bias Authors' judgement Support for judgement

1. Bias due to confounding
(a–d)

High risk Domain had a critical risk of bias: (quote) "The decision to perform simple or
radical procedures was determined by the surgeon's discretion".

Confounding by indication could not be excluded. Also, no known prognostic
factors that had potential for confounding of the effect on intervention. Infor-
mation was collected retrospectively.

2. Selection bias (a) Low risk Intervention and follow-up start were simultaneous as a rule for cytoreductive
surgery. No evidence of selection into the study due to variables measured af-
ter the intervention since participants were included retrospectively.

3. Classification of inter-
ventions (a–b)

Low risk Well-defined surgical interventions based on type of surgical procedure (sim-
ple versus radical).

4. Deviation from intended
interventions (a–c)

Unclear risk No evidence of any deviations from interventions or usual practice – which
may either be an error of omission or that deviations did not happen.

5. Bias due to missing data
(a–b)

High risk Domain had a moderate-to-high risk of bias: all selected participants seem to
have been included in the analyses. No differential follow-up or missing data
reported; no participant selection due to missing data reported. There was no
reason to believe there was a serious bias due to missing data as the study was
sound for a non-randomised study with regard to this domain but could not
be considered comparable to a well-performed randomised trial. Therefore,
it was sensible to judge the missing data domain at moderate-to-high risk of
bias.

6. Measurement of out-
comes (a–b)

High risk Domain had a critical risk of bias: adjusted HRs were derived from a prognos-
tic model. No details on how modelling was performed, but this seems to have
been done based on significance testing (and not on including putative con-
founders in the analysis, irrespective of statistical significance). Also, adjust-
ment were made for residual disease and this was likely to distort the estimate
of survival as this adjustment was made after surgery and was a key prognos-
tic factor.

7. Reporting bias (a–c) Unclear risk Difficult to judge. No protocol available. All outcomes mentioned in the meth-
ods section seemed to have been reported in the results section.

Chang 2012a  (Continued)

 
 

Study characteristics

Methods Retrospective review of medical records of patients treated in 7 French gynaecological oncology and
surgery centres.

Participants Women with FIGO stage IIIC and IV (pleural invasion only) ovarian, tubal or peritoneal epithelial carci-
noma who underwent either primary or interval debulking. All had ≥ 6 cycles of carboplatin plus pacli-
taxel (enrolment 1 January 2003 to 31 December 2007)

Age: median 59 years; range 24–90 years

FIGO stage IIIC: 441 (83.7%); IV: 86 (16.3%)

Tumour cell type: serous papillary 382 (72.8%), mucinous: 11 (2.1%), endometrioid: 54 (10.3%), clear
cell: 13 (2.5%), undifferentiated 54 (10.3%), other: 11 (2.1%)

Tumour grade 1: 34 (8.3%), 2: 138 (33.8%), 3: 236 (57.8%), unknown: 119

Luyckx 2012 
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Ascites: median 50 mL; range 0–8000 mL

Residual disease: no gross visible: 374 (71.1%), 0–1 cm: 97 (18.5%), > 1 cm: 55 (10.5%)

Peritoneal cancer index: median 10.0

Upper abdominal lesion: 0 mm: 175 (38.5%); 0–25 mm: 182 (40.0%); > 25 mm: 97 (21.4%)

Baseline details not presented according to type of surgery.

Interventions Intervention 1: ultra-radical surgery involving a combination of digestive tract resections (right colon
and caecum, total colectomy, and others), organ resection (spleen, gallbladder, partial gastrectomy,
and others), coeliac lymph node dissection, and total abdominal peritoneum stripping in addition to
standard surgery (group 2B in the study).

Intervention 2: standard surgery plus relatively routine upper abdominal surgery (group 2A in the
study).

Comparison: standard surgery with hysterectomy, bilateral salpingo-oophorectomy, rectosigmoid re-
section, infragastric omentectomy, pelvic and aortic lymphadenectomy, and, when applicable, appen-
dectomy (group 1 in the study).

Outcomes Overall survival, disease-free survival

Notes Follow-up: median 49 months

Retrospective non-randomised study. We assume that the decision to perform simple or radical proce-
dures was determined by the surgeon. Confounding by indication could not be excluded. Participant
and disease characteristics not reported per type of surgery. Blinding not reported (but may not be
relevant to this research question). Sample also included a mixture of primary and interval debulking
surgery. Adjusted HRs were derived from a prognostic model. Characteristics were selected based on
statistical significance in the univariate analysis (P < 0.10) and not on including putative confounders in
the analysis, irrespective of statistical significance.

Risk of bias

Bias Authors' judgement Support for judgement

1. Bias due to confounding
(a–d)

High risk Domain had a critical risk of bias: no known prognostic factors that have po-
tential for confounding of the effect on intervention. Information collected ret-
rospectively.

2. Selection bias (a) Low risk Intervention and follow-up start were simultaneous as a rule for cytoreductive
surgery. No evidence of selection into the study due to variables measured af-
ter the intervention since participants were included retrospectively.

3. Classification of inter-
ventions (a–b)

Low risk Well-defined surgical interventions based on type of surgical procedure: group
1: standard surgery; group 2A: standard surgery plus relatively routine upper
abdominal surgery; group 2B: ultra-radical surgery

4. Deviation from intended
interventions (a–c)

Unclear risk No evidence of any deviations from interventions or usual practice but may be
due to omission or that deviations did not happen.

5. Bias due to missing data
(a–b)

High risk Domain had a moderate-to-high risk of bias: all selected participants may have
been included in the analyses but this could not be confirmed. Therefore, it
was sensible to judge the missing data domain as being at moderate-to-high
risk of bias.

6. Measurement of out-
comes (a–b)

High risk Domain had a critical risk of bias: adjusted HRs are derived from a prognostic
model based on univariate significance testing (P < 0.10) and not on including
putative confounders in the analysis, irrespective of statistical significance. Al-

Luyckx 2012  (Continued)
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so, adjustment were made for residual disease and this was likely to distort the
estimate of survival as this adjustment was made after surgery and was a key
prognostic factor.

7. Reporting bias (a–c) Unclear risk Difficult to judge. No protocol available. All outcomes mentioned in the meth-
ods section seemed to have been reported in the results section.

Luyckx 2012  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aletti 2006b Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Aletti 2006c Intervention was ultra-radical (removal of tumour from diaphragm), but unclear whether those in
comparison group received different form of ultra-radical surgery.

Aletti 2009a Comparison of ultra-radical versus standard surgery groups not possible – low complexity scores
also included possible small bowel resection.

Aletti 2009b Comparison of ultra-radical versus standard surgery groups not possible – low complexity scores
also included possible small bowel resection.

Angioli 2012 < 100 participants in analysis.

Bahra 2013 Comparison not possible.

Barlin 2013 No multivariate analysis.

Bartl 2018 No comparator.

Bertelsen 1990 Comparison of ultra-radical versus standard surgery groups not possible. It was also unclear
whether women with recurrent disease were included.

Bristow 1999 Women with recurrent disease also included.

Butler 2012 < 100 participants; conference abstract.

Cai 2007 Comparisons were made between bowel resection versus no bowel resection regardless of the na-
ture of surgery, so those in the no bowel resection group may have still received a form of ultra-rad-
ical surgery. It was also unclear whether women with recurrent disease were included.

Campos 2014 Conference abstract.

Canlorbe 2018 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Chang 2012b No ultra-radical surgery.

Chereau 2011 Mixed FIGO stages; no multivariate analysis.

Chi 2004 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.
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Study Reason for exclusion

Chi 2009 Comparison between standard surgery and ultra-radical surgery groups not possible as all women
underwent extensive upper abdominal surgery.

Chua 2011 Comparison not of interest.

Clark 2012 Outcomes not of interest; conference abstract.

Clark 2014 Comparison not of interest.

Cormier 2012 No ultra-radical surgery; conference abstract.

Cummins 2019 Conference abstract.

Davies 2019 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Eisenhauer 2006 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. Also unclear if women with recurrent disease included.

Eisenkop 1993 Participants in comparison standard surgery group also had extensive bowel surgery or diaphrag-
matic stripping (or both) which is ultra-radical. It was also unclear whether women with recurrent
disease were included.

Eisenkop 1998 Participants in comparison standard surgery group also had extensive bowel surgery or diaphrag-
matic stripping (or both) which is ultra-radical. Women with recurrent disease were also included.

Eisenkop 2001 Comparison of ultra-radical versus standard surgery groups not possible. 

Eisenkop 2003 Comparison of ultra-radical versus standard surgery groups not possible. Women with recurrent
disease were also included.

Eisenkop 2006 Comparisons were made between splenectomy versus no splenectomy regardless of the nature
of surgery, so those in the no splenectomy group may have still received a form of ultra-radical
surgery. Women with recurrent disease were also included.

Elgamal 2019 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Eng 2018 No multivariate analysis.

Eoh 2017 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Falconer 2020 Uncontrolled before-after study.

Favero 2014 Comparison not of interest.

Ferrero 2014 Comparison not of interest.

Filippova 2019 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Fotopoulou 2012 Comparison not of interest; conference abstract.

Gockley 2019 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.
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Study Reason for exclusion

Gremeau 2014 Comparison not of interest.

Grimm 2017 No comparator.

Guyon 2014 Comparison not of interest.

Hamilton 2011 Comparison not of interest.

Hudry 2013 Comparison not of interest.

Hwang 2014 Mixed population; comparison not of interest.

Janda 2014 Comparison not of interest.

Jiang 2013 Abstract form only but appeared to be same study as Ren 2015 where multivariate analysis did not
include surgery type.

Kato 2013a Comparison not of interest.

Kato 2013b Population not of interest.

Kehoe 2013 Comparison not of interest.

Kim 2011 Comparison not of interest.

Kolev 2014 Recurrent cancer.

Kommoss 2010 Comparison between groups not possible as both groups also included participants undergoing
bowel resection.

Kristensen 2014 Borderline tumours.

Kuhn 1998 Participants in comparison standard surgery group also had extensive bowel surgery or diaphrag-
matic stripping (or both), which is ultra-radical. Women with recurrent disease were also included.

Laios 2019 No comparator.

Lee 2017 Conference abstracts.

Li 2014 Comparison not of interest.

Liberale 2019 Conference abstract.

Liu 2013a Germ cell tumours; < 100 participants.

Liu 2013b Germ cell tumours; article in Chinese.

Martinez 2014 Conference abstract.

McCann 2011 No multivariate analysis.

Muallem 2018 No multivariate analysis.

Oseledchyk 2016 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.
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Study Reason for exclusion

Oshita 2013 Included only stages pT1-2.

Park 2011 No ultra-radical surgery; conference abstract.

Pathiraja 2011 < 100 participants; conference abstract.

Pathiraja 2013 < 100 participants; outcomes not of interest.

Pelissier 2018 No comparator.

Perri 2013 Comparison not of interest.

Phillips 2018 No multivariate analysis.

Pushpalatha 2011 Comparison not of interest.

Qin 2012 No meta-analysis; comparison not of interest.

Ratnavelu 2014 < 100 participants; conference abstract.

Ren 2015 Multivariate analysis did not include surgery type.

Rodriguez 2012 Women with suboptimal debulking were excluded (see also full publication Rodriguez 2013).

Rodriguez 2013 Women with suboptimal debulking were excluded.

Rouzier 2010 Mixed population; comparison not of interest.

Sagara 2019 No multivariate analysis.

Sandadi 2014 Comparison not of interest.

Scalici 2014 Comparison not of interest.

Sehouli 2010 Comparison not of interest.

Soo Hoo 2015 No multivariate analysis.

Stefanović 2011 < 100 participants.

Sundar 2014 < 100 participants; conference abstract.

Sundar 2018 Conference abstract.

Sundar 2019 Conference abstract.

Suzuki 2008 Conference abstract.

Szczesny 2016 Conference abstract.

Tozzi 2019 Participants in comparison standard surgery group also had extensive bowel surgery, which is ul-
tra-radical. It was also unclear whether women with recurrent disease were included.

Tsolakidis 2010a Comparison between 'standard surgery' and 'ultra-radical surgery' groups not possible as all
women underwent diaphragmatic stripping.
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Study Reason for exclusion

Tsolakidis 2010b Comparison between standard surgery and ultra-radical surgery groups not possible as all women
underwent diaphragmatic stripping.

van de Laar 2014 Protocol for a new study; applies to recurrent cancer.

Vidal 2016 No comparator.

von Hugo 1989 Unclear if women with recurrent disease were included.

Wallace 2016 No comparator.

Wat 2012 < 100 participants; conference abstract.

Wimberger 2007 Comparison of ultra-radical versus standard surgery groups not possible, as the comparative
groups include participants who had both types of surgery.

Wright 2012 Outcomes not of interest.

Yildirim 2014 No comparator.

Zamurovic 2013 No multivariate analysis.

Zapardiel 2012 No multivariate analysis.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Ultra-radical versus standard surgery (upfront surgery)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Survival 2 397 Hazard Ratio (IV, Random,
95% CI)

0.60 [0.43, 0.82]

1.1.1 Overall survival 1 203 Hazard Ratio (IV, Random,
95% CI)

0.56 [0.37, 0.87]

1.1.2 Disease-specific survival 1 194 Hazard Ratio (IV, Random,
95% CI)

0.64 [0.40, 1.04]

1.2 Survival: women with carcino-
matosis (upfront surgery)

2   Hazard Ratio (IV, Random,
95% CI)

0.61 [0.44, 0.85]

1.2.1 Overall survival 1   Hazard Ratio (IV, Random,
95% CI)

0.58 [0.35, 0.96]

1.2.2 Disease-specific survival 1   Hazard Ratio (IV, Random,
95% CI)

0.64 [0.41, 0.98]

1.3 Progression-free survival 1   Hazard Ratio (IV, Random,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.3.1 Upfront primary debulking
surgery

1   Hazard Ratio (IV, Random,
95% CI)

Totals not select-
ed

1.4 Progression-free survival: women
with carcinomatosis (upfront surgery)

1   Hazard Ratio (IV, Random,
95% CI)

Subtotals only

1.5 Disease-free survival 1 527 Hazard Ratio (IV, Random,
95% CI)

1.60 [1.11, 2.31]

1.5.1 Mix of upfront and interval de-
bulking surgical procedures – includ-
ing group 2A

1 258 Hazard Ratio (IV, Random,
95% CI)

1.54 [0.91, 2.60]

1.5.2 Mix of upfront and interval de-
bulking surgical procedures – includ-
ing group 2B

1 269 Hazard Ratio (IV, Random,
95% CI)

1.66 [1.00, 2.78]

 
 

Analysis 1.1.   Comparison 1: Ultra-radical versus standard surgery (upfront surgery), Outcome 1: Survival

Study or Subgroup

1.1.1 Overall survival
Chang 2012a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.61 (P = 0.009)

1.1.2 Disease-specific survival
Aletti 2006a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.82 (P = 0.07)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.16, df = 1 (P = 0.69); I² = 0%
Test for overall effect: Z = 3.16 (P = 0.002)
Test for subgroup differences: Chi² = 0.16, df = 1 (P = 0.69), I² = 0%

log[Hazard Ratio]

-0.575

-0.443

SE

0.22

0.244

Ultra-radical
Total

84
84

83
83

167

Standard
Total

119
119

111
111

230

Weight

55.2%
55.2%

44.8%
44.8%

100.0%

Hazard Ratio
IV, Random, 95% CI

0.56 [0.37 , 0.87]
0.56 [0.37 , 0.87]

0.64 [0.40 , 1.04]
0.64 [0.40 , 1.04]

0.60 [0.43 , 0.82]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours ultra-radical Favours standard
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Analysis 1.2.   Comparison 1: Ultra-radical versus standard surgery (upfront
surgery), Outcome 2: Survival: women with carcinomatosis (upfront surgery)

Study or Subgroup

1.2.1 Overall survival
Chang 2012a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.11 (P = 0.03)

1.2.2 Disease-specific survival
Aletti 2006a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.05 (P = 0.04)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.07, df = 1 (P = 0.79); I² = 0%
Test for overall effect: Z = 2.93 (P = 0.003)
Test for subgroup differences: Chi² = 0.07, df = 1 (P = 0.79), I² = 0%

log[Hazard Ratio]

-0.54

-0.45

SE

0.256

0.22

Weight

42.5%
42.5%

57.5%
57.5%

100.0%

Hazard Ratio
IV, Random, 95% CI

0.58 [0.35 , 0.96]
0.58 [0.35 , 0.96]

0.64 [0.41 , 0.98]
0.64 [0.41 , 0.98]

0.61 [0.44 , 0.85]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours ultra-radical Favours standard

 
 

Analysis 1.3.   Comparison 1: Ultra-radical versus standard
surgery (upfront surgery), Outcome 3: Progression-free survival

Study or Subgroup

1.3.1 Upfront primary debulking surgery
Chang 2012a

log[Hazard Ratio]

-0.48

SE

0.2

Ultra-radical
Total

84

Standard
Total

119

Hazard Ratio
IV, Random, 95% CI

0.62 [0.42 , 0.92]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours ultra-radical Favours standard

 
 

Analysis 1.4.   Comparison 1: Ultra-radical versus standard surgery (upfront surgery),
Outcome 4: Progression-free survival: women with carcinomatosis (upfront surgery)

Study or Subgroup

Chang 2012a

log[Hazard Ratio]

-0.645

SE

0.229

Hazard Ratio
IV, Random, 95% CI

0.52 [0.33 , 0.82]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours ultra-radical Favours standard
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Analysis 1.5.   Comparison 1: Ultra-radical versus standard
surgery (upfront surgery), Outcome 5: Disease-free survival

Study or Subgroup

1.5.1 Mix of upfront and interval debulking surgical procedures – including group 2A
Luyckx 2012
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.60 (P = 0.11)

1.5.2 Mix of upfront and interval debulking surgical procedures – including group 2B
Luyckx 2012
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.94 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.04, df = 1 (P = 0.84); I² = 0%
Test for overall effect: Z = 2.51 (P = 0.01)
Test for subgroup differences: Chi² = 0.04, df = 1 (P = 0.84), I² = 0%

log[Hazard Ratio]

0.43

0.508

SE

0.2687

0.2616

Ultra-radical
Total

113
113

124
124

237

Standard
Total

145
145

145
145

290

Weight

48.7%
48.7%

51.3%
51.3%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.54 [0.91 , 2.60]
1.54 [0.91 , 2.60]

1.66 [1.00 , 2.78]
1.66 [1.00 , 2.78]

1.60 [1.11 , 2.31]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours ultra-radical Favours standard

 

 

Ultra-radical (extensive) surgery versus standard surgery for the primary cytoreduction of advanced epithelial ovarian cancer (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43



U
ltra

-ra
d
ica

l (e
xte

n
siv

e
) su

rg
e
ry

 v
e
rsu

s sta
n
d
a
rd

 su
rg

e
ry

 fo
r th

e
 p

rim
a
ry

 cy
to

re
d
u
ctio

n
 o

f a
d
v
a
n
ce

d
 e

p
ith

e
lia

l o
v
a
ria

n
 ca

n
ce

r (R
e
v
ie

w
)

C
o
p
yrig

h
t ©

 2022 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio

n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

4
4

A D D I T I O N A L   T A B L E S

Author Confounding Selection
bias

Classification of
interventions

Deviation Missing data Measuring out-
comes

Reporting bias

Aletti 2006a Critical Low Low Unclear Moderate/high Critical Critical

Chang 2012a Critical Low Low Unclear Moderate/high Critical Unclear

Luyckx 2012 Critical Low Low Unclear Moderate/high Critical Unclear

Table 1.   Summary of Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I) 

Risk of bias in included non-randomised studies was assessed using the ROBINS-I tool as outlined in Appendix 4(Sterne 2016).
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor Ovarian Neoplasms explode all trees
#2 ovar* near/5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or  tumour*)
#3 (#1 OR #2)
#4 MeSH descriptor Surgical Procedures, Operative explode all trees
#5 surg*
#6 Any MeSH descriptor with qualifier: SU
#7 (#4 OR #5 OR #6)
#8 debulk*
#9 cytoreduc*
#10 ultradical or ultra-radical or ultra radical
#11 MeSH descriptor Omentum explode all trees
#12 omentum
#13 bowel
#14 abdom*
#15 MeSH descriptor Spleen explode all trees
#16 spleen
#17 MeSH descriptor Liver explode all trees
#18 liver
#19 MeSH descriptor Diaphragm explode all trees
#20 diaphragm*
#21 MeSH descriptor Lymph Nodes explode all trees
#22 lymph next node*
#23 MeSH descriptor Peritoneum explode all trees
#24 peritone*
#25 MeSH descriptor Urinary Tract explode all trees
#26 urinary next tract
#27 (#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR 23 OR #24 OR #25 OR #26)
#28 (#7 AND #27)
#29 MeSH descriptor Splenectomy explode all trees
#30 splenectomy
#31 MeSH descriptor Hysterectomy explode all trees
#32 abdom* near/5 hysterectomy
#33 abdominohysterectomy
#34 MeSH descriptor Lymph Node Excision explode all trees
#35 lymph next node next excision
#36 bilateral next salpingo next oophorectomy
#37 omentectomy
#38 MeSH descriptor Surgical Stomas explode all trees
#39 stoma
#40 (#29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39)
#41 (#28 OR #40)
#42 (#3 AND #41)

Appendix 2. MEDLINE search strategy

1. exp Ovarian Neoplasms/

2. (ovar* adj5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or tumour*)).mp.

3. 1 or 2

4. exp Surgical Procedures, Operative/

5. surg*.mp.

6. surgery.fs.

7. 4 or 5 or 6

8. debulk*.mp.

9. cytoreduc*.mp.

10.(ultraradical or ultra-radical or ultra radical).mp.

11.exp Omentum/
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12.omentum.mp.

13.bowel.mp.

14.abdom*.mp.

15.exp Spleen/

16.spleen.mp.

17.exp Liver/

18.liver.mp.

19.exp Diaphragm/

20.diaphragm*.mp.

21.exp Lymph Nodes/

22.(lymph adj node*).mp.

23.exp Peritoneum/

24.peritone*.mp.

25.exp Urinary Tract/

26.(urinary adj tract).mp.

27.8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28.7 and 27

29.exp Splenectomy/

30.splenectomy.mp.

31.exp Hysterectomy/

32.(abdom* adj5 hysterectomy).mp.

33.abdominohysterectomy.mp.

34.exp Lymph Node Excision/

35.(lymph adj node adj excision).mp.

36.(bilateral adj salpingo adj oophorectomy).mp.

37.omentectomy.mp.

38.exp Surgical Stomas/

39.stoma.mp.

40.29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39

41.28 or 40

42.3 and 41

43."randomized controlled trial".pt.

44."controlled clinical trial".pt.

45.randomized.ab.

46.randomly.ab.

47.trial.ab.

48.groups.ab.

49.exp Cohort Studies/

50.cohort*.mp.

51.(case adj series).mp.

52.43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51

53.42 and 52

54.Animals/

55.Humans/

56.54 not (54 and 55)

57.53 not 56

key: mp = title, original title, abstract, name of substance word, subject heading word

Appendix 3. Embase search strategy

1. exp Ovary Tumor/

2. (ovar* adj5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or tumour*)).mp.

3. 1 or 2
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4. exp Surgery/

5. surg*.mp.

6. su.fs.

7. 4 or 5 or 6

8. debulk*.mp.

9. cytoreduc*.mp.

10.(ultraradical or ultra-radical or ultra radical).mp.

11.exp Omentum/

12.omentum.mp.

13.bowel.mp.

14.abdom*.mp.

15.exp Spleen/

16.spleen.mp.

17.exp Liver/

18.liver.mp.

19.exp Diaphragm/

20.diaphragm*.mp.

21.exp Lymph Node/

22.(lymph adj node).mp.

23.exp Peritoneum/

24.peritone*.mp.

25.exp Urinary Tract/

26.(urinary adj tract).mp.

27.8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28.7 and 27

29.exp Splenectomy/

30.splenectomy.mp.

31.exp Hysterectomy/

32.(abdom* adj5 hysterectomy).mp.

33.abdominohysterectomy.mp.

34.exp Lymphadenectomy/

35.(lymph adj node adj excision).mp.

36.(bilateral adj salpingo adj oophorectomy).mp.

37.omentectomy.mp.

38.exp Stoma/

39.stoma.mp.

40.29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39

41.28 or 40

42.3 and 41

43.exp Controlled Clinical Trial/

44.randomized.ab.

45.randomly.ab.

46.trial.ab.

47.groups.ab.

48.exp Cohort Analysis/

49.cohort*.mp.

50.(case adj series).mp.

51.50 or 49 or 46 or 45 or 43 or 44 or 48 or 47

52.42 and 51

53.exp Animal/

54.Human/

55.53 not (53 and 54)
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56.52 not 55

key: mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name

ab=abstract

fs=floating subheading

Appendix 4. ROBIN-1 domains

Risk of bias in included non-randomised studies was assessed using the ROBINS-I tool (Sterne 2016).

1. Bias due to confounding
a. Baseline confounding – when one or more preintervention prognostic factors predict the intervention received at start of follow-up.

b. Time-varying confounding – when the intervention received can change over time.

c. Residual confounding – when a confounding domain is measured with error.

d. Unmeasured confounding – when confounding domain has not been measured or controlled in the analysis.

2. Selection bias
a. Bias in selection of participants into the study.

3. Classification of interventions
a. DiJerential misclassification – intervention status is related to subsequent outcome or to the risk of the outcome.

b. Non-diJerential misclassification – unrelated to outcome.

4. Deviation from intended interventions
a. Considerations for co-interventions.

b. Considerations for fidelity of implementation of intended interventions.

c. Considerations for adherence to intervention.

5. Bias due to missing data
a. DiJerential missingness.

b. Whether proportions of individuals in whom adverse eJects may be prevalent have been excluded.

6. Measurement of outcomes
a. DiJerential measurement error – measurement error related intervention status.

b. Non-diJerential measurement error – unrelated to the intervention received.

7. Reporting bias
a. Selective outcome reporting.

b. Selective analysis reporting.

c. Selection of a subgroup from a larger cohort.

W H A T ' S   N E W

 

Date Event Description

18 May 2022 New search has been performed Updated to include two new studies

6 April 2022 New citation required but conclusions
have not changed

Updated search on 10 November 2021

 

H I S T O R Y

Protocol first published: Issue 2, 2009
Review first published: Issue 4, 2011

 

Date Event Description

1 August 2016 New search has been performed Search updated, no new studies included
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Date Event Description

17 June 2015 New search has been performed Search updated; two new studies included

11 February 2015 Amended Contact details updated.

26 February 2014 Amended Contact details updated.

28 July 2011 Amended Author contact details updated

 

C O N T R I B U T I O N S   O F   A U T H O R S

KG and RN draQed the clinical and discussion sections of the review.

AB, SH and PK data extracted items for inclusion in the review.

AB and SH draQed the methodological, results and discussion sections of the review.

AB and SH performed the GRADE judgements with other co-authors acting as arbiters.

SH and AB are joint first authors on the review.

RN initiated the research concept and was the lead senior clinical author.

All authors agreed the final version.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We added the following study constraint in the Types of studies section, as it was apparent that selection bias would have been problematic.

We added disease-free survival as a secondary outcome.

"In order to minimise selection bias, we decided to include only studies that used statistical adjustment for baseline case mix (e.g. age,
performance status, grade, etc.) using multivariate analyses."

We removed discussion of unadjusted results from the data synthesis, subgroup analysis, and investigation of heterogeneity and sensitivity
analysis sections as we do not plan to use unadjusted results in future updates due to the risk of selection bias.

Three studies met the inclusion criteria for the review and did not report dichotomous or continuous outcomes. Should more studies be
identified for updates of the review, we will use the following methods.
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Data extraction and management

Data on outcomes will be extracted as below.

• For dichotomous outcomes (e.g. adverse events or deaths, if it was not possible to use a hazard ratio), we will extract the number of
patients in each treatment arm who experienced the outcome of interest and the number of participants assessed at endpoint, in order
to estimate a risk ratio (RR).

• For continuous outcomes (e.g. QoL measures), we will extract the final value and standard deviation of the outcome of interest and the
number of participants assessed at endpoint in each treatment arm at the end of follow-up, in order to estimate the mean diJerence
between treatment arms and its standard error.

Measures of treatment e;ect  

We will use the following measures of the eJect of treatment.

• For dichotomous outcomes, we will use the risk ratio.

• For continuous outcomes, we will use the mean diJerence between treatment arms.

Data synthesis  

If suJicient clinically similar studies are available, we will pool their results in a meta-analysis and use adjusted summary statistics.

• For any dichotomous outcomes, we will calculate the risk ratio for each study and then pool them.

• For continuous outcomes, we will pool the mean diJerences between the treatment arms at the end of follow-up if all trials measured
the outcome on the same scale, otherwise we will pool standardised mean diJerences.

We will assess the risk of bias in included RCTs using the Cochrane RoB tool (Higgins 2019). This includes assessment of:

• sequence generation;

• allocation concealment;

• blinding (where assessment of blinding was restricted to blinding of outcome assessors, since it is generally not possible to blind
participants and treatment providers to surgical interventions);

• incomplete outcome data; we coded a satisfactory level of loss to follow-up for each outcome as:

• yes, if less than 20% of participants were lost to follow-up and reasons for loss to follow-up were similar in both treatment arms;

• no, if more than 20% of participants were lost to follow-up or reasons for loss to follow-up diJered between treatment groups;

• unclear if loss to follow-up was not reported;

• selective reporting of outcomes;

• other possible sources of bias.

However, we only identified three non-randomised studies, so it was more appropriate to use the ROBIN-I risk of bias tool (Sterne 2016),
so this superseded the default tool used to assess risk of bias in trials (Higgins 2019).

Sensitivity analysis

We performed post hoc sensitivity analyses including only women with more extensive disease (with carcinomatosis) as there were a
substantial proportion of women with this.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Carcinoma, Ovarian Epithelial;  Neoplasm Invasiveness  [pathology];  Neoplasm Staging;  *Neoplasms, Glandular and Epithelial
 [pathology]  [surgery];  *Ovarian Neoplasms  [pathology]  [surgery]

MeSH check words

Adult; Female; Humans
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A B S T R A C T

Background

Ovarian cancer is the seventh most common cancer among women and a leading cause of death from gynaecological malignancies.
Epithelial ovarian cancer is the most common type, accounting for around 90% of all ovarian cancers. This specific type of ovarian cancer
starts in the surface layer covering the ovary or lining of the fallopian tube. Surgery is performed either before chemotherapy (upfront or
primary debulking surgery (PDS)) or in the middle of a course of treatment with chemotherapy (neoadjuvant chemotherapy (NACT) and
interval debulking surgery (IDS)), with the aim of removing all visible tumour and achieving no macroscopic residual disease (NMRD). The
aim of this review is to investigate the prognostic impact of size of residual disease nodules (RD) in women who received upfront or interval
cytoreductive surgery for advanced (stage III and IV) epithelial ovarian cancer (EOC).

Objectives

To assess the prognostic impact of residual disease a.er primary surgery on survival outcomes for advanced (stage III and IV) epithelial
ovarian cancer. In separate analyses, primary surgery included both upfront primary debulking surgery (PDS) followed by adjuvant
chemotherapy and neoadjuvant chemotherapy followed by interval debulking surgery (IDS). Each residual disease threshold is considered
as a separate prognostic factor.

Search methods

We searched CENTRAL (2021, Issue 8), MEDLINE via Ovid (to 30 August 2021) and Embase via Ovid (to 30 August 2021).

Selection criteria

We included survival data from studies of at least 100 women with advanced EOC a.er primary surgery. Residual disease was assessed as
a prognostic factor in multivariate prognostic models. We excluded studies that reported fewer than 100 women, women with concurrent
malignancies or studies that only reported unadjusted results. Women were included into two distinct groups: those who received PDS
followed by platinum-based chemotherapy and those who received IDS, analysed separately. We included studies that reported all RD
thresholds a.er surgery, but the main thresholds of interest were microscopic RD (labelled NMRD), RD 0.1 cm to 1 cm (small-volume
residual disease (SVRD)) and RD > 1 cm (large-volume residual disease (LVRD)).
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Data collection and analysis

Two review authors independently abstracted data and assessed risk of bias. Where possible, we synthesised the data in meta-analysis.
To assess the adequacy of adjustment factors used in multivariate Cox models, we used the 'adjustment for other prognostic factors' and
'statistical analysis and reporting' domains of the quality in prognosis studies (QUIPS) tool. We also made judgements about the certainty
of the evidence for each outcome in the main comparisons, using GRADE.

We examined diGerences between FIGO stages III and IV for diGerent thresholds of RD a.er primary surgery. We considered factors such as
age, grade, length of follow-up, type and experience of surgeon, and type of surgery in the interpretation of any heterogeneity.

We also performed sensitivity analyses that distinguished between studies that included NMRD in RD categories of < 1 cm and those that
did not. This was applicable to comparisons involving RD < 1 cm with the exception of RD < 1 cm versus NMRD. We evaluated women
undergoing PDS and IDS in separate analyses.

Main results

We found 46 studies reporting multivariate prognostic analyses, including RD as a prognostic factor, which met our inclusion criteria: 22,376
women who underwent PDS and 3697 who underwent IDS, all with varying levels of RD.

While we identified a range of diGerent RD thresholds, we mainly report on comparisons that are the focus of a key area of clinical
uncertainty (involving NMRD, SVRD and LVRD). The comparison involving any visible disease (RD > 0 cm) and NMRD was also important.

SVRD versus NMRD in a PDS setting

In PDS studies, most showed an increased risk of death in all RD groups when those with macroscopic RD (MRD) were compared to NMRD.
Women who had SVRD a.er PDS had more than twice the risk of death compared to women with NMRD (hazard ratio (HR) 2.03, 95%

confidence interval (CI) 1.80 to 2.29; I2 = 50%; 17 studies; 9404 participants; moderate-certainty). The analysis of progression-free survival
found that women who had SVRD a.er PDS had nearly twice the risk of death compared to women with NMRD (HR 1.88, 95% CI 1.63 to

2.16; I2 = 63%; 10 studies; 6596 participants; moderate-certainty).

LVRD versus SVRD in a PDS setting

When we compared LVRD versus SVRD following surgery, the estimates were attenuated compared to NMRD comparisons. All analyses

showed an overall survival benefit in women who had RD < 1 cm a.er surgery (HR 1.22, 95% CI 1.13 to 1.32; I2 = 0%; 5 studies; 6000
participants; moderate-certainty). The results were robust to analyses of progression-free survival.

SVRD and LVRD versus NMRD in an IDS setting

The one study that defined the categories as NMRD, SVRD and LVRD showed that women who had SVRD and LVRD a.er IDS had more than

twice the risk of death compared to women who had NMRD (HR 2.09, 95% CI 1.20 to 3.66; 310 participants; I2 = 56%, and HR 2.23, 95% CI

1.49 to 3.34; 343 participants; I2 = 35%; very low-certainty, for SVRD versus NMRD and LVRD versus NMRD, respectively).

LVRD versus SVRD + NMRD in an IDS setting

Meta-analysis found that women who had LVRD had a greater risk of death and disease progression compared to women who had either

SVRD or NMRD (HR 1.60, 95% CI 1.21 to 2.11; 6 studies; 1572 participants; I2 = 58% for overall survival and HR 1.76, 95% CI 1.23 to 2.52;

1145 participants; I2 = 60% for progression-free survival; very low-certainty). However, this result is biased as in all but one study it was not
possible to distinguish NMRD within the < 1 cm thresholds. Only one study separated NMRD from SVRD; all others included NMRD in the
SVRD group, which may create bias when comparing with LVRD, making interpretation challenging.

MRD versus NMRD in an IDS setting

Women who had any amount of MRD a.er IDS had more than twice the risk of death compared to women with NMRD (HR 2.11, 95% CI 1.35

to 3.29, I2 = 81%; 906 participants; very low-certainty).

Authors' conclusions

In a PDS setting, there is moderate-certainty evidence that the amount of RD a.er primary surgery is a prognostic factor for overall and
progression-free survival in women with advanced ovarian cancer. We separated our analysis into three distinct categories for the survival
outcome including NMRD, SVRD and LVRD.

A.er IDS, there may be only two categories required, although this is based on very low-certainty evidence, as all but one study included
NMRD in the SVRD category. The one study that separated NMRD from SVRD showed no improved survival outcome in the SVRD category,
compared to LVRD. Further low-certainty evidence also supported restricting to two categories, where women who had any amount of
MRD a.er IDS had a significantly greater risk of death compared to women with NMRD.
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Therefore, the evidence presented in this review cannot conclude that using three categories applies in an IDS setting (very low-certainty
evidence), as was supported for PDS (which has convincing moderate-certainty evidence).

P L A I N   L A N G U A G E   S U M M A R Y

The impact of remaining (residual) disease a�er surgery on the survival prognosis for women with advanced epithelial ovarian
cancer

Review question

We aimed to assess the eGect on survival (the 'prognostic impact') of the amount of disease remaining a.er surgery (residual disease)
during the initial treatment stage for women with advanced ovarian cancer. We looked at both surgery before chemotherapy ('primary
debulking surgery') followed by adjuvant (additional) chemotherapy and chemotherapy first ('neoadjuvant chemotherapy') followed by
surgery ('interval debulking surgery'). This review should help to determine the prognostic impact of residual disease a.er surgery on
survival and work out acceptable definitions of residual disease thresholds.

Background

Ovarian cancer is the seventh most common cancer among women and a leading cause of death in women with gynaecological cancers.
Ovarian cancers can develop from diGerent cell types within the ovary/fallopian tubes. Most ovarian cancers are 'epithelial', arising from
either the surface layer of the ovary or the lining of the fallopian tube. Newly diagnosed ovarian cancer is treated with a combination of
surgery and chemotherapy, with surgery performed either before (called upfront or primary debulking surgery) or around the mid-point
of chemotherapy (called interval debulking surgery). Ovarian cancer has normally spread throughout the abdominal cavity by the time of
diagnosis, so, unlike many other cancers, surgery is still performed, even though it may not remove the cancer in its entirety. The aim of
surgery is to remove as much of the visible (macroscopic) cancer tissue as possible, which is called debulking or cytoreductive surgery.
Studies have shown that the amount of the visible cancer that can be removed is likely to be an important prognostic factor for survival
of women with advanced epithelial ovarian cancer. The aim of this review was to investigate how well the amount of remaining (residual)
disease a.er surgery for newly diagnosed ovarian cancer predicts how long women will survive following a diagnosis of epithelial ovarian
cancer (prognosis).

Review methods

We searched electronic databases up to the end of August 2021 and we also searched for unpublished studies. We included studies that
reported residual disease as a prognostic factor, which also examined other prognostic factors at the same time.

Key results

We found 46 studies (including 22,376 women in 31 primary debulking surgery studies and 3697 women in 15 interval debulking surgery
studies). Each study included more than 100 women, used statistical adjustment for important prognostic factors (multivariate analysis)
and met our inclusion criteria. Our analyses showed the prognostic importance of surgery leaving no visible tumour deposits ('no
macroscopic residual disease') both when women had upfront debulking surgery or interval debulking surgery. Both overall survival and
progression-free survival (survival without disease worsening, which was reported for upfront debulking surgery) were prolonged if this
was achieved.

Primary debulking surgery for newly diagnosed ovarian cancer

Complete surgical removal of all visible tumour a.er upfront or primary debulking surgery improved survival, and this was also the case
for those with a small amount of residual disease (0.1 cm to 1 cm). There was evidence to suggest that three categories of residual disease
should be used (no macroscopic residual disease, small-volume and large-volume residual disease (more than 1 cm).

Interval debulking surgery for newly diagnosed ovarian cancer

When chemotherapy was given before surgery (interval debulking surgery), there was an association with improved survival if the
remaining tumour was reduced to 'no macroscopic residual disease' (removal of all visible tumour). Women with small-volume residual
disease had no survival advantage compared to those with large-volume residual disease, with both groups having a poorer prognosis
compared to those with no visible tumour deposits; however, this evidence was of very low certainty. Any visible residual disease a.er
interval debulking surgery was associated with poorer survival compared to women with none.

Most interval debulking surgery studies included no visible tumour deposits in the small-volume residual disease category, which limits
our interpretation of these findings.

Certainty of the evidence

We judged our certainty of the evidence as 'moderate' for overall survival and progression-free survival in the analyses involving primary
debulking surgery studies. For the interval debulking surgery studies, the certainty of evidence was very low for overall survival in all
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comparisons and those that involved progression-free survival. This was largely due to all but one study including 'no macroscopic residual
disease' in the small-volume residual disease category.

Main conclusions

The evidence in the review suggests that following primary debulking surgery three categories for the amount of residual disease should
be used: no macroscopic residual disease, small-volume and large-volume residual disease. The evidence is more limited for interval
debulking surgery and further studies are needed, but there may not be a survival diGerence between those with small- and large-volume
residual disease. Until there is evidence for a survival benefit for those with small-volume compared to large-volume residual disease, it
may only be important to use two residual disease categories when classifying surgical outcomes: 'no macroscopic residual disease' and
'macroscopic residual disease' (remaining visible disease of more than 0 cm). However, this is based on very low-certainty evidence and
more information may change this finding.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Small-volume residual disease (SVRD) < 1 cm versus NMRD in PDS studies

Small-volume residual disease (SVRD) (< 1 cm) compared with NMRD after upfront primary debulking surgery (PDS) in women
with advanced epithelial ovarian cancer (EOC)

Population: women with advanced EOC after PDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: SVRD compared with NMRD

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of

follow-up1:

Range: 28 to 77.7
months

Adjusted HR
2.03 (1.80 to
2.29)

9404 participants
(17 studies)

⊕⊕⊕⊝

moderate2

Progres-
sion-free sur-
vival:

Median length of

follow-up1:

Range: 28 to 77.7
months

Adjusted HR

1.88 (1.63 to
2.16)

6596 participants
(10 studies)

⊕⊕⊕⊝

moderate2

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms so we
did not attempt it, as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

 

There were no concerns with inconsistency and
imprecision across studies due to restrictive inclu-
sion criteria in a generally representative cohort of
women with advanced EOC. Data were consider-
able in size in PDS studies with > 9000 and > 6500
women in the analyses of OS and PFS, respectively.

 

The percentage of the variability in effect estimates
that was due to heterogeneity rather than sampling
error (chance) may appear to represent moderate

heterogeneity (as measured by the I2 statistic), but
we had no major concerns as the direction of effect
was consistent throughout.

 

There did not appear to be any evidence of small
study biases, such as publication bias, or any ir-
regularities with the data by visual inspection of
funnel plots. While publication bias cannot be dis-
missed, it would take a lot of large statistically in-
significant studies to overhaul the current results.
Furthermore, studies showing harmful survival in
women with NMRD compared to other thresholds
of RD is implausible.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer; NMRD: no macroscopic residual disease; OS: overall sur-
vival; PDS: upfront primary debulking surgery; PFS: progression-free survival; SVRD: small-volume residual disease

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
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Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Range in Klar 2016 was 0 to 144 months.
2Downgraded by one level because was assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
 
 

Summary of findings 2.   Large-volume residual disease (LVRD) > 1 cm versus no macroscopic residual disease
(NMRD) in PDS studies

LVRD (> 1 cm) compared with NMRD after upfront primary debulking surgery (PDS) in women with advanced epithelial ovari-
an cancer (EOC)

Population: women with advanced ovarian cancer after PDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: LVRD > 1 cm compared with NMRD

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of
follow-up:

Range: 28 to 77.7
months

Adjusted HR

2.50 (2.13 to
2.94)

7988 participants
(14 studies)

⊕⊕⊕⊝

moderate1

Progres-
sion-free sur-
vival:

Median length of
follow-up:

Range: 28 to 77.7
months

Adjusted HR
2.10 (1.84 to
2.40)

2629 participants
(6 studies)

⊕⊕⊕⊝

moderate1

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms so we
did not attempt it, as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

 

There were no concerns with inconsistency and
imprecision across studies due to restrictive inclu-
sion criteria in a generally representative cohort of
women with advanced EOC. Data were consider-
able in size in PDS studies with nearly n = 8000 in
the analysis of OS and to lesser extent > 2500 for
PFS.

 

The percentage of the variability in effect estimates
that was due to heterogeneity rather than sampling
error (chance) may appear to represent moderate

heterogeneity (as measured by the I2 statistic), but
we had no major concerns as the direction of effect
was consistent throughout.

 

There did not appear to be any evidence of small
study biases, such as publication bias, or any ir-
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regularities with the data by visual inspection of
funnel plots. While publication bias cannot be dis-
missed, it would take a lot of large statistically in-
significant studies to overhaul the current results.
Furthermore, studies showing harmful survival in
women with NMRD compared to other thresholds
of RD is implausible.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer; LVRD: large-volume residual disease; NMRD: no macroscop-
ic residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free survival

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
 
 

Summary of findings 3.   Large-volume residual disease (LVRD) > 1 cm versus small-volume residual disease (SVRD) <
1 cm in PDS studies

LVRD (> 1 cm) compared with SVRD (< 1 cm) after upfront primary debulking surgery (PDS) in women with advanced epithelial
ovarian cancer (EOC)

Population: women with advanced EOC after PDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: LVRD > 1 cm compared with SVRD < 1 cm

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of

follow-up1:

Range: 28 to 34.1
months

Adjusted HR
1.22 (1.13 to
1.32)

6000 participants
(5 studies)

⊕⊕⊕⊝

moderate2

Progres-
sion-free sur-
vival:

Median length

of follow-up1: 28
months

Adjusted HR

1.30 (1.08 to
1.56)

3402 participants
(2 studies)

⊕⊕⊕⊝

moderate2

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms, so we
did not attempt it as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

 

There were no concerns with inconsistency and im-
precision across studies (the smallest study com-
parison (n = 100) was imprecise but there were only
n = 23 women with sub-optimal RD) due to restric-
tive inclusion criteria in a generally representative
cohort of women with advanced EOC. Data were
considerable in size in PDS studies with n > 6000 in
the analysis of OS and to lesser extent > 3000 for
PFS.
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The percentage of the variability in effect estimates
that was due to heterogeneity rather than sampling
error (chance) may not be important (as measured

by the I2 statistic) in meta-analyses including PDS
studies.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer; LVRD: large-volume residual disease; NMRD: no macroscop-
ic residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free survival; SVRD: small-volume
residual disease

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Range in Klar 2016 was 0 to 144 months.
2Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
 
 

Summary of findings 4.   Small-volume residual disease (SVRD) (< 1 cm) versus NMRD in IDS studies

SVRD (< 1 cm) compared with NMRD after primary interval debulking surgery (IDS) in women with advanced epithelial ovarian
cancer (EOC)

Population: women with advanced EOC after primary IDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: SVRD < 1 cm compared with NMRD

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of
follow-up

Not reported

Adjusted HR
2.09 (1.20 to
3.60)

310 participants
(1 study report-
ing on 2 groups)

⊕⊝⊝⊝

very low123

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms so we
did not attempt it, as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

Progres-
sion-free sur-
vival:

Median length
of follow-up: 47
months

P = 0.001 322 participants
(1 study)

⊕⊝⊝⊝

very low123

The authors of Petrillo 2014 found that the risk of
disease progression for women with RD < 1 cm af-
ter IDS was significantly higher than those with
complete cytoreduction, but the magnitude of ef-
fect was not reported.
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Range: 3 to 181
months

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer;IDS: interval debulking surgery; NMRD: no macroscopic
residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free survival; SVRD: small-volume
residual disease

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
2Downgraded by one level for sparse data.
3Downgraded by one level for lack of generalisability and validity of results as reported in single analysis or very few included studies.
 
 

Summary of findings 5.   Large-volume residual disease (LVRD) > 1 cm versus no macroscopic residual disease
(NMRD) in IDS studies

Large-volume residual disease (LVRD) (> 1 cm) compared with NMRD after primary interval debulking surgery (IDS) in women
with advanced epithelial ovarian cancer (EOC)

Population: women with advanced EOC after primary IDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: LVRD > 1 cm compared with NMRD

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of
follow-up:

Not reported

 

Adjusted HR
2.23 (1.49 to
3.34)

343 participants
(1 study report-
ing on 2 groups)
 

⊕⊝⊝⊝

very low123

 

Progres-
sion-free sur-
vival

 

Not reported

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms, so we
did not attempt it as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer;IDS: interval debulking surgery; LVRD: large-volume residual
disease; NMRD: no macroscopic residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free
survival

GRADE Working Group grades of evidence
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High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
2Downgraded by one level for sparse data.
3Downgraded by one level for lack of generalisability and validity of results as reported in single analysis or very few included studies.
 
 

Summary of findings 6.   Large-volume residual disease (LVRD) > 1 cm versus small-volume residual disease (SVRD) <
1 cm in IDS studies

Large-volume residual disease (LVRD) > 1 cm compared with small-volume residual disease (SVRD) < 1 cm after primary inter-
val debulking surgery (IDS) in women with advanced epithelial ovarian cancer (EOC)

Population: women with advanced EOC after primary IDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: LVRD > 1 cm compared with SVRD < 1 cm

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of
follow-up:

Range: 34.3 to
43.5 months

Adjusted HR
1.60 (1.21 to
2.11)

1572 participants
(6 studies)

⊕⊕⊕⊝

verylow123

Progres-
sion-free sur-
vival:

Median length of
follow-up

Range: 38 to 43.5
months

Adjusted HR
1.76 (1.23 to
2.52) 

1145 participants
(4 studies)

⊕⊕⊕⊝

verylow123

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms, so we
did not attempt it as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

 

The percentage of the variability in effect estimates
that was due to heterogeneity rather than sampling
error (chance) may represent substantial hetero-

geneity (as measured by the I2 statistic) in meta-
analyses.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer;IDS: interval debulking surgery; LVRD: large-volume residual
disease; NMRD: no macroscopic residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free
survival; SVRD: small-volume residual disease

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
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Very low quality: We are very uncertain about the estimate.

1Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
2Downgraded by one level for heterogeneity across studies.
3Only one study reported a comparison of SVRD < 1 cm versus LVRD > 1 cm in the strict sense that SVRD < 1 cm was mutually exclusive
of NMRD (Phillips 2018).
 
 

Summary of findings 7.   Residual disease (RD) > 0 cm versus NMRD in IDS studies

Any remaining residual disease (RD) (> 0 cm) compared with NMRD after primary interval debulking surgery (IDS) in women
with advanced epithelial ovarian cancer (EOC)

Population: women with advanced EOC after primary IDS

Settings: all settings in adult women aged 18 years or older worldwide

Prognostic factor: RD > 0 cm compared with NMRD

Outcomes Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall sur-
vival:

Median length of
follow-up: range:
37 to 39 (report-
ed in 2 studies)

Adjusted HR
2.11 (1.35 to
3.29)

906 participants
(4 studies)

⊕⊝⊝⊝

very low123

We could not present illustrative absolute effects
because a representative control group risk could
not be ascertained from the studies. The HR esti-
mates were adjusted for in multivariable analyses
and this cannot be done in absolute terms, so we
did not attempt it as the numbers were likely to
mislead with any bias potentially favouring the NM-
RD threshold.

The percentage of the variability in effect estimates
that was due to heterogeneity rather than chance

may represent considerable heterogeneity (I2 =
81%).

The authors of Lecuru 2019 additionally found that
the risk of death for women with any remaining
RD (> 0 cm) after IDS was significantly higher than
those with NMRD (n = 163, P < 0.01), but the magni-
tude of effect was not reported.

Progres-
sion-free sur-
vival:

Median length of
follow-up: not re-
ported

Adjusted HR
1.36 (1.05 to
1.76)

471 participants
(1 study)

⊕⊝⊝⊝

very low123

The authors of Lecuru 2019 additionally found that
the risk of disease progression for women with RD
> 0 cm after IDS was significantly higher than those
with NMRD (n = 163, P < 0.01), but the magnitude of
effect was not reported.

CI: confidence interval; HR: hazard ratio; EOC: epithelial ovarian cancer;IDS: interval debulking surgery; NMRD: no macroscopic
residual disease; OS: overall survival; PDS: upfront primary debulking surgery; PFS: progression-free survival

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
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Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded by one level because we assessed the statistical analysis and reporting domain in the QUIPS tool as being at high or unclear
risk of bias in all included studies. Either no conceptual framework was reported, where the variable selection criteria in multivariate model
was unclear, or quite o.en the authors reported that significant variables from the univariate analysis were included in the multivariable
model, but with no further details. This was the most serious bias from the QUIPS domains that could influence the eGect estimates.
2Downgraded by one level for heterogeneity across studies.
3Downgraded by one level for lack of generalisability and validity of results as reported in single analysis or very few included studies.
 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the health condition and context

Ovarian cancer is the seventh most common cancer among women
and a leading cause of death in women with gynaecological
malignancies (GLOBOCAN 2018). Globally, there are approaching
300,000 new cases per year, with approximately 6.6 new cases per
100,000 women per year. A woman's cumulative risk of developing
ovarian cancer by the age of 75 years is 0.72%: 0.52% in low-
income countries and 0.92% in high-income countries (GLOBOCAN
2018). Ovarian cancer is rare in women under 40 years of age and
most cancers in this age group are germ cell tumours. Above age
40, more than 90% are epithelial tumours and the risk increases
with age (Kurman 2014; Webb 2017). Epithelial ovarian cancer is
the most common type, accounting for around 90% of all ovarian
cancers. This specific type of ovarian cancer starts in the surface
layer covering the ovary or lining of the fallopian tube.

Ovarian cancer is best regarded as a peritoneal malignancy. The
current understanding on the pathogenesis of epithelial ovarian
cancer (EOC) recognises two pathways and two clinical groupings,
classified as Type 1 and Type 2. Type 1 tumours comprise low-
grade serous, low-grade endometrioid, clear-cell and mucinous
carcinomas, and Brenner tumours. Type 2 tumours comprise the
high-grade serous and endometrioid carcinomas, mixed mullerian
tumours and undiGerentiated carcinomas. Type 2 tumours are
more common and are thought to have their origin within
the fallopian tube (Perets 2016). They are associated with the
BRCA (breast cancer gene) germline and somatic mutations, and
histopathologically identified with aberrant p53 expression and
other characteristic immunohistochemical features (Kurman 2010;
Kurman 2011).

The extent of dissemination of the disease is described using
the International Federation of Gynecology and Obstetrics (FIGO)
staging system; stage I disease is confined to the ovaries; stage
II disease is confined to the true pelvis, stage III disease is an
abdominal disease where there is spread to the lining (peritoneum)
of the abdominal cavity outside the pelvis or regional lymph
node spread; whilst stage IV disease is outside the abdomen or
parenchymatous metastases, e.g. disease with spread to distant
organs such as the chest or liver (Berek 2018). Thirty per cent of
women with ovarian cancer present with early-stage disease, whilst
70% have advanced stage at presentation (Torre 2018). In Europe,
just over a third of women with ovarian cancer are alive five years
a.er diagnosis (EUROCARE 2015), largely because most women
with ovarian cancer are diagnosed when the cancer is already
at an advanced stage (Jemal 2017). This is, in part, due to the
biology of the disease and immediate acces to the abdominal cavity
and non-specific symptoms, which include progressive feelings
of: abdominal distension, bloating, indigestion, urinary frequency,
urgency, early satiety, weight loss, reduced appetite, abdominal
and pelvic pain and, less commonly, vaginal bleeding (Shafi 2018).

Description of the surgical interventions and residual
disease as a prognostic factor

Surgery and chemotherapy are the mainstay of treatment for the
70% of women who present with advanced disease (FIGO stage III/
IV) when surgery alone cannot be curative (Fader 2007; Torre 2018).

Appropriate initial investigations usually include ultrasonography,
tumour markers and a CT scan, if malignancy is suggested by
tumour markers and ultrasound. If required, an ultrasound-guided
biopsy of metastatic spread is carried out to obtain histological
diagnosis (Shafi 2018).

Traditionally, upfront debulking surgery (PDS) is performed to
remove as much visible disease as possible, as the amount of
residual tumour is one of the most important prognostic factors for
survival of epithelial ovarian cancer (Bristow 2002; Chang 2013; du
Bois 2009; GriGiths 1975; Hoskins 1994; Wimberger 2010). Platinum-
based chemotherapy is the standard of care, in combination with
debulking surgery (Colombo 2019; National Comprehensive Cancer
Network 2020).

Chemotherapy followed by interval debulking surgery (IDS) is an
alternative primary treatment option for women diagnosed with
advanced ovarian cancer. A Cochrane Review, which comprised five
randomised controlled trials (RCTs), comprehensively reviewed the
evidence in this area (Coleridge 2021). The review assessed survival,
quality of life and morbidity outcomes in trials that compared
upfront primary and interval debulking surgery. The five trials
included two large, well-documented RCTs (CHORUS (Kehoe 2015)
and EORTC 55971 (Vergote 2010)), which reported no significant
diGerence in survival between IDS compared with PDS. It was
suggested that IDS may have better overall survival in stage IV
disease. One included study suggested that women with FIGO
stage IIIC disease with extrapelvic metastases smaller than 5 cm
may have better progression-free survival a.er upfront debulking
(Vergote 2018). The selection of women with advanced ovarian
cancer for PDS or IDS remains controversial (Vergote 2013). An
investigation of maximum eGort cytoreductive surgery during the
initial treatment of epithelial ovarian cancer comparing PDS versus
IDS is being investigated in the TRUST trial (Trial of Radical Upfront
Surgical Therapy in advanced ovarian cancer (ENGOT ov33/AGO-
OVAR OP7)), and results are expected in 2024 (Reuss 2019).

The terms cytoreductive and debulking surgery are o.en used
interchangeably to indicate surgical eGorts aimed at removing the
bulk of the tumour. No macroscopic residual disease (NMRD) (also
known as 'complete' macroscopic resection or R0) is achieved when
there is no visible tumour le. at the end of surgery. Previously, the
term 'optimal cytoreduction' had been variably defined as referring
to a maximal diameter of residual tumour le. behind a.er surgery
measuring 0 to 2 cm, and in 1994 the Gynaecologic Oncology Group
(GOG) defined optimal cytoreduction as having residual disease <
1 cm (Hoskins 1994). However, in 2010 the Gynaecological Cancer
Inter-Group defined 'optimal' as having no visible residual tumour
nodules, i.e. NMRD ('complete' is a misnomer as microscopic
disease remains in the majority of patients) (Stuart 2011), which
has been shown to result in better survival than small-volume
residual disease (SVRD) to < 1 cm (also referred to as near-
optimal) and large-volume residual disease (LVRD) which is > 1 cm
(also referred to as suboptimal) and to be a better predictor of
survival (Bookman 2009; Chang 2013; du Bois 2009; Sørensen 2019;
Wimberger 2010). While there is now less controversy about the
prognostic importance of maximum cytoreduction, there remains
divided opinion about the eGects of any remaining residual disease
a.er PDS or IDS, and about what attempts should be made for
maximal eGorts at debulking. All women would potentially do
better if there was NMRD a.er surgery, and obviously no surgeon
sets out for suboptimal cytoreduction from the onset. However,
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diGerent philosophies are evident within the surgical community
and there are also other important considerations, such as surgical
skills and training, surgical and critical care resources, the woman's
fitness for more radical treatment, morbidity, mortality and quality
of life. The questions about PDS in ovarian cancer that appear to
have become more important and relevant over the last 10 years
of practice as other evidence has emerged relate to the timing of
maximal surgical eGort (still within initial treatment phase), and to
consideration of whether there are some histological subtypes that
may have better outcomes with PDS. In this review we only consider
the epithelial subtype of ovarian cancer, since it comprises 90% of
histological subtypes.

Surgery to achieve NMRD   appears to be associated with the
best chance of prolonged survival (Bookman 2009). An attempt
to achieve NMRD is the recommended standard for cytoreductive
surgery for advanced ovarian cancer, as advised by the British
Gynaecological Cancer Society (BGCS) (BGCS 2017), European
Society of Medical Oncology (ESMO) and European Society of
Gynaecological Oncology (ESGO) (Colombo 2019), and the National
Comprehensive Cancer Network (NCCN) (National Comprehensive
Cancer Network 2020).

A Cochrane Review assessed the role of a further attempt at
cytoreductive eGort a.er LVRD remained a.er primary surgery
(Tangjitgamol 2016). The results from three studies in the review
found that a further attempt at cytoreductive surgery a.er
chemotherapy in first-line treatment was only of benefit to those
who had not had their initial surgery performed by a gynaecological
oncologist (Redman 1994; Rose 2004; Van der Burg 1995).

Over the last few decades, eGorts have been made to increase
NMRD resection rates. It has been shown that surgery performed
by gynaecologists with training in gynaecological oncology, by
high-volume surgeons and high-volume centres, is associated with
increased likelihood of NMRD   (Bristow 2009; Greggi 2016; Woo
2012).

There is a widespread belief that tumour biology has a significant
role to play in ovarian cancer outcomes. The relationship between
surgical outcome and tumour biology is complex and remains
unclear. The biological rationale behind the benefit of surgical
cytoreduction is that removal of certain ovarian cancer tumour
cells will create a supportive microenvironment to enhance
chemotherapy eGect (Covens 2000; Napoletano 2010). Whether it
is the intrinsic biological behaviour of the tumour or the surgeon’s
ability to cytoreduce that determines optimal cytoreduction is
not well studied. However, among the relevant prognostic factors,
the extent of surgery and consequent residual disease are the
most important prognostic factors. The extent of surgical eGort
(standard versus extensive surgery) to achieve NMRD and its impact
on survival is not fully understood, as determined by a previous
Cochrane Review (Hui 2022).

Within the advanced ovarian cancer group, women with stage
IV ovarian cancer represent a heterogeneous group with
extraperitoneal metastases. While it has been shown in a previously
published guideline that NMRD resection is associated with the
best chance of prolonged survival (Vergote 2016), the data are
not as convincing for stage IV ovarian cancer. The presence
of microscopic disease in the extraperitoneal locations has not
been assessed and can potentially be even more frequent.
While some stage IV diseases could be amenable to resection

to NMRD (isolated splenic parenchymal lesion or resectable
liver metastasis), others could be diGicult (extensive mediastinal,
axillary, or supraclavicular nodes or multiple, unresectable hepatic
metastases). Therefore, it is worth investigating the impact of
residual disease in stage IV cancers, and in particular in relation
to extra-peritoneal residual disease (thoracic, mediastinum, groin,
axilla, neck). The EORTC55971 trial confirmed that neoadjuvant
chemotherapy results in superior survival compared with primary
debulking surgery in the management of women with stage IV
disease (Vergote 2010). However, there is a need for further
investigation into the impact of residual disease on survival
between the PDS and IDS subgroups.

This review sets out to determine the prognostic impact of
residual disease on survival rates in women with advanced
epithelial ovarian cancer. There are no universally established
patient selection criteria, but certain baseline characteristics
are important when investigating the impact of residual
disease on prognosis. These include age, nutritional status,
FIGO stage, comorbidities, ASA score (American Society of
Anaesthesiologists’ (ASA) classification of Physical Health), ECOG
(Eastern Cooperative Oncology Group) performance status (score
of symptom and functional status with respect to ambulatory
status and need for care), BRCA status, presence of ascites on
preoperative imaging and histological grade (du Bois 2009). To
date, there are no specific predictive models for surgical success
that are clinically useful, and the majority of previous studies have
limitations in design that make their interpretation diGicult (Borley
2012).

If the surgical outcome and prognosis are to be determined by
tumour biology alone, the residual disease a.er surgery may have
little influence on overall survival. However, tumour biology and the
extent of disease may influence the likelihood of achieving NMRD
 a.er surgery (Colombo 2019). The extent of residual disease and
prognosis could be influenced by the extent of disease measured
intraoperatively by the peritoneal cancer index (PCI) score, surgical
complexity score (SCS) (Elzarkaa 2018), type and extent of surgery
(Aletti 2007), characteristics of the surgical team (gynaecological
oncologist in a specialist centre with a high volume of cases)
(Bristow 2009) and presence of ascites during surgery (du Bois
2009).

Why it is important to do this review

A greater understanding of the biology of ovarian cancer variants,
especially with respect to BRCA gene mutations, has led to more
sophisticated treatment regimens. These include the emergence of
tailored adjuvant and maintenance chemotherapeutic options for
women with BRCA somatic and germline mutations, and greater
options for the chemotherapeutic approach to recurrent disease
(Colombo 2019).

While the place of surgery in the context of treatment of ovarian
cancer is well established, the distinctive biological phenotypes
(e.g. type and grade of disease, extent of disease) should be
anticipated to lead to some heterogeneity in the level of benefit
derived from maximal surgical eGort. There may be a greater
willingness to rely on PDS for women with known subtypes
of disease, such as low-grade serous cancer, that are known
to be less chemo-responsive (Grabowski 2016). PDS for highly
chemo-responsive disease has also been questioned by a growing
acceptance of the non-inferiority of interval debulking surgery
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(Coleridge 2021). The current position in many settings, in the
UK and elsewhere, is to reserve PDS in advanced disease for
those women who have a good performance status, and in
whom it is anticipated that NMRD or SVRD can be achieved.
Performance status is relevant in consideration of PDS. Though
true advocates of PDS remain, many clinicians recognise that
women presenting with poor performance status are likely to be
too frail to undergo a PDS without significant comorbidity. In such
a situation, clinical optimisation and initiation of treatment with
chemotherapy is preferable with a possible benefit of reduced
morbidity by reduction in disease burden with chemotherapy
(Kumar 2017).

There is consensus that the surgery performed during the initial
treatment of ovarian cancer, whether PDS or IDS, should aim
to leave NMRD, if possible. The need for clarity on the location
(cancer centre or unit) and timing from diagnosis of first look
surgery (intensive staging and cytoreductive surgery) for advanced
ovarian cancer has never been more relevant. Women, clinicians
and commissioners of specialist cancer services need to know
what the overall benefit of cytoreductive surgery for ovarian
cancer is, and to determine if there are subgroups of women for
whom this intervention is of greater value. Given the diversity
recognised within the overall group of women with advanced-stage
ovarian cancer, it is anticipated that an ethos of individualised
surgical planning, whilst recognising overarching principles, would
be appropriate. One recent cohort study compared operative
approaches/philosophies, where an ultra-radical approach to
surgery was introduced at a population level (Falconer 2020). In
this population-based cohort study, all women with suspected EOC
in a region of Stockholm in two national cancer registries were
selected in two three-year cohorts, based on year of diagnosis
(before (cohort 1) or a.er (cohort 2) change in surgical treatment
algorithm) and followed for at least three years. The study reported
five-year overall survival in non-surgically and surgically treated
women. A similar study into system reorganisation that uses either
a controlled before-and-a.er component or interrupted time series
design would be able to look at the impact of any centralisation of
more radical surgery on survival.

Although the size of residual tumour mass a.er surgery has been
shown to be an important prognostic factor for advanced ovarian
cancer, there is limited evidence to support the conclusion that the
surgical procedure is directly responsible for the superior outcome
associated with less residual disease (Girling 1996; Hunter 1992).

Whether optimal cytoreduction is more feasible in women with
biologically less aggressive tumours is a subject of continued
debate. Tumour biology is not thought to be the only factor
aGecting prognosis (Sørensen 2019), and its impact seems to be
partially overruled by the extent of residual disease, i.e. whether
NMRD or SVRD was achieved (du Bois 2009). It has also been
suggested that further evaluation of biological factors may help
select women who are most likely to benefit from PDS (du Bois
2009; Markar 2016). It has been suggested that women whose
cancer is cytoreduced to NMRD and SVRD at PDS may have super-
imposable progression-free survival, meaning that women with
high tumour load, completely resected at the time of surgery, may
have micro/macroscopic unrecognised residual disease (Fagotti
2020). In this review, we will analyse PDS and IDS separately, as
PDS achieving cytoreduction to < 1 cm may be equivalent to IDS
achieving cytoreduction to NMRD.

The aim of this review is to investigate the eGects of residual disease
in women who received PDS or IDS for advanced epithelial ovarian
cancer. This review should help to determine the prognostic impact
of residual disease a.er surgery on survival.

O B J E C T I V E S

To assess the prognostic impact of residual disease a.er primary
surgery on survival outcomes or advanced (stage III and IV)
epithelial ovarian cancer. In separate analyses, primary surgery
included both upfront primary debulking surgery (PDS) followed by
adjuvant chemotherapy and neoadjuvant chemotherapy followed
by interval debulking surgery (IDS). Each residual disease threshold
is considered as a separate prognostic factor.

Investigation of sources of heterogeneity

We examined diGerences between FIGO stages III and IV in diGerent
thresholds of residual disease a.er primary surgery. We considered
factors such as age, grade, length of follow-up, type and experience
of surgeon, and type of surgery in the interpretation of any
heterogeneity.

We also performed sensitivity analyses that distinguished between
studies that included NMRD in residual disease (RD) categories of
< 1 cm and those that did not. This was applicable to comparisons
involving RD < 1 cm with the exception of RD < 1 cm versus NMRD.

We evaluated women undergoing PDS and IDS in separate analyses.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included data from RCTs, prospective and retrospective cohort
studies, and unselected case series of 100 or more women that
included a concurrent comparison of diGerent RD thresholds
a.er primary surgical intervention. Any data collected from RCTs
were retrospective and taken from trials that randomised groups
of women to various chemotherapy protocols a.er primary or
interval debulking surgery. We categorised the surgical outcome
as macroscopic, optimal and suboptimal debulking, based on the
maximum size of postoperative residual disease.

In order to minimise bias, we only included studies of multivariate
Cox regression models that used sensible adjustment factors
associated with survival in women with advanced EOC (e.g. age,
stage, grade, extent of disease at diagnosis). We excluded studies
that only reported unadjusted results. To assess the adequacy of
adjustment factors used in multivariate Cox models, we used the
'adjustment for other prognostic factors' and 'statistical analysis
and reporting' domains of the quality in prognosis studies (QUIPS)
tool (Riley 2019). Therefore, in theory, only one other factor needed
to be adjusted for the study to meet the criteria for inclusion in the
review, but we judged such studies as being at high risk of bias in
these domains.

We excluded case-control studies, studies that did not have
concurrent comparison groups and case series of fewer than 100
women. This was to attempt to optimise the quality of the review, as
poor study designs would have introduced additional forms of bias.
The inclusion of adequately sized studies, although pragmatic, may
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also provide more reliable estimates due to restricting results to
those reporting multiple adjustments in statistical models.

Types of participants

We included adult women (over 18 years of age) with surgically
staged advanced epithelial ovarian cancer (FIGO stages III and IV)
who had confirmed histological diagnoses. We excluded women
with other concurrent malignancies.

Women were included into two distinct groups: those who received
primary debulking surgery (PDS) followed by platinum-based
chemotherapy and those who received interval debulking surgery
(IDS), which involves receiving the surgery sandwiched between
a schedule of chemotherapy. We analysed these distinct groups
separately.

Details of prognostic factor

The surgical intervention for which we assessed the resulting
prognostic factor was primary debulking surgery (upfront and
interval debulking).

We included studies that reported all RD thresholds a.er surgery
but we defined optimal RD as surgery leading to residual tumours
with a maximum diameter of any threshold up to 1 cm. The main
RD thresholds of interest were microscopic RD (labelled as no
macroscopic residual disease (NMRD)); RD < 1 cm and exclusive
of 0 cm, categorised as small-volume residual disease (SVRD); and
RD > 1 cm, categorised as large-volume residual disease (LVRD).
However, we included studies reporting any size of RD but restricted
to the most pertinent comparisons in key summary sections. We
noted details of any women who had primary surgery that resulted
in RD that did not meet the criteria specified in the study as
‘optimal’, namely not categorised as NMRD or SVRD cytoreduction.

We applied the above RD thresholds to both PDS (primary
debulking surgery followed by platinum-based chemotherapy) and
IDS (platinum-based chemotherapy followed by interval debulking
surgery) settings.

• No macroscopic residual disease (NMRD) a.er PDS (RD = 0 cm).

• Small-volume residual disease (SVRD) a.er primary
cytoreduction (RD 0.1 cm to 1 cm).

• Large-volume residual disease (LVRD) a.er cytoreduction (RD >
1 cm).

Types of outcome measures

• Overall survival: survival until death from any cause. We
assessed survival from the time at which women were enrolled
in the study.

• Progression-free survival.

We extracted survival estimates as time-to-event data from an
adjusted multivariate Cox model (as outlined above in 'Types
of studies'). This is the most appropriate way to analyse these
outcomes as it accounts for any loss to follow-up and will correctly
allow for censoring.

Search methods for identification of studies

We sought papers in all languages and translated them when
necessary.

We searched the following electronic databases on 30 August 2021:

• the Cochrane Central Register of Controlled Trials (CENTRAL;
2021, Issue 8), in the Cochrane Library;

• MEDLINE via Ovid (1950 to 30 August 2021);

• Embase via Ovid (1950 to 2021 week 34).

The MEDLINE, EMBASE and CENTRAL search strategies were based
on terms related to the review topic and are presented in Appendix
1,  Appendix 2  and  Appendix 3, respectively. We searched the
databases from 1950 up to end of August 2021.

We identified all relevant articles found on PubMed and used the
'related articles' feature to carry out a further search for newly
published articles.

Searching other resources

Unpublished and grey literature

We searched metaRegister, Physicians Data Query,
www.controlled-trials.com/rct, www.clinicaltrials.gov and
www.cancer.gov/clinicaltrials for ongoing trials.

Handsearching

We checked the citation lists of relevant publications, abstracts of
scientific meetings and included studies through handsearching,
and we contacted experts in the field to identify further reports
of studies. We handsearched reports of conferences from the
following sources.

• Gynecologic Oncology (Annual Meeting of the American Society
of Gynecologic Oncologists).

• International Journal of Gynecological Cancer (Annual Meeting of
the International Gynecologic Cancer Society).

• British Journal of Cancer.

• British Cancer Research Meeting.

• Annual Meeting of European Society of Medical Oncology
(ESMO).

• Annual Meeting of the American Society of Clinical Oncology
(ASCO).

Correspondence

We contacted authors of relevant trials to ask if they knew of further
data, which may or may not have been published.

Data collection and analysis

Selection of studies

We downloaded all titles and abstracts retrieved by electronic
searching to the reference management database Endnote. A.er
removing duplicates, three review authors (AB, PK, SH) examined
the remaining references independently. We excluded those
studies that clearly did not meet the inclusion criteria and obtained
copies of the full text of potentially relevant references. Three
review authors (AB, PK, SH) assessed the eligibility of retrieved
papers independently. We resolved disagreements by discussion
between the three review authors or, when necessary, by appeal to
a fourth review author (RN, KG). We documented the reasons for
exclusion.
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Data extraction and management

For included studies, we extracted items relevant to prognostic
factor studies, derived from the checklist for critical appraisal and
data extraction for systematic reviews of prediction modelling
studies (CHARMS) (Moons 2014). This included data on the
following:

• Author, year of publication and journal citation (including
language).

• Country.

• Setting.

• Inclusion and exclusion criteria.

• Study design, methodology.

• Study population:
◦ total number enrolled in each group;

◦ participant characteristics;

◦ age;

◦ comorbidities.

• Ovarian cancer details at diagnosis:
◦ FIGO stage (III or IV);

◦ histological cell type;

◦ preoperative tumour volume;

◦ ascites (large or small volume);

◦ tumour grade;

◦ extent of disease.

• Surgical intervention details:
◦ details of primary optimal cytoreductive surgery;

◦ upfront and interval debulking settings.

• Details of platinum-based chemotherapy:
◦ dose;

◦ number of chemotherapy cycles before and a.er surgery;

◦ type of surgeon (gynaecological oncologist, gynaecologist,
general surgeon);

◦ experience of surgeon;

◦ type of surgery (ultra-radical or standard).

• Details of prognostic factor:
◦ details of residual disease;

◦ definition of residual disease thresholds in study;

◦ covariates included in multivariate Cox models for survival
that include residual disease.

• Risk of bias in study (see 'Assessment of risk of bias in included
studies').

• Duration of follow-up.

• Outcomes (see 'Types of outcome measures').

For time-to-event data (survival and progression-free survival), we
extracted the log of the hazard ratio (log(HR)) and its standard error
from study reports. If the study did not report these, we did not
attempt to estimate the log(HR) and its standard error using the
methods of Parmar 1998, as we only included adjusted analyses.

We noted the time points at which outcomes were collected and
reported.

Three review authors (AB, PK, SH) independently extracted data
using a data collection form specially designed for the review. We

resolved diGerences between review authors by discussion or by
appeal to a fourth review author (KG), when necessary.

Assessment of risk of bias in included studies

Three review authors independently extracted data and assessed
risk of bias. We extracted the data using the CHARMS-PF (checklist
for critical appraisal and data extraction for systematic reviews -
prognostic factor studies; Riley 2019). We assessed the risk of bias
for each outcome (overall survival and progression-free survival) in
each study. We assessed risk of bias (and appraised quality) in the
prognostic assessment of residual disease in the included studies
using the quality in prognosis studies (QUIPS) tool (Appendix 4).
QUIPS is a tool designed to assess risk of bias in prognostic
factor studies (Riley 2019). It assesses bias across the following
six domains using intermediate signalling questions to aid the
decision-making process.

1. Participant selection

2. Study attrition

3. Prognostic factor measurement

4. Outcome measurement

5. Adjustment for other prognostic factors

6. Statistical analysis and reporting

In addition, we considered the applicability of the study for four
of the domains, as reported in other tools (Whiting 2011; WolG
2019). We judged risk of bias and concerns regarding applicability
using the tools shown in  Appendix 4. The questions regarding
applicability included the following.

• Domain 1: participant selection. Are there concerns that the
included women do not match the review question?

• Domain 3: prognostic factor measurement. Are there concerns
that residual disease, the way that it is measured, or the way that
it is interpreted, diGer from the review question?

• Domain 4: outcome measurement. Are there concerns that the
outcome does not match the review question or that follow-up
was not of suGicient duration?

• Domain 5: adjustment for other prognostic factors. Did the
prognostic factors adjusted for match the review question?

Three review authors (AB, PK, SH) applied the risk of bias tool
independently and resolved diGerences by discussion or by appeal
to a fourth review author (KG). We presented the results in a risk of
bias summary table. We interpreted the results of meta-analyses in
light of the findings with respect to risk of bias.

Measures of e=ect

For time-to-event data (overall and progression-free survival), we
used the adjusted hazard ratio (HR). We did not use unadjusted
results, as outlined above in 'Types of studies'.

Dealing with missing data

We did not impute missing outcome data for any of the outcomes.

Assessment of heterogeneity

We assessed heterogeneity between studies by visual inspection
of forest plots, by estimation of the percentage of heterogeneity
between trials that cannot be ascribed to sampling variation
(Higgins 2003), by a formal statistical test of the significance
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of the heterogeneity (Deeks 2001), and, where possible, by
subgroup analyses (see 'Subgroup analysis and investigation of
heterogeneity'). If there was evidence of substantial heterogeneity,
we investigated and reported the possible reasons for this.

Assessment of reporting biases

We examined the symmetry of funnel plots corresponding to meta-
analyses of overall survival to assess the potential for small study
eGects in analyses containing 10 or more studies. We tested for
asymmetry where evidence of asymmetry may have been an
indicator of publication bias (Debray 2018; Sterne 2011).

Data synthesis

If suGicient clinically similar studies were available, we pooled their
adjusted results in meta-analyses. We reported results by FIGO
stage (see 'Subgroup analysis and investigation of heterogeneity').

• For time-to-event data, we pooled hazard ratios (HRs) using the
generic inverse variance facility of Review Manager 2020.

• We used random-eGects models with inverse variance weighting
for all meta-analyses (DerSimonian 1986).

• We reported analyses separately for women who received
upfront and interval debulking surgery.

Subgroup analysis and investigation of heterogeneity

We considered factors such as age, grade, length of follow-up, type
and experience of surgeon, and type of surgery in the interpretation
of any heterogeneity.

We performed subgroup analyses grouping studies by women with
FIGO stage III versus stage IV disease.

We analysed women undergoing PDS and IDS in separate analyses
(see above).

Sensitivity analysis

We had planned to perform sensitivity analysis that restricted the
analyses to studies we judged to be at an overall low risk of bias.
However, the overall profiles of the included studies were largely
very similar.

We performed a sensitivity analysis that distinguished between
studies that included NMRD in residual disease categories of < 1 cm
and those that did not. This was applicable to some comparisons
involving RD < 1 cm, with the exception of SVRD versus NMRD. In this
area, RD <1 cm should be exclusive of NMRD and is o.en described
as RD = 0.1 cm to 1 cm in the literature, for clarity.

We also conducted a number of post hoc sensitivity analyses.
This included excluding one study (Klar 2016), which included a
proportion of women with early and unknown stage disease.

Summary of findings and assessment of the certainty of the
evidence

Guidance on the use of GRADE for prognostic factor studies has
not yet been published (Foroutan 2020; GRADE Working Group),
but we attempted to appraise the quality and certainty of the
evidence where possible. We constructed summary of findings
tables to present the results of outcomes in the review for the main
comparisons involving prognostic factor thresholds of NMRD, SVRD
(0.1 cm to 1cm) and LVRD. We used the GRADE system to rank the
certainty of the evidence (Foroutan 2020; GRADE Working Group).
Two review authors (AB, SH) independently graded the evidence
and resolved diGerences by discussion or by involving a third review
author (PK). We based our judgements on the strength of the body
of evidence based on the domains presented in Appendix 5. Where
the evidence was based on single studies, or where there was no
evidence on a specific outcome for comparisons, we included the
outcome in the summary of findings table and graded or explained
in a narrative account accordingly. We gave the rationale for each
judgement in the table footnotes. We interpreted the results of the
review in light of this graded evidence. Summary of findings tables
are given for PDS studies in Summary of findings 1, Summary of
findings 2 and Summary of findings 3 and in IDS studies in Summary
of findings 4, Summary of findings 5 and Summary of findings 6. The
comparison involving any remaining macroscopic disease (RD > 0
cm) and NMRD in an IDS setting was also an important comparison
so we additionally gave this a certainty of evidence judgement
(Summary of findings 7).

R E S U L T S

Results of the search

The search strategy identified 8606 unique references (Figure 1).
The title and abstract screening of these references identified 200
studies as potentially eligible for the review. The full-text screening
of the 200 references identified 13 references, reporting on two
RCTs (Kehoe 2015; Vergote 2010), but these trials did not meet
the inclusion criteria as they did not report results across residual
disease thresholds; instead they gave comparisons of residual
disease by type of surgery. These trials were reported in a recent
Cochrane Review (Coleridge 2021), which assessed chemotherapy
versus surgery for initial treatment in advanced ovarian epithelial
cancer along with another three trials (Chekman 2015; Fagotti 2020;
Onda 2020), which did not report any of their outcomes for extent
of disease by type of initial surgery.
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Figure 1.   Study flow diagram.
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We excluded 133 references reporting on 115 studies that
investigated the eGects of residual disease a.er primary surgery
for the reasons described in the table Characteristics of excluded
studies. The remaining 67 references, reporting on 46 unique
studies, met our inclusion criteria and are described in the
table  Characteristics of included studies. Fi.y-two of these,
reporting on 30 unique studies, reported on residual disease for
PDS. One included publication, Klar 2016, reported results based on
four individual RCTs but each one alone did not meet the inclusion
criteria due to diGerent scope so we included the combined analysis
reported in Klar 2016. One study reported on two separate groups
of women in diGerent histology sub-types so for the purposes
of the review we split it into two separate studies (Melamed
2017a; Melamed 2017b), therefore we refer to 31 included studies
throughout. The other 15 studies reported on residual disease for
IDS.

Searches of the grey literature did not identify any additional
relevant trials.

There were three RCTs evaluating the eGectiveness of surgery
in advanced-stage epithelial ovarian cancer (Redman 1986; Rose
2004; Van Der Burg 1996). However, we excluded all three of these
trials as they were designed to evaluate the benefits of surgery
a.er an induction period with chemotherapy treatment, where
the surgery was performed as a secondary procedure a.er initial
(primary) surgery and they have been evaluated in a separate
Cochrane Review (Tangjitgamol 2016).

Characteristics of included studies

See Characteristics of included studies table.

Residual disease a�er upfront primary debulking surgery
(PDS)

The 31 included studies assessed a total of 22,376 women (Akahira
2001; Aletti 2006; Ataseven 2016; Bristow 2011; Chan 2003; Chang
2012a; Chang 2012b; Chi 2001; Chi 2006; Cuylan 2018; Eisenkop
2003; Feng 2016; Hofstetter 2013; Kahl 2017; Klar 2016; Langstraat
2011; Luger 2020; McGuire 1995; Melamed 2017a; Melamed 2017b;
Paik 2018; Peiretti 2010; Peiretti 2012; Polterauer 2012; Shim 2016;
Tewari 2016; Tseng 2018; Van Geene 1996; Wimberger 2010; Winter
2007; Winter 2008). Three studies included a small proportion
of women with early-stage (predominantly stage II) or unknown
disease. Although not stringently part of our initial inclusion
criteria, we included a study if the proportion with unknown or
early-stage disease in the entire cohort was small. The proportion
of women with early or unknown stage of disease in  Feng
2016  (9.3%),  Polterauer 2012  (6.6%) and  Klar 2016  (12.5%) was
not going to aGect the applicability of the results. The analyses
in  Klar 2016  included 1182 women with stage IIB to IIIB disease
and 3684 had stage IIIC to IV disease. The study contributed heavily
to the analyses, but the results were robust to its exclusion in a
sensitivity analysis. The four individual RCTs used in the analyses
could not be included separately because residual disease (RD) was
not reported.

Four studies reported exclusively on women with stage IV epithelial
ovarian cancer (EOC) and included 225, 326, 573 and 360 stage
IV women respectively (Akahira 2001; Ataseven 2016; Wimberger
2010; Winter 2008).

Five studies reported exclusively on women with stage IIIC EOC
(Aletti 2006; Bristow 2011; Chang 2012b; Chi 2006; Eisenkop 2003);
whereas Cuylan 2018 and Winter 2007 reported women with stage
IIIA to C disease; whilst 16 studies reported on both stage III and IV
EOC (Chan 2003; Chang 2012a; Chi 2001; Hofstetter 2013; Langstraat
2011; McGuire 1995; Melamed 2017a; Melamed 2017b; Paik 2018;
Peiretti 2010; Peiretti 2012; Polterauer 2012; Shim 2016; Tewari
2016; Tseng 2018; Van Geene 1996).

The number of women included in all studies varied from 104 in
the Chan 2003 study to 5055 women in the Klar 2016 analysis. The
larger studies tended to combine results from primary studies but
generally it was not possible to report the results of these separately
due to the scope of the original publications that had a diGerent
focus.

For a summary of the total number of women included in each
study, as well as stage and residual disease details see Table 1.

Design

All analyses examining residual disease thresholds following
surgery were retrospective in nature.

Four studies were primarily prospective cohort studies (Eisenkop
2003; Hofstetter 2013; Polterauer 2012; Van Geene 1996).

The  Winter 2007,  Winter 2008  and  Klar 2016  studies were
retrospective analyses of six, four and four randomised controlled
trials of various chemotherapy protocols, respectively. The Winter
2007  study reported on women with stage III EOC,  Winter
2008 reported on women with stage IV EOC and Klar 2016 a mix of
stages included a small proportion of early and unknown. Winter
2007  included women from GOG protocols 111, 114, 132, 152,
158 and 172 (Armstrong 2006; Markman 2001; McGuire 1996;
Muggia 2000; Ozols 2003; Rose 2004),  Winter 2008  included
women from GOG protocols 111, 132, 152 and 162 (McGuire 1996;
Muggia 2000; Rose 2004; Spriggs 2007) and  Klar 2016  reported
a combined analysis of four individual RCTs (OVAR 3, 5, 7 and
9). Likewise, the McGuire 1995 study was a retrospective analysis
of a randomised controlled trial of two diGerent chemotherapy
protocols.

All remaining studies were analyses of retrospective data from
hospital databases, medical records and cancer registries.

Participant characteristics

Fourteen studies were conducted in the USA (Aletti 2006; Bristow
2011; Chan 2003; Chi 2001; Chi 2006; Eisenkop 2003; Langstraat
2011; Melamed 2017a; Melamed 2017b; McGuire 1995; Tewari 2016;
Tseng 2018; Winter 2007; Winter 2008), whilst four were set in South
Korea (Chang 2012a; Chang 2012b; Paik 2018; Shim 2016), nine
set predominantly in Europe including Germany, Belgium, France,
Spain, Italy, Austria and the UK (Ataseven 2016; Hofstetter 2013;
Kahl 2017; Klar 2016; Luger 2020; Peiretti 2010; Polterauer 2012;
Van Geene 1996; Wimberger 2010); the study Cuylan 2018 was set
in Turkey,  Feng 2016  in China and the  Akahira 2001  study was
conducted in 24 centres in Japan. One of the studies included
populations from multiple locations:  Peiretti 2012  (Italy and the
USA).
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The mean or median age reported for women with advanced EOC
varied between 50.9 years (Tewari 2016) to 73.5 (Langstraat 2011)
years with the range between 16 to 91 years.

Details of PDS reported in studies

RD thresholds ranged from NMRD up to > 5 cm across the included
studies. The most common comparisons were of RD thresholds
NMRD, SVRD (described in most studies as being < 1 cm, but
exclusive of NMRD) and LVRD. We did identify studies where optimal
RD was defined up to < 2 cm, but more recent studies and
guidelines (BGCS 2017; du Bois 2009) state that surgery should not
be considered optimal beyond 1 cm (however, we assessed RD as
a prognostic factor and we included studies that included all RD
thresholds, but only reported the most pertinent comparisons in
the key sections of the review).

Women in all the studies described above underwent PDS followed
by platinum-based adjuvant chemotherapy. All women were
confirmed histologically to have invasive epithelial ovarian cancer.

The speciality of the surgeon who performed PDS (for example,
general surgeon, gynaecologic surgeon or specialist gynaecologic
oncology surgeon) was not reported in 20 of the included studies
(Akahira 2001; Aletti 2006; Chang 2012a; Feng 2016; Hofstetter
2013; Klar 2016; Langstraat 2011; McGuire 1995; Melamed 2017a;
Melamed 2017b; Paik 2018; Peiretti 2010; Polterauer 2012; Shim
2016; Tewari 2016; Tseng 2018; Van Geene 1996; Wimberger
2010; Winter 2007; Winter 2008); whereas specialist gynaecologic
oncology surgeons undertook PDS in 11 studies (Ataseven 2016;
Bristow 2011; Chan 2003; Chang 2012b; Chi 2001; Chi 2006; Cuylan
2018; Eisenkop 2003; Kahl 2017; Luger 2020; Peiretti 2012).

The mean duration of PDS was reported to be 210 minutes (range:
40 to 480 minutes) in Aletti 2006. Similarly the median duration of
PDS was reported to be 194 minutes (range: 60 to 750 minutes) and
180 minutes (range: 55 to 480 minutes) in the Chi 2006 and Eisenkop
2003  studies respectively. All three studies reported on women
with stage IIIC disease. On the other hand, the Akahira 2001 study
reported on women with stage IV disease and the median duration
of PDS was found to be 240 minutes (range 40 to 780 minutes). Two
studies reported on the mean duration of PDS on women with stage
III and IV disease: 270 minutes (range: 70 to 480 minutes) in Peiretti
2010 and 280 minutes (range: 36 to 893 minutes) in Tseng 2018.

The duration of PDS was not reported in the remaining 25
studies (Ataseven 2016; Bristow 2011; Chan 2003; Chang 2012a;
Chang 2012b; Chi 2001; Cuylan 2018; Feng 2016; Hofstetter 2013;
Kahl 2017; Klar 2016; Langstraat 2011; Luger 2020; McGuire
1995; Melamed 2017a; Melamed 2017b; Paik 2018; Peiretti 2012;
Polterauer 2012; Shim 2016; Tewari 2016; Van Geene 1996;
Wimberger 2010; Winter 2007; Winter 2008).

The median estimated operative blood loss was 500 mL (range
20 mL to 7500 mL); 850 mL (range 30 mL to 5000 mL) and
1085 mL (range 40 mL to 11,000 mL) in the  Chi 2006,  Eisenkop
2003  and  Akahira 2001  studies, respectively. In the latter study,
blood transfusion was given to 112 women (50%) intra- and
postoperatively.  Peiretti 2010  and  Peiretti 2012  reported the
estimated blood loss using diGerent measures as 700 mL (range
50 mL to 6000 mL) and 1000 mL (range 200 mL to 8500 mL),
respectively. Intraoperative blood transfusion was given to 112
(43.2%) and 152 (64%) women in  Peiretti 2010  and  Peiretti

2012 respectively, while postoperative blood transfusion was given
to 140 (50.1%) women in  Peiretti 2010  and 150 (63%) women
in  Peiretti 2012. The  Hofstetter 2013  study did not report on the
estimated blood loss, however they reported that nine of 185
women (4.86%) required blood transfusion.

Only five studies reported on the length of hospital stay (LHS). In
the studies by Chi 2006, Eisenkop 2003 and Peiretti 2012 the median
LHS was 10 days, with a range of 0 to 59, 0 to 93 and 4 to 24 days,
respectively. The median LHS was 9 days and 8 days (range: 1 to 22
days) in Peiretti 2010 and Tseng 2018, respectively.

Postoperative mortality within 30 days of PDS ranged from 0.4% to
4.3% in eight studies reporting this outcome (Ataseven 2016; Aletti
2006; Bristow 2011; Chi 2001; Chi 2006; Eisenkop 2003; Langstraat
2011; Tseng 2018). One study reported a postoperative mortality
rate of 45% but this was during a median follow-up period of 49.6
months (interquartile range (IQR) 32.9 to 66.3) (Luger 2020).

Postoperative mortality and morbidity were not reported in 19
studies (Akahira 2001; Chan 2003; Chang 2012a; Chang 2012b; Feng
2016; Hofstetter 2013; Klar 2016; Melamed 2017a; Melamed 2017b;
McGuire 1995; Paik 2018; Peiretti 2010; Peiretti 2012; Polterauer
2012; Shim 2016; Van Geene 1996; Wimberger 2010; Winter 2007;
Winter 2008).

Two studies used a postoperative residual disease cutoG of <
2 cm to define an optimal level of remaining RD a.er surgery
(Akahira 2001; Van Geene 1996). Eighteen studies considered that
an optimal outcome was achieved only if NMRD was le. behind
at the conclusion of PDS (Ataseven 2016; Chang 2012a; Chang
2012b; Cuylan 2018; Eisenkop 2003; Feng 2016; Hofstetter 2013;
Kahl 2017; Langstraat 2011; Luger 2020; Melamed 2017a; Melamed
2017b; Paik 2018; Peiretti 2010; Peiretti 2012; Tewari 2016; Tseng
2018; Wimberger 2010). Four studies used a postoperative RD cutoG
of < 1 cm to define the optimal level of remaining RD (Aletti 2006;
Bristow 2011; Chan 2003; Klar 2016). The remaining seven studies
did not define what is considered optimal in the study methodology
but analysed the outcome by a range of postoperative RD (Chi 2001;
Chi 2006; McGuire 1995; Polterauer 2012; Shim 2016; Winter 2007;
Winter 2008).

Four studies did not make direct comparisons against NMRD. These
studies included NMRD in the RD < 1 cm (Chi 2001; Chan 2003)
and RD < 2 cm categories (Akahira 2001; McGuire 1995). None of
the studies reported the proportion of participants with NMRD.
While Winter 2008 did give a breakdown of various RD categories,
the authors additionally reported a comparison involving RD > 1 cm
versus < 1 cm with the latter including NMRD (n = 29/107).

The rate of NMRD a.er surgery was reported in 20 studies (Aletti
2006; Ataseven 2016; Chang 2012b; Chi 2006; Cuylan 2018; Eisenkop
2003; Kahl 2017; Langstraat 2011; Luger 2020; Melamed 2017a;
Melamed 2017b; Paik 2018; Peiretti 2010; Peiretti 2012; Polterauer
2012; Tewari 2016; Tseng 2018; Winter 2007; Winter 2008). It was
achieved in 4906 out of 15,246 women (32.2%) with the lowest
macroscopic disease rate reported by Tewari 2016 (4.9%) and the
highest (86%) reported by Eisenkop 2003.

Postoperative RD < 1 cm (SVRD) was achieved in 8201 out of
19,185 women (42.75%) as calculated from 19 studies (Aletti 2006;
Ataseven 2016; Bristow 2011; Chan 2003; Chang 2012a; Chi 2001;
Chi 2006; Cuylan 2018; Eisenkop 2003; Klar 2016; Langstraat 2011;
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Melamed 2017a; Melamed 2017b; Paik 2018; Polterauer 2012;
Tewari 2016; Wimberger 2010; Winter 2007; Winter 2008). The
lowest rate for RD < 1 cm was 25.3% (71/281) in the Chi 2001 study
and the highest was 96% (392/408) in the Eisenkop 2003 study.

In 26 studies all women received postoperative platinum-based
chemotherapy (Aletti 2006; Ataseven 2016; Bristow 2011; Chan
2003; Chang 2012a; Chang 2012b; Cuylan 2018; Eisenkop 2003; Feng
2016; Hofstetter 2013; Kahl 2017; Klar 2016; Langstraat 2011; Luger
2020; McGuire 1995; Melamed 2017a; Melamed 2017b; Paik 2018;
Peiretti 2010; Peiretti 2012; Polterauer 2012; Tewari 2016; Van Geene
1996; Wimberger 2010; Winter 2007; Winter 2008). In four studies
the majority of women (95.1%, 96%, 97%, 98.4%, 99% respectively)
received postoperative platinum-based chemotherapy (Akahira
2001; Chi 2001; Chi 2006; Tseng 2018). The main reason for not
receiving postoperative chemotherapy was postoperative death
within 30 days of surgery and absent records (Chi 2001). Other
reasons for not receiving postoperative chemotherapy or receiving
non-platinum-based chemotherapy were poorly reported. The
study by  Shim 2016  did not report the number of women who
received postoperative chemotherapy.

Fourteen studies reported the survival outcome for NMRD (Aletti
2006; Ataseven 2016; Bristow 2011; Chi 2006; Cuylan 2018; Eisenkop
2003; Feng 2016; Hofstetter 2013; Kahl 2017; Langstraat 2011; Paik
2018; Tewari 2016; Winter 2007; Winter 2008).

Outcomes

The median duration of follow-up varied from 28 months (Winter
2008) to 77.7 months (Tseng 2018), with a range between 1 and
199 months (Chi 2006). The duration of follow-up was not reported
in seven studies (Chang 2012b; McGuire 1995; Peiretti 2012; Shim
2016; Tewari 2016; Van Geene 1996; Wimberger 2010).

Only two studies did not report overall survival (Peiretti 2010;
Shim 2016), while 16 studies reported progression-free survival and
used appropriate statistical techniques (hazard ratios to correctly
allow for censoring) (Chang 2012a; Chang 2012b; Cuylan 2018; Feng
2016; Klar 2016; Luger 2020; McGuire 1995; Paik 2018; Peiretti 2010;
Polterauer 2012; Shim 2016; Tewari 2016; Tseng 2018; Wimberger
2010; Winter 2007; Winter 2008). Prognostic factors were adjusted
for in the analysis of survival outcomes in each study using Cox
regression. Between them, the 30 studies (31 with Melamed split
(Melamed 2017a; Melamed 2017b)) included 29 diGerent prognostic
factors in the analysis. The number of prognostic factors included in
the analysis ranged from two in Eisenkop 2003 to 10 in Tewari 2016.
The prognostic factors most frequently included in the analyses
are (in order of frequency) residual disease (26 studies), age (23
studies), stage (21 studies), performance status (nine studies),
histology (nine studies) and tumour grade (six studies). A list of the
diGerent prognostic factors is shown in Appendix 6.

For the distribution of these factors at baseline for each study
and by residual disease, see the table Characteristics of included
studies.

Residual disease a�er interval debulking surgery (IDS)

The 15 included studies assessed a total of 3697 women (Bixel 2020;
CioGi 2018; Davidson 2019; Iwase 2015; Kaban 2017; Lecointre 2020;
Lecuru 2019; Liu 2020; Lorusso 2016; Petrillo 2014; Phillips 2018;
Shibutani 2020; Stoeckle 2014; Zhang 2018; Zhu 2016). One study,
whilst it reported descriptive statistics for 102 women, only had

85 women who underwent interval debulking surgery (IDS) (CioGi
2018). Although this was not strictly part of our inclusion criteria
(i.e. n ≥ 100), we noted this study as a caveat. Additionally, adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs) were not
reported in  Petrillo 2014  and  Lecuru 2019  in their multivariate
Cox models; however, P values were reported in both. Two of the
included studies were abstracts only (Lecuru 2019; Lorusso 2016).

All studies included women with advanced EOC who underwent
IDS (neoadjuvant chemotherapy (NACT) given prior to surgery).
Twelve of the studies provided descriptive statistics of FIGO stage
- all of which included samples of women with FIGO stages III and
IV (Bixel 2020; CioGi 2018; Davidson 2019; Iwase 2015; Lecointre
2020; Liu 2020; Petrillo 2014; Phillips 2018; Shibutani 2020; Stoeckle
2014; Zhang 2018; Zhu 2016). For the three remaining studies,
only Kaban 2017 and Lecuru 2019 reported in their methods that
women with stage IIIC and IV ovarian cancer were included; we
could not determine FIGO staging for Lorusso 2016.

Study sample size varied from 102 (CioGi 2018) to 672 (Zhu 2016).

For a summary of the total number of women included in each
study, as well as stage and residual disease details see Table 2.

Design

All analyses examining RD thresholds were retrospective in nature
with data collected from past medical records and databases.
The exceptions were  Lecuru 2019,  which was a secondary
analysis of the CHIVA double-blind randomised phase II GINECO
study that sought to examine the eGects of nintedanib in
combination with NACT (Ferron 2019);  Davidson 2019,  whose
sample comprised data collected retrospectively from medical
records as well as prospective participants(the purpose of the
prospective data collection being to explore the role of minimally
invasive surgery following NACT); and  Lecointre 2020,  whose
sample was from a multicentre cohort study of women with
histologically confirmed advanced epithelial ovarian cancer who all
consented to participation.

Participant characteristics

Three of the studies were conducted in Italy (CioGi 2018; Lorusso
2016; Petrillo 2014), three in France (Lecointre 2020; Lecuru 2019;
Stoeckle 2014), three in China (Liu 2020; Zhang 2018; Zhu 2016), two
in the USA (Bixel 2020; Davidson 2019), two in Japan (Iwase 2015;
Shibutani 2020), and one study was conducted in Turkey (Kaban
2017), and the UK (Phillips 2018) each. Five of the studies were
conducted across multiple centres: Lecointre 2020 collected data
from nine French referral centres,  Davidson 2019  from three US
institutions, Bixel 2020 from two US institutions, Lorusso 2016 from
five Italian centres, and Zhu 2016 from two Chinese institutions.

The median age reported for women with advanced EOC varied
between 55 years (Zhu 2016) and 64 years (Stoeckle 2014) with the
range between 28 and 88 years.

Details of interval debulking surgery reported in studies

RD thresholds ranged from NMRD up to > 2 cm across the included
studies. The most common comparisons were of RD thresholds
NMRD, ≤ 1 cm (although the majority included NMRD in this
threshold, rather than 0.1 cm to 1 cm, which we defined as SVRD),
and > 1 cm (LVRD). Optimal RD was commonly defined as less than
1 cm (RD < 1) or less than or equal to 1 cm (≤ 1 cm), consistent
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with recent studies and guidelines (BGCS 2017; du Bois 2009), which
state that surgery should not be considered optimal beyond 1 cm.
Four studies did not provide an explicit definition of optimal RD
(Lecointre 2020; Lecuru 2019; Lorusso 2016; Petrillo 2014). This was
due to the nature of the information for the middle two cases (i.e.
abstracts). For Petrillo 2014, although no definition of optimal RD
was given, thresholds of NMRD, RD ≤ 1 cm and RD > 1 cm were
provided. For Lecointre 2020, thresholds of NMRD, RD ≤ 0.25 cm,
and RD 0.25 cm to 2.5cm were used. Davidson 2019 utilised two
definitions of optimal RD (NMRD and RD ≤ 1 cm) in their study
although only the latter was used in their multivariate Cox model.

Six studies compared SVRD versus LVRD (CioGi 2018; Davidson
2019; Kaban 2017; Phillips 2018; Zhang 2018; Zhu 2016). Six of
the studies did not make direct comparisons against NMRD and
included NMRD in their SVRD category (CioGi 2018; Davidson 2019;
Kaban 2017; Shibutani 2020; Zhang 2018; Zhu 2016). Consequently,
comparisons of SVRD (0.1 cm to 1 cm) and LVRD (> 1 cm) suGered
from serious bias as a result of the inclusion of NMRD in the near-
optimal category. Of these six studies, only three reported the
number of participants with NMRD within the SVRD category: CioGi
2018  (n = 37/57 participants with SVRD),  Davidson 2019  (n =
165/228) and Zhang 2018 (n = 59/156). Only one study appropriately
treated NMRD as a distinct category from SVRD (Phillips 2018).

Women in all the studies were treated by platinum-based
neoadjuvant chemotherapy followed by IDS. One possible
exception may be Lorusso 2016, but it was assumed that the NACT
was platinum-based. All women were confirmed histologically to
have invasive EOC.

The median number of NACT cycles varied from three (Zhang
2018) to six (Iwase 2015), with a range of 1 to 13. The large range
is partially contributed by  Stoeckle 2014,  which was conducted
in women receiving delayed IDS (a.er six or more cycles). Two
studies did not provide descriptive statistics of NACT cycles (Lecuru
2019; Zhu 2016), but reported in their methodology that women
received three or between three to four cycles. Information on
the NACT regimen was provided in all but one study (Lorusso
2016). Carboplatin plus paclitaxel was most commonly reported
and varied between 37.2 % (Zhu 2016), 96.6% (Stoeckle 2014), and
100%; although no details were reported for Kaban 2017, Lecuru
2019 (with reference to Ferron 2019), and Zhang 2018, they reported
all women received carboplatin plus paclitaxel in their methods.
Route of administration was reported in Bixel 2020 in which NACT
was administrated intraperitoneally in 28% and intravenously
in 72%, and  Zhang 2018  in which NACT was administrated
intraperitoneally in 45% and intravenously in 55%. Response to
NACT according to RECIST criteria was reported in three studies
in which complete/partial response was observed in 66.6% (CioGi
2018), 66.1% (Zhu 2016), and in all participants in  Lecointre
2020 (however, this was based on n = 380/501 with data on NACT
response).

Information on the specialty of the surgeon performing the IDS
was only reported in Stoeckle 2014 where all 118 surgeries were
conducted by two surgeons with experience in ovarian cancer
surgery and Shibutani 2020 where gynaecologic oncologists were
involved in all surgeries. Duration of IDS was only reported in
two studies and varied from a median of 194 minutes (Davidson
2019) to 419 minutes (Iwase 2015), with a range of 45 to
611 minutes. Length of hospital stay (LHS) was only reported
in  Stoeckle 2014  with a median of 10 days (range: 2 to 44)

and  Lecointre 2020  (median of 10 days (range: 6 to 13) in the
group with ≤ 4 NACT cycles and median of 11 days (range: 7 to
14) in the group with > 4 NACT cycles). Postoperative morbidity/
complications and mortality (defined as death within 30 days of
IDS) was only reported in two studies (Davidson 2019; Stoeckle
2014). Postoperative mortality varied from 0% to 1.7%, whilst
postoperative morbidity/complications varied from 18% to 22% in
these studies. Complications a.er discharge and within 30 days
of surgery were reported only in  Davidson 2019. Approximately
11% experienced post-discharge complications of whom 6.4%
were re-admitted. Operative blood loss was reported in  Iwase
2015, with a median blood loss of 1291 mL (range: 220 mL to 5640
mL) and  Lecointre 2020,  where 57% of patients required blood
transfusion (based on n = 77/501 with available data).  Lecointre
2020  reported intraoperative complications in 15% of patients
(based on n = 387/501 with available data).  Lecointre 2020  also
reported postoperative complications in 22% of participants (based
on n = 421/501 patients with available data) but this was across an
undefined time frame.

Information on postoperative chemotherapy following IDS was
reported in 11 studies, albeit with varying levels of detail (Bixel
2020; CioGi 2018; Iwase 2015; Kaban 2017; Lecuru 2019; Liu 2020;
Petrillo 2014; Phillips 2018; Shibutani 2020; Stoeckle 2014; Zhang
2018). Clear reporting of platinum-based adjuvant chemotherapy
was observed in five studies (Bixel 2020; Iwase 2015; Lecuru 2019;
Petrillo 2014 (with reference to Ferron 2019); Zhang 2018), whilst
it was implied (Kaban 2017; Liu 2020; Phillips 2018; Shibutani
2020; Stoeckle 2014) or unstated (CioGi 2018) in the remaining six
studies. Six of the studies did not provide descriptive statistics for
adjuvant chemotherapy cycles or regimen and only reported in
their methods that participants received chemotherapy following
IDS (CioGi 2018; Kaban 2017; Lecuru 2019 (with reference to Ferron
2019); Petrillo 2014; Shibutani 2020; Stoeckle 2014). However, with
the exception of CioGi 2018, they did report in their methods that
their participants received two (Petrillo 2014; Liu 2020; Stoeckle
2014), two to three (Lecuru 2019 (with reference to Ferron 2019)), or
two to six (Kaban 2017) cycles of adjuvant chemotherapy. Shibutani
2020 did not report the number of adjuvant cycles but did report the
total (NACT + adjuvant chemotherapy) cycles. Six studies reported
descriptive statistics (Bixel 2020; Iwase 2015; Liu 2020; Phillips 2018;
Shibutani 2020; Zhang 2018). The median number of cycles ranged
from three (Iwase 2015; Phillips 2018) to five (Zhang 2018), and
ranged from one to eight in these three studies.

Optimal RD was most commonly defined as RD < 1 cm (CioGi
2018; Iwase 2015; Phillips 2018; Shibutani 2020; Stoeckle 2014;
Zhang 2018) or RD ≤ 1 cm (Bixel 2020; Davidson 2019; Kaban 2017;
Liu 2020; Zhu 2016). Four studies did not provide a definition
of optimal RD in their methodology but included RD thresholds
in their multivariable Cox models (Lecointre 2020; Lecuru 2019;
Lorusso 2016; Petrillo 2014). Davidson 2019 utilised two definitions
of optimal RD (NMRD and SVRD) in their study, although only
the latter was used in their multivariate Cox model. NMRD was
reported in 12 studies (Bixel 2020; CioGi 2018; Davidson 2019;
Iwase 2015; Lecointre 2020; Lecuru 2019; Liu 2020; Lorusso 2016;
Petrillo 2014; Phillips 2018; Stoeckle 2014; Zhang 2018), however
descriptive statistics for the rate of NMRD were only reported in
10 studies (Bixel 2020; CioGi 2018; Davidson 2019; Iwase 2015;
Lecointre 2020; Liu 2020; Petrillo 2014; Phillips 2018; Stoeckle 2014;
Zhang 2018).  Lecointre 2020  reported missing data for RD in n =
30/501 women and did not report any imputation method. Rate of
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NMRD varied from the lowest of 29.5% (Zhang 2018) to the highest
of 79% (Iwase 2015). Across the 10 studies that reported descriptive
statistics, NMRD was achieved in 1451 out of 2237 women (64.9%).

Across the six studies that provided descriptive statistics for RD < 1
cm (CioGi 2018; Iwase 2015; Phillips 2018; Shibutani 2020; Stoeckle
2014; Zhang 2018), RD < 1 cm was achieved in 897 out of 1096
women (81.8%). Rates per study varied from 71% (CioGi 2018) to
94% (Stoeckle 2014).

Across the four studies that provided descriptive statistics for RD ≤ 1
cm (Davidson 2019; Kaban 2017; Petrillo 2014; Zhu 2016), RD ≤ 1 cm
was achieved in 1151 out of 1466 women (78.5%). Rates per study
varied from 72% (Zhu 2016) to 84% (Davidson 2019; Petrillo 2014).

Nine studies reported the survival outcome in models comparing
RD threshold(s) against NMRD (Bixel 2020; Iwase 2015; Lecointre
2020; Lecuru 2019; Liu 2020; Lorusso 2016; Petrillo 2014; Phillips
2018; Stoeckle 2014).

Outcomes

The median duration of follow-up was reported in nine studies
(Bixel 2020; Iwase 2015; Kaban 2017; Lecuru 2019; Petrillo 2014;
Shibutani 2020; Stoeckle 2014; Zhang 2018; Zhu 2016), and varied
from a median of 29.5 months (Bixel 2020) to 47 months (Petrillo
2014), with a range between 1 and 181 months. The duration of
follow-up was not reported in four studies (CioGi 2018; Davidson
2019; Lecointre 2020; Liu 2020; Lorusso 2016; Phillips 2018).

Only one study did not report overall survival (Davidson 2019).
Three studies did not provide adjusted HRs and 95% confidence
intervals from their multivariate survival models predicting overall
survival (Bixel 2020; Lecuru 2019; Petrillo 2014). One study only
brought RD forward into the "multivariate" model for overall
survival a.er univariate analysis, however the criteria for selection
was not mentioned in the methods (Liu 2020). Eight studies
reported progression-free survival and used appropriate statistical
techniques (hazard ratios to correctly allow for censoring) (CioGi
2018; Lecointre 2020; Lecuru 2019; Liu 2020; Petrillo 2014; Zhang
2018; Zhu 2016). One study reported using multivariate logistic
regression to predict progression-free survival in their methods but
reported hazard ratios in their results, so it may be inferred that
multivariate Cox regression had actually been used (Bixel 2020).
Disease-specific overall survival (DSS) was reported in  Davidson
2019. Disease-free survival (DFS) was reported in  Liu 2020.
Prognostic factors were adjusted for in the analysis of survival
outcomes in each study using Cox regression. Between them,
the 15 studies included 29 diGerent prognostic factors in the
analysis. The precise prognostic factors used in Lorusso 2016 could
not be determined beyond the complete cytoreduction, ECOG
performance status and number of NACT cycles. The number
of prognostic factors included in the analysis ranged from one
in Petrillo 2014 to nine in CioGi 2018. The prognostic factors most
frequently included in the analyses are (in order of frequency):
residual disease (15 studies), number of NACT cycles (eight studies),
age (seven studies), FIGO stage (seven studies), performance
status (six studies), ascites (four studies), response to NACT (four
studies), NACT regimen (three studies), CA-125 (two studies) and
lymphadenectomy (two studies). A list of the diGerent prognostic
factors is shown in Appendix 7.

One study, which included 501 women, had missing RD data
for 30 (6%) (Lecointre 2020). Furthermore, other variables in the
multivariate Cox model for overall survival had larger rates of
missing data such as the Charlson Index (missing data for n =
203, 41%) and response to NACT (missing for n = 121, 24%). It is
likely that the multivariate Cox model was based on a complete
case analysis and therefore the estimates reported are based on
≤ 298 women, but the exact number cannot be known. For the
multivariate model for progression-free survival, the estimates are
based on ≤ 380 women as response to NACT was included as a
covariate.

For the distribution of these factors at baseline for each study and
by RD threshold see the table Characteristics of included studies.

Excluded studies

We excluded 133 references reporting on 115 studies a.er obtaining
the full text, for the following primary reasons.

• We excluded 42 references reporting on 40 studies because they
did not include at least 100 women with advanced epithelial
ovarian cancer (Alphs 2006; Andersen Soegaard 2005; Benedetti-
Panici 1996; Bristow 1999; Cai 2007; Ceresoli 2018; Colozza 1997;
Del Campo 1994; Gao 2001; Gershenson 1989; Gershenson 1995;
Grem 1991; Hainsworth 1990; Hakes 1992; Hamid 2002; Hardy
1991; Hoskins 1996; Kaern 2005; Kirmani 1994; Kristensen 1995;
Loizzi 2016; Lorusso 1998; Malik 1998; Marchetti 1993; Ngan
1989; Palmer 1992; Risum 2012; Redman 1986; Rutten 2014;
Shapiro 1998; Son 2017; Strauss 1996; Sutton 1989; Tay 1996;
Taylor 1994; Vallejos 1997; Willemse 1992; Wils 1990; Zang 1999;
Zhang 2015).

• Twenty-two studies either did not report multivariate analyses
or did not include or adequately report residual disease as
a variable to enable an analysis (Alberts 1996; Altman 2012;
Bertelsen 1990; Bian 2016; Brinkhuis 1996a; Clamp 2018; Greggi
2016; Heitz 2016; Kessous 2017; Keyver-Paik 2016; Lee 2018;
McGuire 1996; Piver 1991; Raspagliesi 2018; Rodriguez 2013;
Sessa 1991; Sioulas 2017; Stewart 2016; Suidan 2015; Vidal 2016;
Wallace 2017; Wimberger 2007).

• Fourteen studies did not report survival by residual disease
(Alberts 1993; Bertelsen 1993; Brinkhuis 1996b; Conte 1991;
Conte 1996; Creasman 1990; Gershenson 1992; Hoskins 1992;
Hoskins 1997; Itamochi 2002; Solmaz 2015; Uyar 2005; Wadler
1996; Warwick 1995).

• Non-platinum based chemotherapy was given to all women in
one study (Van Driel 2017), a proportion of women in four studies
(Barda 2004; Bonnefoi 1999; de Oliviera 1990; Tingulstad 2003),
and chemotherapy data were absent in the Bailey 2006 study.
Women received preoperative chemotherapy in two studies
(Shinozuka 1999; Sun 2000).

• Four studies included women who received neoadjuvant
chemotherapy and interval debulking surgery but did not report
an appropriate comparison by extent of disease (Dao 2016; Todo
2003; Van Der Burg 1996; van Vliet 2015).

• Seven studies included women with early-stage disease and it
was not possible to distinguish between early- and advanced-
stage participants (Crawford 2005; di Re 1996; Geisler 2004;
Skarlos 1996; Smits 2015; Takano 2006; Takano 2007). The  Le
1997 study did not report the survival data from the stage IIIC
and IV subgroup and the authors no longer had access to these
data.
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• Two studies reported a HR for overall survival but did not include
the corresponding 95% confidence interval, standard error (SE)
(lnHR) or exact P value (Baker 1994; Omura 1989).

• The study  Rose 2004  reported on outcomes a.er secondary
debulking surgery. However, the trial statistician (Dr Mark Brady)
of the included study  Winter 2007  alerted us to the results
of GOG 152, which reported by residual disease a.er primary
cytoreductive surgery.

• Salani 2007 was excluded because it was a case-control study.

• The  Yamamoto 2007  study included 67 selected women with
rare histological subtypes and the Gasimli 2016 study included
a selective group of women with cytoreduction of tumour to
macroscopic optimal disease (0 cm).

• The  Anuradha 2016  study focused only on the time
interval between surgery and chemotherapy and the Michaan
2018  study focused on chemotherapy response score as an
outcome, which is a histopathological scoring system based on
morphological features of cancer tissue removed at IDS, but the
same as optimal cytoreduction.

• Six references reporting on three RCTs comparing upfront versus
delayed surgery did not report outcomes for extent of residual
disease by type of initial primary surgery (Chekman 2015; Fagotti
2020; Onda 2020).

• Sixteen references reporting on three studies compared the
threshold of residual disease based on type of intervention
delivered (Kehoe 2015; Vergote 2010; Vergote 2018).

• Four studies were excluded because there was inadequate
reporting and/or the full text was not available (Cummins 2019;
Elgamal 2019; Stewart 2015; Trhlík 2013).

• One study did not distinguish between upfront and interval
debulking primary surgery (Ruscito 2016).

For further details of all the excluded studies see the Characteristics
of excluded studies table.

Risk of bias and quality appraisal in included studies

We assessed the risk of bias at outcome level for overall survival
and progression-free survival for each study using the QUIPS tool
(Riley 2019). Most studies reported overall survival (only two of all
PDS studies (Peiretti 2010; Shim 2016), and just one study of all
IDS studies (Davidson 2019) did not report overall survival). The
detailed assessments are depicted in the 'Risk of bias (QUIPS)'
section in the Characteristics of included studies.

We judged most studies included in the review as being at an overall
'moderate' risk of bias as they satisfied some but not all of the
domains using the QUIPS tool. (See Table 3; Table 4; Table 5; Table
6 for risk of bias assessment using the QUIPS tool for overall survival
and progression-free survival in the PDS and IDS studies).

Study participation

Most studies provided adequate details of study participation,
which included details of eligible women, descriptions of the
population and of the baseline study sample and recruitment,
period and place of recruitment, and a description of inclusion
and exclusion criteria. We assessed four studies as 'unclear' for
this domain (two PDS studies (Hofstetter 2013; Van Geene 1996)
and two IDS studies (Iwase 2015; Kaban 2017)), mostly due to a
lack of detailed reporting of inclusion criteria. We assessed three
studies (one PDS study (Shim 2016) and two IDS studies (Lecuru

2019; Lorusso 2016)) as being at a high risk of bias because they
were in abstract form only, providing insuGicient information on
study participation.

Applicability: Are there concerns that the included women do
not match the review question?

All studies matched the review question and there were no
applicability concerns. Many studies reported one particular stage
of advanced disease, but we were not concerned about this as we
performed subgroup analyses by stage.

Ten PDS studies appeared to include a strictly representative
sample of women with advanced epithelial ovarian cancer, by
including stages III and IV combined (Chan 2003; Chang 2012a;
Chi 2001; Hofstetter 2013; McGuire 1995; Peiretti 2010; Peiretti
2012; Shim 2016; Tewari 2016; Van Geene 1996). The  Polterauer
2012  study included a small proportion of women with stage II
disease (6.6%) and  Feng 2016  included 9.3% early stage (I to II)
disease, however both were otherwise representative of advanced
disease. Klar 2016 included a small proportion of women with early-
stage (IA to IIA) disease (3.6%) and an unknown proportion with
stage IIB but the main scope was advanced disease so this was
likely to be relatively few. The results of the meta-analyses were
robust to the exclusion of this study in sensitivity analyses, so we
did not deem the decision to include  Klar 2016  in the review as
being associated with any bias or issues with representativeness of
women.

Of the 15 IDS included studies, four included a strictly
representative sample of participants with advanced ovarian
cancer (Iwase 2015; Petrillo 2014; Phillips 2018; Zhu 2016).

Study attrition

It was unclear if women with incomplete follow-up were excluded
before arriving at the stated sample size in each study. There was
insuGicient information to permit judgement in all cases as many
studies did not examine RD as a prognostic factor as their primary
objective.

Prognostic factor measurement

Most studies reported a valid and reliable measurement of RD and
we assessed these as being at a low risk of bias for the prognostic
factor measurement domain. Even though multicentre studies are
advantageous in terms of recruitment options and generalisability
of participants as well as other positive features, we cautiously
assessed the prognostic factor measurement to be unclear in 12
studies (eight PDS studies (Akahira 2001; Chan 2003; Cuylan 2018;
Kahl 2017; Klar 2016; Peiretti 2012; Polterauer 2012; Van Geene
1996) and four IDS studies (Bixel 2020; Davidson 2019; Lecointre
2020; Zhu 2016)) that had this design, but these may well have been
at a low risk too.

Applicability: Are there concerns that residual disease, the way
that it is measured, or the way that it is interpreted, di=er from
the review question?

RD is measured by the surgeons estimate in all centres and there
are no guidelines on how RD should be objectively measured.
Therefore, there will be some natural variability in measurement
across diGerent centres, but we did not have any concerns about
applicability.
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Outcome measurement

The majority of the studies reported a valid and reliable
measurement of outcome for both overall survival and progression-
free survival and we assessed these as being at low risk of bias for
the outcome measurement domain.

Overall survival

Two studies reported an inappropriate definition of overall survival
(one PDS study (Aletti 2006) and a IDS study (Davidson 2019)) by
reporting disease-specific survival, rather than all-cause overall
survival. Consequently, we assessed these two studies to be at a
high risk of bias. Outcome measurement of overall survival was
unclear in one PDS study (Van Geene 1996) (Table 3; Table 4).

Progression-free survival

All studies that reported progression-free survival will have done
so based on imaging and tumour markers. However, this is a
somewhat subjective outcome and in unblinded studies could be
deemed as being at a greater risk of bias. Therefore we judged the
outcome measurement domain to be at unclear risk of bias as the
measurement of this outcome may or may not have been reliable
in certain RD thresholds (Table 5; Table 6).

Applicability: Are there concerns that outcome does not match
the review question or that follow-up was not of su=icient
duration?

We had no applicability concerns for outcome measurement for
overall survival and progression-free survival.

Adjustment for other prognostic factors

For this domain, we assessed the appropriateness of confounders
and whether important ones that a study should have at least been
adjusted for such as age were included in their prognostic models.
In cases where other prognostic factors in models were inadequate,
we rated the studies as having a high risk of bias.

Overall survival

The studies at high risk of bias included seven PDS studies (Akahira
2001; Bristow 2011; Eisenkop 2003; Melamed 2017a; Melamed
2017b; Peiretti 2012; Shim 2016) and nine IDS studies (Bixel 2020;
Davidson 2019; Lecointre 2020; Lecuru 2019; Liu 2020; Lorusso
2016; Petrillo 2014; Phillips 2018; Zhu 2016). These studies did
not adequately adjust for a suGicient number of other prognostic
factors in multivariate models or ones included were not pertinent.
Adequate adjustment for other prognostic factors was unclear in 12
PDS studies (Chang 2012b; Feng 2016; Hofstetter 2013; Kahl 2017;
Klar 2016; Langstraat 2011; McGuire 1995; Paik 2018; Van Geene
1996; Wimberger 2010; Winter 2007; Winter 2008) and in three IDS
studies (Kaban 2017; Stoeckle 2014; Zhang 2018) (Table 3; Table 4).

Progression-free survival

The studies at high risk of bias included two PDS studies (Peiretti
2010; Shim 2016) and six IDS studies (Bixel 2020; Lecointre 2020;
Lecuru 2019; Liu 2020; Petrillo 2014; Zhu 2016). These studies did
not adequately adjust for a suGicient number of other prognostic
factors in multivariate models or ones included were not pertinent.
Adequate adjustment for other prognostic factors was unclear in
eight PDS studies (Chang 2012b; Feng 2016; Klar 2016; McGuire

1995; Paik 2018; Wimberger 2010; Winter 2007; Winter 2008) and in
one IDS study (Zhang 2018) (Table 5; Table 6).

Applicability: Did the prognostic factors adjusted for match the
review question?

There was no reason to doubt the applicability of prognostic factors
that were adjusted for in the multivariable models. Some studies
may have used a wider range and more pertinent prognostic
factors in their models for both overall survival and progression-
free survival, but all studies satisfied our inclusion criteria for
appropriateness of prognostic factors in their prognostic models
and we had no applicability concerns.

Adjusted hazard ratios for survival using multivariable Cox models
were used in each study. Any imbalances at baseline between RD
thresholds should therefore be accounted for and all adjustments
in the included studies met the inclusion criteria for the review.

We had applicability concerns in one IDS study (Petrillo 2014), as
the multivariable analyses for overall survival and progression-free
survival only adjusted for pathological response to NACT, so there
may still be diGerences between RD thresholds that have not been
controlled for.

Statistical analysis and reporting

We assessed the statistical analysis and reporting domain as being
at high or unclear risk of bias in all included studies for both
overall survival and progression-free survival outcomes. Either no
conceptual framework was reported, where the variable selection
criteria in the multivariate model was unclear or quite o.en the
authors reported that significant variables from the univariate
analysis were included in the multivariable model, but with no
further details. It is also questionable whether this is adequate.

Mainly applicable to an IDS setting, it was not possible to
distinguish NMRD within the SVRD thresholds in all but one
study reporting a comparison of NMRD and SVRD. Only one study
separated NMRD from SVRD (RD = 0.1 cm to 1 cm) and all other
studies included NMRD in the SVRD group, resulting in serious risk
of bias. Inclusion of NMRD in the SVRD category creates a high risk
of bias when comparing suboptimal RD.

Findings

Meta-analyses of survival are based on hazard ratios (HRs) that
were adjusted for prognostic variables (see  Appendix 6  (PDS)
and Appendix 7 (IDS) for details).

The percentage of the variability in eGect estimates that was
due to heterogeneity rather than sampling error (chance) may
appear to represent substantial or considerable heterogeneity (as

measured by the I2 statistic) in some of the analyses below, but
we had no major concerns as the direction of eGect was consistent
throughout.

We have reported the most pertinent comparisons involving SVRD
(0.1 cm to 1 cm) versus NMRD, LVRD (> 1 cm) versus NMRD, and
LVRD versus SVRD for overall survival and progression-free survival;
these all provided moderate-certainty evidence. These are the most
pertinent comparisons as they are included in clinical guidelines
(NICE 2013), and are the focus of a key area of clinical uncertainty.
Other RD comparisons were prespecified and have been provided.
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The certainty of the evidence assessed using the GRADE approach
(GRADE Working Group) was moderate for all comparisons
involving overall survival and progression-free survival in a PDS
setting and very low in an IDS setting. We restricted to comparisons
of the three main reported RD thresholds (NMRD, SVRD and LVRD),
since there is no firm guidance for grading the evidence in reviews of
prognostic factor analyses (Riley 2019). Therefore, we did not grade
beyond these key RD thresholds (Summary of findings 1; Summary
of findings 2; Summary of findings 3; Summary of findings 4;
Summary of findings 5; Summary of findings 6). The comparison
involving any remaining macroscopic disease (RD > 0 cm) and
NMRD in an IDS setting was also an important comparison, so this
was included in the summary of findings and GRADE assessment
(Summary of findings 7).

Residual disease a�er upfront primary debulking
(cytoreductive) surgery (PDS)

Where possible the meta-analyses subgrouped studies by FIGO
stage (stage III, IIIC, IV and all advanced stages, if studies included
all advanced cases together). We conducted subgroup analyses to
explore the underlying clinical heterogeneity between the studies.
There was no evidence of subgroup diGerences in any of the
subgroup analyses. The results of these subgroup analyses were
robust to the findings of the overall pooled estimate for all
comparisons, so the results of each subgroup are not discussed in
this section (see Analysis 1.1 to Analysis 11.2).

The SVRD threshold included NMRD in some studies in comparison
with LVRD, but only in a small number of studies. In PDS studies, RD
< 1 cm means RD 0.1 cm to 1 cm (SVRD), unless otherwise stated.
Due to only being an issue in a small number of studies, it was
deemed to have a negligible impact on the results and did not aGect
the risk of bias profiles, the certainty of the evidence or distort the
results. We performed sensitivity analyses when necessary.

We performed sensitivity analyses in comparisons that included
meta-analysis of more than 10 studies. The use of a fixed-eGect
model aided the construction of the pseudo 95% confidence
interval lines on the funnel plot (e.g. expected distribution of
studies in the absence of heterogeneity and biases (such as

publication bias, data irregularities)), as well as allowing us to see
how robust the random-eGects model results were in comparison.
To further test the robustness of the findings, we additionally
conducted a sensitivity analysis excluding studies with the largest
weight in the meta-analyses comparing main RD thresholds, where
appropriate.

We were cautious about any over-interpretation of funnel plots
as they are typically underpowered. Given the nature of model
selection procedures, we did not dismiss the possibility of
publication bias. However, it is unclear as to the direction of any
bias as, for instance, many highly significant studies only reporting
unadjusted analyses found strong evidence that NMRD was
associated with prolonged survival compared to other thresholds
including SVRD (RD < 1 cm exclusive of 0 cm).

Overall survival (risk of death from all causes)

Small-volume residual disease (SVRD) versus no macroscopic
residual disease (NMRD)

Meta-analysis of 17 studies, assessing 9404 participants, found
that women with SVRD a.er PDS had more than twice the risk
of death compared to women with NMRD (hazard ratio (HR) 2.03,
95% confidence interval (CI) 1.80 to 2.29). The percentage of the
variability in eGect estimates that was due to heterogeneity rather

than chance may represent moderate heterogeneity (I2 = 50%)
(Analysis 1.1) (Summary of findings 1) (Aletti 2006; Ataseven 2016;
Bristow 2011; Chang 2012a; Chang 2012b; Chi 2006; Cuylan 2018;
Eisenkop 2003; Kahl 2017; Klar 2016; Langstraat 2011; Paik 2018;
Tewari 2016; Tseng 2018; Wimberger 2010; Winter 2007; Winter
2008).

The results were robust to a sensitivity analysis that used a fixed-
eGect model and one that excluded the  Klar 2016  study, which
included a slight proportion of women with early or unknown stage
(12.5%) disease. It also contributed the largest weight in the meta-
analysis (see Analysis 1.2; Analysis 1.3).

There did not appear to be any evidence of small study biases, such
as publication bias, or any irregularities with the data by visual
inspection of a funnel plot (Figure 2).
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Figure 2.   Funnel plot of comparison: 1 SVRD (< 1 cm) versus NMRD, outcome: 1.2 Overall survival

0.1 0.2 0.5 1 2 5 10

Hazard Ratio

0

0.1

0.2

0.3

0.4

0.5

SE(log[Hazard Ratio])

Subgroups
Advanced stage (III/IV)
Stage III

Stage IIIC
Stage IV

 
Large-volume residual disease (LVRD) (> 1 cm) versus NMRD

Meta-analysis of 14 studies, assessing 7988 participants, found
that women with LVRD a.er PDS were associated with two and
a half times the risk of death compared to women with NMRD
(HR 2.50, 95% CI 2.13 to 2.94). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

may represent substantial heterogeneity (I2 = 63%) (Analysis 2.1)
(Summary of findings 2) (Ataseven 2016; Chang 2012a; Chang
2012b; Chi 2006; Eisenkop 2003; Kahl 2017; Langstraat 2011;

Melamed 2017a; Melamed 2017b; Paik 2018; Tewari 2016; Tseng
2018; Wimberger 2010; Winter 2007).

The results were robust to a sensitivity analysis that used a fixed-
eGect model and one that excluded the two studies with the
largest weights in the meta-analysis (Melamed 2017b; Winter 2007)
(see Analysis 2.2; Analysis 2.3).

There did not appear to be any evidence of small study biases, such
as publication bias, or any irregularities with the data by visual
inspection of a funnel plot (Figure 3).
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Figure 3.   Funnel plot of comparison: 4 LVRD (> 1 cm) versus NMRD, outcome: 2.2 Overall survival
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LVRD versus SVRD

Meta-analysis of five studies, assessing 6000 participants, found
that women with LVRD a.er PDS was associated with a greater risk
of death compared to women with SVRD < 1 cm (HR 1.22, 95% CI
1.13 to 1.32; 6000 participants). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

is not important (I2 = 0%) (Analysis 3.1) (Summary of findings 3)
(Chan 2003; Klar 2016; Melamed 2017a; Melamed 2017b; Winter
2008). The results were robust to a sensitivity analysis that excluded
the  Klar 2016  study with the largest weight in the meta-analysis
(and a relatively small proportion of women with early or unknown
stage (12.5%) disease) (see Analysis 3.2).

The results were also robust when only including the three studies
that contributed majority of the weight in the meta-analysis and
did not include NMRD in the SVRD category (HR 1.20, 95% CI 1.10

to 1.30; 5594 participants; I2 = 0%) (Klar 2016; Melamed 2017a;
Melamed 2017b)(see Analysis 3.3).

Similarly, meta-analysis of two studies that included NMRD in the
SVRD category arrived at the same conclusion (HR 1.37, 95% CI

1.09 to 1.72; 435 participants; I2 = 0%) (Chan 2003; Winter 2008).

Only Winter 2008 reported the proportion of women with NMRD (n
= 29/107 of participants in the SVRD category)(see Analysis 3.4).

Residual disease (RD) > 0 cm versus NMRD

Meta-analysis of four studies, assessing 1220 participants, found
that women who had RD greater than 0 cm a.er PDS were
associated with a two-fold increase in the risk of death compared
to women with NMRD (HR 1.96, 95% CI 1.44 to 2.67). The percentage
of the variability in eGect estimates that was due to heterogeneity

rather than chance may represent moderate heterogeneity (I2

= 49%) (Analysis 4.1) (Feng 2016; Hofstetter 2013; Luger 2020;
Polterauer 2012). The authors of Peiretti 2012 additionally found
that the risk of death for women with any remaining RD a.er PDS
was higher than for those with NMRD (238 participants; P = 0.003),
but the magnitude of eGect was not reported.

RD 1 cm to 2 cm versus NMRD

The Aletti 2006 study, which included only women with stage IIIC
disease, found that women who had RD between 1 cm and 2 cm
a.er PDS were associated with a nearly four-fold increase in the risk
of death compared to women with NMRD (HR 3.95, 95% CI 1.33 to
11.78; 68 participants) (Analysis 5.1).
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RD > 2 cm versus NMRD

The  Aletti 2006  study, which included only women with stage
IIIC disease, found that women with LVRD > 2 cm a.er PDS
were associated with more than eight times the risk of death
compared to women with NMRD (HR 8.24, 95% CI 2.68 to 25.33; 87
participants) (Analysis 6.1).

RD 1 cm to 5 cm versus NMRD

The Winter 2008 study, which included only women with stage IV
disease, found that women who had LVRD between 1 cm and 5 cm
a.er PDS were associated with a greater risk of death compared to
women with NMRD (HR 1.83, 95% CI 1.14 to 2.94; 193 participants)
(Analysis 7.1).

RD > 5 cm versus NMRD

The Winter 2008 study, which included only women with stage IV
disease, found that women who had LVRD > 5 cm a.er PDS were
associated with more than two and a half times the risk of death
compared to women with NMRD (HR 2.72, 95% CI 1.65 to 4.47; 118
participants) (Analysis 8.1).

RD 1 cm to 2 cm versus SVRD

The Chi 2001 study found that women who had LVRD between 1
cm and 2 cm a.er PDS were associated with a greater risk of death
compared to women with SVRD (HR 1.70, 95% CI 1.10 to 2.60; 144
participants) (Analysis 9.1). The SVRD category in the Chi 2001 study
included NMRD.

RD > 2 cm versus SVRD

The Chi 2001 study found that women with LVRD > 2 cm a.er PDS
were associated with twice the risk of death compared to women
with SVRD (HR 2.00, 95% CI 1.34 to 2.99; 208 participants) (Analysis
10.1). The SVRD category in the Chi 2001 study included NMRD.

RD > 2 cm versus RD < 2 cm

Meta-analysis of two studies, which included only women with
stage IV disease and assessed 478 participants, found no
statistically significant diGerence in the risk of death between
women with LVRD > 2 cm a.er PDS and those with RD < 2 cm
(HR 1.63, 95% CI 0.83 to 3.23). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

alone may represent considerable heterogeneity (I2 = 89%) (Akahira
2001; Winter 2008). The two studies were inconsistent: the Akahira
2001  study reported a large survival diGerence in favour of RD <
2 cm, whereas Winter 2008 found no diGerence in overall survival
(Analysis 11.1). The < 2 cm category included NMRD in both studies,
so this category had a mix of NMRD and SVRD < 1 cm as well as LVRD
between 1 cm to 2 cm.

The authors of Van Geene 1996 reported the same comparison, but
found evidence that more RD is associated with increased risk of
death (HR 1.83, 95% CI not reported; 219 participants; P < 0.0001).
Similarly, in two publications by McGuire 1995 in the same cohort
of women, survival was significantly worse in women with LVRD >
2 cm compared to less remaining RD (1 cm to 2 cm as no women
had SVRD) a.er PDS (n = 294 women with stage III disease, P < 0.01).
The authors note that there was little notable diGerence in the risk
of death between any volume of RD in comparisons of LVRD > 2 cm
up to > 10 cm. In a further analysis including all advanced stages
of disease (n = 458), women with stage III disease and LVRD > 2 cm
had a lower risk of death than either those with stage III disease and
LVRD > 2 cm, or those with stage IV disease (P = 0.012).

Progression-free survival (risk of disease progression)

SVRD versus NMRD

Meta-analysis of 10 studies, assessing 6596 participants, found that
women with SVRD a.er PDS were associated with nearly twice
the risk of disease progression compared to women with NMRD
(HR 1.88, 95% CI 1.63 to 2.16). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

alone may represent substantial heterogeneity (I2 = 63%) (Analysis
1.4) (Summary of findings 1) (Chang 2012a; Chang 2012b; Cuylan
2018; Klar 2016; Paik 2018; Shim 2016; Tseng 2018; Wimberger 2010;
Winter 2007; Winter 2008).

The results were robust to a sensitivity analysis that used a fixed-
eGect model and one that excluded the Klar 2016 study with the
largest weight in the meta-analysis (and a slight proportion of
women with early or unknown stage (12.5%) disease) (see Analysis
1.5; Analysis 1.6).

There did not appear to be any evidence of small study biases, such
as publication bias, or any irregularities with the data by visual
inspection of a funnel plot (Figure 4).
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Figure 4.   Funnel plot of comparison: 1 SVRD (< 1 cm) versus NMRD, outcome: 1.5 Progression-free survival
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LVRD (> 1 cm) versus NMRD

Meta-analysis of six studies, assessing 2629 participants, found that
women with LVRD a.er PDS had more than twice the risk of disease
progression compared to women with NMRD (HR 2.10, 95% CI 1.84
to 2.40). The percentage of the variability in eGect estimates that
was due to heterogeneity rather than chance may not be important

(I2 = 24%) (Analysis 2.4) (Summary of findings 2) (Chang 2012a;
Chang 2012b; Paik 2018; Tseng 2018; Wimberger 2010; Winter 2007).

LVRD versus SVRD

Meta-analysis of two studies, assessing 3402 participants, found
that women with LVRD > 1 cm a.er PDS had a greater risk of disease
progression compared to women with SVRD (HR 1.30, 95% CI 1.08
to 1.56). The percentage of the variability in eGect estimates that
was due to heterogeneity rather than chance alone may represent

moderate heterogeneity (I2 = 53%) (Analysis 3.5) (Summary of
findings 3) (Klar 2016; Winter 2008). Winter 2008 included NMRD in
the SVRD category, but this only represented a small proportion in
the analysis (n = 29/107 of participants in the SVRD category).

RD > 0 cm versus NMRD

Meta-analysis of three studies, assessing 1029 participants, found
that women who had RD greater than 0 cm a.er PDS had more
than one and a half times the risk of death compared to women
with NMRD (HR 1.60, 95% CI 1.36 to 1.89). The percentage of
the variability in eGect estimates that was due to heterogeneity

rather than chance is not important (I2 = 0%) (Analysis 4.2)
(Feng 2016; Luger 2020; Polterauer 2012). The authors of Peiretti
2010  additionally found that the risk of disease progression for
women with any remaining RD was higher than those with NMRD (n
= 259, P = 0.032), but the magnitude of eGect was not reported.

LVRD 1 cm to 5 cm versus NMRD

The Winter 2008 study, which included only women with stage IV
disease, found that women who had LVRD between 1 cm and 5
cm a.er PDS had more than twice the risk of disease progression
compared to women with NMRD (HR 2.15, 95% CI 1.38 to 3.34; 193
participants) (Analysis 7.2).

LVRD > 5 cm versus NMRD

The Winter 2008 study, which included only women with stage IV
disease, found that women who had LVRD between 1 cm and 5 cm
a.er PDS had nearly three times the risk of disease progression
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compared to women with NMRD (HR 2.96, 95% CI 1.86 to 4.71; 118
participants) (Analysis 8.2).

RD > 2 cm versus RD < 2 cm

The Winter 2008 study, which included only women with stage IV
disease, found that women with LVRD > 2 cm a.er PDS had a slightly
greater risk of disease progression compared to those with RD < 2
cm (HR 1.27, 95% CI 1.01 to 1.61; 253 participants) (Analysis 11.2).

Winter 2008  included NMRD in the < 2 cm category, but this only
represented a small proportion in the analysis (n = 29/157 of
participants in the RD < 2 cm category).

Residual disease a�er interval debulking surgery (IDS)

All meta-analyses included studies with participants with stage
III and IV disease, other than in three studies where a specific
breakdown was not reported (Kaban 2017; Lecuru 2019; Lorusso
2016). Therefore, we could not conduct subgroup analyses by
stage to explore any underlying clinical heterogeneity between
the studies as planned. However, we did perform subgroup
analyses including cycle duration where possible (see  Analysis
12.1  to  Analysis 14.4). There was no evidence of any subgroup
diGerences and all analyses were robust to the findings of the
overall pooled estimates for all comparisons, with the exception of
overall survival in the comparison of any remaining macroscopic
disease versus NMRD (test for subgroup diGerences P = 0.01)
(Analysis 15.1). However, the general direction of eGect estimates
was consistent and the findings were robust.

Davidson 2019  reported disease-specific survival (DSS) rather
than overall survival, but this study did not appear to introduce
statistical heterogeneity from visual inspection of the forest plot
and the conclusions were robust to its exclusion in Analysis 14.2.

All comparisons involving SVRD included NMRD when compared to
LVRD > 1 cm unless otherwise stated. The Phillips 2018 study was
the only exception to this and reported an adequate comparison of
LVRD > 1 cm versus SVRD using recognised RD threshold definitions,
i.e. > 0 cm but < 1 cm residual disease as distinct from NMRD.

The comparison involving any remaining macroscopic disease
(RD > 0 cm) and NMRD in an IDS setting was also an important
comparison so we additionally gave this a certainty of the evidence
judgement (Summary of findings 7).

Overall survival (risk of death from all causes)

SVRD versus NMRD

Meta-analysis of two groups of women from the same study
undergoing diGerent chemotherapy schedules found that women
with SVRD a.er IDS had more than twice the risk of death
compared to women with NMRD (HR 2.09, 95% CI 1.20 to 3.66; 310
participants) (Phillips 2018). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

may represent moderate heterogeneity (I2 = 56%) (Analysis 12.1).
The magnitude of this eGect was greater in this study in women who
received > 4 cycles of neoadjuvant chemotherapy prior to their IDS
(HR 2.78, 95% CI 1.66 to 4.65), but there was no significant diGerence
or certainly a suggestion that there may be less of a diGerence
between women with NMRD and those with SVRD when receiving ≤
4 cycles of chemotherapy prior to IDS (HR 1.57, 95% CI 0.93 to 2.66)
(Summary of findings 4).

The authors of  Petrillo 2014  additionally found that the risk of
death for women with SVRD a.er neoadjuvant chemotherapy (the
majority received three or four cycles) before IDS was significantly
higher than those with NMRD (n = 322, P = 0.001), but the magnitude
of eGect was not reported.

LVRD (> 1 cm) versus NMRD

Meta-analysis of two groups of women with diGerent
chemotherapy schedules, as outlined above, assessing 343
participants, found that women with LVRD > 1 cm a.er IDS had
more than twice the risk of death compared to women with NMRD
(HR 2.23, 95% CI 1.49 to 3.34). The percentage of the variability in
eGect estimates that was due to heterogeneity rather than chance

may represent moderate heterogeneity (I2 = 35%) (Analysis 13.1)
(Phillips 2018). The magnitude of this eGect was more pronounced
in this study in women who received > 4 cycles of neoadjuvant
chemotherapy prior to IDS (HR 2.67, 95% CI 1.76 to 4.06) (Summary
of findings 5).

RD > 1 cm versus RD < 1 cm

Only  Phillips 2018  compared SVRD versus LVRD > 1 cm in the
strict sense that SVRD is mutually exclusive of NMRD. This was an
important comparison and meta-analysis of the two groups in the
study (three to six chemotherapy cycles) showed little diGerence
in the risk of death between the SVRD and LVRD thresholds (HR
1.02, 95% CI 0.68 to 1.55; 343 participants). The percentage of the
variability in eGect estimates that was due to heterogeneity rather

than chance was not important (I2 = 0%) (Analysis 14.1).

The other five studies included NMRD in the SVRD category
(referring to it as ‘optimal’) in their multivariate analyses. Nearly
half of the women (261/550 (47%)) in the SVRD thresholds included
NMRD in three studies (CioGi 2018; Davidson 2019; Zhang 2018).
This was not reported in the other two studies (Kaban 2017; Zhu
2016).

A sensitivity analysis that meta-analysed all six studies, assessing
1572 participants, found that women with LVRD > 1 cm a.er IDS had
a statistically significant greater risk of death compared to women
with SVRD or NMRD (HR 1.60, 95% CI 1.21 to 2.11). The percentage
of the variability in eGect estimates that was due to heterogeneity

rather than chance may represent substantial heterogeneity (I2 =
58%) (Analysis 14.2) (Summary of findings 6) (CioGi 2018; Davidson
2019; Kaban 2017; Phillips 2018; Zhang 2018; Zhu 2016).

Sensitivity analysis, excluding Phillips 2018, led to an increase in
eGect estimates in a meta-analysis involving the five remaining

studies (HR 1.84, 95% CI 1.34 to 2.52; 1429 participants; I2 = 61%)
(Analysis 14.3).

RD > 0 cm versus NMRD

Meta-analysis of four studies, assessing 906 women, found that any
macroscopic RD a.er IDS was associated with more than twice the
risk of death compared with NMRD (HR 2.11, 95% CI 1.35 to 3.29).
The percentage of the variability in eGect estimates that was due
to heterogeneity rather than chance may represent considerable

heterogeneity (I2 = 81%) (Analysis 15.1) (Iwase 2015; Lecointre 2020;
Lorusso 2016; Stoeckle 2014). For subgroup analysis by duration of
NACT, we found evidence of a subgroup diGerence (P = 0.01, median
of six cycles in two studies: N = 242, median four cycles in one study:
N = 193, all range of cycles in one study: N = 471). However, the
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direction of eGect was consistent in all studies, showing a survival
benefit in the NMRD group (Analysis 15.1).

The authors of  Lecuru 2019  additionally found that the risk of
death for women with any remaining RD (> 0 cm) a.er IDS was
significantly higher than those with NMRD (n = 163, P < 0.01), but
the magnitude of eGect was not reported (Summary of findings 7).

Progression-free survival (risk of disease progression)

SVRD (< 1 cm) versus NMRD

Meta-analysis of two studies, assessing 248 women, found no
diGerence in disease progression in women with SVRD a.er
IDS and those with NMRD (HR 3.03, 95% CI 0.81 to 11.38).
The percentage of the variability in eGect estimates that was
due to heterogeneity rather than chance alone may represent

considerable heterogeneity (I2 = 94%) (Analysis 12.2) (Bixel 2020;
Liu 2020).

The authors of  Petrillo 2014  found that the risk of disease
progression for women with SVRD a.er IDS was higher than those
with NMRD (n = 322, P = 0.001), but the magnitude of eGect was not
reported.

LVRD (> 1 cm) versus SVRD

Meta-analysis of four studies found that achieving LVRD > 1 cm
a.er IDS was associated with a greater risk of disease progression
compared to women in whom SVRD was achieved a.er surgery
(HR 1.76, 95% CI 1.23 to 2.52; 1145 participants). The percentage
of the variability in eGect estimates that was due to heterogeneity
rather than chance alone may represent substantial heterogeneity

(I2 = 60%) (Analysis 14.4) (CioGi 2018; Shibutani 2020; Zhang 2018;
Zhu 2016). These four studies included NMRD in the SVRD category
(referring to it as ‘optimal’) in their multivariate analyses.

RD > 0 cm versus NMRD

The Lecointre 2020 study, assessing 471 women, found that RD >
0 cm a.er IDS was associated with an increased risk of disease
progression compared those in whom NMRD was achieved (HR
1.36, 95% CI 1.05 to 1.76) (Analysis 15.2).

The authors of  Lecuru 2019  found that the risk of disease
progression for women with RD > 0 cm a.er IDS was higher than
those with NMRD (n = 163, P < 0.01), but the magnitude of eGect was
not reported (Summary of findings 7).

D I S C U S S I O N

Summary of main results

We found 46 studies reporting multivariate prognostic analyses
that included residual disease (RD) as a prognostic factor,
which met our inclusion criteria. These studies assessed survival
a.er upfront primary debulking surgery (PDS) followed by
adjuvant chemotherapy and neoadjuvant chemotherapy with
interval debulking surgery (IDS) in advanced epithelial ovarian
cancer. The review included 22,376 women who underwent PDS
and 3697 women who underwent IDS, all with varying levels of RD.
The main results of our review are summarised in the summary
of findings tables (Summary of findings 1; Summary of findings
2; Summary of findings 3; Summary of findings 4; Summary of
findings 5; Summary of findings 6; Summary of findings 7).

In PDS studies, meta- and single-study analyses demonstrate
the prognostic importance of achieving no macroscopic residual
disease (NMRD) a.er PDS for both overall and progression-free
survival. Most studies showed an association with an increased
risk of death in all groups with visible disease a.er surgery
when compared to NMRD. The most pertinent comparison found
that women who were debulked to leave small-volume residual
disease (SVRD) a.er PDS had more than twice the risk of death
compared to women with NMRD (meta-analysis of 17 studies:
hazard ratio (HR) 2.03, 95% confidence interval (CI) 1.80 to

2.29; I2 = 50%; 9404 participants; moderate-certainty evidence).
Progression-free survival was not reported in all of the studies, but
was suGiciently documented to allow conclusions to be drawn. The
main comparison found that women who were debulked to SVRD
a.er PDS had nearly twice the risk of disease progression compared
to women with NMRD (meta-analysis of 10 studies: HR 1.88, 95%

CI 1.63 to 2.16; I2 = 63%; 6596 participants; moderate-certainty
evidence). The fact that all of the studies included at least 100
women and used multivariate adjustment for important prognostic
factors increased the level of certainty in the estimates.

When we compared large-volume residual disease (LVRD) (> 1
cm) versus SVRD cytoreduction the estimates were attenuated
compared to the macroscopic RD comparisons. All analyses
showed a survival benefit in women who had been debulked to

leave SVRD (HR 1.22, 95% CI 1.13 to 1.32, I2 = 0%, 6000 participants;
moderate-certainty evidence). The results were robust to analyses
of progression-free survival.

For neoadjuvant chemotherapy with IDS, the main comparisons
involved any visible RD versus NMRD and LVRD (> 1 cm) versus SVRD.
Unfortunately, it was not possible to distinguish those with NMRD
a.er surgery within the SVRD thresholds in all but one study. A
study reporting two groups of women on diGerent chemotherapy
schedules found that women who were debulked to leave SVRD
and LVRD (> 1 cm) a.er IDS had more than twice the risk of death
compared to women who had NMRD (HR 2.09, 95% CI 1.20 to

3.66; 310 participants; I2 = 56% and HR 2.23, 95% CI 1.49 to 3.34;

343 participants; I2 = 35%; very low-certainty evidence, for SVRD
versus NMRD and LVRD versus NMRD, respectively). Women who
had any amount of macroscopic RD (> 0 cm) a.er IDS had more than
twice the risk of death compared to women with NMRD (HR 2.11,

95% CI 1.35 to 3.29, I2 = 81%; 906 participants; very low-certainty
evidence). Another study also found prolonged survival when RD
was cytoreduced to NMRD (P < 0.01).

Unfortunately, in IDS studies  the SVRD threshold included those
with NMRD in all but one study (nearly half of women in the
SVRD threshold had NMRD in three studies where it was reported).
Therefore the reported comparison of NMRD or SVRD versus LVRD
> 1 cm was of much lesser importance in IDS studies. Meta-analysis
found that women who were debulked leaving LVRD > 1 cm had a
greater risk of death and disease progression compared to women
who were debulked to leave SVRD or NMRD (HR 1.60, 95% CI 1.21

to 2.11; 1572 participants; I2 = 58% for overall survival and HR 1.76,

95% CI 1.23 to 2.52; 1145 participants; I2 = 60% for progression-
free survival; moderate-certainty evidence). The SVRD category
included NMRD in all but one study, which suggests that only two
categories of RD a.er IDS are being recognised at present, where
NMRD remains of paramount prognostic importance.
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Overall completeness and applicability of evidence

The evidence from this review indicates that cytoreduction to
NMRD a.er primary surgical cytoreduction is associated with
prolonged survival in advanced epithelial ovarian cancer in both
PDS and IDS settings. There is more strength in the evidence
from studies reporting PDS, but the results suggest that the same
conclusions apply in terms of the prognostic importance of NMRD in
an IDS setting. More studies, including a larger number of women,
will be needed to give more certainty in the eGect estimates
in comparisons of other RD thresholds, but there has been an
emergence of studies using IDS in the last decade, so we expect
this to be the case when the review is updated in the future.
Interestingly, the comparison of SVRD versus LVRD (> 1 cm) is
heterogeneously reported in the PDS and IDS analyses, as in the
latter (IDS studies) the SVRD threshold included NMRD in all but one
of the studies in the meta-analysis. Most studies included in the PDS
analyses presented mutually exclusive RD thresholds, so there was
less of a problem with NMRD being included in the SVRD category.
The existing evidence does not currently support three categories
of RD a.er IDS, as was recommended for PDS.

Although this review does not enable us to determine whether
prolonged survival is a direct eGect of the surgical intervention
whereby women with NMRD do better, it appears that every eGort
should be made to attempt this, where possible, in both PDS
and IDS settings. It may be particularly important in the latter
due to issues with chemotherapy reaching allocation and further
treatment options potentially being more limited therea.er. Where
NMRD is considered not achievable for PDS, attempts should be
made to obtain SVRD, defined as RD greater than 0 cm and less than
or equal to 1 cm. There is limited evidence in this review to suggest
that this may not be the case for IDS. Further data are needed, as
understanding whether there is a benefit to IDS, if NMRD cannot
be achieved, would be an important clinical question. However,
as this is a prognostic review, we cannot answer this question
from these data. Additionally, the data are of very low certainty
- we are therefore very uncertain of this finding and drawing any
conclusions would be unwise. Answering this question about the
benefit of IDS, if NMRD cannot be achieved, would require an
intervention study randomised controlled trial (RCT), rather than
retrospective analysis of prognostic factors.

We found statistical heterogeneity between the studies in some
analyses, but the direction of eGect was consistent throughout so
we had no concerns. We also did not have too many concerns about
clinical heterogeneity as we applied restrictive inclusion criteria in
terms of patient population, standardised measurement of RD as
a prognostic factor and standard definitions of survival. Evaluation
of other prognostic factors and biomarkers can o.en use diGerent
criteria for the interpretation of the results and diGerent cut-oG
values may introduce levels of heterogeneity. Therefore, RD as a
prognostic factor is unlikely to impact on the results or introduce
any bias. That is, false-positive classifications seem much more
unlikely than in other prognostic areas.

One of the strengths regarding the prognostic factor studies in
this review was the ease of reporting in their statistical analyses.
Authors mainly reported appropriate methods for their statistical
analyses, with only a few studies not reporting the magnitude of
eGect estimates. We used hazard ratios (HRs) as the eGect measure
for time-to-event data in this review. We were able to provide
pooled data for the majority of the included studies in the review.

Of the studies that did not report appropriate statistics to extract
for inclusion in the meta-analysis, we could not estimate the HR
using other available data (Parmar 1998), as we restricted studies
to those using multivariate analyses. We had limited success
when contacting chief investigators to provide us with additional
information or data from adjusted analyses.

In order to minimise bias, we only included studies of multivariate
Cox regression models that used sensible adjustment factors
associated with survival in women with advanced epithelial ovarian
cancer (e.g. age, stage, grade, extent of disease at diagnosis).
We excluded studies that only reported unadjusted results. To
assess the adequacy of adjustment factors used in multivariate
Cox models, we used the 'adjustment for other prognostic factors'
and 'statistical analysis and reporting' domains of the quality
in prognosis studies (QUIPS) tool (Riley 2019). Therefore, we
prespecified in our protocol that we would only pool adjusted
associations of the index prognostic factor. We felt that it was
important to suggest a set of pertinent and established covariates
a priori that were important to the disease under review (Riley
2019). This meant that we could better judge which models were
adequate. We took these issues around the reporting in the studies
into account when we assessed risk of bias and GRADE. The
reported results in univariate analyses would have potentially been
at a great risk of overestimating survival of RD as a prognostic
factor. It is widely accepted that adjusting the predictive eGect of a
specific prognostic factor for the contribution of other prognostic
factors strengthens the robustness of the evidence on the clinically
relevant prognostic ability of that factor (Aldin 2020; Riley 2019).

Treatment-related morbidity very o.en degrades the quality of
the time that women live, which is especially important a.er the
completion of treatment for advanced cancer where women have
poor prognosis and will want to enjoy a comfortable standard
of living during their final months. It is unlikely that studies on
prognosis will measure or report adverse events, so our focus was
on survival as an outcome. This needs to be considered in the
context of the findings from this review in that NMRD a.er PDS
is associated with better survival - median survival for NMRD was
85.8 months (95% CI 77.5 to 94.1 months) in the Klar 2016 study,
which included the largest analysis in the review. This study did
include a small proportion of women with stage I and II cancer, but
not to the extent of diluting the results too much. The next largest
included study reporting median overall survival (71.9 months)
also suggested that the potential benefits of prolonging survival
may outweigh the disadvantages of any short-term morbidities
associated with the surgical procedure (Winter 2007). Similarly,
median survival in the NMRD group in IDS studies ranged from 50
months (Stoeckle 2014) to 51.8 (95% CI 45 to 58.5) months (Phillips
2018), the second largest analysis of IDS in this review. In terms of
the overall survival rate in the NMRD group in IDS studies,  Iwase
2015 reported a two-year and five-year overall survival rate of 88.8%
and 43.4% respectively.

Certainty of the evidence

Our certainty of the evidence is presented in the summary of
findings tables (Summary of findings 1; Summary of findings
2; Summary of findings 3; Summary of findings 4; Summary of
findings 5; Summary of findings 6; Summary of findings 7).

The 46 studies that met our inclusion criteria had reasonable risk
of bias profiles when assessed using QUIPS as a prognostic risk of
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bias tool (Riley 2019). We included only suGiciently large studies
that controlled for various co-prognostic factors using multivariate
analysis in order to reduce the possibility of bias.

The studies reported adjusted hazard ratio estimates using Cox
proportional hazards models. A hazard ratio is the best statistic to
summarise the diGerence in risk between groups over the duration
of a study when there is 'censoring', that is the time to death
(or disease progression) is unknown for some women as they are
still alive (or disease-free) at the end of the study. Most studies
were at moderate risk of bias as they satisfied some but not all
of the criteria used to assess risk of bias. There were no real
applicability concerns in any of the domains. This was largely due
to the stringent and restrictive eligibility criteria. We were also
cautious when deciding whether studies were selectively reported
or whether any additional source of bias may have been present
and assessed these items as being unclear.

In a PDS setting, for overall survival, all studies in the meta-analyses
used adjusted results from multivariable analyses including
important and well-established prognostic factors in women with
advanced ovarian cancer, and the analyses all indicated the
independent prognostic ability of thresholds of RD to predict
overall survival. For comparisons of the three main reported RD
thresholds (NMRD, SVRD and LVRD), we judged the certainty of
the evidence as 'moderate' for all these comparisons (Summary
of findings 1; Summary of findings 2; Summary of findings 3).
We downgraded by one level for risk of bias due to some risk
of bias concerns. With no firm guidance for grading the evidence
in reviews of prognostic factor analyses (Riley 2019), we did not
grade beyond these key RD thresholds. Similarly, progression-
free survival was reported using the same methodology but in
fewer studies. There was still a suGicient number to show that
RD thresholds have an independent prognostic ability to predict
progression-free survival. We also judged this outcomes to provide
moderate-certainty evidence and we downgraded by one level for
some risk of bias concerns (Summary of findings 1; Summary of
findings 2; Summary of findings 3). We made the same certainty of
the evidence judgements in an IDS setting for overall survival and
progression-free survival. Only one study reported a comparison
involving NMRD as a unique group (Phillips 2018). Furthermore, this
same study was the only one to report the comparison of SVRD (< 1
cm) versus LVRD (> 1 cm) in the strict sense that SVRD was mutually
exclusive of NMRD. The other studies reporting this outcome
included NMRD in their SVRD group. Therefore, we downgraded
overall survival and progression-free survival outcomes by one
level. We also downgraded for some risk of bias concerns and
insuGicient and sparse data in the meta-analyses. Therefore the
certainty of the evidence for overall survival and progression-free
survival in an IDS setting was very low (Summary of findings
4; Summary of findings 5; Summary of findings 6; Summary of
findings 7). The comparison of SVRD versus LVRD (> 1 cm) included
one more study than the corresponding analysis involving PDS, but
there were significantly fewer women in the analysis (less than a
third) and the lack of separation of NMRD from the SVRD threshold
was misleading, so that was reason it was judged to provide very
low-certainty evidence (Summary of findings 6). Only one study
truly reported an adequate comparison of LVRD versus SVRD.

In some cases, more data would be needed to see the full impact of
leaving behind more considerable disease, although the evidence
suggests that if it cannot be minimised to NMRD or SVRD it may

not make a significant diGerence in terms of prolonged survival.
The results are consistent and appear to be reliable and precise in
terms of the conclusions drawn. Some comparisons were sparse,
with wide confidence intervals, but even the lower 95% confidence
interval would have been highly significant as a point estimate in
many cases.

Further research is very unlikely to change our confidence in
the estimates of eGect in the larger and most pertinent meta-
analyses (exclusively reported in a PDS setting), but may change
the estimates for some of the comparisons involving head-to-head
LVRD thresholds and in analyses that included IDS. However, in the
latter the evidence base is likely to be strengthened in future years
as there has been an emergence of evidence in the last decade
that is expanding, given four RCTs have now demonstrated similar
survival outcomes of PDS versus IDS, as reviewed by  Coleridge
2021. However, this evidence needs to assess whether SVRD is
associated with a survival benefit over LVRD in an IDS setting as the
evidence is currently very uncertain.

Strengths and weaknesses of the review

We performed a comprehensive search, including a thorough
search of the grey literature, and two review authors working
independently si.ed and data extracted all studies. To prevent
bias in this review, at least two review authors, along with
willing arbiters, also independently performed all other relevant
processes, such as risk of bias and GRADE assessment, and
verification of all analyses. Although the methods for grading the
evidence from prognosis studies are still under development, we
felt that omitting it would be less transparent and potentially create
bias in the review. Therefore we followed standard methodology for
grading the certainty of the evidence and used specific exemplars
from the Cochrane prognostic group for guidance, as well as
examining other relevant prognostic factor reviews (Aldin 2020).
We were not restrictive in our inclusion criteria with regards to
types of studies, but limited to prognostic models that used
multivariate analyses. This was to ensure that we minimised
bias in getting accurate and reflective eGect estimates for the
prognostic performance of RD. We restricted to studies including
at least 100 women in their analyses due to limiting the analyses
to multivariate ones and the potential issue with adjustment
for multiple prognostic factors in sparse data (Ogundimu 2016).
There was more chance of drawing satisfactory conclusions in the
review as the number of women in each study was adequate. We
also conducted analyses using appropriate statistical methods for
survival outcomes, namely hazard ratios, which correctly allow for
censoring (see above).

In the analyses comparing SVRD versus LVRD (> 1 cm) for both
PDS and IDS, we included studies that either treated NMRD as a
distinct category of SVRD (Phillips 2018), or included NMRD within
the SVRD category (Akahira 2001; Chan 2003; Chi 2001; CioGi 2018;
Davidson 2019; Kaban 2017; McGuire 1995; Winter 2008; Zhang
2018; Zhu 2016) during analyses. In keeping with the view that
there is a dose-response relationship between RD thresholds and
survival, the inclusion of these latter studies will have introduced
an overestimation of the survival benefit of SVRD compared to LVRD
(> 1 cm) and introduced serious bias. We attempted to determine
the extent of this bias by identifying the number of participants with
NMRD included in these latter studies, however this information
was only provided in four studies – NMRD ranged from 27% (Winter
2008) to 72% (Davidson 2019). Results of analyses in PDS studies
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were robust to the exclusion of studies that included NMRD within
their SVRD category. Similar sensitivity analyses were not practical
in the IDS case as only  Phillips 2018  adequately reported the
comparison involving SVRD that did not include NMRD.

A significant threat to the validity of the review is likely to be
publication bias; that is, studies that did not find a positive
association with the degree of surgical debulking achieved may
not have been published. Although we conducted a test for funnel
plot asymmetry and there did not appear to be any evidence
of small study bias, such as publication bias, this type of test is
not necessarily recommended for survival data due to issues of
censoring (Debray 2018). Therefore, we cannot exclude potential
publication bias and the presence of small study eGects in our
review (Riley 2019). Further investigation is beyond the scope of
this review. Most included studies included in this review were
retrospective and were probably not pre-registered. Studies are
also not always labelled or indexed as prognosis studies, and
search filters for studies on prognosis are still under development.
Therefore the search had much wider scope than was necessary,
but we felt it was better to be overly inclusive to reduce the chance
of missing eligible studies for inclusion in the review.

Agreements and disagreements with other studies or
reviews

In our review, we included studies that have assessed residual
disease (RD) as a prognostic factor a.er primary surgery in women
with advanced epithelial ovarian cancer. Overall, the findings from
this review are in agreement with similar reviews and studies that
have investigated the prognostic value of NMRD in both PDS and
IDS settings. They also support the findings that, in general, small-
volume RD is associated with better survival a.er surgery. The
majority of these studies reported univariate analyses and that was
one of the exclusion criteria in our review. These univariate analyses
widely reported larger magnitudes of eGect giving greater levels of
statistical significance, but our analyses restricted to estimates that
adjusted for sensible covariates that were likely to give less biased
and more reliable estimates. Many of these studies are documented
in the Characteristics of excluded studies table.

The association with improved survival outcomes associated
with NMRD categorisation consolidates use of the term 'optimal
cytoreduction' by the Gynaecological Cancer Inter-Group (GCIG) to
mean 'NMRD', from its former definition of < 1 cm RD, which we
categorised as SVRD. Although the results of our review show that
cytoreduction to SVRD is still superior to LVRD (> 1 cm).

In a PDS setting, if the term macroscopic cytoreduction is to be
used solely for the group where there is NMRD, the moderate-
certainty evidence in this review that women who undergo PDS and
achieve SVRD still do better than women who achieve LVRD should
prompt the surgical community to retain this category as well as
SVRD for RD < 1 cm (and consider the term 'near-optimal'), while
reserving the term LVRD (and consider using 'suboptimal') to cases
where the RD is > 1 cm (a three-category classification of NMRD,
SVRD and LVRD, or alternatively consider the terms 'optimal', 'near-
optimal' and 'suboptimal' RD). In contrast, we obtained very low-
certainty evidence from a single IDS study that showed a survival
benefit for NMRD compared to SVRD (Phillips 2018). All but one
study included NMRD in their comparison of SVRD versus LVRD (>
1 cm) so strong inferences were not possible. Evidence from this
one study that reported a valid comparison found little diGerence

in survival outcomes in this comparison of RD thresholds (Phillips
2018). Further evidence from a meta-analysis including four studies
showed that achieving NMRD was associated with superior survival
outcomes to having any remaining RD (> 0 cm) (Iwase 2015;
Lecointre 2020; Lorusso 2016; Stoeckle 2014). Therefore, given the
available evidence, the strongest conclusion renderable is a two-
category classification following IDS (NMRD versus any RD > 0 cm).

The debate regarding whether a three-category classification
should hold in both PDS and IDS has also surfaced amongst the
surgical community in recent publications. To our knowledge, two
retrospective studies of women with advanced epithelial ovarian
cancer provided evidence pertinent to this debate (Ghirardi 2020;
Kobal 2018). One rationale behind these studies was to address
whether women in whom PDS achieved SVRD would be conferred
similar or better survival compared to those in whom NMRD was
achieved following IDS. In the Kobal 2018 study, amongst women
achieving NMRD, the IDS group had poorer overall survival (36.3
versus 54.7 months; P = 0.012) but similar progression-free survival
(19.9 versus 20.7 months; P = 0.251) compared to the PDS group.
On the other hand, achieving NMRD following IDS was associated
with similar overall survival (36.3 versus 34.7 months; P = 0.073), but
better progression-free survival (19.9 versus 11.2 months; P = 0.005)
compared to achieving SVRD following PDS. In contrast, Ghirardi
2020  found that achieving NMRD following IDS was associated
with poorer overall survival compared to achieving SVRD following
PDS (41.4 versus 52.4 months; P = 0.022). Given the unadjusted
estimates and retrospective nature of these studies, and that these
compare prognostic factors and not treatment eGects, conclusions
about the relative merits of diGerent treatments cannot be made.
However, they do reflect an ongoing point of discussion, and
contribute towards a burgeoning empirical basis for either a
two-threshold 'all-or-nothing' classification system following IDS
(NMRD versus RD > 0 cm) or the retention of the three-threshold
classification. The results of our review appear to lend support for
the two-threshold classification following IDS based on the conduct
of the included studies, although this is more on the grounds that
there is a lack of evidence of significant diGerences in survival
between SVRD and LVRD (> 1 cm) thresholds due to lack of reporting
of this comparison.

A Cochrane Review by Coleridge 2021 compared intervention RCTs
directly comparing PDS versus IDS (Chekman 2015; Fagotti 2020;
Kehoe 2015; Onda 2020; Vergote 2010). The included studies did
not meet our inclusion criteria, as they did not report results
across RD thresholds. Within this review, Kehoe 2015 and Vergote
2010 randomised 1270 participants (of which 1220 were assessed),
compared PDS versus IDS and provided a breakdown of extent
of disease by type of surgery (but did not give breakdown of
diGerences within RD thresholds for each type of surgery, so did not
meet our inclusion criteria). Both trials recruited participants with
stage IIIC and IV epithelial ovarian cancer. Both trials reported RD
thresholds that included NMRD (optimal), SVRD (RD < 1 cm) and
LVRD (RD > 1 cm). The two trials found no significant diGerence in
overall survival for the comparison of extent of RD threshold (NMRD,
SVRD and LVRD) by primary surgery (upfront versus interval). The
trial Vergote 2010 reported no significant diGerence between PDS
and IDS for SVRD or NMRD (RD < 1cm including 0 cm) (HR 1.17, 95%
CI 0.82 to 1.67). There were also no significant diGerences observed
for SVRD (< 1 cm) (HR 1.22, 95% CI 0.84 to 1.77) and LVRD thresholds
(HR 0.91, 95% CI 0.89 to 1.30) by type of surgery. Similarly, the
authors of Kehoe 2015 reported a P value of 0.98 for the interaction
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between treatment and extent of RD a.er debulking. It should be
emphasised that these studies were RCTs designed to measure the
eGect of PDS versus IDS and were not designed to evaluate the
intervention of diGering degrees of surgical eGort.

The results of the SOCQER-2  study assessing quality of life
and progression-free survival found that patients with late-stage
ovarian cancer had no important diGerences in EORTC QLQ-
C30 global scores measured across six weeks, six months and
12 months post-surgery when undergoing surgery of varying
complexity, despite a higher preoperative disease burden in
patients undergoing more radical surgical procedures (Sundar
2022). The authors of the study found that patients who
underwent low-complexity surgery had higher rates of residual
disease and lower survival compared with those with a similar
disease burden undergoing surgery of intermediate complexity.
However, no statistical adjustment was performed in these
analyses. Postoperative residual disease was associated with
poorer overall survival, particularly in patients undergoing low-
complexity surgery, but again no statistical adjustment was made
and, as this was not an intervention study, it is not able to determine
the causal eGect of this relationship.

Women with FIGO stage IIIC disease with extra pelvic metastases
smaller than 5 cm have been shown to have better progression-free
survival a.er upfront debulking (Vergote 2018). An investigation
of NMRD during the initial treatment of epithelial ovarian cancer
comparing PDS versus IDS has been investigated in a TRUST (Trial
of Radical Upfront Surgical Therapy in advanced ovarian cancer
(ENGOT ov33/AGO-OVAR OP7)) trial, which is due to report in 2024
(Reuss 2019).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In a primary debulking surgery (PDS) setting, this review provides
moderate-certainty evidence that residual disease (RD) a.er
primary surgery is a strong prognostic factor for overall and
progression-free survival in women with advanced ovarian cancer.
The certainty of the evidence for these outcomes was very low for
studies involving interval debulking surgery (IDS). We conclude that
there should be three distinct categories of RD a.er PDS, including
no macroscopic residual disease (NMRD) (labelled as optimal), < 1
cm (labelled as small-volume residual disease (SVRD) and strictly
meaning 0.1 cm to 1 cm) and > 1 cm (large-volume residual disease
(LVRD)).

A.er IDS, there may be only two categories required, although this
is based on very low-certainty evidence and it would be unwise to
make any firm inferences or conclusions until further studies are
added to the evidence base.

It is acknowledged that there is considerable variation in achieving
NMRD or SVRD between diGerent surgeons and centres. Predicting
the achievement of NMRD or SVRD prior to surgery will be
dependent on this variation, resulting in diGiculties in developing
models of prediction, so deciding on whether to perform PDS or IDS
at present is down to clinician preference.

NMRD remains a key prognosticator of survival in advanced ovarian
cancer. Whether PDS or IDS is the primary treatment, the surgical
goal should be to completely remove all visible disease, although

SVRD should still be regarded as a favourable outcome a.er PDS, as
shown in this systematic review, although this is not clear following
IDS.

The evidence on the ability of diGerent thresholds of RD to
distinguish between a good and bad prognosis can aid decision-
making for clinicians and diagnosed individuals, where the survival
advantage can be considered alongside any potential morbidity or
adverse event trade-oGs.

Implications for research

The purpose of this systematic review was to assess RD as a
prognostic factor in women who received primary surgery (PDS
and IDS) for advanced epithelial ovarian cancer (stages III and
IV). The results should encourage the surgical community to
make trials in this area a priority. Future research should focus
on investigations that determine whether increasing attempts at
achieving NMRD have a direct eGect in improving survival outcomes
using methodologies and trial designs that reduce or eliminate
confounding eGects, such as the women's performance status,
disease spread and tumour biology.

Greater emphasis should be made in future studies to investigate
IDS to raise the certainty of the evidence profiles. In both
PDS and IDS settings, quality of life parameters and adverse
eGects and complications of the surgery need to be adequately
addressed as there are significant deficiencies in previous studies
in evaluating these outcome measures. It is unlikely that studies
on prognosis will measure or report adverse events, so our focus
in this review was on survival as an outcome. These additional
evaluations should be given high priority, as this systematic review
has identified large diGerences in survival outcomes associated
with LVRD compared to when NMRD is achieved. The results
of the  SOCQER-2  study suggest that quality of life may still be
reasonable even a.er more extensive surgery, which is reassuring,
although this was an observational study (Sundar 2022). An
investigation of cytoreductive surgery during the initial treatment
of epithelial ovarian cancer comparing PDS versus IDS has also
been investigated in a TRUST (Trial of Radical Upfront Surgical
Therapy in advanced ovarian cancer (ENGOT ov33/AGO-OVAR OP7))
trial and we await the results in 2024 (Reuss 2019).

To avoid continuous confounding of results, observational studies
should report the following to better assess the eGect of surgical
treatment in advanced ovarian cancer:

• Structural selection – the specific setting in which women are
referred/seek care and which sample of the population (or
population) has been chosen.

• To what extent the population of women with ovarian cancer are
accounted for (selection of patients macro level).

• Institutional selection – how women were selected for surgery
(choice of surgeon, patient, etc.).

• The extent of surgery needed to achieve complete resection,
i.e. procedures and surgical complexity scores (surgical
proficiency).

• Complete resection rates.
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Study characteristics

Methods Multicentre retrospective analysis:

24 Japanese institutions received questionnaires regarding stage IV epithelial ovarian cancer women

Participants 225 women with stage IV ovarian cancer whose disease had been confirmed by exploration and only
women with complete medical records were included. Stage IV disease was defined according to FIGO.
Only women who underwent an initial attempt at surgical debulking were analysed.

The median age in the study was 54 years (range: 26 to 85 years)

All 225 women had FIGO stage IV disease

Histological cell type: serous: 136 (60.5%), mucinous: 16 (7%), clear cell 26 (11.5%), endometrioid 27
(12%), transitional 4 (2%), undifferentiated 12 (5%), other 4 (2%)

Extent of disease: pleural effusion: 89 (39.5%), liver: 34 (15%), lung: 8 (3.5%), lymph node: 44 (19.5%),
other: 15 (6.5%), multiple sites: 35 (15%)

Akahira 2001 
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Performance status: 0: 26 (11%), 1: 76 (34%), 2: 49 (22%), 3: 67 (30%), 4: 7 (3%)

Residual disease details Intervention group:

'Optimal' cytoreduction was defined as no gross residual tumour greater than 2 cm in diameter

Comparison group:

LVRD was defined as any gross residual disease remaining greater than 2 cm in diameter

Outcomes Overall survival: HR adjusted for histology and performance status:

• < 2 cm versus > 2 cm; HR 0.42 (95% CI 0.31 to 0.64), or > 2 cm vs < 2c m; HR 2.39 (95% CI 1.68 to 3.40)
so that reference group is consistent throughout review

Adverse events; median blood loss, blood transfusions

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): high risk

HR for OS was adjusted for histology, performance status and RD in multivariable Cox model

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that significant variables from the univariate analysis were included in
the multivariable model

Outcome: progression-free survival

Not reported

Notes There were 70 women (31.1%) in the 'optimal' group and 155 (68.9%) in the LVRD group

The median follow-up time was 47.5 months (range: 13 to 112 months)

The median survival for all women with stage IV ovarian cancer was 20 months, with an estimated 5-
year survival rate of 19.6%

Mean survival in the optimal group was 32 months and 16 months in the suboptimal group (P < 0.0001)

MV analysis included the histology and performance status as covariates in the model

The median duration of the debulking surgery was 240 minutes (range: 40 to 780 minutes.

Akahira 2001  (Continued)
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The median estimated blood loss was 1085 mL (range 40 to 11,000 mL), and 112 women (50%) received
blood transfusions intra- and postoperatively

Akahira 2001  (Continued)

 
 

Study characteristics

Methods Retrospective cohort study of consecutive women identified from surgical records

Participants Women with FIGO stage IIIC ovarian cancer, where disease status was extracted from surgical explo-
ration notes

The mean and median age at study entry was 64.4 and 64 years respectively (range: 24 to 87)

All women presented with FIGO stage IIIC - 194 (100%)

Tumour cell type: serous 126 (64.9%), mucinous: 4 (2.1%), endometrioid: 18 (9.3%), clear cell: 7 (3.6%),
mixed: 17 (8.8%), seroanaplastic: 17 (8.8%), mullerian origin: 2 (1%)

Tumour grade: 1: 1 (0.5%), 2: 13 (6.7%), 3: 180 (92.8%)

ASA score: 1: 7 (3.6%), 2: 87 (44.8%), 3: 88 (45.4%), 4: 7 (3.6%), unknown: 5 (2.6%)

Ascites: mean: 2076 mL, median 1000 mL, (range: 0 to 12,000 mL)

Extent of disease: carcinomatosis: 144 (74.2%), diaphragm involvement: 137 (70.6%), mesentery: 138
(71.1%), cul-de-sac: 163 (84%), omentum 168: (86.6%), ascites 160: (82.5%)

Residual disease details Residual disease was noted as follows:

1. NMRD: 46 (23.7%)

2. SVRD: 85 (43.8%)

3. Residual disease of 1 cm to 2 cm: 22 (11.3%)

4. Residual disease larger than 2cm: 41 (21.1%)

Optimal cytoreduction was defined as residual disease < 1 cm

All women were scheduled for treatment with first-line postoperative platinum-based chemotherapy
(paclitaxel or cyclophosphamide for 6 to 8 courses, every 3 to 4 weeks)

Outcomes • Overall survival, HR adjusted for several prognostic categories:
◦ SVRD vs NMRD: HR 3.89 (95% CI 2.27 to 7.11)

◦ 1 cm to 2 cm vs NMRD: HR 6.25 (95% CI 3.16 to 12.61)

◦ > 2 cm vs NMRD: HR 13.00 (95% CI 7.14 to 24.87)

• Adverse events:
◦ Perioperative mortality rate, defined as the percentage of women who died within 30 days of

surgery, was 1.5% (3/194; 95% CI 0.5 to 4.4%). However, there was no breakdown by treatment arm.

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Aletti 2006 
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Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): high risk

Overall survival not used as outcome. Rather, disease-specific survival was used.

5. Adjustment for other prognostic factors (a-g): low risk

HR for disease-specific survival was adjusted for residual disease, age, American Society of Anesthesiol-
ogy (ASA) score, histological grade, operative time and aggressive surgery in multivariable Cox model

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that significant variables from the univariate analysis were included in
the multivariable model

Outcome: progression-free survival

Not reported

Notes Median length of follow-up: 2.7 years

Mean length of follow-up: 3.5 years (range 0.02 to 10.5 years)

5-year disease-specific death rate:

Optimal group: 70/131 (53.4%)

Suboptimal group: 56/63 (88.9%)

Aletti 2006  (Continued)

 
 

Study characteristics

Methods Prospective cohort study

Participants 326 consecutive women with FIGO IV

Median age in the study was 61 years (range: 19 to 88 years)

All 326 women presented with FIGO stage IV disease

Histological cell type: high grade serous: 287 (88.0%), others: 39 (12.0%)

Ascites: ≤ 500 mL: 149 (45.7%), > 500 mL: 177 (54.3%)

Performance status: ECOG 0: 248 (76.1%), ECOG > 0: 78 (23.9%)

Localization of metastasis:

• Pleural effusion/involvement: 134 (41.1%)

• Abdominal wall: 133 (40.8%)

• Extraregional lymph node: 63 (19.3%)

• Liver: 45 (13.8%)

• Spleen: 22 (6.7%)

• Others: 19 (5.8%)

Ataseven 2016 
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Germany

Residual disease details Surgery was performed by accredited gynaecological oncologists

Cohort 1 included 286 women who underwent primary debulking surgery

Postoperative chemotherapy was administered in 92% (263/286)

Cohort 2 included 40 women who underwent either no surgery or only diagnostic procedures without
cytoreductive intention (NoCS - no cytoreductive surgery)

In cohort 2, platinum-based chemotherapy was given to 87.5% (35/40) of women

Residual disease for total cohort was noted as follows, n (%):

• NMRD: 157 (48.2%)

• SVRD: 88 (27.0%)

• LVRD (> 10 mm): 41 (12.6%)

• No cytoreduction: 40 (12.3%)

Outcomes Overall survival: HR adjusted for age, performance status, residual tumour, tumour stage and ascites

NMRD: HR 1

SVRD: HR 1.50 (95% CI 1.01 to 2.23)

LVRD (> 10 mm): HR 2.20 (95% CI 1.36 to 3.55)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for age, performance status, residual tumour, tumour stage and ascites in a
multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

Not reported

Notes Follow-up time: up to 4 years (mean: 46 months; median: 34 months; interquartile range: 12 to 70
months)

Ataseven 2016  (Continued)
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In total, 28 women (8.6%) did not receive chemotherapy

30-day mortality was observed in: 12/326 (3.68%)

Median OS for all women was 50.3 months

In cohort 1, complete resection was achieved in 54.9% (n = 157/286; RD0), cytoreduction to 1 mm to 10
mm in 30.7% (n = 88/286; RD1-10) and bulky residual disease exceeding 10 mm in 14.3% (n = 41/286; RD
> 10)

Risk factors for residual disease after debulking surgery in women with EOC FIGO stage IV included:

• Age (OR 1.85, 95% CI 1.13 to 3.03; P = 0.015)

• Poor performance status (OR 3.46, 95% CI 1.67 to 7.18; P = 0.001)

• Large volume ascites > 500 mL (OR 2.37, 95% CI 1.06 to 4.22; P = 0.035)

• Presence of liver metastasis (OR 6.17, 95% CI 2.78 to 13.7; P < 0.001)

Length of hospital stay not reported

Ataseven 2016  (Continued)

 
 

Study characteristics

Methods Retrospective analysis of past medical data from The Ohio State University Wexner Medical Center and
Duke University Health System between January 2004 and April 2017

Multicentre study

USA

Participants 134 patients diagnosed with stage III to IV ovarian, fallopian tube or primary peritoneal cancer

Median age (range): 64.3 (21 to 87)
Median BMI (range): 28.1 (16 to 52.5)
Ethnicity: 110 white (82%)
FIGO III: 49 (36%)
FIGO IV: 54 (40%)
FIGO stage not otherwise specified but considered advanced: 31 (24%)
Serous histology: 112 (83%)
Tumour grade 1: 3 (2%)
Tumour grade 2: 123 (92%)
Tumour grade unknown: 8 (6%)

Residual disease details Women underwent interval debulking surgery

Optimal RD defined as RD ≤ 1 cm

NMRD: 89 (66%)

SVRD: 45 (34%)

Outcomes Overall survival

Median OS: 35.3 (95% CI 28.6 to 42.9)

There was no multivariate model for overall survival despite there being progression-free survival

Progression-free survival

Disease recurrence: 117 (87%)
Median PFS: 12.2 (95% CI 11.3 to 13.7)

Bixel 2020 
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After controlling for NACT cycles, route of postoperative chemotherapy administration (intraperitoneal
or intravenous), maintenance therapy (yes/no); residual disease (SVRD vs NMRD) (adjusted HR 1.564
(1.055 to 2.287))

2 (1%) patients died during treatment: 1 patient in the IP group died from a myocardial infarction and 1
patient in the IV group died as a result of sepsis with resulting complications

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Adequate cut-oG for residual disease used (< 1 cm). Multicentre design may introduce heterogeneity in
measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of OS

5. Adjustment for other prognostic factors (a-g): high risk

OS was reported in KM curve but was not used in any multivariable modelling

6. Statistical analysis and reporting (a-d): high risk

There was only a multivariate model for PFS but not OS

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of PFS

5. Adjustment for other prognostic factors (a-g): high risk

Model for PFS adjusted for NACT cycles, route of administration (IP or IV), maintenance therapy. How-
ever, none deemed to be critically important prognostic factors.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; data driven based on P values of univariate associations. Unclear if multi-
variate Cox was used as logistic regression mentioned in methods but hazard ratios reported. There
was only a multivariate model for PFS but not OS.

Notes 37 (28%) patients receiving IP and 97 (72%) patients receiving IV chemotherapy

Median NACT cycles: 3 (range 1 to 6)

NACT regime

Platinum/taxane: 133 (99%)
Platinum/other: 1 (1%)

Adjuvant chemotherapy regime

Bixel 2020  (Continued)
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Platinum/taxane: 122 (91%)
Platinum/other: 3 (2%)
Non platinum: 9 (7%)
Adjuvant chemotherapy cycles:
Intraperitoneal group: median 4 (range 2 to 6)
Intravenous group: median 3 (range 1 to 6)

Maintenance therapy following completion of planned chemotherapy: 10 (7%)

At the time of surgery, 32 (24%) patients underwent a bowel resection and 15 (11%) underwent exten-
sive upper abdominal debulking procedures

Bixel 2020  (Continued)

 
 

Study characteristics

Methods Retrospective chart review at Johns Hopkins Hospital, USA

Women enrolment was between January 1995 and December 2008

Participants 405 women with FIGO stage IIIC epithelial ovarian cancer based on intraoperative findings or radi-
ographic imaging coupled with fine-needle biopsy diagnosis. All epithelial histological subtypes were
included. Borderline ovarian tumours of low malignant potential were excluded.

Women characteristics reported as Whites (n = 366) vs African-Americans (n = 39)

Median age: 59 vs 59 years

ASA class, I/II/III/IV: 5/124/232/5 vs 0/4/31/4

Histology, serous/non-serous: 314/52 vs 31/8

Tumour grade, 1/2/3: 39/33/294 vs 2/4/33

Optimal RD (defined as ≤ 1 cm)/no gross RD: 267/188 vs 18/21

Residual disease details All women underwent attempted surgical cytoreduction either primarily

Residual disease was defined as:

SVRD (RD 0.1 cm to 1.0 cm)

NMRD (no gross RD)

Residual disease was noted as follows:

Optimal (≤ 1 cm): White, n (%): 178 (44%); African-American; n (%): 18 (4.5%)

NMRD: White, n (%): 188 (46.5%); African-American; n (%):21 (5%)

Outcomes SVRD vs NMRD: HR for OS 2.74 (95% CI 1.98 to 3.71) (HR adjusted for age, race, tumour grade, histology,
ASA score, surgical complexity score, serum albumin, administration of platinum-based chemotherapy
and significant peri-operative morbidity)

OS was calculated from the date of diagnosis using Kaplan–Meier curves and compared using the log-
rank test and Cox proportional hazards model

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

Bristow 2011 
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2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): high risk

HR for OS was adjusted for race, tumour grade 3, non-serous histology, ASA score >3, surgical complex-
ity score, serum albumin < 3.0 g/dL, platinum-based therapy, residual disease and perioperative mor-
bidity in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

Not reported

Notes A total of 433 ovarian cancer women were identified with stage IIIC disease. Of these, 28 women were
variously classified as either Asian-Pacific Islander, Hispanic, unknown or other and were excluded
from further study.

Source of funding: the Queen of Hearts Foundation for Ovarian Cancer Research

Declaration of interest: none declared

Median follow-up: 33.0 months

The 30-day mortality rate for all 405 women was 1.5%

Retrospective non-randomised study. Blinding not reported (but not applicable). Adjusted HRs are de-
rived from a prognostic model. No details on how modelling was performed, but this seems to have
been done based on significance testing (and not on including putative confounders in the analysis, ir-
respective of statistical significance).

Women and disease characteristics not reported according to debulking status. NB: study only includ-
ed women with stage IIIC ovarian cancer/possible overlap with Peiretti 2012.

Bristow 2011  (Continued)

 
 

Study characteristics

Methods Retrospective cohort study

Participants All consecutive cases of advanced-stage epithelial ovarian carcinoma diagnosed in younger women
(range 22 to 45 years) were identified from tumour registry databases and a comparable group of
52 women who averaged 21 years older (range 46 to 85 years) was selected as controls. One-to-one
matching from the same database was performed based on the date of diagnosis and stage of disease

Chan 2003 
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during the same period in the same institution. Thus, the controls were similarly distributed across 17
years.

The mean age at study entry was 50.5 years with a range between 22 and 85 years (40 (SD 5.7) and 61
years (SD 8.7) for younger and older women respectively)

5 (4.8%) women had FIGO stage IIIA, 5 (4.8%) had stage IIIB, 74 (71.1%) women had stage IIIC and 20
(19.2%) had stage IV disease

Tumour cell type: papillary serous 72 (63.16%), mucinous: 3 (2.63%), endometrioid: 17 (14.9%), clear
cell: 1 (0.88%), small cell: 3 (2.63%), undifferentiated: 8 (7%)

Tumour grade: 1: 8 (7%), 2: 24 (21.1%), 3: 72 (63.2%)

Performance status: 0: 65 (57%), 1 to 2: 35 (30.7%), unknown: 4 (3.51%)

Residual disease details Residual disease was noted as follows:

1. SVRD: 71 (62.3%)

2. LVRD (> 1 cm): 43 (37.7%)

Women were divided into SVRD (defined as optimal) and 1 cm or more (defined as suboptimal) groups
based on residual disease after initial surgery. Optimal debulking was achieved in 36 (69%) and 35
(67%) women in younger in older groups respectively.

All women received either a platinum/paclitaxel or a platinum/cyclophosphamide regimen for primary
chemotherapy and women who underwent neoadjuvant chemotherapy with interval debulking were
removed from the study.

Gynaecology oncologists from the academic institution surgically staged all women.

Outcomes A multivariable analysis which included older versus younger age, stage (IV vs III), performance sta-
tus (1 to 2 vs 0) and residual disease (LVRD (> 1 cm) vs SVRD) was performed to evaluate all factors that
were significant in the univariate analysis

Overall survival: HR adjusted for prognostic categories (see above):

• LVRD (> 1 cm) vs SVRD HR 1.67 (95% CI 1.03 to 2.72)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD.

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but no reason to doubt they used standard definition

5. Adjustment for other prognostic factors (a-g): low risk

Chan 2003  (Continued)
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HR for OS was adjusted for residual disease, age (older versus younger), stage (IV versus III) and perfor-
mance status (1 to 2 versus 0) in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but no reason to doubt they used standard definition

5. Adjustment for other prognostic factors (a-g): high risk

PFS was reported in table comparing younger vs older patients but was not used in any multivariable
modelling

6. Statistical analysis and reporting (a-d): high risk

There was only a multivariate model for OS but not PFS

Notes The median follow-up after surgery was 33 months (range 6 to 142 months)

5-year survival: of younger and older women: SVRD: 59% and 21% in young and old women respective-
ly, LVRD (> 1 cm): 28% and 22% in young and old women respectively

Median survival: SVRD: 66 months and 45 in young and old women respectively, LVRD (> 1 cm): 37 and
19 months in young and old women respectively, P = 0.003
 

Other variables in Cox model:

Older versus younger age (HR 1.82, 95% CI 1.09 to 3.05), stage IV versus stage III disease (HR 3.00, 95%
CI 1.71 to 5.25), performance status 1 to 2 versus 0 (HR 1.89, 95% CI 1.13 to 3.15)

Despite the higher prevalence of poorly differentiated tumours in the older group, tumour grade (3 ver-
sus 1 to 2) was not an important prognostic factor in multivariable analysis (HR 1.06, 95% CI 0.57 to
1.97)

Chan 2003  (Continued)

 
 

Study characteristics

Methods Retrospective review of medical records

Participants All women underwent primary cytoreductive surgery followed by platinum-based chemotherapy.

Consecutive women with stage IIIC and IV primary epithelial ovarian, fallopian tube or peritoneal can-
cer who underwent primary cytoreductive surgery at Ajou University Hospital between 1 January 2000
and 31 December 2011.

Women received neoadjuvant chemotherapy, operated in other institution, stage IIIC due to nodal in-
volvement were excluded

N = 203

Median age was 54 years (range 30 to 78)

Median BMI 23.3 (range 11.7 to 35.2)

ASA 1 to 2: 114 (56.2%), 3 to 4: 80 (39.4%)

Chang 2012a 
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Stage IIIC: 189 (93.1%), IV: 14(6.9%)

Tumour grade 1: 26 (12.8%), grade 2: 72 (35.5%), grade 3: 100 (49.3%)

Histological subtype: serous: 167 (82.3%), mucinous: 4 (2.0%), endometrioid: 5 (2.5%), clear cell: 9
(4.4%), mixed: 18 (8.9%)

Median pre-operative CA-125: 603.8 (range 4.5 to 21,677)

Ascites < 1000 mL (54.7%), > 1000 mL (45.3%)

Carcinomatosis: yes (73.4), no (26.6%)

Simple procedure (58.6%), radical procedure (41.4%). Cohort was divided into simple procedures and
radical procedures group for statistical analysis.

Residual disease details Residual disease were defined:

• NMRD (31.0%)

• SVRD 0.1 cm to 1.0 cm (37.9%)

• LVRD (> 1 cm) (31.0%)

Outcomes Median follow-up was 43 months (range of 1 to 124)

Kaplan-Meier

Median unadjusted OS LVRD > 1 cm 37 months; SVRD 0.1 cm to 1 cm 46 months; NMRD 86 months

Median unadjusted PFS LVRD > 1 cm 9 months; SVRD 0.1 cm to 1 cm 15 months; NMRD 35 months

Multivariate analysis for OS:

HR (LVRD > 1 cm vs NMRD) 3.24 (95% CI 1.90 to 5.53)

HR (SVRD 0.1 cm to 1 cm vs NMRD): 2.22 (95% CI 1.25 to 3.94)

Multivariate analysis for PFS:

HR (LVRD > 1 cm vs NMRD): 3.40 (95% CI 2.00 to 5.77)

HR (SVRD 0.1 cm to 1 cm vs NMRD): 2.20 (95% CI 1.26 to 3.84)

HRs adjusted for age, FIGO stage and type of surgery (radical vs simple)

Morbidity

Operative time (minutes): simple: 235 (range 85 to 570), radical: 307 (range 150 to 810)

Estimated blood loss: simple: 500 (range 200 to 4000), radical: 800 (range 300 to 7500)

Intraoperative blood transfusion: simple (17.6%), radical (25.0%)

Postoperative blood transfusion: simple (26.1%), radical (39.3%)

Length of stay in ICU: simple: 0.8 (0 to 6), radical: 1.5 (0 to 6)

Postoperative morbidity: simple (11.8%), radical (38.1%)

Postoperative death < 30 days: simple = 0, radical = 1

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Chang 2012a  (Continued)
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Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for stage (IV), surgical procedure, residual disease and age in a multivariable
Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): low risk

HR for PFS was adjusted for stage (IV), surgical procedure, residual disease and age in a multivariable
Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Notes Subgroup analysis for 139 women with peritoneal carcinomatosis, the median unadjusted OS LVRD > 1
cm 39 months, SVRD 0.1 cm to 1 cm 50 months, NMRD 86 months

Chang 2012a  (Continued)

 
 

Study characteristics

Methods Retrospective review of medical records

Participants Consecutive women with stage IIIC primary epithelial ovarian, fallopian tube or peritoneal cancer who
underwent primary cytoreductive surgery at Ajou University Hospital between 1 January 2000 and 31
December 2011

After primary surgery, all women received adjuvant chemotherapy consisting of cisplatin (75 mg/m2)

or carboplatin (area under the curve; 5 to 7) and paclitaxel (135 mg/m2) based systemic combination
chemotherapy (every 3 weeks for 6 to 9 cycles)

Exclusion: primary cytoreduction at an outside institution, neoadjuvant chemotherapy, stage IIIC dis-
ease based on lymph node metastasis only or borderline malignancy

N = 191

Median age was 54 years (range 30 to 78)

Chang 2012b 
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Median BMI 23.2 (18.1 to 35.2)

ASA 1 or 2: 107 (56.6%), 3 or 4: 74 (39.2%)

Median pre-op CA-125 173.1 (range 4.5 to 21,677)

Histological subtypes: serous: 155 (82%), mucinous: 4 (2.1%), endometrioid: 4 (2.1%), clear cell: 9
(4.8%), mixed: 17 (9.0%)

Grade 1: 26 (13.8%), grade 2: 67 (35.4%), grade3: 5 (2.6%)

Ascites < 1000 mL (57.7%), > 1000 mL (42.3%)

Peritoneal carcinomatosis: yes:139 (73.5%), no: 50 (26.5%)

Systematic lymphadenectomy (n = 135), no lymphadenectomy (n = 54)

Lymphadenectomy; pelvic only (22.2%), pelvic and para-aortic (77.8%)

Residual disease details Residual disease were defined:

• NMRD: 61 (32.3%)

• SVRD (0.1 to 1.0 cm): 67 (35.4%)

• LVRD (> 1.0 cm): 61 (32.3%)

Overall surgical morbidity - blood transfusion, deep vein thrombosis, sepsis, intestinal obstruction,
ileus, lymphocyst or wound dehiscence was significantly higher in women who had lymphadenectomy

Outcomes Multivariate analysis for OS:

SVRD 0.1 cm to 1 cm vs NMRD: HR 2.25 (95% CI 1.25 to 4.03)

LVRD > 1 cm vs NMRD: HR 3.09 (95% CI 1.80 to 5.30)

HRs adjusted for age, performance of radical surgery and performance of lymphadenectomy

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for residual disease, type of surgery, performance of lymphadenectomy and
age in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

Chang 2012b  (Continued)
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No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): low risk

HR for PFS was adjusted for residual disease, type of surgery, performance of lymphadenectomy and
age in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Notes Systematic lymphadenectomy was performed in 135 (71.4%) of whom 105 had both pelvic and para-
aortic lymphadenectomy. The mean number of dissected pelvic and para-aortic nodes were 25 (range
11 to 57) and 11 (range 3 to 35), respectively. 53.4% were found to have grossly enlarged lymph nodes
during surgery.

Of 135 women who underwent systematic lymphadenectomy, positive lymph nodes were found in
59%.

The median unadjusted OS; lymphadenectomy 66 months, no lymphadenectomy 40 months. Sub-
group analysis of NMRD: median OS 86 month versus no lymphadenectomy 46 months

Of 189 women, tumour recurred in 110 women (58.2%) and 90 (47.6%) died of disease. 65 women with
lymphadenectomy and 45 without lymphadenectomy had disease recurrence and there is no signifi-
cant difference in the site of disease recurrence.

Chang 2012b  (Continued)

 
 

Study characteristics

Methods Retrospective cohort study

Participants 282 women with stage III and IV epithelial ovarian cancer. Women with ovarian tumours of low-malig-
nant potential were excluded from this study.

All women were treated between 1987 and 1994 at Memorial Sloan-Kettering Cancer Center (MSKCC)

The median age at study entry was 59 years with a range between 22 and 87 years

22 (8%) women had FIGO stage IIIA/IIIB, 194 (69%) had stage IIIC and 66 (23%) had stage IV disease

Tumour cell type: serous 199 (71%), endometrioid: 46 (16%), clear cell: 19 (7%), mucinous: 10 (4%),
mixed: 8 (3%)

Tumour grade: 1: 13 (5%), 2: 69 (24%), 3: 184 (65%)

Ascites: yes: 238 (84%), no: 43 (15%), unknown: 1 (1%)

Residual disease details Women were treated with primary surgery followed by chemotherapy

Type of surgeon

Residual disease was noted as follows:

1. SVRD: 71 (25.2%)

2. Residual disease between 1 cm and 2 cm: 73 (26%)

Chi 2001 
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3. LVRD greater than 2 cm: 137 (48.7%)

The following types of chemotherapy were given to women in the study: cisplatin/cyclophosphamide:
143 (51%), carboplatin/cyclophosphamide: 65 (23%), carboplatin/paclitaxel: 31 (11%), cisplatin/pacli-
taxel 24 (8%), carboplatin: 7 (3%), cisplatin 1 (< 1%), none or unknown 10 (4%)

Gynaecology oncologists from the academic institution surgically staged all women

Outcomes A multivariable analysis which included age, stage (IIIC and IV vs IIIA/IIIB), ascites (yes vs no) and resid-
ual disease (1 cm to 2cm and > 2 cm vs < 1 cm) was performed to evaluate important prognostic factors

Overall survival: HR adjusted for prognostic categories (see above):

• 1 cm to 2 cm vs SVRD: HR 1.7 (95% CI 1.1 to 2.6)

• LVRD (> 2 cm) vs SVRD: HR 2.0 (95% CI 1.3 to 2.9)

Direct surgical morbidity

8 women (2.83%) died within 1 month of surgery

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Survival was calculated as the number of months from initial surgery to death or the date of last fol-
low-up

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for residual disease, age, stage (IIIC and IV versus IIIA/IIIB) and ascites (yes ver-
sus no) in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

Not reported

Notes Of the 295 women who were treated for FIGO stage III and IV epithelial ovarian cancer at this centre
over the period of the study, 13 (5%) were lost to follow-up, and the remaining 282 form the study
group for this analysis

Median follow-up in the study was 32 months (range: 1 to 139 months)

The chemotherapy was platinum-based and when women who had initially had single agent therapy or
combinations with cyclophosphamide recurred they were often given paclitaxel

Chi 2001  (Continued)
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Survival was calculated as the number of months from initial surgery to death or the date of last fol-
low-up.

214 of the 282 (76%) women were dead from disease or other causes at the time of census.

Multivariate analysis:

Only women age at diagnosis (P = 0.001), presence of ascites (P = 0.001) and the size of residual disease
after primary cytoreductive surgery (1 cm vs 1 cm to 2cm vs > 2 cm (P = 0.02 and 0.001, respectively)) re-
tained prognostic significance

Kaplan-Meier curve

Women with no more than 1 cm of residual disease after primary surgery have a 5-year survival of 50%
and a median survival of 55 months. There is no statistically significant difference in survival between
those women with 1 cm to 2 cm of residual disease and those with greater than 2 cm residual (P = 0.40).
This combined group of women have a 5-year survival of 22% with a median survival of 28 months.

Impact of residual tumour volume for FIGO stage III

A subgroup analysis of the 216 women with stage III disease was done to examine the impact of size of
residual disease on survival

56 of these women had up to 1 cm of residual disease and had 5-year survival of 50% and median sur-
vival of 56 months

73 of these women had between 1 cm and 2cm of residual disease and had 5-year survival of 28% and
median survival of 31 months

87 of these women had greater than 2 cm of residual disease after surgery and had 5-year survival of
21% and a median survival of 28 months

The differences in survival are statistically significant between the women with up to 1 cm of residual
disease and the women in the other 2 groups (P = 0.001). There is no statistically significant difference
in survival between the women who had more than 1 cm residual disease.

Chi 2001  (Continued)

 
 

Study characteristics

Methods Retrospective study

Participants Women with stage IIIC epithelial ovarian cancer

The median age at study entry was 60 years (range: 22 to 87)

All women presented with FIGO stage IIIC: 465 (100%)

Tumour cell type: serous 331 (72%), endometrioid: 57 (12%), clear cell: 22 (5%), mixed: 53 (11%)

Tumour grade: 1: 13 (3%), 2: 90 (19%), 3: 339 (73%), unknown: 23 (5%)

Ascites: median 1600 mL (range: 0 to 17,000 mL), presence of ascites (N = 429): no = 58 (14%); yes = 371
(86%)

Residual disease details Type of surgeon: gynaecologic oncologist

Options for residual disease on the standardised operative form were as follows:

1. NMRD: 67 (14.4%)

2. Gross residual disease < 0.5 cm: 70 (15.1%)

Chi 2006 
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3. SVRD of 0.6 cm to 1.0 cm: 99 (21.3%)

4. LVRD of 1 cm to 2 cm: 53 (11.4%)

5. LVRD > 2.0 cm: 176 (37.8%)

Optimal is defined in 2 ways as NMRD and SVRD (< 1 cm), suboptimal defined as LVRD (> 1 cm)

Postoperative chemotherapy records were available in 440/465 (95%) women. Of these 440 women,
426 (97%) were treated with primary platinum-based systemic chemotherapy with the intent to treat
with at least 6 cycles.

Outcomes Three women (0.6%) died within 30 days of surgery

Overall survival: HR adjusted for age and ascites using Cox model:

SVRD (< 1 cm) vs NMRD HR 2.07 (95% CI 1.23 to 3.46)

LVRD (> 1 cm) vs NMRD HR 3.70 (95% CI 2.27 to 6.04)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

HR for OS was adjusted for residual disease, age and ascites in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

Not reported

Notes Median follow-up: 38 months (range: 1 to 199 months)

17-year death rate:

'Optimal' group: 105/236

'Suboptimal' group: 188/229

Median overall survival in relation to the 5 residual disease categories was:

NMRD: 106 months; gross < 0.5 cm: 66 months; 0.6 cm to 1.0 cm: 48 months; 1 cm to 2 cm: 33 months;
and > 2 cm: 34 months

Chi 2006  (Continued)
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Study characteristics

Methods Single-centre retrospective study

Participants N = 102 participants who received a diagnosis of International Federation of Gynecology and Obstetrics
(FIGO) stage IIIC or IV EOC between 2000 and 2016, received neoadjuvant chemotherapy, and present-
ed at least one of the following:

• High tumour dissemination (assessed by laparoscopic Fagotti score > 8 or Peritoneal Cancer Index >
15): 83 (81.4%)

• Stage IV: 38 (37.3%)

• Comorbidities (Charlson comorbidity score ≥ 1): 27 (26.5%)

• Poor performance status (ASA score ≥ 3): 58 (56.9%)

Participants were stratified according to their age: ≥ 70 vs < 70

Age (mean): 74.5 (≥ 70 years) and 58.3 (< 70 years)

FIGO: III - 64 (62.7%); IV - 38 (37.3%)

Histology: serous - 58 (56.9%); undifferentiated - 1 (1%); endometrioid - 14 (13.7%); sero-endometrioid -
21 (20.6%); clear cell - 3 (2.9%); unknown - 5 (4.9%)

Ascites (≥ 500 mL): 76 (74.5%)

Tumour grade: G1 - 0; G2 - 8 (7.8%); G3 - 80 (78.4%); unknown - 14 (13.7%)

CA-125 at diagnosis (median): 2934.1 (≥ 70 years) and 1462 (< 70 years)

Residual disease details All women received platinum-based regimens, according to standard first-line protocols. After receiv-
ing 3 cycles of NACT, women were evaluated by computed tomography (CT) scan or positron emission
tomography (PET)–CT scan; radiologic response was assessed according to RECIST 1.1. Women show-
ing complete response (CR) or partial response (PR) to chemotherapy, and considered respectable by
a gynaecologic oncologist team, underwent IDS. Women with either stable disease (SD) or progressive
disease (PD) after 3 NACT cycles were re-evaluated after 3 further chemotherapy cycles. Women show-
ing CR, PR or SD after 6 chemotherapy cycles underwent debulking surgery.

Carboplatin AUC5 and paclitaxel 175 mg/m2 every 3 weeks: 58 (56.9%)

Carboplatin AUC5, paclitaxel 175 mg/m2 and bevacizumab (15 mg/kg) on day 1 for 6 x 3-weekly cours-
es followed by bevacizumab single-agent maintenance for 22 cycles or until toxicity or progression: 11
(10.8%)
Carboplatin AUC5 every 3 weeks: 25 (24.5%)

Carboplatin AUC2 and paclitaxel 60 mg/m2 weekly: 5 (4.9%)
Carboplatin AUC2 weekly: 3 (2.9%)

Response to NAC (RECIST):

• Complete: 35 (34.3%)

• Partial: 33 (32.4%)

• Stable: 18 17.6%)

• Progressive: 13 (12.7%)

• Missing: 3 (2.9%)

Optimal cytoreduction defined as residual disease no greater than 1 cm (RD ≤ 1 cm) (n = 57; 67.1%)

• NMRD (described in study as RD0): 37/85 (43.5%)

• SVRD: 20 (23.5%)

• LVRD (RD > 1): 28 (32.9%)

Cio=i 2018 
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Outcomes Overall survival defined as interval from the date of initial diagnosis to the date of death or last fol-
low-up

Median overall survival: 25 months

Multivariate Cox PH model for overall survival adjusted for age, number of chemotherapy courses, de-
bulking surgery, ASA score, hypoalbuminaemia (defined as albuminaemia < 32 g/L), FIGO stage, pres-
ence of ascites, high tumour dissemination and Charlson comorbidity score:

• SVRD < 1 cm (including NMRD) (vs LVRD > 1): HR 0.29 (95% CI 0.127 - 0.662), P = 0.003

Progression-free survival defined as interval from the date of initial diagnosis to the date of first recur-
rence, death or last follow-up.

Median progression-free survival: 11 months

Multivariate Cox PH model for PFS adjusted for age, number of chemotherapy courses, debulking
surgery, ASA score, hypoalbuminaemia (defined as albuminaemia < 32 g/L), FIGO stage, presence of as-
cites ≥ 500 mL, high tumour dissemination and Charlson comorbidity score:

• SVRD < 1 cm (including NMRD) (vs LVRD > 1 cm): HR 0.43 (95% CI 0.205 to 0.935), P = 0.03

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Overall survival defined as interval from the date of initial
diagnosis to the date of death or last follow-up.

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for residual disease, age, number of neoadjuvant chemotherapy courses, de-
bulking surgery, ASA score, hypoalbuminaemia (defined as albuminaemia < 32 g/L), FIGO stage, pres-
ence of ascites ≥ 500 mL, high tumour dissemination and Charlson comorbidity score

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; although appears all variables were used in the multivariate models

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Progression-free survival defined as interval from the date
of initial diagnosis to the date of first recurrence, death, or last follow-up.

5. Adjustment for other prognostic factors (a-g): low risk

Cio=i 2018  (Continued)
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HR for PFS was adjusted for residual disease, age, number of neoadjuvant chemotherapy courses, de-
bulking surgery, ASA score, hypoalbuminaemia (defined as albuminaemia < 32 g/L), FIGO stage, pres-
ence of ascites ≥ 500 mL, high tumour dissemination and Charlson comorbidity score.

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; although appears all variables were used in the multivariate models

Notes ASA score: 1: 5 (4.9%); 2: 36 (35.3%); 3: 51 (50%); 4: 7 (6.9%)

BMI (mean): 24.4 (≥ 70 years) and 25.5 (< 70 years)

Charlson comorbidity score ≥1: 27 (26.5%)

Procedures before NAC: diagnostic laparoscopy: 78 (27.7%); clinical exam/imaging: 196 (69.5%); un-
known: 8 (2.8%)

Cio=i 2018  (Continued)

 
 

Study characteristics

Methods Retrospective study

Participants 218 women with stage III non-serous EOC

Median age of women was 54 (range: 18 to 78) years

Stage, n (%):

• IIIA1: 55 (25.5%)

• IIIA2: 14 (6.4%)

• IIIB: 34 (15.6%)

• IIIC: 115 (52.8%)

55 (25.2%) women underwent maximal CRS, 163 (74.8%) had optimal debulking

Histopathology, n (%): endometrioid 64 (29.4%), mucinous 61 (28%), mixed 39 (17.9%), clear 54 (24.8%)

Ascites, n (%): present 122 (56%), absent 96 (44%)

Serum CA 125 (median, IU/mL): ≥ 240 IU/mL 109 (50%), < 240 IU/mL 109 (50%)

Grade 1: 31 (14.2%), Grade 2: 57 (26.1%), Grade 3: 76 (34.9%)

Turkey

Residual disease details Speciality of surgeon: gynaecologic oncologist

All women underwent maximal or optimal primary CRS followed by 6 cycles of carboplatin plus pacli-
taxel chemotherapy

Residual disease was noted as follows:

• NMRD after primary CRS: 55 (25.2%)

• 'Optimal' cytoreduction, defined as SMRD (≤ 1 cm): 163 (74.8%)

Outcomes HR for prognostic factors for OS:

• Age 51 to 69 years vs ≤ 50 years (HR 1.73, 95% CI 1.23 to 2.66)

• Age ≤ 50 vs ≥ 70 years (HR 2.6, 95% CI 1.215 to 5.591)

Cuylan 2018 
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• NMRD (HR 0.31, 95% CI 0.166 to 0.615)

HR for prognostic factors for PFS:

• Bilaterality (HR 1.44, 95% CI 1.01 to 2.056)

• Age (HR 2.25, 95% CI 1.176 to 4.323)

• NMRD (HR 0.34, 95% CI 0.202 to 0.58)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for age, maximal cytoreduction and stage in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

HR for PFS was adjusted for age, maximal cytoreduction and stage in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Notes Median duration of follow-up was 31.5 (range: 1 to 20) months

5-year PFS rate was 34.8%

5-year OS rate was 44.2%, median OS was 47 months (95% CI 36.12 to 57.88)

A univariate analysis showed an OS rate of 81.2% the maximal CRS group

Status: alive 109 (50%); dead 109 (50%)

Cuylan 2018  (Continued)
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Study characteristics

Methods Multicentre retrospective and single-centre prospective cohort

Prospective data collection was to explore minimally-invasive surgery following NACT

Participants All participants received NACT followed by interval debulking surgery for an advanced ovarian, fallopi-
an tube or primary peritoneal cancer

At Duke, information on women receiving NACT was collected retrospectively between January 2000
and September 2013 and prospectively (with subject informed consent after October 2013). At the Ohio
State University and the University of Oklahoma, subjects were identified retrospectively. Women at all
3 institutions were included if they were diagnosed prior to 30 June 2017 to allow for at least 12 months
of post-diagnosis follow-up.

N = 282 participants with advanced ovarian, fallopian tube or primary peritoneal cancer

Median age: 63.9 (range: 34.1 to 84.8)

Race: Caucasian – 229 (81.2%)

FIGO: IIIC – 114 (40.4%); IV – 101 (35.8%); presumed AOC – 57 (20.2%); unknown stage – 10 (3.5%)

Histology: serous – 227 (80.5%); undifferentiated – 4 (1.5%); endometrioid – 1 (0.4%); mixed – 5 (1.8%);
clear cell – 5 (1.8%); NOS – 21 (7.5%); unknown – 15 (5.3%)

Ascites: 88 (31.2%)

Residual disease details Carboplatin and paclitaxel: 87.2%

Median NACT cycles: 4 (range: 2 to 10)

Indication for NACT: disease volume - 80 (28.4%); comorbidities - 19 (6.7%); both - 29 (10.3%)

Median surgery duration, minutes: 194 (range: 45 to 459)

Determination of resectability: diagnostic laparoscopy – 78 (27.7%); clinical exam/imaging – 196
(69.5%); unknown – 8 (2.8%)

Surgical approach at IDS: laparoscopy only – 27 (9.6%); laparoscopy converted to laparotomy – 26
(9.2%); exploratory laparotomy only – 221 (78.4%)

Median surgical complexity score: 2

Surgical complexity score:

• Low (0 to 3): 193 (68.4%)

• Moderate (4 to 7): 80 (28.4%)

• Complex (8 to 9): 9 (3.2%)

Intraoperative complications: 23 women (8.7%). Bowel injuries (including serosal injuries) (n = 16);
bladder (n = 6); vascular injuries (n = 6).

Postoperative complications were seen in 62 women (22%) prior to hospital discharge and included:

• Ileus/small bowel obstruction: 26 (9.2%)

• Pulmonary issues: 12 (4.3%)

• Altered mental state: 10 (3.6%)

• Wound cellulitis/haematoma, UTI and cardiac concerns: 5 (1.8%)

• Re-operation: 1 (0.4%)

32 (11.3%) experienced complications after discharge and within 30 days of surgery

Davidson 2019 
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18 (6.4%) re-admitted. Data for reasons for re-admission available for n = 7: infectious complications
(n = 3), gastrointestinal dysmotility (n = 3), acute renal failure related to urinary retention (n = 1). 2 re-
quired re-operation during re-admission. 1 underwent re-operation in outpatient setting for wound de-
bridement.

Optimal cytoreduction defined using two methods: NMRD (described in study as RD0) (n = 165/271;
60.9%) or SVRD ≤ 1 (n = 228/271; 84.1%). The latter definition is used in multivariable analysis.

• NMRD: 165 (60.9%)

• SVRD: 63 (23.2%)

• LVRD 1 cm to 2 cm: 6 (2.2%)

• LVRD > 2 cm: 37 (13.7%)

• Missing (n = 11)

Outcomes Disease-specific overall survival (DSS) defined as time from completion of adjuvant chemotherapy to
death due to cancer

Median disease-specific overall survival (DSS): 24.8 months

Median DSS in RD ≤ 1: 25 months

Median DSS in RD > 1: 23.5 months

Multivariable Cox PH for DSS adjusted for ASA score, age, SCS and major morbidity:

• LVRD > 1 cm (vs SVRD ≤ 1 cm): HR 1.7 (95% CI 1.1 to 2.8), P = 0.03

No deaths within 30 days of IDS

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Adequate cut-oG for residual disease used. Multicentre design may introduce heterogeneity in mea-
surement of RD.

Outcome level assessment:

Outcome: disease-specific survival

4. Outcome measurement (a-c): high risk

Overall survival not used as outcome. Rather, disease-specific survival was used. Disease-specific sur-
vival (DSS) defined as time from completion of adjuvant chemotherapy to death due to cancer.

5. Adjustment for other prognostic factors (a-g): high risk

Age arbitrarily categorised; ASA score dichotomised. Model predicting DSS adjusted for ASA score, age,
SCS, presence of major morbidity. Few of these were deemed important prognostic factors.

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; data driven based on P values of univariate associations

Outcome: progression-free survival

Davidson 2019  (Continued)
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Not reported

Notes —
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Study characteristics

Methods This is a prospective study of women with FIGO stage IIIC ovarian cancer treated with primary cytore-
ductive surgery followed by platinum-based chemotherapy between 1990 and 2002 at a single North
American institution

Participants 408 consecutive women presenting with stage IIIC epithelial ovarian cancer form the study group

The median age at study entry was 62.8 years (range: 24 to 91)

All women presented with FIGO stage IIIC epithelial ovarian cancer: 408 (100%)

Tumour cell type: serous: 239 (58.5%), unspecified adenocarcinoma: 98 (24%), endometrioid: 32 (8%),
clear cell: 10 (2.5%), mucinous: 18 (4.5%), mixed: 9 (2%), transitional cell: 2 (0.5%)

Tumour grade: 1: 21 (5%), 2: 82 (20%), 3: 304 (75%), unspecified: 1 woman

Volume of ascites: none: 20 (5%), ≤ 1000 mL: 114(28%), > 1000 mL: 249(61%), not recorded: 24(6%)

GOG performance score: 0: 17 (4%), 1: 88 (21.5%), 2: 177 (43.5%), 3: 59 (14.5%), 4: 2 (0.5%), unspecified:
65 (16%)

Preoperative tumour volume:

Location of the largest metastases: omentum and adjacent structures: 228 (56%), pelvis: 102 (25%),
retroperitoneal lymph nodes: 34 (8%), diaphragm: 12 (3%), other (large bowel, small bowel, mesentery,
etc): 32 (8%)

Largest metastatic disease: < 10 cm: 104 (26%), > 10 cm: 302 (74%)

Residual disease details Residual disease was noted as follows:

1. NMRD: 351 (86%)

2. SVRD: 41 (10%)

3. LVRD (> 1 cm): 16 (6%)

Surgery was undertaken by a gynaecological oncologist and disease was assessed intraoperatively in
each of the following 5 regions: the le. and right upper abdominal quadrants, the pelvis, the retroperi-
toneum and the central abdomen. A specifically defined numerical rank of 0 to 3 was assigned to each
of the 5 regions and the ranks for each of the 5 regions were summed to give a total score before cytore-
duction.

'Optimal' cytoreduction was defined as complete cytoreduction with no visible residual disease. The
authors have previously described in other publications how this can be achieved at different anatomi-
cal sites but recourse to bowel resection was routine as was pelvic and para-aortic nodal dissection.

Postoperative chemotherapy was platinum-based: cisplatin (50 to 100 mg/m2) or carboplatin (300 to

400 mg/m2) given in combination therapy with either cyclophosphamide or paclitaxel every 3 weeks
for a planned 6 to 8 cycles.

Outcomes Overall survival: HR adjusted for sum of rankings (a numerical ranking system was devised to reflect the
continuum of progressively extensive tumour involvement for 5 anatomic regions) using a Cox model:

SVRD vs NMRD: HR 2.32 (95% CI 1.20 to 5.37)

Eisenkop 2003 
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LVRD (> 1 cm) vs NMRD HR: 2.98 (95% CI 1.74 to 5.23)

Direct surgical morbidity and mortality

Postoperative mortality occurred in 10 (2.5%) women

Other morbidity including surgically related systemic morbidity such as chest infection, thromboem-
bolic disease and cardiovascular events have not been reported

Recovery

The median length of hospital stay was 10 days

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Survival was measured in months from the date of prima-
ry surgery to the time of death or last follow-up appointment using life table analysis.

5. Adjustment for other prognostic factors (a-g): high risk

HR for OS was adjusted for residual disease and sum of rankings (a numerical ranking system was de-
vised to reflect the continuum of progressively extensive tumour involvement for 5 anatomic regions)
in a multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

Not reported

Notes The median follow-up interval was 32.8 months

Survival was measured in months from the date of primary surgery to the time of death or last fol-
low-up appointment using life table analysis. Survival outcomes were analysed based on the numerical
ranking of disease in each anatomical region, the sum of the ranking and the cytoreductive outcome.

The median survival was 58.2 months (24% to 91%) and the estimated 5-year survival was 49%

Ranking of disease load

349 (85.5%) of women had ranking in all 5 designated regions. Ranking was not possible in the rest be-
cause lymph node dissection was deferred in 48 women (12%) or the pattern of spread was inconsis-
tent with ranking criteria in 16 women (4%).

Eisenkop 2003  (Continued)
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On univariate analysis, categorisation of the sum of ranking scores (0 to 5 vs 6 to 10, vs ≥ 11), as well as
ranking in the le. upper abdominal quadrant and in the central abdomen were statistically important
determinants of survival.

Univariate analysis showed that any rank score over zero (any disease) in the le. upper abdominal
quadrant (P = 0.01) and in the central abdominal region (P = 0.04) adversely affected survival. An effect
of the anatomical site of disease on survival was not confirmed on multivariate analysis.

On multivariate analysis, survival was most influenced by the completeness of cytoreduction (P =
0.001), and less influenced by the categorised sum of rankings (P = 0.05).

This study demonstrates that high rates of complete cytoreduction can be achieved within dedicated
teams with suitable training. The independent effect of completeness of cytoreduction on survival is
confirmed though the median length of follow-up in the report is modest.

Eisenkop 2003  (Continued)

 
 

Study characteristics

Methods Retrospective study

Participants 625 women who underwent primary staging or debulking surgery for high-grade serous ovarian cancer
(HGSC)

Age at diagnosis, median (range), years: 56 (30 to 84)

FIGO stage: early (I,II) - 58 (9.3%); advanced (III, IV) - 567 (90.7%)

Performance status: 0 to 379 (60.6%); 1 to 202 (32.3%); 2 to 44 (7.0%)

132 (21.1%) underwent bowel resection; 91 (14.6%) underwent upper abdominal surgery; 104 (16.6%)
underwent lymphadenectomy

CA-125: < 500 U/mL - 144 (23.6%); ≥ 500 U/mL - 465 (76.5%)

Ascites: no - 75 (12%); < 500 mL - 104 (16.7%); ≥ 500 mL - 445 (71.3%)

China

Residual disease details Speciality of surgeon not reported

After primary cytoreduction, all women received platinum-based intravenous chemotherapy

Chemotherapy regimen:

• Paclitaxel + carboplatin - 518 (82.9%)

• Other platinum and taxane agents - 91 (14.6%)

• Platinum and other agents - 16 (2.6%)

Majority (441, 70.6%) of women had completed 6 to 8 cycles at intervals of 3 weeks

R0 was defined as NMRD after surgery and was noted as follows:

• No - 209 (33.4%)

• Yes - 416 (66.6%)

Outcomes PFS was defined as the time interval from the date of primary surgery to the date of disease progres-
sion or recurrence

Median PFS was 18 months; 2-year PFS was 38.4%; 5-year PFS was 21.4%

Feng 2016 
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OS was defined as the time interval from the date of the primary surgery to the date of death or last fol-
low-up

2-year OS was 82.5%; 5-year OS was 51.4%

At the time of analysis, 355 (56.8%) women were still alive

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of OS. OS was defined as the time interval from the date of the primary
surgery to the date of death or last follow-up

5. Adjustment for other prognostic factors (a-g): unclear risk

Multivariate models for OS adjusted for age, FIGO stage and time to chemotherapy

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection strategy into multivariate model. Unclear on
reasoning behind inclusion of other prognostic factors in Cox models.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of PFS; PFS was defined as the time interval from the date of primary
surgery to the date of disease progression or recurrence

5. Adjustment for other prognostic factors (a-g): unclear risk

Multivariate models for PFS adjusted for age, FIGO stage and time to chemotherapy.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection strategy into multivariate model. Unclear on
reasoning behind inclusion of other prognostic factors in Cox models.

Notes The median (range) follow-up time was 29 (3 to 100) months

The median (range) of time to chemotherapy (TTC) was 15 (4 to 62) days. TTC was longer for women
who underwent bowel resection (P < 0.001). There were no differences in PFS and OS between women
initiating chemotherapy before and after 15 days (P = 0.604 and 0.826 respectively) or among 4 groups
categorised by quartile values (< 10 days, 10 to 14 days, 15 to 20 days, or ≥ 21 days after surgery) (P =
0.471 and 0.516, respectively). The time interval between surgery and chemotherapy seemed to have
no prognostic impact on women with HGSC within 6 weeks.

Length of hospital stay not reported

Feng 2016  (Continued)
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Study characteristics

Methods Prospective multicentre study

Participants 191 women with stage IIIA to IV primary ovarian cancer. Stage IIIa: 3, IIIb: 8, IIIc: 147, IV: 33

ECOG performance status (only available for 183 women) 0: 113, 1: 60; 2/3: 10

Age < 57: 98, > 57: 93

Histological subtypes; serous: 182, mixed serous:1, serous/clear cell: 4, undifferentiated: 4

Tumour grade 1/2: 51, 3: 140

Residual disease details All women underwent primary surgery. All women received postoperative intravenous or intraperi-
toneal platinum-based chemotherapy.

Women that received neoadjuvant chemotherapy were excluded

Postoperative residual disease defined as

• NMRD (n = 121)

• Macroscopic or 'suboptimal' if residual tumour lesions of any size or number (n = 70)

Outcomes Median follow-up was 42 months

3-year OS: HR of NMRD vs macroscopic RD: 2.95 (95% CI 1.87 to 4.67)

HR adjusted for interval between surgery and start of chemotherapy, tumour stage, age and extent of
surgery

Morbidity

Intraoperative complications included bladder injury (2), ureteral injury (1), intestinal injury (1), vas-
cular injury (2), other operative injury (1). 9 of 185 women required blood transfusions. Postoperative
complications comprised surgical site complications (35), medical complications (42), infectious com-
plications (22) and reoperation's (22).

Adjuvant chemotherapy

• Intravenous carboplatin/taxane 1 cycle (3), 3 cycles (3), 4 cycles (6), 5 cycles (9), 6 cycles (139), 7 cycles
(5), 8 cycles (4), 9 cycles (1)

• Intraperitoneal platinum/taxane (13)

• 9 women had single agent carboplatin: 2 cycles (1), 3 cycles (1), 6 cycles (7)

• 1 women received carboplatin/liposomal doxorubicin

Risk of bias (QUIPS) 1. Study participation (a-f): unclear risk

Adequate number of participants and description of target population. Baseline characteristics, sam-
pling frame and period/place study took place presented clearly. Though, inclusion criteria not de-
tailed.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Hofstetter 2013 
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Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcomes

5. Adjustment for other prognostic factors (a-g): unclear risk

Interval from primary surgery to chemotherapy (continuous) arbitrarily dichotomised along the medi-
an. Multivariate model predicting OS adjusted for interval from surgery to chemotherapy, FIGO stage,
age and extent of surgery

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection strategy into multivariate model unclear. HRs for centre
not included in the results for multivariate analysis. There were other factors that were also significant
at univariate analysis but were not included in multivariate model.

Outcome: progression-free survival

Not reported

Notes The median time interval from primary surgery to the start of platinum-based chemotherapy was 28
days (range: 4 to 128). Women who received the first cycle of chemotherapy less than 28 days after
surgery had a significantly improved 3-year survival rate of 70% as opposed to 60% in women with a
later start of cytotoxic treatment.

Hofstetter 2013  (Continued)

 
 

Study characteristics

Methods Single-centre retrospective analysis of medical records

Participants N = 124 women with advanced EOC who received NACT-IDS therapy at the Cancer Institute Hospital
(Tokyo, Japan) between 2000 and 2008.

Median age: 58 (range: 29 to 83)

FIGO: IIIB – 6 (4.8%); IIIC – 77 (62.1%); IV – 41 (33.1%)

Histology: serous – 105 (84.6%); mixed adenocarcinoma or carcinosarcoma included serous compo-
nent – 10 (8.1%); non-serous – 9 (7.3%)

Median CA-125 at pre-NACT, U/mL: 1569.4 (range: 13.5 to 24821)

Median CA-125 post-NACT, U/mL: 15.8 (range: 2.3 to 1965.1)

Lymph node metastasis: positive – 49 (39.5%); negative – 41 (33.1%); not evaluated – 34 (27.4%)

Residual disease details Strategy for NACT-IDS therapy consisted of intensive chemotherapy (6 or more cycles) aimed at com-
plete resection during IDS and pathological complete response followed by maximum debulking
surgery included systematic retroperitoneal lymphadenectomy in principle. After about 6 cycles of
NACT, we then performed IDS unless the disease had progressed. After IDS, ACT was generally adminis-
tered for about 3 cycles using the same regimen. However, some women did not receive 3 cycles of ACT
due to having undergone intensive chemotherapy before surgery or having undergone highly invasive
surgery. Conversely, more than 3 cycles of ACT were necessary in the case of some women for whom
complete resection was not achieved.

Method to diagnose: laparotomy - 62 (50%); non-laparotomy - 62 (50%)

Iwase 2015 
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Median NACT cycles: 6 (range: 2 to 9)

NACT regimen: ifosfamide, epirubicin and cisplatin (IEP) including cyclophosphamide, adriamycin and
cisplatin (CAP) – 44 (35.5%); paclitaxel and carboplatin (TC) including docetaxel and carboplatin (DC) –
80 (64.5%); irinotecan (CPT) base – 3 (2.4%)

Surgical procedure at IDS: exploratory laparotomy – 11 (8.9%); total abdominal hysterectomy, bilater-
al salpingo-oophorectomy, and omentectomy (TAH + BSO + OM) – 10 (8.1%); TAH + BSO + OM + excision
of other organs – 17 (13.7%); TAH + BSO + OM + retroperitoneal lymphadenectomy – 48 (38.7%); TAH +
BSO + OM + excision of other organs + retroperitoneal lymphadenectomy – 38 (30.6%)

Median operative blood loss, mL: 1291 (range: 220 to 5640)

Blood transfusion: 72 women (70.6%)

Median adjuvant CT cycles: 3 (range: 1 to 8)

ACT regimen: ifosfamide, epirubicin and cisplatin (IEP) including cyclophosphamide, adriamycin and
cisplatin(CAP) – 25 (20.2%); paclitaxel and carboplatin (TC) including docetaxel and carboplatin (DC) –
65 (52.4%); docetaxel and cisplatin (DP) including docetaxel (DTX) – 22 (17.7%); others – 7 (5.6%)

'Optimal' cytoreduction defined as SVRD < 1 cm (n = 113; 91.1%)

• NMRD: 98 (79%)

• SVRD (RD < 1): 15 (12.1%)

• LVRD (RD ≥ 1): 11 (8.9%)

* Note: in multivariable analysis, it is RD > 0 cm vs NMRD

Outcomes 2-year OS: NMRD (88.8%); SVRD (40%); LVRD (≥ 1 cm) (36.3%)

5-year OS: NMRD (43.4%); SVRD (0%); LVRD (≥ 1 cm) (0%)

Multivariable Cox PH for overall survival adjusted for FIGO stage, histological subtype, NACT cycles,
NACT regimen, systematic lymphadenectomy, excision of other organ(s), ascites cytology, lymph node
metastasis:

• RD > 0 cm (vs NMRD): HR 4.03 (95% CI 2.39 to 7.16), P < 0.001

2-year PFS: NMRD (39.8%); SVRD (< 1 cm) (13.3%); LVRD (≥ 1) (0%)

Risk of bias (QUIPS) 1. Study participation (a-f): unclear risk

Number of participants below the minimum cutoff of n = 100 for this meta-analysis. Adequate descrip-
tion of target population. Baseline characteristics, eligibility criteria, sampling frame and period/place
study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

Iwase 2015  (Continued)
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Adjustment for large number of important PFs (FIGO stage, histological subtype, NACT cycles, NACT
regimen, systematic lymphadenectomy, excision of other organ(s), ascites cytology, lymph node
metastasis)

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; criteria for variable selection for univariate and multivariate Cox PH for OS
unspecified

Outcome: progression-free survival

Progression-free survival mentioned in methods but not reported in results

Notes Median follow-up, months: 39.5 (range: 5 to 142)

Exclusion criteria: synchronous or metachronous (within 5 years) malignancies other than carcinoma in
situ, missing data because women were referred to a different institution for initial treatment, received
only palliative therapy after exploratory laparotomy, stage III disease without macroscopic peritoneal
dissemination (e.g. pT1N1, pT2N1, pT3aN0 and pT3aN1), and received PDS-ACT therapy as initial treat-
ment.

Finally, excluding women who were not able to undergo IDS because of disease progression during
NACT.

Iwase 2015  (Continued)

 
 

Study characteristics

Methods Single-centre retrospective analysis of medical records

Participants N = 203 women diagnosed with stage IIIC to IV ovarian, fallopian tube or primary peritoneal cancer (ac-
cording to postoperative pathology reports) who underwent treatment with interval surgery after NACT
at the Istanbul University Gynecological Oncology Department between January 2002 and December
2012.

Median age: 59 (range: 28 to 84)

FIGO staging not reported

Histology: serous – 171 (84.2%); undifferentiated – 1 (0.4%); endometrioid – 2 (0.9%); carcinosarcoma
– 7 (3.4%); mixed – 2 (0.9%); clear cell – 4 (1.9%); mesothelioma – 2 (0.9%); Brenner tumour – 1 (0.4%);
missing – 10 (4.9%)

Visible tumour in diaphragm/liver: 29 (14.3%)

Presence of tumour in omentum: macroscopic – 144 (70.9%); tumour-free – 44 (21.6%); no macroscopic
– 14 (6.9%); missing – 1

Median lymph node count 10 (range: 2 to 24)

Nodal metastasis: 3

Residual disease details NAC consisted of a carbo-platinum (area under the curves 5 to 6) and paclitaxel (135 to 175 mg/m2)
regimen every 3 weeks

Median NACT cycles: 6 (range: 1 to 10)

Pelvic +/- para-aortic lymphadenectomy performed in n = 25 women (12.3%)

Extra-surgical procedure: bowel resection (n = 4); splenectomy (n = 1)

Kaban 2017 
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Intraperitoneal port placement: 13 (6.4%)

After surgery, all women continued chemotherapy with 2 to 6 additional cycles

'Optimal' cytoreduction defined as SVRD:

• SVRD (RD ≤ 1): 165 (81.3%)

• LVRD (RD > 1): 36 (17.9%)

• Missing (n = 2)

Outcomes Overall survival (OS) was defined as the time from initial treatment to death or to the last follow-up ex-
amination.

5-year OS: 33.4%

Median OS: 37.5 months

Median OS in RD ≤ 1 cm: 40.6 months

Median OS in RD > 1 cm: 21.3 months

Multivariable Cox PH for OS adjusted for age, lymphadenectomy, macroscopic tumour in omentum,
number of chemotherapy cycles:

• LVRD (> 1 cm) (vs SVRD): HR 1.629 (95% CI 1.024 to 2.593), P = 0.039

Risk of bias (QUIPS) 1. Study participation (a-f): unclear risk

Adequate number of participants and description of target population. Baseline characteristics, sam-
pling frame and period/place study took place presented clearly. Though, inclusion criteria not de-
tailed.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD; 201 (99%) with available RD data

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of OS which was defined as the time from initial treatment to death or
to the last follow-up examination.

5. Adjustment for other prognostic factors (a-g): unclear risk

Number of chemotherapy cycles dichotomised along arbitrary cut-oG. Model predicting OS adjusted for
age, lymphadenectomy, macroscopic tumour in omentum, number of chemotherapy cycles. Inclusion
of other important PFs in model may alter results.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear how variables selected for multivariate models. But age was includ-
ed even though it was not significant at univariate, suggesting some assessment of clinical judgment in
selection of important PFs.

Outcome: progression-free survival

Not reported

Kaban 2017  (Continued)
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Notes Median follow-up, months: 34.5 (range: 1 to 124)

Kaban 2017  (Continued)

 
 

Study characteristics

Methods Retrospective, multicentre cohort study

Participants 793 women with FIGO stage IIIB to IV

Median age, years (range) (% < 55 years): 60 (19 to 88)

ECOG performance status (PS): 0 to 683 (86.1%); > 0 to 110 (13.9%)

FIGO stages, n (%):

• IIIB - 110 (13.9%)

• Stage IIIC - 318 (40.1%)

• Stage IV - 365 (46.0%)

Ascites, mL: ≤ 500 to 450 (56.7%); > 500 to 343 (43.3%)

Histology: high-grade serous - 660 (83.2%); others - 133 (16.8%)

Surgical complexity score: low/intermediate (≤ 7) - 165 (20.8%); high (≤ 8) - 628 (79.2%)

Lymph node dissection: systematic - 472 (59.5%); sampling - 111 (14%); no - 210 (26.5%)

CDC: 0 to 2 - 593 (74.8%); 3 to 4 - 176 (22.1%); 5 - 24 (3.0%)

Germany

Residual disease details Procedure performed by accredited gynaecological oncologist

All women underwent primary cytoreductive surgery followed by postoperative systemic therapy with
platinum-based chemotherapy

Residual disease was noted as follows, n (%):

• NMRD: 482 (60.8%)

• SVRD (1 mm to 10 mm): 226 (28.5%)

• LVRD (> 10 mm): 85 (10.7%)

Women were divided into 3 groups based on their age-adjusted Charlson Comorbidity Index (ACCI): low
(0 to 1), intermediate (2 to 3), and high (≥ 4)

Postoperative surgical complications were graded according to the Clavien-Dindo classification (CDC)

Outcomes Multivariate analysis of prognostic factors for OS:

Residual disease (versus NMRD):

• SVRD (1 mm to 10 mm): HR 1.96 (95% CI 1.55 to 2.46)

• LVRD (> 10 mm): HR 2.75 (95% CI 2.01 to 3.77)

Multivariate analysis of prognostic factors for high complications (CDC 3 to 5):

• Surgical complexity score: high (≤ 8): RR 1.70 (95% CI 1.01 to 2.85)

• Blood loss: ≥ 500: RR 1.0 (95% CI 0.64 to 1.44)

Kahl 2017 
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• Duration of surgery, minutes: ≥ 360: RR 1.84 (95% CI 1.24 to 2.72)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Ascites dichotomised along arbitrary cutoff of 500 mL. Multivariate model predicting OS adjusted for
ACCI, ECOG, FIGO stage, histology and ascites.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; criteria for variable selection into multivariate model is unclear. Dichotomi-
sation of continuous variables also apparent.

Outcome: progression-free survival

Not reported

Notes After a median follow-up was 47 months (interquartile range 18 to 87 months), 397 (50.1%) women had
died.

Significant differences between the 3 ACCI groups were detected for performance status (ECOG 0:
95.7% vs 84.2% vs 65.9%) and residual disease (NMRD 70.7% vs 55.3% vs 49.6%).

Residual disease after debulking surgery was significantly more frequent in women with a high ACCI
compared with women with an intermediate or low ACCI (50.4% vs 44.7% vs 29.3%)

The mortality rate in the low-ACCI group was 1.2%, in the intermediate-ACCI group it was 2.3% and it
was 9.8% for the high-ACCI group

Kahl 2017  (Continued)

 
 

Study characteristics

Methods Retrospective analysis of primary trials

Participants 5055 participants with stages I to IV ovarian cancer from AGO Study groups were included in Klar 2016.
A total of 4488/5130 (87.5%) were stage III/IV in the 4 reported trials that were included in Klar 2016 and
n = 4850 were included in the RD analysis.

AGO-OVAR 3 trial: n = 798

Klar 2016 
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• FIGO stage IIIA to IV: 717/798 (89.85%)

• Postoperative residual tumour size, n (%): unknown: 4; ≤ 1 cm: 488 (62.6%); > 1 cm: 291 (37.4%)

AGO-OVAR 5 trial: n = 1308

• FIGO stage IIIA to IV: 1191/1308 (91.06%)

• Postoperative residual tumour size, n (%): unknown: 122; ≤ 1 cm: 799 (67.4%); > 1 cm: 387 (32.6%)

AGO-OVAR 7 trial: n = 1282

• FIGO stage IIIA to IV: 1156/1282 (90.17%)

• Postoperative residual tumour size, n (%): unknown: 151; ≤ 1 cm: 773 (68.3%); > 1 cm: 358 (31.7%)

AGO-OVAR 9 trial: n = 1716

• FIGO stage IIIA to IV: 1424/1742 (81.75%)

• Postoperative residual tumour size, n (%): unknown: 156; ≤ 1 cm: 1.111 (70.1%); > 1 cm: 475 (29.9%)

Total cohort characteristics:

Overall mean age of all women was 57.4 years (standard deviation, 10.53)

FIGO 1A to IIA: 184 (3.6%); FIGO IIB to IIIB: 1182 (23.4%); FIGO IIIC to IV: 3684 (72.9%)

ECOG 0: 1999 (39.7%); ECOG 1: 2544 (50.5%); ECOG 2: 490 (9.7%); ECOG 3: 2 (0%); ECOG 4: 1 (0%)

BMI: underweight: 330 (6.5%); normal weight: 2099 (41.5%); overweight: 2626 (51.9%)

Residual tumour: NMRD: 1779 (36.7%); SVRD (1 mm to 10 mm): 1442 (29.7%); LVRD (> 10 mm): 1629
(33.6%)

Grading: G1: 399 (8.3%); G2: 1572 (32.9%); G3: 2574 (53.8%); G4: 225 (4.7%); GX: 10 (0.2%)

Histology: serous: 3656 (72.4%); endometrioid: 428 (8.5%); mucinous: 219 (4.3%); undifferentiated: 214
(4.2%); others: 533 (10.6%)

Death: tumour related: 2686 (94.8%); therapy associated: 24 (0.8%); other: 124 (4.4%)

Germany, Austria and France

Residual disease details Speciality of surgeon not reported

All women underwent surgical cytoreduction followed by chemotherapy regimens:

AGO-OVAR 3 trial: comparison of the combination of carboplatin/paclitaxel with paclitaxel/cisplatin

AGO-OVAR 5 trial: comparison of carboplatin/paclitaxel and epirubicin with carboplatin/paclitaxel

AGO-OVAR 7 trial: comparison of carboplatin/paclitaxel followed by topotecan with carboplatin/pacli-
taxel

AGO-OVAR 9 trial: comparison of carboplatin and paclitaxel with or without gemcitabine

Outcomes The effect of young age on PFS and OS in a multivariate analysis including all potential confounders

FIGO III to IV versus IIB to IIIB:

• PFS (HR 1.55, 95% CI 1.40 to 1.71)

• OS (HR 1.51, 95% CI 1.34 to 1.70)

Residual tumour NMRD versus SVRD:

• PFS (HR 0.47, 95% CI 0.43 to 0.52)

• OS (HR 0.43, 95% CI 0.38 to 0.49)

Klar 2016  (Continued)
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Residual tumour LVRD (> 10 mm) versus SVRD (1 mm to 10 mm):

• PFS (HR 1.22, 95% CI 1.12 to 1.33)

• OS (HR 1.21, 95% CI 1.10 to 1.33)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place of study presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Adequate cut-oG for residual disease used. As data come from different trials, this may introduce het-
erogeneity in measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age and BMI dichotomised. Tumour grading also dichotomised. Multivariate model for OS adjusted for
ECOG, BMI, FIGO stage, tumour grading and histology.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on reasons why the particular specific set of variables were selected
for univariate screening. Criteria for variable selection into multivariate models unclear. Dichotomisa-
tion of continuous variables apparent.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age and BMI dichotomised. Tumour grading also dichotomised. Multivariate model for PFS adjusted for
ECOG, BMI, FIGO stage, tumour grading and histology.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on reasons why the particular specific set of variables were selected
for univariate screening. Criteria for variable selection into multivariate models unclear. Dichotomisa-
tion of continuous variables apparent.

Notes Follow-up times:

• AGO-OVAR 3 trial: women were followed for nearly 50 months in the trial

• AGO-OVAR 5 trial: median follow-up time for surviving women in both groups was 42 months (range
0 to 61 months)

• AGO-OVAR 7 trial: median KM follow-up time was 54 months for both groups

• AGO-OVAR 9 trial: median follow-up time was 49 months in both groups

Klar 2016  (Continued)
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Study characteristics

Methods Retrospective review of medical records

Participants Women with stage IIIC to IV primary ovarian cancer and managed with the intention of complete tu-
mour cytoreduction (NMRD) followed by treatment with Taxol and platinum-based chemotherapy

Women had to be 65 years of age and older

Exclusion: women who received neoadjuvant chemotherapy, underwent initial surgical debulking at
another facility or had borderline tumour histology or non-epithelial cancer. Women who required
emergent/urgent surgical intervention due to a small bowel obstruction were included if the stated pri-
mary surgical goal was to achieve complete cytoreduction, otherwise they were excluded.

N = 280

Mean age 73.5 years (range: 65 to 89); 33% 80 years or older

The group of women was divided into 4 age groups: 65 to 69, 70 to 74, 75 to 79, over 80 for statistical
analysis

ASA 1 to 2: 96, 3 to 4: 181

Stage IIIC: 210, Stage IV: 67

Histological subtype; serous: 205, mucinous: 6, endometrioid: 17, clear cell: 6, other: 43

40% albumin > 3.0 g/dL

Mean creatinine = 1.05

USA

Residual disease details Type of surgeon not reported

Postoperative residual disease was defined as:

• NMRD 61 (21.8%)

• SVRD (0 cm to 1 cm) 120 (42.8%)

• LVRD (> 1 cm) 95 (35.5%)

The surgical complexity score (SCS) was assigned based on the extent of surgical effort and is calculat-
ed based on the number and type of procedures the women underwent. High complexity is defined if
the score is over 7, and low complexity if the score is 3 or less.

Outcomes OS

HR (LVRD (> 1 cm) vs NMRD) 4.51 (95% CI 2.92 to 7.17)

HR (SVRD vs NMRD) 2.24 (95% CI 1.48 to 3.49)

HRs adjusted for creatinine, surgical complexity score, FIGO stage and age group

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Langstraat 2011 
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Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): unclear risk

Ascites was dichotomised with arbitrary cutoff of 1000 mL. Age as defined as a continuous and categor-
ical variable in univariate analysis. CA-125 dichotomised with arbitrary cutoff of 750 U/mL. Creatinine
dichotomised arbitrarily. Multivariate model predicting OS adjusted for creatinine, surgical complexity
score, FIGO stage and age.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection strategy into multivariate model

Outcome: progression-free survival

Not reported

Notes Mean follow-up was of 3.2 years (range 0 to 15.8 years)

30-day mortality was observed in 12 of 280 (4.3%) women

Older women who underwent surgery had a poorer performance score, higher mean creatinine, low-
er mean albumin and were more likely to have stage III disease. Only 15% of women who underwent
surgery in the oldest age group had stage IV disease, compared to 26% of the rest of the cohort.

Survival benefit was most apparent with complete cytoreduction but this benefit decreased with in-
creasing age (median survival 5 years versus age group 65 to 69 at 5.9 years.

Despite the trend towards lower surgical complexity in the older women over age 80 years (45%), there
was a significant increase in surgical morbidity, mortality and the inability to receive chemotherapy.
Similar trend was seen in women aged > 75 years.

Langstraat 2011  (Continued)

 
 

Study characteristics

Methods Retrospective, multicentre cohort study in 9 referral centres of France, constituting the FRANCOGYN
study group

Participants 501 women with histologically confirmed advanced epithelial ovarian cancer of stages III or IV accord-
ing to the FIGO classification, diagnosed between January 2000 and June 2017. Participants were split
into those with ≤ 4 NACT cycles and > 4 NACT cycles.

Median age: ≤ 4 NACT cycles: 60.7 years; > 4 NACT cycles: 62.6 years
BMI: < 25: 406 (81%); 25 to 30: 2 (1%); > 30: 93 (18%)
White ethnicity: 246/284 (87%)
Personal or familiar history of gynaecological cancer: 171 (34%)
FIGO III: 409 (82%); FIGO IV: 92 (18%)

Lecointre 2020 
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Serous histology: 274/478 (57%)
Pre-operative CA-125, U/mL: > 500: 302 (60%); ≤ 500: 199 (40%)
Charlson index ≥ 1: 103/298 (35%)
Tumour grade 1 to 2: 65 (13%); tumour grade 3: 248 (87%)

Residual disease details The type of surgery performed was classified as complete (R0) when all visible tumours were removed
(NMRD (referred to RD0 in study)) at the end of the intervention, R1 when it was ≤ 2.5 mm, R2 when it
was more than > 2.5 mm but less than 2.5 cm

NMRD: 346/471 (73%); RD > 0 cm to 2.5cm: 125/471 (27%)

30 participants had missing RD data

Outcomes Median OS: 54.2 months
5-year survival
≤ 4 cycles: 45.6%; > 4 cycles: 27.6%
10-year survival
≤ 4 cycles: 26 %; > 4 cycles: 11%

In multivariate Cox model controlling for number of NACT cycles (≤ 4, > 4); age (cat); Charlson index; FI-
GO; lymph node status (N+ vs N0); response to NACT; residual disease (RD > 0 cm to 2.5 cm vs NMRD)
(adjusted HR 2.04 (95% CI 1.53 to 2.72))

Median PFS: 22.9 months
5-year survival
≤ 4 cycles: 19.7%; > 4 cycles: 11.7%

In multivariate Cox model controlling for number of NACT cycles (≤ 4, >4); age (cat); response to NACT;
residual disease (RD > 0 cm to 2.5 cm vs NMRD) (adjusted HR 1.36 (95% CI 1.05 to 1.76)) 

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. 471 (94%) have RD data. Multicentre design may introduce het-
erogeneity in measurement of RD.

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): high risk

Multivariate Cox model for OS adjusted for number of NACT cycles (≤ 4, > 4); age (cat); Charlson index;
FIGO; lymph node status (N+ vs N0); response to NACT; residual disease (RD > 0 cm to 2.5 cm vs RD 0
cm)

Large missing data rate for Charlson index (40%) and response to NACT (24%) - no methods discussed
to handle missing data therefore assumed complete case analysis.

6. Statistical analysis and reporting (a-d): unclear risk

Lecointre 2020  (Continued)
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No conceptual framework; data driven based on P values of univariate associations. Unclear on rea-
sons why the particular specific set of variables were selected for univariate screening. Although multi-
variate estimates for RD were presented in the text of results, they did not appear in the corresponding
tables.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): high risk

Multivariate Cox model for PFS adjusted for number of NACT cycles (≤ 4, > 4); age (cat); response to
NACT; residual disease (RD > 0 cm to 2.5 cm vs RD 0 cm)

Large missing data rate for response to NACT (24%) - no methods discussed to handle missing data
therefore assumed complete case analysis.

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; data driven based on P values of univariate associations. Unclear on rea-
sons why the particular specific set of variables were selected for univariate screening. Although multi-
variate estimates for RD were presented in the text of results, they did not appear in the corresponding
tables.

Notes Study reports n = 471 with RD data, but due to missing data from other variables in the multivariate
model, the HR estimates for OS and PFS may not be based on complete case analysis and could be
based on less, unless imputation was used (e.g. multiple imputation by chained equations).

Median NACT cycles

≤4 cycles: median 4 (range 3 to 4); > 4 cycles: median 6 (range 5 to 8)

NACT regime

Platinum and taxane: 464 (93%); other platinum-based: 37 (7%)

Response to NACT:

Complete response: 73/380 (19%); partial: 307/380 (81%)

Time from diagnosis to IDS, months

≤ 4 NACT cycles: 3.8 (range 3.1 to 4.7); > 4 cycles: 5.9 (range 5.1 to 7.7)

Operating duration, minutes

≤ 4 cycles: 328 (range 300 to 375); > 4 cycles: 360 (range 293 to 450)

Blood transfusion:

Yes: 44/77 (57%); no: 33/77 (43%)

Intraoperative complications:

Yes: 57/387 (15%); no: 330/387 (85%)

Lecointre 2020  (Continued)
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Methods Secondary analysis of the CHIVA double-blind randomised phase II GINECO study. The CHIVA trial ex-
plored the role of nintedanib in combination with NACT vs placebo in combination with NACT.

Participants N = 163 participants treated with NACT with FIGO stage IIIC to IV AOC considered as unresectable after
laparoscopic (lap) evaluation

188 participants were originally enrolled into the trial. The decision to exclude 25 participants was not
stated.

Residual disease details Women were treated with 3 to 4 cycles of platinum-taxane NACT + oral nintedanib before interval de-
bulking surgery (IDS). CT (up to 6 cycles in total) and nintedanib were pursued postoperatively.

No definition of optimal cytoreduction provided. Complete surgical resection response (referred to in
study as CC0) included as variable but no explicit definition.

Outcomes Multivariable Cox PH model adjusted for ECOG, ascites, neutrophil/lymphocyte ratio, PCI at baseline,
RECIST ORR, CC0 at IDS, PCR and treatment arm (nintedanib vs placebo):

• Complete surgical response (CC0) was predictive of both PFS and OS in multivariable Cox PH models
(P < 0.01)

Risk of bias (QUIPS) 1. Study participation (a-f): high risk

Abstract only therefore insufficient information on study participation

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): high risk

Not explicitly stated but implied that model predicting OS adjusted for ECOG, ascites, neutrophil/lym-
phocyte ratio, Peritoneal Cancer Index at baseline, response rate at end of NACT according to RECIST
(RECIST ORR), pathological complete or near complete response rate and treatment arm

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection criteria undefined and magnitude of effect not reported,
only P value

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): high risk

Not explicitly stated but implied that model predicting OS adjusted for ECOG, ascites, neutrophil/lym-
phocyte ratio, Peritoneal Cancer Index at baseline, response rate at end of NACT according to RECIST
(RECIST ORR), pathological complete or near complete response rate and treatment arm
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6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection criteria undefined and magnitude of effect not reported,
only P value

Notes Abstract only

Refer to Ferron 2019 for trial results for all n = 188 participants

From Ferron 2019:

Women with FIGO stage IIIC to IV chemotherapy-naive AEOC considered as unresectable after laparo-
scopic evaluation were randomised (2:1) to be treated with 3 to 4 cycles (cy) of carboplatin (AUC 5 mg/
mL/min) and paclitaxel (175 mg/m2) (CP) before interval debulking surgery (IDS) followed by 2 to 3 cy-
cles of CP for a total of 6 cycles, plus either 200 mg of nintedanib (arm A) or placebo (arm B) twice daily
on days 2 to 21 q3 week at cycles 1 and 2, 5 and 6 and maintenance therapy for up to 2 years.

Lecuru 2019  (Continued)

 
 

Study characteristics

Methods Retrospective analysis of past medical data from First Affiliated Hospital of Third Military Medical Uni-
versity from January 2009 to December 2017

China

Participants 114 women with stage III to IV epithelial ovarian cancer diagnosed by biopsy or cytologic examination
based on histological proofs who received neoadjuvant chemotherapy followed by laparoscopic con-
servative interval debulking surgery (NACT + LIDS)

Mean age: 51.6 (SD 9.3)
Mean BMI: 23.2 (SD 3.3)
FIGO III: 94 (82%); FIGO IV: 10 (18%)
Serous histology: 97 (85%)
Tumour grade
High: 92 (81%); medium: 4 (3%); low 3 (3%); unknown: 15 (13%)
Lymph node status
Positive: 56 (49%); negative: 58 (51%)

Residual disease details NMRD (referred to in study as R0) disease was defined as all diseases that were cytoreduced by elec-
tronic devices. If these diseases were not resected using an en bloc approach, leaving SVRD (≤1 cm), au-
thors considered it as optimal (R1).

NMRD: 66 (58%)

SVRD (< 1 cm): 48 (42%)

Outcomes Median OS: 56 months

Univariate association between RD and OS was reported ≥ SVRD (< 1 cm) vs NMRD: HR 9.589 (95% CI
3.911 to 23.507)

No variable other than RD was included in the "multivariate" model. Therefore, this was not included in
the analysis and this is noted in the interpretation of the results.

Median DFS: 14 months

After controlling for age (continuous), residual disease (SVRD vs NMRD): adjusted HR 6.022 (95% CI
3.632 to 9.986)
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Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcomes

5. Adjustment for other prognostic factors (a-g): high risk

No variable other than RD was included in the "multivariate" model. Therefore, this was not included in
the analysis and this is noted in the interpretation of the results.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear how variables were selected into multivariate model and why the
absence of key variables.
Selection strategy led to multivariate Cox model for OS with RD as the only predictor.

Outcome: disease-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcomes

5. Adjustment for other prognostic factors (a-g): high risk

Only adjustment for age in multivariate model for DFS

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear how variables were selected into multivariate model and why the
absence of key variables.

Notes Patients received IV paclitaxel and carboplatin/ cisplatin or IV docetaxel and cisplatin every 3 weeks

Number of NACT cycles

2: 67 (59%); 3: 37 (32%); 10: (9%)

Number of adjuvant chemotherapy cycles

3 to 4: 30 (26%); 5: 42 (37%); ≥ 6: 42 (37%)

Liu 2020  (Continued)
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Methods Multicentre, retrospective review of consecutive women who underwent NACT-IDS in 5 Italian centres

Participants N = 193 participants with advanced-stage ovarian cancer

Residual disease details 3 NACT cycles: 77 (44%)

4 NACT cycles: 74 (38%)

5 NACT cycles or more: 43 (22%)

Text suggests residual disease was treated as NMRD vs any macroscopic RD (> 0 cm)

Outcomes 5-year overall survival (OS) was 46% and 31% for women having 3 and 4+ cycles of NACT

10-year OS was 26% and 18% for women having 3 and 4+ cycles of NACT

"A trend towards worse OS was observed for women with residual disease at IDS": HR 1.29 (95% CI 0.98
to 1.70), P = 0.06

Unknown number of covariates in model except for ECOG performance status. Residual disease vari-
able presumed to be RD > 0 cm vs NMRD.

Risk of bias (QUIPS) 1. Study participation (a-f): high risk

Abstract only therefore insufficient information on study participation

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): high risk

Unclear on which variables were adjusted for but we know there is at least ECOG and number of NACT
cycles

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on reasons why the particular specific set of variables were selected
for multivariate model

Outcome: progression-free survival

Not reported

Notes Abstract only

Lorusso 2016  (Continued)
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Study characteristics

Methods Retrospectively review of patients diagnosed between 2000 and 2016

Austria

Participants 178 stage III and IV ovarian cancer patients

Median age at diagnoses was 64.6 years (interquartile range (IQR) 50.8 to 72.7)

Only patients without surgically removed enlarged cardiophrenic lymph nodes (CPLN) were eligible for
this study

FIGO III: 91 (51%); FIGO IV: 87 (49%)

Histology

Serous: 157 (88%); mucinous: 3 (2%); endometrioid: 13 (7%); clear cell: 5 (3%)

Tumour grade: 1: 17 (10%); 2: 82 (46%); 3: 79 (44%)

Median follow-up duration: 49.6 months (IQR 32.9 to 66.3)

Residual disease details All patients received primary upfront primary debulking surgery (PDS) by dedicated teams including at
least one certified gynaecologic oncologist, and all received adjuvant platinum-based chemotherapy.

The authors defined “No residual disease” as complete macroscopic tumour resection at the end of de-
bulking surgery

Residual disease groups:

NMRD: 133 (75%)

RD > 0 cm: 45 (25%)

Outcomes Overall and progression-free survival

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

HR for OS was adjusted for age (> 64.6 years), CA-125, paraaortic nodes (positive), stage, residual dis-
ease, and CPLN dimension in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

Luger 2020 
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No conceptual framework; unclear of variable selection criteria in multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

HR for PFS was adjusted for age (> 64.6 years), CA-125, paraaortic nodes (positive), stage, residual dis-
ease, and CPLN dimension in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model

Notes Residual disease in multivariate model for: PFS: HR 2.44 (95% CI 1.23 to 4.84), P = 0.011; OS: HR 2.17
(95% CI 1.11 to 4.69), P = 0.028. The upper 95% CI for OS was entered into forest plots as 4.26 so slight
margin of error in the reported statistic). Multivariate model was adjusted for age, CA-125, histological-
ly positive paraaortic lymph nodes, FIGO stage (IIIA to IIIC vs FIGO IVA and IVB), cardiophrenic lymph
node (CPLN) and residual disease.

Recurrence was observed in 66.9% (n = 119) of patients and the median progression-free survival
was 12.0 months (IQR 5.5 to 30.5). 80 patients (44.9%) died during a median time of follow-up of 49.6
months (IQR 32.89 to 66.26).

Adjuvant chemotherapy:
Carboplatin + paclitaxel: 150 (84%); carboplatin: 24 (14%); carboplatin + endoxan: 4 (2%)

Platinum response:
Refractory + resistant: 35 (20%); sensitive: 143 (80%)

A systematic pelvic and paraaortic lymphadenectomy (removal of ≥ 20 retroperitoneal lymph nodes
was performed in 84.2% of patients
Systematic retroperitoneal lymphadenectomy (removal of ≥ 20 nodes): 150 (84.2%)
Sampling retroperitoneal lymphadenectomy (removal of < 20 nodes): 8 (4%)
Median number of removed nodes: 26 (IQR 7 to 37)
88 (68%) had exhibited histologically proven retroperitoneal lymph node metastases

Intraperitoneal carcinomatosis radiologically evident in 151 (85%)
Radiological diagnosis of upper abdominal spread in 72 (41%)

Luger 2020  (Continued)
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Methods Retrospective analysis of a prospective randomised controlled trial comparing different chemother-
apy dosing schedules. It aimed to determine the importance of chemotherapy dose intensity on sur-
vival, progression-free survival (PFS) and response. This was not a trial of surgery but the report allows
a comparison of survival outcomes for subgroups women with stage III ovarian cancer who have had <
2 cm or ≥ 2 cm of residual disease following surgery and therefore is relevant to this review.

Participants 458 women with FIGO stage III and IV epithelial ovarian cancer were recruited. These were women who
had more than 1 cm residual disease following initial surgery.

27 women were ineligible: incorrect stage (n = 5), incorrect primary tumour (n = 9), incorrect cell type (n
= 7), history of prior malignancy (n = 3), prior chemotherapy (n = 1) and other (n = 2)

Women with borderline ovarian tumours (low malignant potential) were excluded

McGuire 1995 
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Recruitment was from December 1986 to April 1990 and all women had undergone a surgical procedure

The median age at study entry was 60 years (range: 20 to 83)

305 (67%) and 153 (33%) women had FIGO stage III and IV disease, respectively

Tumour cell type: serous 312 (68.1%), endometrioid: 64 (14%), mucinous; 12 (2.6%), clear cell: 12
(2.6%), other: 58 (12.7%)

Tumour grade: 1: 26 (9%), 2: 114 (39%), 3: 152 (52%), not specified 2 (1%)

GOG score: 0: 150 (32.8), 2: 213 (46.5%), 3: 95 (20.7%)

Residual disease details Residual disease was noted as follows:

1. LVRD between 1 cm and 2 cm for women with stage III disease: 31 (6.8%)

2. LVRD greater than 2 cm for women with stage III disease: 274 (58.9%)

3. LVRD between 1 cm and 2 cm for women with stage IV disease: 54 (11.8%)

4. LVRD greater than 2 cm for women with stage IV disease: 99 (21.6%)

Definition of optimal surgery:

All women were 'suboptimally' cytoreduced with > 1 cm of residual disease

Chemotherapy:

2 trial arms with women receiving either standard chemotherapy: cyclophosphamide 500 mg/m2 and

cisplatin 50 mg/m2 intravenously every 3 weeks for 8 courses OR intense chemotherapy: cyclophos-

phamide 1000 mg/m2 and cisplatin 100 mg/m2 intravenously every 3 weeks for 4 courses. Dose modifi-
cation was rigidly controlled to maintain intensity.

Outcomes Overall survival and progression-free survival: HR adjusted for age, GOG performance status, histologi-
cal sub-type, stage/residual disease and measurable disease using Cox model:

III, ≥ 2 cm vs III, 1 to 2 cm: HR 1.91

IV, 1 cm to 2 cm vs III, 1 to 2 cm: HR 1.89

IV, ≥ 2 cm vs III, 1 to 2 cm: HR 2.29

Overall and progression-free survival (PFS) were measured from the date of randomisation. All eligible
women were included in the analysis of outcomes. All causes of death were used to calculate survival,
and the estimates were based on Kaplan-Meier procedures.

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

McGuire 1995  (Continued)
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Valid and reliable measurement of outcome. OS was measured from the date of randomisation.

5. Adjustment for other prognostic factors (a-g): unclear risk

Multivariate model for OS adjusted for age, GOG performance status, histological subtype and measur-
able disease

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model. Magnitude of ef-
fect not reported with confidence interval and only P value was available.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. PFS was measured from the date of randomisation.

5. Adjustment for other prognostic factors (a-g): unclear risk

Multivariate model for PFS adjusted for age, GOG performance status, histological subtype and mea-
surable disease

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria in multivariate model. Magnitude of ef-
fect not reported with confidence interval and only P value was available.

Notes Mean and median length of follow-up were not reported. Since this trial was a trial of chemotherapeu-
tic regimens, the randomisation did not aim to compare the effect of different degrees of surgical de-
bulking. The findings borne out on multivariate analysis are similar to those in retrospective and cohort
studies. The prospective nature of this study has, however, facilitated the collection of a fairly complete
data set and gives this work some authority.

Other variables in Cox model:

Age (years): reference group: women aged less than 55 years (P = 0.47): 55 to 65: HR 1.08; > 65: HR 1.38

GOG performance status: reference group: GOG 0 (P = 0.009) 1: HR 1.26, 2: HR 1.56

Histological subtype: reference group: serous adenocarcinoma (P < 0.001):

Endometrioid: HR 0.951, mucinous: HR 8.31, clear cell: HR 1.79, other: HR 0.84

Measurable disease: reference group: 
No: (P = 0.01)

Yes: HR 1.43

From the study both advancing age and worsening performance status were associated with poorer
survival. In addition, mucinous histology is associated with an 8.3 times greater death rate than serous
histology (P < 0.001).

The study shows residual disease after surgery impacts on survival. Even in 'suboptimal' cytoreduction
(residual disease greater than 1 cm), women with stage III disease and residual disease diameter less
than 2 cm exhibited lower death rates than either those with stage III diease and residual disease diam-
eter of ≥ 2 cm, or those with stage IV disease.

McGuire 1995  (Continued)
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Methods Retrospective cohort study

Participants 307 women with stage IIIC to IV epithelial clear cell carcinoma were included in the analysis

Age group:

• < 40: 10 (3.3%)

• 40 to 49: 59 (19.2%)

• 50 to 59: 131 (42.7%)

• 60 to 69: 82 (26.7%)

• 70 to 79: 23 (7.5%)

• 80+: 2 (0.7%)

Median age was 56 years

Race/ethnicity:

• Asian: 25 (8.1%)

• Black: 18 (5.9%)

• Hispanic: 24 (7.8%)

• White: 240 (78.2%)

Stage:

• IIIC: 241 (78.5%)

• IV: 66 (21.5%)

USA

Residual disease details Speciality of surgeon not reported

All women underwent primary cytoreductive surgery and adjuvant chemotherapy

Residual disease status was classified as follows:

• NMRD: 141 (45.9%)

• SVRD (1 cm or less): 77 (25.1%)

• LVRD measuring > 1 cm: 23 (7.5%)

• Unknown: 66 (21.5%)

Outcomes The primary outcome for OS was time from diagnosis to death from any cause, or to last contact, as
recorded by the cancer registrar

NMRD: (AHR 0.34, 95% CI 0.18 to 0.64)

SVRD (≤ 1 cm): (AHR 0.94, 95% CI 0.50 to 1.75)

LVRD (> 1 cm): (AHR referent)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Melamed 2017a  (Continued)
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Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. OS was time from diagnosis to death from any cause, or to
last contact, as recorded by the cancer registrar.

5. Adjustment for other prognostic factors (a-g): high risk

Age arbitrarily categorised. Multivariate model predicting OS adjusted for age, race/ethnicity, stage, re-
gion, insurance status, treating facility type, hospital annual ovarian cancer volume and presence of
comorbidities

6. Statistical analysis and reporting (a-d): unclear risk

Authors reported that covariates were selected a priori but difficult to verify

Outcome: progression-free survival

Not reported

Notes Analysis is a subgroup of women who were analysed from a study that identified 6013 women with
stage IIIC and IV high-grade serous, 307 with clear cell and 140 with mucinous histology

The median follow-up was 34.1 months

Melamed 2017a  (Continued)

 
 

Study characteristics

Methods Retrospective cohort study

Participants 6013 women with stage IIIC to IV epithelial high-grade serous ovarian cancer were included in the
analysis

Age group, n (%):

• < 40: 117 (1.8%)

• 40 to 49: 859 (13.3%)

• 50 to 59: 1827 (28.3%)

• 60 to 69: 2047 (31.7%)

• 70 to 79: 1297 (20.1%)

• 80+: 314.8%)

Median age was 63 years

Race/ethnicity, n (%):

• Asian: 236 (3.7%)

• Black: 467 (7.2%)

• Hispanic: 377 (5.8%)

• White: 5318 (82.3%)

• Other/unknown: 62 (1.0%)

Stage, n (%):

Melamed 2017b 
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• IIIC: 4954 (76.7%)

• IV: 1506 (23.3%)

USA

Residual disease details Speciality of surgeon not reported

All women underwent primary cytoreductive surgery and adjuvant chemotherapy

Residual disease status was classified as follows:

• NMRD: 2048 (34.1%)

• SVRD measuring 1 cm or less: 1848 (30.7%)

• LVRD measuring > 1 cm: 546 (9.1%)

• Unknown: 1571 (26.1%)

Outcomes The primary outcome for OS was time from diagnosis to death from any cause, or to last contact, as
recorded by the cancer registrar

NMRD: (AHR 0.58, 95% CI 0.49 to 0.69)

SVRD (≤ 1 cm): (AHR 0.85, 95% CI 0.72 to 1.01)

LVRD (> 1 cm): (AHR referent)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. OS was time from diagnosis to death from any cause, or to
last contact, as recorded by the cancer registrar.

5. Adjustment for other prognostic factors (a-g): high risk

Age arbitrarily categorised. Multivariate model predicting OS adjusted for age, race/ethnicity, stage, re-
gion, insurance status, treating facility type, hospital annual ovarian cancer volume and presence of
comorbidities

6. Statistical analysis and reporting (a-d): unclear risk

Authors reported that covariates were selected a priori but difficult to verify

Outcome: progression-free survival

Not reported

Notes Analysis is a subgroup of women who were analysed from a study that identified 6013 women with
stage IIIC and IV high-grade serous, 307 with clear cell and 140 with mucinous histology

Melamed 2017b  (Continued)
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The median follow-up was 34.1 months
Melamed 2017b  (Continued)
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Methods Retrospective analysis of data obtained from electronic medical records

Participants 419 EOC women of stages IIIB, IIIC or IV with high-grade serous type histology were investigated

48 (11.5%) with a normal-sized ovary (less than 4 cm in the longest diameter, with a tumour size greater
than 5 × 5 mm within the ovarian substance)

Mean age of women was 54.5 ± 10.3 years

Women with enlarged-ovarian tumour were younger (54.0 ± 10.3 vs 58.4 ± 9.2 years) than those in the
normal-sized ovary group

The mean size of ovary was 7.5 ± 3.9 cm for the whole group:

• With enlarged-ovarian tumour (n = 371): 8.1 ± 3.8 cm

• With normal-sized ovary (n = 48); 3.2 ± 1.1 cm

FIGO stage IIIB: 15 (3.6%); stage IIIC: 335 (84.7%); stage IV: 49 (11.7%)

Initial CA-125 (U/mL): 1922.4 ± 2968.9

ASA physical status:

• I: 191 (45.6

• II: 178 (42.5)

• III: 18 (4.3)

• Unknown: 32 (7.6)

Korea

Residual disease details Speciality of surgeon not reported

Women were treated with primary debulking surgery (PDS) with adjuvant chemotherapy for primary
treatment

Residual disease status after PDS (cm) was classified as follows, n(%):

• NMRD: 107 (25.5%)

• SVRD (< 1 cm): 147 (35.1%)

• LVRD (≥ 1 cm): 165 (39.4%)

For adjuvant chemotherapy, the first cycle of combination chemotherapy consisting of taxane/plat-
inum was initiated routinely within 2 weeks of surgery

Subsequent chemotherapy cycles were performed every 3 weeks for 6 cycles, but there could have
been variation in the number of cycles depending on women situation

Overall survival (OS) was defined as the time between initial diagnosis and women death or loss to fol-
low-up

Progression-free survival (PFS) was designated as the time between diagnosis and women recur-
rence/progression or loss to follow-up

Paik 2018 
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Outcomes Multivariate Cox proportional hazards analysis of PFS and OS to adjust for risk-associated prognostic
clinical features

Residual disease status after PDS (cm):

• NMRD: PFS and OS (HR 1)

• SVRD (< 1 cm): PFS (HR 1.591, 95% CI 1.153 to 2.193); OS (HR 2.291, 95% CI 1.398 to 3.752)

• LVRD (≥ 1 cm): PFS (HR 1.698, 95% CI 1.239 to 2.326); OS (HR 2.549, 95% CI 1.564 to 4.152)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. OS was defined as the time between initial diagnosis and
women death or loss to follow-up.

5. Adjustment for other prognostic factors (a-g): unclear risk

CA-125 arbitrarily dichotomised at cutoff of 35 mL. Multivariate model for OS adjusted for age, CA-125,
FIGO stage and normal sized ovary

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear variable selection criteria into multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. PFS was designated as the time between diagnosis and
women recurrence/progression or loss to follow-up.

5. Adjustment for other prognostic factors (a-g): unclear risk

CA-125 arbitrarily dichotomised at cutoff of 35 mL. Multivariate model for PFS adjusted for age, CA-125,
FIGO stage and normal sized ovary.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear variable selection criteria into multivariate model

Notes In total cohort with a median follow-up period of 43 months (range, 3 to 164 months),

Inferior overall survival (OS) was shown in the normal-sized ovary group (median OS, 71.2 vs 41.4
months

At the time of analysis, of the 419 enrolled women, 298 (71.1%) experienced a relapse, and 192 (45.8%)
died after a median observation time of 43 months (range, 3 to 164 months)

Paik 2018  (Continued)
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Other variables in cox model:

Age (continuous): PFS (HR 0.966, 95% CI 0.985 to 1.007); OS (HR 1.003, 95% CI 0.989 to 1.017)

CA-125 level (U/mL):

• < 35: PFS and OS (HR 1)

• ≥ 35: PFS (HR 2.167, 95% CI 1.020 to 4.601); OS (HR 4.437, 95% CI 1.077 to 17.549)

FIGO stage:

• IIIB: PFS and OS (HR 1)

• IIIC: PFS (HR 1.130, 95% CI 0.529 to 2.414); OS (HR 0.638, 95% CI 0.280 to 1.453)

• IV: PFS (HR 1.178, 95% CI 0.520 to 2.671); OS (HR 0.621, 95 % CI 0.249 to 1.550)

Normal-sized ovary:

• No: PFS and OS (HR 1)

• Yes: PFS (HR 1.180, 95% CI 0.839 to 1.660); OS (HR 1.593, 95% CI 1.097 to 2.314)

For primary surgical treatment, bilateral salpingo-oophorectomy, hysterectomy, peritoneal washing,
retroperitoneal lymphadenectomy, omentectomy and tumourectomy of any metastatic lesions were
performed routinely

Paik 2018  (Continued)
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Methods Retrospective study

Participants 259 with advanced epithelial ovarian and fallopian tube cancer met the inclusion criteria

Median age was 58 years (range: 22 to 77 years)

Primary site disease: ovary 256 (98%); fallopian tube 3 (2%)

FIGO stages: IIIC: 199 (76%); IV: 60 (24%)

Tumour grades: grade 1 to 2: 53 (21%); grade 3: 198 (76%); grade N/A: 8 (3%)

Histological type:

• Serous: 184 (71%)

• Endometrioid: 39 (15%)

• Clear cell: 8 (3%)

• Mixed: 26 (10%)

• Others: 2 (1%)

Peritoneal carcinomatosis: yes: 188 (72%); no: 71 (28%)

Location of largest mass:

• Pelvis: 130 (50%)

• Omentum: 110 (42%)

• Upper abdomen: 14 (5%)

• Retroperitoneal node: 1 (0.4%)

• Other: 4 (1.6%)

Intraoperative units blood transfused, n (%):

Peiretti 2010 
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• None: 147 (56%)

• 1 to 2: 67 (26%)

• 3 to 4: 31 (12%)

• > 5: 14 (5%)

Postoperative units blood transfused, n (%):

• None: 122 (47%)

• 1 to 2: 113 (43%)

• 3 to 4: 23 (8%)

• > 5: 4 (2%)

Size of largest mass (cm): ≤ 10: 98 (38%); > 10: 161 (62%)

Median CA-125 (range): 913 U/mL (17 to 52,817)

Median ascites (range): 1500 cc (100 to 15,000)

Spain and Italy

Residual disease details All these women underwent an attempt of maximal surgical cytoreduction unless there was unre-
sectable disease as determined by the attending surgeon. Speciality of surgeon not reported.

Postoperative platinum-based chemotherapy was administered in all women

Residual tumour classed as:

• NMRD: 115 (44%)

• 1 mm to 5 mm: 50 (19%)

• 6 mm to 10 mm: 33 13%)

• 11 mm to 20 mm: 18 (7%)

• > 20 mm: 43 (17%)

Progression-free survival (PFS) was defined as the time interval from date of surgery to the date of the
documented first recurrence of disease

Outcomes At multivariate analysis, age greater than 60 years (P = 0.025), stage IV vs IIIC (P = 0.037) and any resid-
ual disease (P = 0.032) were shown to have an independent association with worse PFS

Median estimated blood loss (range): 700 cc (50 to 6000)

The median length of hospital stay was 9 days

Median length of surgery (range): 270 minutes (70 to 480)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

Peiretti 2010  (Continued)
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4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. OS was defined as the time interval from date of surgery
to the date of death or last follow-up

5. Adjustment for other prognostic factors (a-g): high risk

Not reported in multivariate analyses. Only univariate results.

6. Statistical analysis and reporting (a-d): high risk

Not reported in multivariate analyses

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. PFS was defined as the time interval from date of surgery
to the date of the documented first recurrence of disease.

5. Adjustment for other prognostic factors (a-g): high risk

Age categorised. Multivariate model predicting PFS adjusted for age and FIGO stage. Unclear if ascites
was included in multivariate model or not.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection criteria for multivariate analyses unstated. Multivariate
results (hazard ratios) PFS not displayed, only P values.

Notes After a median follow-up of 29.8 months, PFS and overall median survival (OS) were 19.9 and 57.6
months respectively

92% of the women completed 5 or more cycles of platinum-based systematic chemotherapy
At univariate analysis, factors significantly associated with decreased PFS included: age greater than
median (N60 years), stage IV, presence of ascites N1000 cc, presence of diffuse peritoneal carcinomato-
sis and macroscopic residual disease

Peiretti 2010  (Continued)

 
 

Study characteristics

Methods Retrospective medical chart review

Participants 238 consecutive women who underwent rectosigmoid colectomy as part of cytoreductive surgery for
ovarian cancer during the study interval were included

Median age was 59.7 years (range: 22 to 85 years)

FIGO stage IIC: 3 (1%); IIIA: 1(0.4%); IIIB: 2 (0.8%); IIIC: 174 (73%); IV: 58 (24%)

Primary site disease:

• Ovary: 230 (96%)

• Fallopian tube: 4 (2%)

• Peritoneal cancer: 4(2%)

Tumour grade:

• 1 to 2: 51 (22%)

• 3: 184 (77%)

Peiretti 2012 
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• N/A: 3 (1%)

Histological subtype:

• Serous: 200 (84%)

• Endometrioid: 15 (6%)

• Clear cell: 5 (3%)

• Mixed: 18 (7%)

Median ascites (range): 1500 cm3 100 to 11,000)

Italy (157) and USA (81)

Residual disease details All operations were performed by gynaecologic oncologists

Postoperative platinum-based chemotherapy was administered in all women

• 62% underwent carbo-platinum and Taxol regimen

• Doxorubicin liposomal, gemcitabine and topotecan were the other chemotherapeutic drugs used in
association with platinum

Complete cytoreduction was defined as no visible residual tumour at the completion of the primary op-
eration.

Reported categories for residual disease (mm) where as follows - no. of women (%):

• NMRD: 99 (41%)

• SVRD (1 mm to 10 mm): 106 (44%)

• LVRD (> 10 mm): 32 (15%)

Outcomes The risk factor significantly associated with decreased overall survival (OS) was the presence of any
macroscopic residual disease at the end of surgery (P = 0.003)

The median overall survival time from the time of surgery for all women was 55 months

A statistically significant difference (P = 0.002) was observed in OS between the group with no macro-
scopic residual disease (median of 72 months) and the other women with any other gross residual dis-
ease (median of 42 months)

Median estimated blood loss (range): 1000 cm3 (200 to 8500)

Intraoperative blood transfusion: 152 (64%)

Postoperative blood transfusion: 150 (63%)

Median length of hospitalisation (days): 10 (range: 4 to 24 days)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate target population. Baseline characteristics, eligibility criteria, sampling frame and peri-
od/place study took place presented clearly. Sample consists of small subset (n = 3, 1%) of stage IIC
participants.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Peiretti 2012  (Continued)
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Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

Multivariate model predicting OS adjusted for age, stage, histology, grade and presence of ascites

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection criteria for multivariate analysis unstated

Outcome: progression-free survival

Not reported

Notes Mean or median length of follow-up were not reported

Among all groups of women 85% were able to complete at least 5 cycles of (platinum-based) systemat-
ic chemotherapy

50% of women recurred during the study period. Among them, 74% had a recurrence in the upper ab-
domen. 8% of the women presented with abdominal recurrence associated to pelvic disease.

Only 5% of the women showed a relapse in the pelvis

14% of the women presented with distant metastases at the time of recurrence

Both univariate and multivariate analyses including the following variables were performed: age, stage,
histology, grade, presence of ascites and residual tumour at end of surgery, however no HR are present-
ed in the study

Peiretti 2012  (Continued)

 
 

Study characteristics

Methods Single-centre retrospective of medical data (January 1995 to December 2010) retrieved from the elec-
tronic database of the Gynecologic Oncology Unit of the Catholic University of Rome and Campobasso

Participants N = 322 women were admitted to the Gynecologic Oncology Unit of the Catholic University of Rome
and Campobasso, with a diagnosis of advanced ovarian, tubal or peritoneal cancer. All these women
were judged as having unresectable advanced disease after initial surgical exploration and submitted
to NACT followed by IDS.

≤ 65 years: 226 (70.2%)

> 65 years: 96 (29.8%)

FIGO: IIIC – 251 (77.7%); IV – 72 (22.3%)

Histology: serous – 264 (82%); other – 58 (18%)

Tumour grade: G1 – 9 (2.7%); grade 2/3 – 313 (97.3%)

Ascites: 247 (76.7%)

Median CA-125 at diagnosis: 548 (range: 9 to 9999)

Petrillo 2014 
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Carcinomatosis at diagnosis: 285 (88.5%)

Within FIGO IV (n = 72)

Presence of pleural effusion: 37

Metastasis in liver, spleen or lung: 34

Residual disease details 3 to 4 NACT cycles: 216 (82.3%)

6 NACT cycles: 57 (17.7%)

NACT regimen: carboplatin alone – 51 (15.8%); carboplatin/paclitaxel or pegylated-liposomal doxoru-
bicin (PLD) – 271 (84.2%)

Pathological response to NACT:

• Complete (cPR in cases with no macroscopic residual neoplastic cells in all the surgical specimens,
including the adnexa): 21 (6.5%)

• Microscopic response (without macroscopic lesions but with microscopic foci (maximum diameter ≤3
mm)): 104 (32.3%)

• Macroscopic response (persistent macroscopic site of disease after NACT were classified as a macro-
scopic response): 197 (61.2%)

Study did not provide a definition of optimal cytoreduction

• NMRD: 236 (73.3%)

• SVRD (0 cm to 1 cm): 36 (11.2%)

• LVRD (RD > 1 cm): 50 (15.5%)

Outcomes Overall survival defined as time elapsed between diagnosis and death or date of last follow-up (second
half of 2012 in all women)

Death from disease: 239 (74.2%)

Median OS in those who had complete response (NMRD) from NACT: 72 months

Median OS in those who had optimal response: 38 months

Median OS in those who had suboptimal response: 29 months

Multivariable Cox PH for OS adjusted for pathological response to NACT:

• Residual tumour at IDS (RT = 0 vs RT ≤ 1 vs explorative laparotomy): X2 = 24.951, P = 0.001

Progression-free survival (PFS) calculated from the date of diagnosis to the date of first relapse or the
date of the last follow-up (second half of 2012 in all women)

Recurrences: 285 (88.2%)

Median PFS in those who had complete response (NMRD) from NACT: 36 months

Median PFS in those who had optimal response: 16 months

Median PFS in those who had suboptimal response: 13 months

Multivariable Cox PH for PFS adjusted for age, carcinomatosis at diagnosis, CA-125, pathological re-
sponse to NACT:

• Residual tumour at IDS (RT = 0 vs RT ≤ 1 vs explorative laparotomy): X2 = 39.716, P = 0.001

* No adjusted HR estimates provided for OS or PFS

Risk of bias (QUIPS) 1. Study participation (a-f): low risk
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Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome; OS defined as time elapsed between diagnosis and death
or date of last follow-up

5. Adjustment for other prognostic factors (a-g): high risk

Unstated why explorative laparotomy is a category within the RD variable. Model predicting OS only
adjusted for pathological response to NACT.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; data driven based on P values of univariate associations. Results for multi-
variate analysis of OS not reported using hazard ratios.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome; PFS calculated from the date of diagnosis to the date of
first relapse or the date of the last follow-up

5. Adjustment for other prognostic factors (a-g): high risk

Unstated why explorative laparotomy is a category within the RD variable. Model predicting PFS adjust-
ed for Age, carcinomatosis at diagnosis, CA-125 and pathological response to NACT.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; data driven based on P values of univariate associations. Results for multi-
variate analysis of PFS not reported using hazard ratios.

Notes Median follow-up: 47 months (range: 3 to 181)

Petrillo 2014  (Continued)

 
 

Study characteristics

Methods Single-centre retrospective study

Participants N = 398 women undergoing interval debulking surgery (IDS) for stage 3 or 4 epithelial ovarian, tubal or
peritoneal cancer (advanced ovarian cancer, AOC). All women were managed by subspecialty trained
gynaecological oncologists at the Pan-Birmingham Gynaecological Cancer Centre (PBGCC), Birming-
ham, United Kingdom

Mean age: 63.9 (95% CI 42.2 to 85.6)

Phillips 2018 
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FIGO: III – 273 (68.6%); IV – 123 (31.4%)

Histology: serous – 370 (93%); undifferentiated – 1 (0.3%); endometrioid – 1 (0.3%); carcinosarcoma –
12 (3%); mixed – 8 (2%); clear cell – 2 (0.5%); unknown – 4 (1%)

Tumour grade: G1 – 13 (3.3%); G2 – 2 (0.5%); G3 – 374 (94%); unknown – 9 (2.3%)

Disease site: ovary – 252 (63.3%); fallopian – 90 (22.6%); primary peritoneal: 56 (14.1%)

Residual disease details ≤ 4 NACT cycles: 231 (58%)

• Group 1 (≤ 4 cycles) with 111 (48.1%) receiving standard treatment with 3 cycles of NACT and the re-
maining 120 (51.9%) receiving an additional cycle to facilitate timing of IDS

≥ 5 NACT cycles: 167 (42%)

NACT regimen:

• Carboplatin: 94 (23.6%)

• Paclitaxel and carboplatin: 304 (76.4%)

• Additional bevacizumab: 25 (6%

Surgical complexity score:

• Low (0 to 3): 263 (66.1%)

• Inter (4 to 7): 89 (22.4%)

• High (8+): 46 (11.6%)

Median adjuvant CT after IDS: 3 cycles

'Optimal' cytoreduction defined as SVRD or NMRD (RD 0 cm to 1 cm) (n = 310, 77.9%):

• NMRD: 255 (64.1%)

• RD greater than 0 cm but less than 1 cm (RD < 1): 55 (13.8%)

• RD of 1 cm and above (RD ≥ 1): 88 (22.1%)

Outcomes Median OS: 40.1 months

Median OS in NMRD: 51.8 months

Median OS in SVRD < 1 cm: 29.5

Median OS in LVRD ≥ 1 cm: 28.9

Multivariable Cox PH for OS adjusted for FIGO stage, chemotherapy regime (carbo/Taxol vs carbo-
platin):

Within group 1 (≤ 4 cycles NACT; n = 231)

SVRD < 1 cm (vs NMRD): HR 1.5723 (95% CI 0.928 to 2.664), P > 0.05; RD ≥ 1 (vs NMRD): HR 1.7709 (95% CI
1.069 to 2.933), P = 0.0264; SVRD < 1 cm (vs LVRD ≥ 1 cm): HR 0.8879 (95% CI 0.460 to 1.715), P > 0.05

Within group 2 (> 4 cycles NACT; n = 167)

SVRD < 1 cm (vs NMRD): HR 2.781 (95% CI 1.663 to 4.650), P = 0.0001; LVRD ≥ 1 (vs NMRD): HR 2.6729
(95% CI 1.759 to 4.062), P < 0.00001; SVRD < 1 cm (vs LVRD ≥ 1 cm): HR 1.04 (95% CI 0.613 - 1.765), P >
0.05

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk
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Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition.

5. Adjustment for other prognostic factors (a-g): high risk

Model predicting OS adjusted for FIGO stage, and chemotherapy regime (carbo/Taxol vs carboplatin)

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear how FIGO stage and chemotherapy regime were chosen to be in
multivariate model

Outcome: progression-free survival

Not reported

Notes Median BMI: 25

Phillips 2018  (Continued)

 
 

Study characteristics

Methods Prospective, multicentre study (5 specialised European centres for gynaecologic oncology)

Women enrolment between February 2005 and December 2008

Participants 226 women with epithelial ovarian cancer FIGO Stages IIA to IV in whom radical cytoreductive surgery
was performed and standard chemotherapy with paclitaxel and carboplatin was applied. Women hav-
ing received neoadjuvant chemotherapy followed by interval debulking were excluded

Mean age 57.5 year (SD 11.9)

FIGO stages II, III and IV: 15 (6.6%), 174 (76.9%) and 37 (16.4%); FIGO stages IIIC and IV: 198 women
(87.6%)

Histological type serous/other: 194/32

NMRD: 69.4%

SVRD (≤ 1 cm): 87.2% (NB: this category also includes NMRD)

Austria

Residual disease details Residual disease was defined as:

Any RD (SVRD (≤ 1 cm) or LVRD (> 1 cm)

Complete debulking (NMRD)

Outcomes 3-year OS (unadjusted) with NMRD: 72.4%; minimal RD: 65.8%; gross RD: 45.2%

Polterauer 2012 
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Subgroup analysis of stages IIIC and IV: 3-year OS (unadjusted) with NMRD 69.7% (SE 5.3%); any RD
53.6% (SE 8.3%) (P = 0.003)

HR (apparently for ‘Any RD’ vs ‘No RD’, adjusted for FIGO-stage, histological grade, histological type and
age) 1.4 (95% CI 1.0 to 2.1)

“Multivariable survival analysis revealed residual tumour size (p=0.04) and older women age (p =0.02)
as independent prognosticators for impaired overall survival. Complete cytoreduction was predictive
for a higher rate of treatment response (p=0.001) and was associated with prolonged progression-free
and overall survival (p<0.001 and p=0.001).”

HR for PFS (apparently for ‘Any RD’ vs ‘NMRD’, adjusted for FIGO stage, histological grade, histological
type and age) 1.6 (95% CI 1.3 to 2.1)

Univariate survival analysis of categorical variables by the log-rank test. Multiple forward stepwise Cox
regression analysis.

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

Cohort was recruited with objective to identify and verify clinical and molecular prognostic/predictive
factors in ovarian cancer. Possible confounding prognostic factors would also have been included in
study. Multivariate model for OS adjusted for FIGO stage, histological grade, histology subtype and age

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; variable selection criteria for multivariate analysis unstated.

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

Cohort was recruited with objective to identify and verify clinical and molecular prognostic/predictive
factors in ovarian cancer. Possible confounding prognostic factors would also have been included in
study. Multivariate models for PFS adjusted for FIGO stage, histological grade, histology subtype and
age

6. Statistical analysis and reporting (a-d): unclear risk
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No conceptual framework; variable selection criteria for multivariate analysis unstated

Notes Source of funding: the European commission (FP6 Specific Targeted Research or Innovation Project)

Declaration of interest: none declared

Median follow-up: 25.0 months (range: 1 to 49)

Retrospective non-randomised study. Blinding not reported (but not applicable). Adjusted HRs are de-
rived from a prognostic model. No details on how modelling was performed, but this seems to have
been done based on significance testing (and not on including putative confounders in the analysis, ir-
respective of statistical significance).

Women and disease characteristics not reported according to debulking status. NB: possible overlap
with Hofstetter 2013.

Polterauer 2012  (Continued)

 
 

Study characteristics

Methods The purpose of this study was to determine the optimal regimen of neoadjuvant chemotherapy (NAC)
for advanced epithelial ovarian, fallopian tube and peritoneal cancers

Retrospective study of data from the Hyogo Cancer Center between January 2006 and December 2015.

Japan

Participants 171 patients with advanced epithelial ovarian, fallopian tube or primary peritoneal cancer who under-
went dose-dense tri-weekly administration of paclitaxel and carboplatin (TC) or TC as NAC followed by
IDS

The median age of patients was 61 (range 35 to 79) years

Performance status of patients: 0 for 47 patients (27%); 1 for 79 patients (46%); 2 for 38 patients (22%);
and 3 for 7 patients (4%)

Residual disease details Patients who underwent NAC followed by interval debulking surgery

The median number of NAC cycles was 4 (range 2 to 10). The total number of cycles during the first
treatment was 7 (range 4 to 16).

Dose-dense paclitaxel and carboplatin (TC) was administered in 101 patients (59%); tri-weekly TC was
administered 70 patients (41%)

Residual disease groups:

SVRD < 1 cm: 150 (88%)

LVRD > 1 cm: 21 (12%)

Outcomes Overall survival and progression-free survival

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

Shibutani 2020 
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3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. The overall survival was calculated from the date of the
first chemotherapy to the date of death or last contact.

5. Adjustment for other prognostic factors (a-g): high risk

Only univariate analysis of OS. Not included in multivariate analyses.

6. Statistical analysis and reporting (a-d): high risk

No multivariate model predicting OS despite there being one for PFS

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Progression-free survival was calculated from the date of
the first chemotherapy to the date of death or disease progression.

5. Adjustment for other prognostic factors (a-g): low risk

HR for PFS was adjusted for age (< 61 vs ≥ 61), PS (0 to 1 vs 2 to 3), stage (III vs IV), disease (ovary vs oth-
ers), histology, residual disease, NAC cycles and NAC regimens in multivariable Cox model

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; variable selection criteria for multivariate analysis unstated

No multivariate model predicting OS despite there being one for PFS

Notes The median observation period was 41 (range 4 to 138) months

Median progression-free survival was 21 (95% CI 18 to 23) months and 15 (95% CI 13 to 17) months in
the dose-dense TC and conventional TC group, respectively (HR 0.69, 95% CI 0.46 to 0.96; P = 0.02)

The median overall survival was 59 (95% CI 46 to 72) and 40 (95% CI 32 to 57) months in the dose-dense
TC group and conventional TC group (HR 0.72, 95% CI 0.48 to 1.06; P = 0.09)

Multivariate analysis for progression-free survival demonstrated that dose-dense TC represented an in-
dependent prognostic factor (HR 0.70, 95% CI 0.50 to 0.99; P = 0.04).

PFS multivariate prognostic factors were as follows: FIGO stage (HR 0.68, 95% CI 0.48 to 0.96 (table
says 0.90); P = 0.03) and residual disease at IDS (HR 0.55, 95% CI 0.34 to 0.96 (table says 0.90 and this
appears to be the correct estimate when log estimates are entered; P = 0.02). Also when reference is
changed this estimate is: HR 1.82 (95% CI 1.12 to 2.97).

Shibutani 2020  (Continued)

 
 

Study characteristics

Methods Retrospective study

Participants 276 women with FIGO stage III or IV ovarian cancer consecutively treated

Shim 2016 
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Median age at diagnosis was 54 years (range: 20 to 80 years)

258 (93.5%) women received postoperative platinum-based chemotherapy

South Korea

Residual disease details Speciality of surgeon not reported

Surgery followed by platinum-taxane chemotherapy

The 25%, 50% and 75% quartiles of intervals from surgery to start of chemotherapy were 18, 22 and 28
days, respectively

Outcomes Time to chemotherapy (TTC) was analysed and correlated with outcome

The following were significant prognostic factors for progression-free survival in multivariate analysis:

• TTC (≤ 28 vs > 28 days; HR 1.578, 95% CI 1.057 to 2.355)

• Complete debulking with NMRD (HR 0.419, 95% CI 0.274 to 0.640)

• Preoperative albumin level (HR 0.549, 95% CI 0.382 to 0.791)

Risk of bias (QUIPS) 1. Study participation (a-f): high risk

Abstract only therefore insufficient information on study participation

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

Not reported

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Definition of PFS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): high risk

Time to chemotherapy arbitrarily categorised. Model predicting PFS adjusted for time to chemotherapy
and preoperative albumin level.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on reasons why the particular specific set of variables were selected
for multivariate model. PFS used as outcome but no overall survival.

Notes Findings are from an abstract

OS not reported

Mean and median length of follow-up were not reported

Shim 2016  (Continued)
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Although delayed TTC (> 28 days) did not possess prognostic significance in women without postoper-
ative residual disease (n = 94), it significantly correlated with progression-free survival in women with
postoperative RD (n = 164, HR 1.893, 95% CI 1.209 to 2.962)

Shim 2016  (Continued)

 
 

Study characteristics

Methods Single-centre retrospective study

Participants N = 118 women diagnosed with primary ovarian carcinoma, epithelial cell type (stages IIIC with carci-
nomatosis and IV) who were treated by NACT + late IDS (after 6 cycles) in the taxane/platinum period
(1998 to 2010)

Median age: 64 (range: 37 to 88)

FIGO: IIIC – 82 (69%); IV – 36 (31%)

Histology: serous – 111 (94%); non-serous – 7 (6%)

Had lymph node assessment: 105 (89%)

Median node count: 32 (range: 4 to 81)

Lymph node involvement

• Positive: 56 (47%)

• Negative: 49 (42%)

• N/A: 13 (11%)

Residual disease details All women had sampling biopsy.

• Laparoscopy: 77 (65.3%)

• Diagnostic laparotomy: 17 (14.4%)

Median NACT cycles: 6 (range: 5 to 13)

NACT regimen

• Carboplatin – 4 (3.4%);

• Paclitaxel and carboplatin – 114 (96.6%)

All IDS performed by 2 surgeons (co-authors on paper) with experience in ovarian cancer surgery

Resection categories (other than peritoneal stripping)

• Salpingo-oophorectomy: 109 (92%)

• Total abdominal hysterectomy: 109 (92%)

• Omentectomy: 113 (96%)

• Appendectomy: 102 (86%)

• Pelvic lymph node dissection: 104 (88%)

• Aortic lymph node dissection: 93 (79%)

• Bowel surgery: 32 (27%)

• Other organ resection (spleen, liver, small bowel etc.): 17 (14%)

Number of resection categories

Median: 6

Stoeckle 2014 
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Range: 0 to 8

Standard surgery: 54 (46%)

Extended surgery: 64 (54%)

'Optimal' cytoreduction defined as RD < 1 cm (n = 111, 94%)

• NMRD (referred to in study as RD0): 80 (68%)

• SVRD (RD 0.1 cm to 1 cm): 31 (26%)

• LVRD (RD ≥ 1 cm): 7 (6%)

* In multivariable analysis, it is NMRD vs RD > 0 cm

Outcomes Overall survival defined as time from date of initial diagnosis to date of death of any cause

Median OS: 42 months

Median OS in no macroscopic RD group (RD 0 cm): 50 months

Median OS in RD > 0: 38 months

Multivariable Cox PH for OS adjusted for tumour grade, WHO performance status, ASA, bowel surgery
(yes/no), FIGO stage:

RD > 0 cm vs NMRD: HR 2.2 (95% CI 1.2 to 4.0), P = 0.01

Progression-free survival (PFS) was calculated from the date of initial diagnosis to date of progression.
Progression was defined as locoregional or metastatic recurrences after complete remission or pro-
gression of disease in women without complete remission.

Median PFS: 17.2 months

No multivariable analysis for PFS

Death within 30 days of surgery: 2 (1.7%)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Overall survival defined as time from date of initial diag-
nosis to date of death of any cause.

5. Adjustment for other prognostic factors (a-g): unclear risk

Model predicting OS adjusted for tumour grade, WHO performance status, ASA, bowel surgery (yes/no),
FIGO stage

6. Statistical analysis and reporting (a-d): unclear risk

Stoeckle 2014  (Continued)
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No conceptual framework; data driven based on P values of univariate associations

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. Progression was defined as locoregional or metastatic re-
currences after complete remission or progression of disease in women without complete remission.

5. Adjustment for other prognostic factors (a-g): high risk

Model predicting PFS was not adjusted for any other prognostic factor

6. Statistical analysis and reporting (a-d): high risk

Model predicting PFS was not adjusted for any other prognostic factor

Notes Median follow-up: 37 months

ASA score:

• 1: 35 (30%)

• 2 to 3: 83 (70%)

WHO performance status

• 0 to 1: 80 (68%)

• 2 to 3: 38 (32%)

At IDS, 96 (81%) presented with visible tumour. Median tumour size was 2 mm.

Median length of hospital stay (all women): 10 (2 to 44)

Median length of stay (women with complications): 16 (range: 7 to 44)

Major morbidity was defined as a complication requiring a prolonged hospital stay (more than 10 days),
re-hospitalisation or reoperation (by surgery or interventional imaging) needing correction by major
medication (e.g. prolonged IV antibiotics or blood transfusion (5 packed red blood cells), or causing
death during the first postoperative month

21 women (18%) had major complications, for a total of 24 major complications

• Infection: 11

• Blood loss needing transfusion > 5 PRBC: 7

• Thromboembolic event: 2

• Cerebrovascular accident: 1

• Myocardial infarction: 1

• Bowel obstruction: 1

• Chylous ascites: 1

Rehospitalisation: 10 women

Reoperation by surgery or imaging techniques: 8 women

Stoeckle 2014  (Continued)
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Methods Retrospective analysis
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Participants 1718 women with newly diagnosed International Federation of Gynecology and Obstetrics stage III and
IV ovarian, peritoneal or fallopian tube carcinoma were included in the analysis
Median age (years): microscopic (58.5); optimal (60.1); suboptimal (60.2)

Performance status - frequency (%):

• Normal, asymptomatic: 848 (49.3%)

• Symptomatic, ambulatory: 745 (43.4%)

• Symptomatic, in bed < 50%: 125 (7.3%)

Top-level FIGO stage: III: 1241 (72.2%); IV: 477 (27.8%)

Histology: serous: 1477 (86%); mixed epithelial: 76 (4.4%); endometrioid: 56 (3.3%); clear-cell/muci-
nous: 60 (3.5%); other: 24 (1.4%)

Ascites: no: 346 (20.1%); yes: 1372 (79.9%)

Progression-free survival status: censored: 268 (15.6%); progression or death: 1450 (84.4%)

Overall survival status: censored: 840 (48.9%); death: 878 (51.1%)

USA

Residual disease details Speciality of surgeon was not reported

Primary cytoreductive surgery followed by platinum based chemotherapy

Treatment arms: frequency (%)

• I (standard chemotherapy): 580 (33.8%)

• II (concurrent bevacizumab): 570 (33.2%)

• III (extended bevacizumab): 568 (33%)

Residual disease, n (%)

• NMRD: 85 (4.9%)

• SVRD (≤ 1 cm): 701 (40.8%)

• LVRD (> 1 cm): 932 (54.2%)

Outcomes Overall survival: HR adjusted for:

TSIC = 15 days: ≤ 1 cm (AHR 1.41, 95% CI 0.77 to 2.58); > 1 cm (AHR 1.87, 95% CI 1.05 to 3.31)

Residual = micro, 40 days:

• Race/ethnicity = White (AHR 1.27, 95% CI 1.15 to 1.40)

• Race/ethnicity = Asian (AHR 1.51, 95% CI 1.27 to 1.80)

• Race/ethnicity = Black (AHR 1.18, 95% CI 1.00 to 1.40)

• Race/ethnicity = Hispanic (AHR 1.18, 95% CI 0.97 to 1.43)

• Race/ethnicity = other (AHR 1.41, 95% CI 1.15 to 1.74)

Residual ≤ 1 cm, 40 days:

• Race/ethnicity = Asian (AHR 1.17, 95% CI 1.01 to 1.35)

Residual > 1 cm, 40 days

• Race/ethnicity = Asian (AHR 1.24, 95% CI 1.07 to 1.44)

Histology

• Serous: (AHR 1 - referent)

• Mixed epithelial: (AHR 1.33, 95% CI 0.97 to 1.84)

Tewari 2016  (Continued)
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• Endometrioid: (AHR 0.70, 95% CI 0.44 to 1.11)

• Clear-cell/mucinous: (AHR 4.97, 95% CI 2.46 to 10.05)

• Other: (AHR 1.14, 95% CI 0.73 to 1.78)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Definition of OS not provided but it usually has a standard definition

5. Adjustment for other prognostic factors (a-g): low risk

Arbitrary dichotomisation of time from surgery to chemotherapy. Multivariate model predicting OS
adjusted for age, race, performance status, tumour grade, FIGO stage, histology, ascites, CA-125, time
from surgery to chemotherapy and interaction terms

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria for multivariate analysis

Outcome: progression-free survival

Not reported

Notes At 15 days, time to initiation of chemotherapy does not increase the risk of death for any women,
whereas at 40 days most women have an increased risk of death. This represents a change-point in in-
creasing time at which some women start to become affected negatively.

Tewari 2016  (Continued)

 
 

Study characteristics

Methods Retrospective cohort study

Participants 978 women with stage IIIB to IV ovarian, fallopian tube or primary peritoneal carcinoma

Median age was 61 years (range: 19 to 95 years)

FIGO stage - n (%):

• IIIB: 33 (3%)

• IIIC: 761 (78%)

• IV: 184 (19%)

Histology - n (%):

Tseng 2018 
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• Serous: 869 (89%)

• Other: 109 (11%)

Estimated blood loss: 700 mL (range: 5 mL to 8000 mL)

Median hospital length of stay was 8 days (range 1 to 22 days)

USA

Residual disease details Speciality of surgeon not reported

All women underwent primary debulking surgery followed by intraperitoneal (IP) chemotherapy in (n =
949, 99%)

Residual disease was classed as follows:

• NMRD (defined as complete gross resection (CGR) in study) - 0 mm: 408 (42%)

• SVRD (1 to 10 mm): 378 (39%)

• LVRD (> 10 mm): 192 (20%)

Outcomes Multivariable analysis of factors associated with PFS adjusted for PDS-year group

Residual disease:

• NMRD: (AHR: reference)

• SVRD: (AHR 1.393, 95% CI 1.174 to 1.654)

• LVRD: (AHR 1.921, 95% CI 1.547 to 2.386)

Multivariable analysis of factors associated with OS adjusted for PDS-year group

Residual disease:

• NMRD: (AHR: reference)

• SVRD: (AHR 1.36, 95% CI 1.118 to 1.653)

• LVRD: (AHR 1.751, 95% CI 1.378 to 2.224)

Median operative time was 280 minutes (range, 36 to 893 minutes)

Median length of hospital stay (LOS) was 8 days (range: 1 to 22 days)

30-day all-cause mortality was 0.4% (4 deaths)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

Tseng 2018  (Continued)
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5. Adjustment for other prognostic factors (a-g): low risk

Multivariate models for OS adjusted for age, albumin, FIGO stage, ASA score, histology, BRCA, tumour
index, and postoperative intraperitoneal chemotherapy

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria for multivariate analysis

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): low risk

Multivariate models for PFS adjusted for age, albumin, FIGO stage, ASA score, histology, BRCA, tumour
index and postoperative intraperitoneal chemotherapy

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria for multivariate analysis

Notes Median follow-up for the entire cohort was 77.7 months (range: 1.3 to 198 months)

Tseng 2018  (Continued)

 
 

Study characteristics

Methods Prospective cohort study: the 2 groups were defined from data collected prospectively at laparotomy.

All women with ovarian cancer referred to the departments of gynaecological oncology at 2 hospitals
between 1981 and 1989 were entered into prospective surgical studies.

Participants During the 8-year period in the study a total of 256 women with previously untreated primary EOC were
referred for consideration of surgery and chemotherapy. 37 women with stage II disease were excluded
from this analysis leaving 219 women with stage III to IV disease to form the basis of the study.

Median age at study entry was 57 years (range: 24 to 75 years)

180 (82%) and 39 (18%) women had FIGO stage III and IV disease respectively

Histological cell type was as follows: serous: 134 (61%), endometrioid: 34 (15%), mucinous: 32 (15%),
clear cell: 7 (3%), undifferentiated: 12 (6%)

50 (25%) women had tumour grade classified as being well, 68 (34%) had grade as moderate, 75 (37%)
had poor grade and in 9 (4%) women the grade was unknown

101 (46%) women had GOG performance status 0, 94 (43%) had status 1, 23 (10.5%) women had status
2 and for 1 (0.5%) woman their status was unknown

Mode of spread was as follows: bulky: 100 (46%), spreading: 119 (54%)

UK

Residual disease details Reported categories for residual disease were as follows:

1. RD < 2 cm: 92 (42%) of which 15 were deemed to have had NMRD

2. LVRD (> 2 cm): 127 (58%)

Van Geene 1996 
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All women received cis-platinum containing chemotherapy at the dose of 75 mg/m2 up to a total of 6
courses depending on response and toxicity

Outcomes Overall survival: HR adjusted for performance status and pattern of spread using Cox model:

> 2 cm vs < 2 cm: HR 1.83, P < 0.0001

We requested the exact P value and 95% CI from the study authors but the data were no longer avail-
able.

Table 4 is confusing as no macroscopic RD and less than 2cm RD was compared to > 2 cm. This was
grouped in table 2.

Risk of bias (QUIPS) 1. Study participation (a-f): unclear risk

There was insufficient information to permit judgement

2. Study attrition (a-e): unclear risk

There was insufficient information to permit judgement

3. Prognostic factor measurement (a-f): unclear risk

There was insufficient information to permit judgement

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): unclear risk

There was insufficient information to permit judgement

5. Adjustment for other prognostic factors (a-g): unclear risk

There was insufficient information to permit judgement

6. Statistical analysis and reporting (a-d): unclear risk

There was insufficient information to permit judgement

Outcome: progression-free survival

Not reported

Notes The 2 groups were defined from data collected prospectively at laparotomy. Women with small-vol-
ume (≤ 0.5 cm) but widespread disease (> 10 metastatic nodules) were assigned to the seedling group
and women with large-volume disease (> 0.5 cm) spread outside the pelvis were assigned to the bulky
disease group. Optimal debulking, i.e. residual disease less than 2 cm, was achieved in 92 (42%) of
the women with similar rates between the 2 groups (P = 0.09). Complete macroscopic clearance was
achieved in only 15 women, all of which were in the bulky spread group.

Complete macroscopic clearance (NMRD) was achieved in only 15 women, all of which were in the
bulky spread group.

Van Geene 1996  (Continued)

 
 

Study characteristics

Methods Retrospective data set review (retrieved from 3 prospective, randomised phase III trials: AGO-OVAR
(OVAR-3/-5/-7))

Wimberger 2010 
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Participants Cohort of women from three prospective, randomised phase III trials: AGO-OVAR (OVAR-3/-5/-7) in be-
tween 1995 and 2002

Previously untreated epithelial ovarian cancer FIGO stage IV, at least 18 years of age and required to
have adequate haematologic, renal and hepatic function, defined as follows: absolute neutrophil count
(ANC) of at least 1.5 × 109 cells/L, platelet count of at least 100 × 109 cells/L, serum creatinine and biliru-
bin of no more than 1.25 × upper normal limit

N = 573, all FIGO stage IV disease: malignant pleural effusion = 214 (37.3%), parenchymal hepatic
metastases = 146 (25.5%), other sites disease = 213 (37.2%)

Median age was 59 years (range 19 to 83); age < 50 (17.6%), 50 to 65 (59.5%), > 65 (22.9%)

ECOG performance status: 0 (28.2%), 1 (54.6%), 2 (17.2%)

Histological subtypes; serous (68.2%), endometrioid: (6.9%), mucinous (16.0%)

Peritoneal carcinomatosis: yes (87.8%), no (12.2)

France and Germany

Residual disease details Residual disease were defined as:

• NMRD (12.3%)

• SVRD (1 to 10 mm) (29.3%)

• LVRD (> 10 mm) (58.4%)

Women were randomly assigned to one of two treatment arms consisting of either carboplatin or cis-
platin and paclitaxel, or a combination of carboplatin and paclitaxel versus the same combination with
epirubicin or topotecan. All women were scheduled to receive at least 6 courses of platinum-taxane in-
travenously every 3 weeks.

Outcomes Women with stage IV

Kaplan-Meier

Median OS (unadjusted) of NMRD 54.6 months, SVRD 25.8 months, LVRD > 1 cm 23.9 months

Median PFS (unadjusted) of NMRD 19.1 months, SVRD 13.6 months, LVRD (> 1 cm) 11.3 months

Multivariant analysis for OS:

SVRD vs NMRD: HR 1.87 (95% CI 1.21 to 2.89)

LVRD (> 1 cm) vs NMRD: HR 2.13 (95% CI 1.40 to 3.23)

Multivariate analysis for PFS:

SVRD vs NMRD: HR 1.51 (95% CI 1.05 to 2.19)

LVRD (> 1 cm) vs NMRD: HR 1.82 (95% CI 0.28 to 2.59)

HRs adjusted for age, performance status, histological type, presence of peritoneal carcinomatosis and
multiple sites (Y/N)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

Wimberger 2010  (Continued)
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3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age arbitrarily categorised. Multivariate model for OS adjusted for age, ECOG, histology, peritoneal car-
cinomatosis and number of stage IV disease sites

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria for multivariate analysis

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age arbitrarily categorised. Multivariate model for PFS adjusted for age, ECOG, histology, peritoneal
carcinomatosis and number of stage IV disease sites

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear of variable selection criteria for multivariate analysis

Notes All women with stage IV disease in 3 RCTs:

OVAR-3 trial (1995 to 1997): 69 women received carboplatin-paclitaxel (7 women had complete resec-
tion)

64 women received cisplatin-paclitaxel (6 women had complete resection)

OVCAR-5 trial (1997 to 1999: 112 carboplatin-paclitaxel (14 complete resection, 61 LVRD > 1 cm)

106 carboplatin-paclitaxel-epirubicin (12 complete resection, 63 LVRD > 1 cm)

OVCAR-7 trial (1999 to 2002): 104 carboplatin-paclitaxel (15 complete resection)

118 carboplatin-paclitaxel-topotecan (15 complete resection)

The difference in proportion of women with zero residual disease in all 3 trials is not statistically signifi-
cant (OVAR-3, P = 0.88, OVAR-5 P = 0.79 and OVAR-7, P = 0.71). No significant trend difference in women
recruited during the different time period. No relation between residual disease and the number of ap-
plied chemotherapy cycles. Therefore, all 3 trials were considered sufficiently similar to be combined
for this study and analysis.

Median OS was statistically reduced in FIGO stage IV 26.1 months compared to stage IIIC

Wimberger 2010  (Continued)
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Methods The current study was a retrospective review of data from women treated with platinum and paclitaxel
combination chemotherapy on one of 6 prospective randomised clinical trials conducted by GOG: pro-
tocols 111, 114, 132, 152, 158 and 172

GOG 111: included LVRD (> 1 cm) stage III/IV EOC (eligible women = 123)

GOG 114: included SVRD (< 1 cm) stage III EOC (eligible women = 226)

GOG 132: included LVRD (> 1 cm) stage III/IV EOC (eligible women = 147)

GOG 152: included LVRD (> 1 cm) stage III EOC (eligible women = 397)

GOG 158: included LVRD (> 1 cm) stage III EOC (eligible women = 792)

GOG 172: included SVRD (≤ 1 cm) stage III EOC (eligible women = 210)

Participants Data from 1895 women with stage III invasive EOC who underwent primary surgical cytoreduction fol-
lowed by paclitaxel/platinum chemotherapy, while participating in one of six GOG clinical trials, was
analysed for the present study

The median age was 57 years (range: 16 to 86 years)

All 1895 women had FIGO stage III

Histological cell type was as follows: serous: 1392 (73.5%), endometrioid: 166 (8.8%), mucinous: 34
(1.8%), mixed epithelial: 142 (7.5%), adenocarcinoma unspecified: 49 (2.6%), clear cell: 62 (3.3%), undif-
ferentiated: 26 (1.4%), other: 24 (1.3%)

179 (9.5%) women had tumour grade 1, 719 (37.9%) had grade 2 and 997 (52.6%) women had tumour
grade 3

Tumour grade details: 1: 179 (9.5%), 2: 719 (37.9%), 3: 997 (52.6%)

Ethnicity details: White: 1669 (88.1%), African-American: 111 (5.9%), other: 115 (6.1%)

Residual disease details Reported categories for residual disease were as follows:

1. NMRD: 437 (23.1%)

2. SVRD (0.1 cm to 1 cm): 791 (41.7%)

3. LVRD (> 1 cm): 667 (35.2%)

Optimal was not defined, yet women were divided into 3 groups for analysis, based on RD status (as
above). The following chemotherapy schedules were given in the 6 trials:

• GOG 111: IV paclitaxel 135 mg/m2, cisplatin 75 mg/m2, 6 cycles

• GOG 114: IV paclitaxel 135 mg/m2, cisplatin 75 mg/m2, 6 cycles

• GOG 132: IV paclitaxel 135 mg/m2, cisplatin 75 mg/m2, 6 cycles

• GOG 152: IV paclitaxel 135 mg/m2, cisplatin 75 mg/m2, 6 cycles ± interval debulking

• GOG 158: IV paclitaxel 135 mg/m2 (24 hours), cisplatin 75 mg/m2, 6 cycles or IV paclitaxel 175 mg/m2

(3 hours), carboplatin AUC 7.5, 6 cycles

• GOG 172: IV paclitaxel 135 mg/m2, cisplatin 75 mg/m2, 6 cycles

Outcomes Overall survival and progression-free survival: HR adjusted for age (discrete), race, GOG performance
status, histology and tumour grade using Cox model:

SVRD vs NMRD: HR 2.11 (95% CI 1.78 to 2.49), P < 0.001 and HR 1.96 (95% CI 1.70 to 2.26), P < 0.001 for
OS and PFS respectively

LVRD (> 1 cm) vs NMRD: HR 2.47 (95% CI 2.09 to 2.92), P < 0.001 and HR 2.36 (95% CI 2.04 to 2.73), P <
0.001 for OS and PFS respectively

Winter 2007  (Continued)
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Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age arbitrarily categorised. Model predicting OS adjusted for age, race, GOG performance status, histol-
ogy, and tumour grade

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that all variables considered as potential prognostic factors were includ-
ed in multivariate analyses, suggesting some conceptual framework

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Age arbitrarily categorised. Model predicting PFS adjusted for age, race, GOG performance status, his-
tology, and tumour grade.

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that all variables considered as potential prognostic factors were includ-
ed in multivariate analyses, suggesting some conceptual framework.

Notes 1505 recurrences and 1323 deaths were identified during a median follow-up period of 43 months:

The median PFS was 17.1 months (95% CI 16.4 to 17.8 months)

The median OS was 45.3 months (95% CI 43.0 to 47.7 months)

PFS for disease residual: 
NMRD: N = 437, PFS was 33.0 months, 0.1 cm to 1.0 cm: N = 791, PFS) was 16.8 months, LVRD (> 1 cm): N
= 667, PFS was 14.1 months, P < 0.001

OS for disease residual: 
NMRD: N = 437, OS was 71.9 months, SVRD: N = 791, OS was 42.4 months, LVRD (> 1.0 cm): N = 667, OS
was 35.0 months, P < 0.001

Increasing age was associated with decreased PFS and OS. Median PFS and OS were shorter for women
with a performance status (PS) of 1 or 2 when compared with those with a PS of 0. No difference in me-
dian PFS was evident between PS 1 and PS 2 women, whereas the difference in median OS between the

Winter 2007  (Continued)
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same groups was observed. Based on tumour histology, women with endometrioid histology had im-
proved clinical outcomes compared with those with serous tumours. Women with mucinous or clear-
cell tumours had decreased PFS and OS. Women with mucinous cell type had a median OS of only 15
months compared with 24, 45 and 56 months for clear-cell, serous and endometrioid cell types, respec-
tively.

Women with NMRD had the longest PFS and OS 33 and 72 months, respectively compared with women
with any gross residual disease. The differences in median PFS and OS between the SVRD and LVRD
(> 1 cm) groups were also evident, albeit small (3 months in median PFS and 7 months in median OS).
Women with grade 2 or 3 tumours were associated with decreased PFS and OS. Race was not signifi-
cantly associated with PFS or OS.

Winter 2007  (Continued)

 
 

Study characteristics

Methods Retrospective review of 4 RCTs. The current study was a retrospective review of data from women with
stage IV EOC treated with platinum and paclitaxel combination chemotherapy on one of four prospec-
tive randomised clinical trials conducted by the GOG: protocols 111, 132, 152 and 162

Participants 360 women with stage IV invasive EOC who underwent primary surgical cytoreduction followed by pa-
clitaxel/platinum chemotherapy while participating in one of four GOG clinical trials.

The median age of women was 59 years (range: 24 to 86 years)

317 (88%) women were white, 28 (8%) were black and 15 (4%) were of other ethnic origin

97 (27%) had GOG performance status 0, 203 (56%) had status 1 and 60 (17%) had status 2

24 (7%) women had tumour grade 1, 112 (31%) grade 2 and 224 (62%) had grade 3 disease

Histology was as follows: serous 268 (74.5%), endometrioid 28 (8%), mucinous 7 (2%), clear cell 12
(3%), adenocarcinoma unspecified 9 (2.5%), mixed epithelial 22 (6%), undifferentiated 9 (2.5%), other 5
(1.5%).

The median residual tumour size was 3 cm (range 0.0 to 40.0)

Stage IV disease site was as follows: distant: 45 (12.5%), parenchymal liver: 64 (17.75%), pleural effu-
sion: 172 (47.75%), subcutaneous: 32 (9%), others: 3 (1%), multiple sites: 44 (12%)

Residual disease details The maximum diameter of residual tumour that was used to define optimal cytoreduction: 1 cm (in
original RCTs). All 4 RCTs included suboptimal disease (> 1 cm).

Residual disease was noted as follows:

• NMRD: 29 (8%)

• SVRD of 0.1 cm to 1 cm: 78 women (22%)

• LVRD of 1.1 cm to 2 cm: 50 women (14%)

• LVRD of 2.1 cm to 3 cm: 40 women (11%)

• LVRD of 3.1 cm to 4 cm: 30 women (8.25%)

• LVRD of 4.1 cm to 5 cm: 44 women (12%)

• LVRD of 5.1 cm to 6 cm: 30 women (8.25%)

• LVRD larger than 6 cm: 59 women (16.5%)

'Optimal' cytoreduction was defined as RD < 1 cm and a sensitivity analysis was performed defining RD
as < 2 cm

Winter 2008 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

132



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

All women were treated with primary surgical cytoreduction and 6 cycles of a 24-hour infusion of intra-

venous paclitaxel 135 mg/m2, followed by intravenous cisplatin 75 mg/m2

Outcomes • Overall survival: HR adjusted for several prognostic categories

• Optimal: NMRD:
◦ SVRD (< 1 cm) vs NMRD: HR 1.93 (95% CI 1.17 to 3.20)

◦ 1 cm to 5cm vs NMRD: HR 1.83 (95% CI 1.14 to 2.94)

◦ > 5 cm vs NMRD: HR 2.72 (95% CI 1.65 to 4.47)

• Optimal: SVRD (≤ 1.0 cm):
◦ LVRD (> 1 cm) HR 1.30 (95% CI 1.00 to 1.59)

• Optimal: ≤ 2 cm RD:
◦ LVRD (> 2 cm) HR 1.17 (95% CI 0.92 to 1.49)

• Progression-free survival: HR adjusted for several prognostic categories

• Optimal: NMRD:
◦ SVRD (< 1 cm) vs NMRD: HR 1.99 (95% CI 1.24 to 3.18)

◦ 1 cm to 5cm vs NMRD: HR 2.15 (95% CI 1.38 to 3.34)

◦ > 5 cm vs NMRD: HR 2.96 (95% CI 1.86 to 4.71)

• Optimal: SVRD (≤ 1 cm) RD:
◦ LVRD (> 1 cm) HR: 1.49 (95% CI 1.16 to 1.92)

• Optimal: ≤ 2.0 cm RD:
◦ LVRD (> 2 cm) HR: 1.27 (95% CI 1.01 to 1.61)

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Multivariate model for OS adjusted for histology and stage IV disease site

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that all variables considered as potential prognostic factors were includ-
ed in multivariate analyses, suggesting some conceptual framework. However, age, race, GOG PS and
tumour grade were excluded secondary at univariate analysis due to their P values falling above signifi-
cance threshold

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome

5. Adjustment for other prognostic factors (a-g): unclear risk

Winter 2008  (Continued)
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Multivariate model for PFS adjusted for histology and stage IV disease site

6. Statistical analysis and reporting (a-d): unclear risk

In methods, authors reported that all variables considered as potential prognostic factors were includ-
ed in multivariate analyses, suggesting some conceptual framework. However, age, race, GOG PS and
tumour grade were excluded secondary at univariate analysis due to their P values falling above signifi-
cance threshold

Notes The median length of follow-up was 28 months

When evaluating the association of clinicopathologic factors with residual disease status, there was no
difference between the RD groups and demographic, clinical and pathologic factors

Stage IV site did not seem to have significant association with RD group distributions

Winter 2008  (Continued)

 
 

Study characteristics

Methods Single-centre, retrospective study undertaken on women treated between January 2003 and December
2013, at the Department of Gynecology, Weifang Yidu Central Hospital, China

Participants N = 200 women diagnosed with stage IIIC to IV invasive ovarian, fallopian tube or peritoneal high-
grade serous carcinoma, who were treated with platinum-based NAC followed by IDS and adjuvant
chemotherapy.

Median age: 61 (range: 38 to 80)

FIGO: IIIC – 169 (84.5%); IV – 31 (15.5%)

Pre-operative ascites

• < 500 mL: 116 (58%)

• ≥ 500 mL: 84 (42%)

Median CA-125 at diagnosis: 952 U/mL (range: 75 to 23,400)

Median pre-operative CA-125: 572 (range: 43 to 986)

Median CA-125 decreasing kinetics (ratio of the initial serum CA-125 level to the preoperative serum
CA-125 level): 2.3 (range: 0.8 to 30.2)

≤ 3 tumour sites: 50 (25%)

> 3 tumour sites: 150 (75%)

Residual disease details Median NACT cycles: 3 (range: 1 to 8)

NAC was administrated intraperitoneally for 90 (45%) women and intravenously for 110 (55%) women

Median adjuvant CT cycles: 5 (range: 3 to 7)

'Optimal' cytoreduction defined as RD < 1 cm (n = 156, 78%):

• NMRD (referred to in study as RD0): 59 (29.5%)

• SVRD (RD < 1 cm): 97 (48.5%)

• LVRD between 1 cm to 2 cm inclusive: 8 (4%)

• LVRD (> 2 cm): 30 (15%)

• Unknown: 6 (3%)

Zhang 2018 
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Outcomes Overall survival defined as interval between treatment initiation and death

Median OS in participants with ascites regression: 32.1

Median OS in participants without ascites regression: 25.2

Multivariable Cox PH for OS adjusted for pre-operative ascites, number of tumour sites, CA-125 at diag-
nosis, CA-125 decreasing kinetics:

• LVRD (> 1 cm (vs SVRD < 1 cm): HR 2.58, 95% CI 1.71 to 4.24), P < 0.01

Progression-free survival defined as interval between the beginning of treatment and documented dis-
ease progression or death from any cause in women with no evidence of progression

Median PFS in participants with ascites regression: 22.3

Median PFS in participants without ascites regression: 18

Multivariable Cox PH for PFS adjusted for pre-operative ascites, number of tumour sites, number of
NAC cycles, CA-125 at diagnosis, CA-125 decreasing kinetics:

• LVRD (> 1 cm (vs SVRD): HR 2.43, 95% CI 1.44 to 4.08), P < 0.01

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): low risk

Valid and reliable measurement of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. OS defined as interval between treatment initiation and
death.

5. Adjustment for other prognostic factors (a-g): unclear risk

Baseline CA-125 and preoperative CA-125 are likely to introduce multicollinearity. Model predicting OS
adjusted for pre-operative ascites, number of tumour sites, CA-125 at diagnosis, CA-125 decreasing ki-
netics

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; data driven based on P values of univariate associations

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. PFS defined as interval between the beginning of treat-
ment and documented disease progression or death from any cause in women with no evidence of pro-
gression.

5. Adjustment for other prognostic factors (a-g): unclear risk

Zhang 2018  (Continued)
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Baseline CA-125 and preoperative CA-125 are likely to introduce multicollinearity. Model predicting PFS
adjusted for age, preoperative ascites, FIGO stage, tumour sites, baseline CA-125, preoperative CA-125,
number of NACT cycles and CA-125 decreasing kinetics

6. Statistical analysis and reporting (a-d): unclear risk

No conceptual framework; data driven based on P values of univariate associations

Notes Median follow-up: 43.5 months

Ascites regression defined as an ascites volume of less than 500 mL

Inclusion criteria

(i) Women histologically diagnosed as stage IIIc or IV invasive ovarian, fallopian tube or peritoneal high-
grade serous carcinoma; (ii) women treated with platinum-based NAC followed by IDS and adjuvant
chemotherapy; and (iii) women with an ascites volume of greater than or equal to 500 mL before NAC
treatment as assessed by ultrasound examination

Exclusion criteria

(i) Fragile women who received slow-release evacuation procedure before NAC due to intolerable ab-
dominal distension; (ii) women with extra-abdominal metastatic malignancy; and (iii) women whose
preoperative serum cancer antigen 125 (CA-125) levels were less than or equal to 35 U/ mL

Treatment protocol

A NAC regimen consisting of carbo-platinum (area under the curves 5 to 6) and paclitaxel (135 to 175

mg/ m2) was administered every 3 weeks. IDS was performed approximately 2 to 4 weeks after the NAC
regimen. The adjuvant chemotherapy (at least 3 to 4 cycles) was the same as NAC.

The standard IDS included bilateral/unilateral salpingo-oophorectomy, hysterectomy, appendectomy,
pelvic/para-aortic lymphadenectomy and omentectomy. Extensive upper abdominal surgery was de-
fined as splenectomy, diaphragm stripping and/or resection, distal pancreatectomy, cholecystectomy,
partial liver resection and partial gastrectomy. Other surgery procedures, such as large/small bowel re-
section and peritoneal resection, were performed as necessary.

Zhang 2018  (Continued)

 
 

Study characteristics

Methods Multicentre, retrospective study

Participants N = 672 women newly diagnosed with epithelial ovarian cancer between June 2008 and December 2015
at the Sun Yat-Sen University Cancer Center and Nan Fang Hospital of Southern Medical University, who
were treated with NACT followed by IDS

Median age: 55 (range: 30 to 70)

FIGO: III – 564 (83.9%); IV – 108 (16.1%)

Histology: serous – 484 (72%); non-serous – 188 (28%)

Tumour grade:

• G1 – 384 (57.1%)

• G2/3 – 288 (42.9%)

CA-125 at diagnosis, U/mL:

• ≤ 35: 226 (33.6%)

Zhu 2016 
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• > 35: 446 (66.4%)

Comorbidity:

• Chronic hepatitis B: 64 (9.5%)

• Hypertension: 35 (5.2%)

• Diabetes: 27 (4%)

• Cardiovascular disease: 4 (0.6%)

Chemosensitivity (RECIST complete/partial response): 444 (66.1%)

Chemoresistance: 228 (33.9%)

Residual disease details All participants given 3 cycles of NACT before IDS

NACT regimen

• Cisplatin plus paclitaxel: 298 (44.3 %)

• Carboplatin plus paclitaxel: 250 (37.2 %)

• Carboplatin plus docetaxel: 124 (18.5 %)

Complete response to NACT (NMRD) in 61 (9.1%)

'Optimal' cytoreduction was defined as RD ≤ 1 cm (n = 486; 72.3%)

Outcomes Overall survival defined as interval between the date of diagnosis and the date of death from any cause
or last follow-up

5-year OS: 36.7%

Multivariable Cox PH for OS adjusted for FIGO stage, chemosensitivity, Glasgow prognostic score:

• LVRD (> 1 cm) (vs SVRD): HR 1.332 (95% CI 1.057 to 1.679), P = 0.015

Progression-free survival defined as time from the date of diagnosis to the date of first relapse, progres-
sion, death from any cause or last follow-up

5-year PFS: 19.3%

Multivariable Cox PH for PFS adjusted for FIGO stage, chemosensitivity, Glasgow prognostic score:

• LVRD (> 1 cm) (vs SVRD): HR 1.268 (95% CI 1.051 to 1.589), P = 0.044

Risk of bias (QUIPS) 1. Study participation (a-f): low risk

Adequate number of participants and description of target population. Baseline characteristics, eligi-
bility criteria, sampling frame and period/place study took place presented clearly.

2. Study attrition (a-e): unclear risk

Unclear if patients with incomplete follow-up were excluded before arriving at the stated sample size.
Insufficient information to permit judgement.

3. Prognostic factor measurement (a-f): unclear risk

Valid and reliable measurement of RD. Multicentre design may introduce heterogeneity in measure-
ment of RD

Outcome level assessment:

Outcome: overall survival

4. Outcome measurement (a-c): low risk

Zhu 2016  (Continued)
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Valid and reliable measurement of outcome. OS defined as interval between the date of diagnosis and
the date of death from any cause or last follow-up.

5. Adjustment for other prognostic factors (a-g): high risk

Age arbitrarily dichotomised. Multivariate models for OS adjusted for FIGO stage, chemosensitivity and
Glasgow Prognostic Score

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on how variables were brought forward to multivariate model

Outcome: progression-free survival

4. Outcome measurement (a-c): low risk

Valid and reliable measurement of outcome. PFS defined as time from the date of diagnosis to the date
of first relapse, progression, death from any cause or last follow-up

5. Adjustment for other prognostic factors (a-g): high risk

Age arbitrarily dichotomised. Multivariate models for PFS adjusted for FIGO stage, chemosensitivity
and Glasgow Prognostic Score.

6. Statistical analysis and reporting (a-d): high risk

No conceptual framework; unclear on how variables were brought forward to multivariate model

Notes Median follow-up: 38 months (range: 5 to 103)

ECOG PS (Eastern Cooperative Oncology Group performance status)

≤ 1: 494 (73.5%); > 2: 178 (26.5%)

Definition of Glasgow prognostic score: women in whom an elevated CRP level (> 10 mg/L) and hypoal-
buminaemia (< 35 g/L) were both present were allocated a score of 2. Women with only one of these
two biochemical abnormalities were given a score of 1. Women with neither of these abnormalities re-
ceived a score of 0.

Zhu 2016  (Continued)

1. Study participation
a. Adequate participation in the study by eligible persons

b. Description of the target population or population of interest

c. Description of the baseline study sample

d. Adequate description of the sampling frame and recruitment

e. Adequate description of the period and place of recruitment

f. Adequate description of inclusion and exclusion criteria

2. Study attrition
a. Adequate response rate for study participants

b. Description of attempts to collect information on participants who dropped out

c. Reasons for loss to follow-up are provided

d. Adequate description of participants lost to follow-up

e. There are no important diGerences between participants who completed the study and those who did not

3. Prognostic factor measurement
a. A clear definition or description of the PF is provided

b. Method of PF measurement is adequately valid and reliable

c. Continuous variables are reported or appropriate cutpoints are used

d. The method and setting of measurement of PF is the same for all study participants

e. Adequate proportion of the study sample has complete data for the PF

f. Appropriate methods of imputation are used for missing PF data

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

138



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

4. Outcome measurement
a. A clear definition of the outcome is provided

b. Method of outcome measurement used is adequately valid and reliable

c. The method and setting of outcome measurement is the same for all study participants

5. Adjustment for other prognostic factors
a. All other important PFs are measured

b. Clear definitions of the important PFs measured are provided

c. Measurement of all important PFs is adequately valid and reliable

d. The method and setting of PF measurement are the same for all study participants

e. Appropriate methods are used to deal with missing values of PFs, such as multiple imputation

f. Important PFs are accounted for in the study design

g. Important PFs are accounted for in the analysis

6. Statistical analysis and reporting
a. SuGicient presentation of data to assess the adequacy of the analytic strategy

b. Strategy for model building is appropriate and is based on a conceptual framework or model

c. The selected statistical model is adequate for the design of the study

d. There is no selective reporting of result

Overall risk of bias judgements were made per outcome for each included study
Abbreviations:
ACCI: age-adjusted Charlson Comorbidity Index; AHR: adjusted hazard ratio; AOC: advanced ovarian cancer; ASA: American Society of
Anaesthesiologists; BMI: body mass index; CDC: Clavien-Dindo classification; CI: confidence interval; CPLN: cardiophrenic lymph nodes;
CRP: c-reactive protein; CRS: cytoreductive surgery; DSS: disease-specific survival; ECOG: Eastern Cooperative Oncology Group; EOC:
epithelial ovarian cancer; FIGO: International Federation of Gynecology and Obstetrics; GOG: Gynaecologic Oncology Group; HR: hazard
ratio; ICU: intensive care unit; IDS: interval debulking surgery; IP: intraperitoneal; IQR: interquartile range; IV: intravenous; KM: Kaplan–
Meier; LVRD: large-volume residual disease; NACT/ACT/CT: neoadjuvant chemotherapy/adjuvant chemotherapy/chemotherapy; NMRD: no
macroscopic residual disease; NOS: not otherwise specified; OR: odds ratio; OS: overall survival; PCI: Peritoneal Cancer Index; PDS: primary
debulking surgery; PH: proportional hazards; OS: overall survival; PF: prognostic factor; PFS: progression-free survival; RD: residual disease;
RR: risk ratio; RT: residual tumour; SD: standard deviation; SE: standard error; SVRD: small-volume residual disease; TSIC: time from surgery
to initiation of chemotherapy; UTI: urinary tract infection; WHO: World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alberts 1993 No survival analysis by RD as all patients had suboptimal surgery (defined as more than 2 cm)

Alberts 1996 No multivariate analysis data

Alphs 2006 Included only 78 patients; 8 patients were early-stage and 9 patients received NAC

Altman 2012 No multivariate analysis data

Andersen Soegaard 2005 This study included only 83 patients, of which 66 received platinum-based chemotherapy. No mul-
tivariate analysis was performed.

Anuradha 2016 Scope of study focused on time interval between surgery and chemotherapy

Bailey 2006 Chemotherapy data are absent

Baker 1994 95% CI or SE (HR) are not reported and the HR point estimate for OS is 1.66 across all categories; it
is not clear if the < 1 cm category was used as the reference group when compared to both 1 cm to
2 cm and > 2 cm residual disease

Barda 2004 27.3% of ovarian cancer received non-platinum chemotherapy

Benedetti-Panici 1996 Included only 66 patients and stage IIb. No survival data per RD. Also included NAC/IDS.
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Study Reason for exclusion

Bertelsen 1990 Study does not include a multivariate analysis

Bertelsen 1993 No survival data per residual disease

Bian 2016 No multivariate analysis data

Bonnefoi 1999 38 patients had NAC and 27 patients had non-platinum chemotherapy

Brinkhuis 1996a No direct comparison by size of residual disease and there is no multivariate analysis

Brinkhuis 1996b 1 group of patients did not receive platinum chemotherapy except at progression. Survival data
per RD is reported for all patients collectively.

Bristow 1999 Included only 84 patients

Cai 2007 Included 95 patients. We suspect that IDS cases were included.

Ceresoli 2018 Included only 56 patients at analysis, of which 28 treated with cytoreductive surgery + HIPEC and
28 treated with cytoreductive surgery alone.

Chekman 2015 Did not report outcomes for extent of residual disease by type of initial primary surgery

Clamp 2018 No multivariate analysis data

Colozza 1997 Included only 39 patients

Conte 1991 No survival data per residual disease

Conte 1996 There is no optimal group. No survival data per residual disease.

Crawford 2005 18% of the cases were stage IC and II

Creasman 1990 All cases were sub-optimal, defined as RD greater than 1 cm; no analysis by RD

Cummins 2019 Full text unavailable

Dao 2016 Included patients who had neoadjuvant chemotherapy

Del Campo 1994 Included only 91 patients

de Oliviera 1990 1 arm did not receive platinum-based chemotherapy

di Re 1996 14 patients had borderline tumours. Also included stage II cases. Before 1979, patients received
non-platinum chemotherapy.

Elgamal 2019 Full text unavailable

Fagotti 2020 Did not report outcomes for extent of residual disease by type of initial primary surgery

Gao 2001 Only 31 cases

Gasimli 2016 Included selective group of women with cytoreduction of tumour to microscopic optimal disease (0
cm)

Geisler 2004 24 patients were stage I and II
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Study Reason for exclusion

Gershenson 1989 Included only 50 patients

Gershenson 1992 All patients were optimal, defined as RD less than 2 cm. No further analysis of survival by RD.

Gershenson 1995 Included only 51 patients

Greggi 2016 RD thresholds were not part of scope as the study focused on comparison of oncology specialist
centres versus non-specialist centres

Grem 1991 Included only 43 patients

Hainsworth 1990 Included only 25 patients

Hakes 1992 Included only 78 patients

Hamid 2002 Only included 62 patients

Hardy 1991 Included only 30 stage IV patients

Heitz 2016 No multivariate analyses were reported

Hoskins 1992 All patients are optimal, i.e. less than 1 cm. Survival data is per preoperative disease volume rather
than RD.

Hoskins 1996 Included only 29 patients

Hoskins 1997 No survival by residual disease

Itamochi 2002 Optimal surgery, i.e. size of RD, is not properly defined

Kaern 2005 Included only 31 stage III patients with no control group having RD more than 1 cm

Kehoe 2015 Comparisons of residual disease were based on type of intervention

Kessous 2017 No multivariate analysis data

Keyver-Paik 2016 No multivariate analyses were reported

Kirmani 1994 Included only 29 patients

Kristensen 1995 Included only 27 patients

Le 1997 Data for stage IIIC and IV subgroup was not reported and authors no longer had access to these da-
ta

Lee 2018 No multivariate analyses were reported and no response from corresponding author after request
for adjusted estimates

Loizzi 2016 Included only 78 patients

Lorusso 1998 Included only 34 patients

Malik 1998 Included only 21 patients

Marchetti 1993 Included only 70 patients
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Study Reason for exclusion

McGuire 1996 No multivariate analyses were reported

Michaan 2018 Chemotherapy response score not same as optimal cytoreduction

Ngan 1989 Contained 65 patients only and 15 patients were excluded, so only 50 patients

Omura 1989 95% CIs and P values from Cox model in adjusted estimates are not reported. Cannot use Parmar's
methods given the number of deaths and log rank P value as we need the unadjusted estimate.

Onda 2020 Did not report outcomes for extent of residual disease by type of initial primary surgery

Palmer 1992 Included only 70 patients

Piver 1991 43 patients did not receive platinum-based chemotherapy. No multivariate analysis.

Raspagliesi 2018 No multivariate analysis data

Redman 1986 Included 89 patients, 11 of whom initially did not receive platinum chemotherapy

Risum 2012 Only 17 women went through NACT-IDS

Rodriguez 2013 Comparisons were in terms of surgical procedures performed and could not be analysed by resid-
ual disease thresholds

Rose 2004 Reported on outcome after ''secondary'' debulking surgery. However, Winter 2007 included the re-
sults of GOG 152 by residual diease after primary cytoreductive surgery. This has been confirmed
through personal communication with GOG statistician (Dr Mark Brady).

Ruscito 2016 Study did not distinguish between PDS and IDS

Rutten 2014 17% of sample made up of FIGO I and II

Salani 2007 Case-control study

Sessa 1991 No multivariate analysis performed

Shapiro 1998 Included only 26 patients

Shinozuka 1999 Some patients received preoperative chemotherapy

Sioulas 2017 Included women who received combination of intravenous/intraperitoneal chemotherapy and RD
was not adequately reported in multivariate analyses

Skarlos 1996 Included patients with stage IIC disease

Smits 2015 Scope of study focused on obese and non-obese patients and included proportion of women who
received neoadjuvant chemotherapy

Solmaz 2015 Did not report survival by residual disease

Son 2017 Included only 60 patients

Stewart 2015 Full text unavailable

Stewart 2016 No multivariate analysis
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Strauss 1996 Included 42 patients only

Suidan 2015 Reported in abstract form only and unlikely that residual disease thresholds were assessed in ap-
propriate multivariate analyses

Sun 2000 Patients who did not receive preoperative chemotherapy are only 76. Nature of chemotherapy re-
ceived not clear.

Sutton 1989 Included only 56 patients

Takano 2006 Most patients had early-stage disease, which cannot be separated from late-staged cases

Takano 2007 Included early-stage disease (stage IC and II), which cannot be separated from late-staged cases

Tay 1996 Included 62 patients only. Did not include survival data per optimal versus suboptimal.

Taylor 1994 Included only 64 patients

Tingulstad 2003 6 patients did not receive chemotherapy and 6 patients received non-platinum chemotherapy

Todo 2003 Included patients who received NAC and IDS but did not report by extent of disease

Trhlík 2013 Full text unavailable

Uyar 2005 18 patients were stage I and II. No survival data per RD.

Vallejos 1997 Included only 30 patients

Van Der Burg 1996 Reported results per residual disease after NAC/IDS

Van Driel 2017 Non-platinum based chemotherapy was given to all the women

van Vliet 2015 Included patients with who received IDS

Vergote 2010 Comparisons of residual disease were based on type of intervention

Vergote 2018 Comparisons of residual disease were based on type of intervention

Vidal 2016 No multivariate analyses were reported

Wadler 1996 Survival reported per residual disease in all patients including 118 who received non-platinum
chemotherapy

Wallace 2017 No multivariate analyses were reported

Warwick 1995 31 patients were stage II. No survival data per RD.

Willemse 1992 Included only 76 patients

Wils 1990 Included only 88 patients

Wimberger 2007 Multivariate analyses did not include residual disease and the study also included women with
stage IIB and IIC disease. We attempted to contact the authors for further information but at time
of submission of the review there had been no correspondence.
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Yamamoto 2007 Included 67 ''selected'' patients with rare histological subtype

Zang 1999 Included only 71 patients and 31 of them received neoadjuvant chemotherapy

Zhang 2015 < 100 patients with advanced disease in study

CI: confidence interval; HIPEC: hyperthermic intraperitoneal chemotherapy; HR: hazard ratio; IDS: interval debulking surgery; NAC:
neoadjuvant chemotherapy; OS: overall survival; PDS: Primary debulking surgery; RD: residual disease; SE: standard error
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   PDS: SVRD (< 1 cm) versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Overall survival 17   Hazard Ratio (IV, Random, 95% CI) 2.03 [1.80, 2.29]

1.1.1 Advanced stage (III/IV) 7   Hazard Ratio (IV, Random, 95% CI) 1.93 [1.55, 2.39]

1.1.2 Stage III 2   Hazard Ratio (IV, Random, 95% CI) 2.29 [1.66, 3.15]

1.1.3 Stage IIIC 5   Hazard Ratio (IV, Random, 95% CI) 2.49 [1.98, 3.13]

1.1.4 Stage IV 3   Hazard Ratio (IV, Random, 95% CI) 1.73 [1.34, 2.22]

1.2 Overall survival - sensitiv-
ity analysis using fixed-effect
model

17   Hazard Ratio (IV, Fixed, 95% CI) 2.05 [1.91, 2.20]

1.2.1 Advanced stage (III/IV) 7   Hazard Ratio (IV, Fixed, 95% CI) 2.01 [1.84, 2.19]

1.2.2 Stage III 2   Hazard Ratio (IV, Fixed, 95% CI) 2.17 [1.83, 2.58]

1.2.3 Stage IIIC 5   Hazard Ratio (IV, Fixed, 95% CI) 2.49 [1.98, 3.13]

1.2.4 Stage IV 3   Hazard Ratio (IV, Fixed, 95% CI) 1.73 [1.34, 2.22]

1.3 Overall survival - sensi-
tivity analysis excluding Klar
2016

16   Hazard Ratio (IV, Random, 95% CI) 1.99 [1.75, 2.27]

1.3.1 Advanced stage (III/IV) 6   Hazard Ratio (IV, Random, 95% CI) 1.81 [1.46, 2.25]

1.3.2 Stage III 2   Hazard Ratio (IV, Random, 95% CI) 2.29 [1.66, 3.15]

1.3.3 Stage IIIC 5   Hazard Ratio (IV, Random, 95% CI) 2.49 [1.98, 3.13]

1.3.4 Stage IV 3   Hazard Ratio (IV, Random, 95% CI) 1.73 [1.34, 2.22]

1.4 Progression-free survival 10   Hazard Ratio (IV, Random, 95% CI) 1.88 [1.63, 2.16]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.4.1 Advanced stage (III/IV) 5   Hazard Ratio (IV, Random, 95% CI) 1.82 [1.43, 2.32]

1.4.2 Stage III 2   Hazard Ratio (IV, Random, 95% CI) 2.21 [1.54, 3.18]

1.4.3 Stage IIIC 1   Hazard Ratio (IV, Random, 95% CI) 2.03 [1.25, 3.31]

1.4.4 Stage IV 2   Hazard Ratio (IV, Random, 95% CI) 1.68 [1.26, 2.24]

1.5 Progression-free survival
- sensitivity analysis using
fixed-effect model

10   Hazard Ratio (IV, Fixed, 95% CI) 1.93 [1.80, 2.06]

1.5.1 Advanced stage (III/IV) 5   Hazard Ratio (IV, Fixed, 95% CI) 1.92 [1.77, 2.08]

1.5.2 Stage III 2   Hazard Ratio (IV, Fixed, 95% CI) 2.01 [1.76, 2.31]

1.5.3 Stage IIIC 1   Hazard Ratio (IV, Fixed, 95% CI) 2.03 [1.25, 3.31]

1.5.4 Stage IV 2   Hazard Ratio (IV, Fixed, 95% CI) 1.68 [1.26, 2.24]

1.6 Progression-free survival -
sensitivity analysis excluding
Klar 2016

9   Hazard Ratio (IV, Random, 95% CI) 1.83 [1.56, 2.13]

1.6.1 Advanced stage (III/IV) 4   Hazard Ratio (IV, Random, 95% CI) 1.69 [1.33, 2.14]

1.6.2 Stage III 2   Hazard Ratio (IV, Random, 95% CI) 2.21 [1.54, 3.18]

1.6.3 Stage IIIC 1   Hazard Ratio (IV, Random, 95% CI) 2.03 [1.25, 3.31]

1.6.4 Stage IV 2   Hazard Ratio (IV, Random, 95% CI) 1.68 [1.26, 2.24]
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Analysis 1.1.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD, Outcome 1: Overall survival

Study or Subgroup

1.1.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Klar 2016
Langstraat 2011
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 23.15, df = 6 (P = 0.0007); I² = 74%
Test for overall effect: Z = 5.94 (P < 0.00001)

1.1.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 1.39, df = 1 (P = 0.24); I² = 28%
Test for overall effect: Z = 5.07 (P < 0.00001)

1.1.3 Stage IIIC
Aletti 2006
Bristow 2011
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.17, df = 4 (P = 0.88); I² = 0%
Test for overall effect: Z = 7.80 (P < 0.00001)

1.1.4 Stage IV
Ataseven 2016
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.81, df = 2 (P = 0.67); I² = 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 31.75, df = 16 (P = 0.01); I² = 50%
Test for overall effect: Z = 11.39 (P < 0.00001)
Test for subgroup differences: Chi² = 5.30, df = 3 (P = 0.15), I² = 43.4%

log[Hazard Ratio]

0.7975
0.671
0.84

0.8087
0.83

0.342
0.31

1.17
0.75

1.123
1.008
0.809
0.726
0.843

0.408
0.628
0.66

SE

0.293
0.1176

0.06
0.213
0.251
0.31

0.0985

0.345
0.09

0.4959
0.1657
0.298
0.263
0.38

0.201
0.2211
0.257

Weight

3.5%
10.0%
13.6%
5.5%
4.4%
3.2%

11.2%
51.5%

2.7%
11.8%
14.4%

1.4%
7.4%
3.4%
4.1%
2.3%

18.6%

5.9%
5.3%
4.3%

15.4%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.22 [1.25 , 3.94]
1.96 [1.55 , 2.46]
2.32 [2.06 , 2.61]
2.24 [1.48 , 3.41]
2.29 [1.40 , 3.75]
1.41 [0.77 , 2.58]
1.36 [1.12 , 1.65]
1.93 [1.55 , 2.39]

3.22 [1.64 , 6.34]
2.12 [1.77 , 2.53]
2.29 [1.66 , 3.15]

3.07 [1.16 , 8.13]
2.74 [1.98 , 3.79]
2.25 [1.25 , 4.03]
2.07 [1.23 , 3.46]
2.32 [1.10 , 4.89]
2.49 [1.98 , 3.13]

1.50 [1.01 , 2.23]
1.87 [1.21 , 2.89]
1.93 [1.17 , 3.20]
1.73 [1.34 , 2.22]

2.03 [1.80 , 2.29]

Hazard Ratio
IV, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours SVRD group Favours NMRD group

 
 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

146



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.2.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD, Outcome
2: Overall survival - sensitivity analysis using fixed-e=ect model

Study or Subgroup

1.2.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Klar 2016
Langstraat 2011
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Chi² = 23.15, df = 6 (P = 0.0007); I² = 74%
Test for overall effect: Z = 15.79 (P < 0.00001)

1.2.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Chi² = 1.39, df = 1 (P = 0.24); I² = 28%
Test for overall effect: Z = 8.92 (P < 0.00001)

1.2.3 Stage IIIC
Aletti 2006
Bristow 2011
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Chi² = 1.17, df = 4 (P = 0.88); I² = 0%
Test for overall effect: Z = 7.80 (P < 0.00001)

1.2.4 Stage IV
Ataseven 2016
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Chi² = 0.81, df = 2 (P = 0.67); I² = 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

Total (95% CI)
Heterogeneity: Chi² = 31.75, df = 16 (P = 0.01); I² = 50%
Test for overall effect: Z = 20.06 (P < 0.00001)
Test for subgroup differences: Chi² = 5.23, df = 3 (P = 0.16), I² = 42.7%

log[Hazard Ratio]

0.7975
0.671
0.84

0.8087
0.83

0.342
0.31

1.17
0.75

1.123
1.008
0.809
0.726
0.843

0.408
0.628
0.66

SE

0.293
0.1176

0.06
0.213
0.251
0.31

0.0985

0.345
0.09

0.4959
0.1657
0.298
0.263
0.38

0.201
0.2211
0.257

Weight

1.5%
9.3%

35.7%
2.8%
2.0%
1.3%

13.2%
65.9%

1.1%
15.9%
16.9%

0.5%
4.7%
1.4%
1.9%
0.9%
9.4%

3.2%
2.6%
1.9%
7.8%

100.0%

Hazard Ratio
IV, Fixed, 95% CI

2.22 [1.25 , 3.94]
1.96 [1.55 , 2.46]
2.32 [2.06 , 2.61]
2.24 [1.48 , 3.41]
2.29 [1.40 , 3.75]
1.41 [0.77 , 2.58]
1.36 [1.12 , 1.65]
2.01 [1.84 , 2.19]

3.22 [1.64 , 6.34]
2.12 [1.77 , 2.53]
2.17 [1.83 , 2.58]

3.07 [1.16 , 8.13]
2.74 [1.98 , 3.79]
2.25 [1.25 , 4.03]
2.07 [1.23 , 3.46]
2.32 [1.10 , 4.89]
2.49 [1.98 , 3.13]

1.50 [1.01 , 2.23]
1.87 [1.21 , 2.89]
1.93 [1.17 , 3.20]
1.73 [1.34 , 2.22]

2.05 [1.91 , 2.20]

Hazard Ratio
IV, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours SVRD group Favours NMRD group
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Analysis 1.3.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD,
Outcome 3: Overall survival - sensitivity analysis excluding Klar 2016

Study or Subgroup

1.3.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Langstraat 2011
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.04; Chi² = 10.77, df = 5 (P = 0.06); I² = 54%
Test for overall effect: Z = 5.36 (P < 0.00001)

1.3.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 1.39, df = 1 (P = 0.24); I² = 28%
Test for overall effect: Z = 5.07 (P < 0.00001)

1.3.3 Stage IIIC
Aletti 2006
Bristow 2011
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.17, df = 4 (P = 0.88); I² = 0%
Test for overall effect: Z = 7.80 (P < 0.00001)

1.3.4 Stage IV
Ataseven 2016
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.81, df = 2 (P = 0.67); I² = 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 25.43, df = 15 (P = 0.04); I² = 41%
Test for overall effect: Z = 10.33 (P < 0.00001)
Test for subgroup differences: Chi² = 6.22, df = 3 (P = 0.10), I² = 51.8%

log[Hazard Ratio]

0.7975
0.671

0.8087
0.83

0.342
0.31

1.17
0.75

1.123
1.008
0.809
0.726
0.843

0.408
0.628
0.66

SE

0.293
0.1176
0.213
0.251
0.31

0.0985

0.345
0.09

0.4959
0.1657
0.298
0.263
0.38

0.201
0.2211
0.257

Weight

4.0%
11.6%
6.4%
5.1%
3.7%

13.1%
43.9%

3.1%
13.7%
16.8%

1.6%
8.6%
3.9%
4.7%
2.6%

21.5%

6.9%
6.1%
4.9%

17.8%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.22 [1.25 , 3.94]
1.96 [1.55 , 2.46]
2.24 [1.48 , 3.41]
2.29 [1.40 , 3.75]
1.41 [0.77 , 2.58]
1.36 [1.12 , 1.65]
1.81 [1.46 , 2.25]

3.22 [1.64 , 6.34]
2.12 [1.77 , 2.53]
2.29 [1.66 , 3.15]

3.07 [1.16 , 8.13]
2.74 [1.98 , 3.79]
2.25 [1.25 , 4.03]
2.07 [1.23 , 3.46]
2.32 [1.10 , 4.89]
2.49 [1.98 , 3.13]

1.50 [1.01 , 2.23]
1.87 [1.21 , 2.89]
1.93 [1.17 , 3.20]
1.73 [1.34 , 2.22]

1.99 [1.75 , 2.27]

Hazard Ratio
IV, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours SVRD group Favours NMRD group
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Analysis 1.4.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD, Outcome 4: Progression-free survival

Study or Subgroup

1.4.1 Advanced stage (III/IV)
Chang 2012a
Klar 2016
Paik 2018
Shim 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 20.36, df = 4 (P = 0.0004); I² = 80%
Test for overall effect: Z = 4.88 (P < 0.00001)

1.4.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.04; Chi² = 2.12, df = 1 (P = 0.15); I² = 53%
Test for overall effect: Z = 4.27 (P < 0.0001)

1.4.3 Stage IIIC
Chang 2012b
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.85 (P = 0.004)

1.4.4 Stage IV
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.80, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 3.51 (P = 0.0004)

Total (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 24.62, df = 9 (P = 0.003); I² = 63%
Test for overall effect: Z = 8.82 (P < 0.00001)
Test for subgroup differences: Chi² = 1.49, df = 3 (P = 0.68), I² = 0%

log[Hazard Ratio]

0.678
0.76

0.464
0.87
0.33

1.08
0.673

0.708

0.415
0.688

SE

0.2403
0.05

0.164
0.22

0.088

0.27
0.072

0.2487

0.1872
0.24

Weight

6.2%
18.6%
9.9%
7.0%

15.6%
57.2%

5.2%
16.9%
22.2%

5.9%
5.9%

8.5%
6.2%

14.7%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.97 [1.23 , 3.15]
2.14 [1.94 , 2.36]
1.59 [1.15 , 2.19]
2.39 [1.55 , 3.67]
1.39 [1.17 , 1.65]
1.82 [1.43 , 2.32]

2.94 [1.73 , 5.00]
1.96 [1.70 , 2.26]
2.21 [1.54 , 3.18]

2.03 [1.25 , 3.31]
2.03 [1.25 , 3.31]

1.51 [1.05 , 2.19]
1.99 [1.24 , 3.18]
1.68 [1.26 , 2.24]

1.88 [1.63 , 2.16]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours SVRD group Favours NMRD group
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Analysis 1.5.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD, Outcome
5: Progression-free survival - sensitivity analysis using fixed-e=ect model

Study or Subgroup

1.5.1 Advanced stage (III/IV)
Chang 2012a
Klar 2016
Paik 2018
Shim 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Chi² = 20.36, df = 4 (P = 0.0004); I² = 80%
Test for overall effect: Z = 16.01 (P < 0.00001)

1.5.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Chi² = 2.12, df = 1 (P = 0.15); I² = 53%
Test for overall effect: Z = 10.06 (P < 0.00001)

1.5.3 Stage IIIC
Chang 2012b
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.85 (P = 0.004)

1.5.4 Stage IV
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Chi² = 0.80, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 3.51 (P = 0.0004)

Total (95% CI)
Heterogeneity: Chi² = 24.62, df = 9 (P = 0.003); I² = 63%
Test for overall effect: Z = 19.41 (P < 0.00001)
Test for subgroup differences: Chi² = 1.33, df = 3 (P = 0.72), I² = 0%

log[Hazard Ratio]

0.678
0.76

0.464
0.87
0.33

1.08
0.673

0.708

0.415
0.688

SE

0.2403
0.05

0.164
0.22

0.088

0.27
0.072

0.2487

0.1872
0.24

Weight

2.0%
45.8%
4.3%
2.4%

14.8%
69.2%

1.6%
22.1%
23.7%

1.9%
1.9%

3.3%
2.0%
5.3%

100.0%

Hazard Ratio
IV, Fixed, 95% CI

1.97 [1.23 , 3.15]
2.14 [1.94 , 2.36]
1.59 [1.15 , 2.19]
2.39 [1.55 , 3.67]
1.39 [1.17 , 1.65]
1.92 [1.77 , 2.08]

2.94 [1.73 , 5.00]
1.96 [1.70 , 2.26]
2.01 [1.76 , 2.31]

2.03 [1.25 , 3.31]
2.03 [1.25 , 3.31]

1.51 [1.05 , 2.19]
1.99 [1.24 , 3.18]
1.68 [1.26 , 2.24]

1.93 [1.80 , 2.06]

Hazard Ratio
IV, Fixed, 95% CI

0.2 0.5 1 2 5
Favours SVRD group Favours NMRD group

 
 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

150



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.6.   Comparison 1: PDS: SVRD (< 1 cm) versus NMRD, Outcome
6: Progression-free survival - sensitivity analysis excluding Klar 2016

Study or Subgroup

1.6.1 Advanced stage (III/IV)
Chang 2012a
Paik 2018
Shim 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 6.38, df = 3 (P = 0.09); I² = 53%
Test for overall effect: Z = 4.32 (P < 0.0001)

1.6.2 Stage III
Cuylan 2018
Winter 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.04; Chi² = 2.12, df = 1 (P = 0.15); I² = 53%
Test for overall effect: Z = 4.27 (P < 0.0001)

1.6.3 Stage IIIC
Chang 2012b
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.85 (P = 0.004)

1.6.4 Stage IV
Wimberger 2010
Winter 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.80, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 3.51 (P = 0.0004)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 16.77, df = 8 (P = 0.03); I² = 52%
Test for overall effect: Z = 7.60 (P < 0.00001)
Test for subgroup differences: Chi² = 1.96, df = 3 (P = 0.58), I² = 0%

log[Hazard Ratio]

0.678
0.464
0.87
0.33

1.08
0.673

0.708

0.415
0.688

SE

0.2403
0.164
0.22

0.088

0.27
0.072

0.2487

0.1872
0.24

Weight

7.6%
12.1%
8.6%

19.2%
47.5%

6.4%
20.8%
27.2%

7.2%
7.2%

10.5%
7.6%

18.1%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.97 [1.23 , 3.15]
1.59 [1.15 , 2.19]
2.39 [1.55 , 3.67]
1.39 [1.17 , 1.65]
1.69 [1.33 , 2.14]

2.94 [1.73 , 5.00]
1.96 [1.70 , 2.26]
2.21 [1.54 , 3.18]

2.03 [1.25 , 3.31]
2.03 [1.25 , 3.31]

1.51 [1.05 , 2.19]
1.99 [1.24 , 3.18]
1.68 [1.26 , 2.24]

1.83 [1.56 , 2.13]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours SVRD group Favours NMRD group

 
 

Comparison 2.   PDS: LVRD (> 1 cm) versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Overall survival 14   Hazard Ratio (IV, Random, 95% CI) 2.50 [2.13, 2.94]

2.1.1 Advanced stage (III/IV) 8   Hazard Ratio (IV, Random, 95% CI) 2.44 [1.90, 3.14]

2.1.2 Stage III 1   Hazard Ratio (IV, Random, 95% CI) 2.47 [2.09, 2.92]

2.1.3 Stage IIIC 3   Hazard Ratio (IV, Random, 95% CI) 3.27 [2.42, 4.42]

2.1.4 Stage IV 2   Hazard Ratio (IV, Random, 95% CI) 2.16 [1.57, 2.96]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.2 Overall survival - sensi-
tivity analysis using fixed ef-
fects model

14   Hazard Ratio (IV, Fixed, 95% CI) 2.27 [2.09, 2.48]

2.2.1 Advanced stage (III/IV) 8   Hazard Ratio (IV, Fixed, 95% CI) 2.10 [1.87, 2.35]

2.2.2 Stage III 1   Hazard Ratio (IV, Fixed, 95% CI) 2.47 [2.09, 2.92]

2.2.3 Stage IIIC 3   Hazard Ratio (IV, Fixed, 95% CI) 3.27 [2.42, 4.42]

2.2.4 Stage IV 2   Hazard Ratio (IV, Fixed, 95% CI) 2.16 [1.57, 2.96]

2.3 Overall survival - sen-
sitivity analysis excluding
Melamed 2017b and Winter
2007

12   Hazard Ratio (IV, Random, 95% CI) 2.65 [2.20, 3.19]

2.3.1 Advanced stage (III/IV) 7   Hazard Ratio (IV, Random, 95% CI) 2.63 [1.99, 3.47]

2.3.2 Stage IIIC 3   Hazard Ratio (IV, Random, 95% CI) 3.27 [2.42, 4.42]

2.3.3 Stage IV 2   Hazard Ratio (IV, Random, 95% CI) 2.16 [1.57, 2.96]

2.4 Progression-free sur-
vival

6   Hazard Ratio (IV, Random, 95% CI) 2.10 [1.84, 2.40]

2.4.1 Advanced stage (III/IV) 3   Hazard Ratio (IV, Random, 95% CI) 1.92 [1.62, 2.27]

2.4.2 Stage III 1   Hazard Ratio (IV, Random, 95% CI) 2.36 [2.04, 2.73]

2.4.3 Stage IIIC 1   Hazard Ratio (IV, Random, 95% CI) 2.56 [1.54, 4.26]

2.4.4 Stage IV 1   Hazard Ratio (IV, Random, 95% CI) 1.82 [1.28, 2.59]
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Analysis 2.1.   Comparison 2: PDS: LVRD (> 1 cm) versus NMRD, Outcome 1: Overall survival

Study or Subgroup

2.1.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Langstraat 2011
Melamed 2017a
Melamed 2017b
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 26.34, df = 7 (P = 0.0004); I² = 73%
Test for overall effect: Z = 7.00 (P < 0.00001)

2.1.2 Stage III
Winter 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 10.51 (P < 0.00001)

2.1.3 Stage IIIC
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.40, df = 2 (P = 0.82); I² = 0%
Test for overall effect: Z = 7.71 (P < 0.00001)

2.1.4 Stage IV
Ataseven 2016
Wimberger 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 4.78 (P < 0.00001)

Total (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 35.35, df = 13 (P = 0.0007); I² = 63%
Test for overall effect: Z = 11.09 (P < 0.00001)
Test for subgroup differences: Chi² = 3.93, df = 3 (P = 0.27), I² = 23.7%

log[Hazard Ratio]

1.1756
1.012

1.5063
1.08

0.541
0.9343
0.6235

0.56

0.904

1.1282
1.308
1.093

0.788
0.754

SE

0.2723
0.161

0.2218
0.32
0.09
0.25

0.292
0.121

0.086

0.2757
0.25

0.276

0.244
0.214

Weight

5.4%
8.9%
6.8%
4.4%

11.5%
6.0%
5.0%

10.4%
58.4%

11.6%
11.6%

5.4%
6.0%
5.4%

16.7%

6.2%
7.0%

13.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

3.24 [1.90 , 5.53]
2.75 [2.01 , 3.77]
4.51 [2.92 , 6.97]
2.94 [1.57 , 5.51]
1.72 [1.44 , 2.05]
2.55 [1.56 , 4.15]
1.87 [1.05 , 3.31]
1.75 [1.38 , 2.22]
2.44 [1.90 , 3.14]

2.47 [2.09 , 2.92]
2.47 [2.09 , 2.92]

3.09 [1.80 , 5.30]
3.70 [2.27 , 6.04]
2.98 [1.74 , 5.12]
3.27 [2.42 , 4.42]

2.20 [1.36 , 3.55]
2.13 [1.40 , 3.23]
2.16 [1.57 , 2.96]

2.50 [2.13 , 2.94]

Hazard Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Favours LVRD group Favours NMRD group
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Analysis 2.2.   Comparison 2: PDS: LVRD (> 1 cm) versus NMRD, Outcome
2: Overall survival - sensitivity analysis using fixed e=ects model

Study or Subgroup

2.2.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Langstraat 2011
Melamed 2017a
Melamed 2017b
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Chi² = 26.34, df = 7 (P = 0.0004); I² = 73%
Test for overall effect: Z = 12.86 (P < 0.00001)

2.2.2 Stage III
Winter 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 10.51 (P < 0.00001)

2.2.3 Stage IIIC
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Chi² = 0.40, df = 2 (P = 0.82); I² = 0%
Test for overall effect: Z = 7.71 (P < 0.00001)

2.2.4 Stage IV
Ataseven 2016
Wimberger 2010
Subtotal (95% CI)
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 4.78 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 35.35, df = 13 (P = 0.0007); I² = 63%
Test for overall effect: Z = 18.70 (P < 0.00001)
Test for subgroup differences: Chi² = 8.60, df = 3 (P = 0.04), I² = 65.1%

log[Hazard Ratio]

1.1756
1.012

1.5063
1.08

0.541
0.9343
0.6235

0.56

0.904

1.1282
1.308
1.093

0.788
0.754

SE

0.2723
0.161

0.2218
0.32
0.09
0.25

0.292
0.121

0.086

0.2757
0.25

0.276

0.244
0.214

Weight

2.6%
7.5%
3.9%
1.9%

23.8%
3.1%
2.3%

13.2%
58.3%

26.1%
26.1%

2.5%
3.1%
2.5%
8.2%

3.2%
4.2%
7.5%

100.0%

Hazard Ratio
IV, Fixed, 95% CI

3.24 [1.90 , 5.53]
2.75 [2.01 , 3.77]
4.51 [2.92 , 6.97]
2.94 [1.57 , 5.51]
1.72 [1.44 , 2.05]
2.55 [1.56 , 4.15]
1.87 [1.05 , 3.31]
1.75 [1.38 , 2.22]
2.10 [1.87 , 2.35]

2.47 [2.09 , 2.92]
2.47 [2.09 , 2.92]

3.09 [1.80 , 5.30]
3.70 [2.27 , 6.04]
2.98 [1.74 , 5.12]
3.27 [2.42 , 4.42]

2.20 [1.36 , 3.55]
2.13 [1.40 , 3.23]
2.16 [1.57 , 2.96]

2.27 [2.09 , 2.48]

Hazard Ratio
IV, Fixed, 95% CI

0.05 0.2 1 5 20
Favours LVRD group Favours NMRD group
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Analysis 2.3.   Comparison 2: PDS: LVRD (> 1 cm) versus NMRD, Outcome 3:
Overall survival - sensitivity analysis excluding Melamed 2017b and Winter 2007

Study or Subgroup

2.3.1 Advanced stage (III/IV)
Chang 2012a
Kahl 2017
Langstraat 2011
Melamed 2017a
Paik 2018
Tewari 2016
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 18.03, df = 6 (P = 0.006); I² = 67%
Test for overall effect: Z = 6.83 (P < 0.00001)

2.3.2 Stage IIIC
Chang 2012b
Chi 2006
Eisenkop 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.40, df = 2 (P = 0.82); I² = 0%
Test for overall effect: Z = 7.71 (P < 0.00001)

2.3.3 Stage IV
Ataseven 2016
Wimberger 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 4.78 (P < 0.00001)

Total (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 22.58, df = 11 (P = 0.02); I² = 51%
Test for overall effect: Z = 10.33 (P < 0.00001)
Test for subgroup differences: Chi² = 3.51, df = 2 (P = 0.17), I² = 43.1%

log[Hazard Ratio]

1.1756
1.012

1.5063
1.08

0.9343
0.6235

0.56

1.1282
1.308
1.093

0.788
0.754

SE

0.2723
0.161

0.2218
0.32
0.25

0.292
0.121

0.2757
0.25

0.276

0.244
0.214

Weight

7.1%
11.5%
8.8%
5.8%
7.8%
6.5%

13.5%
61.0%

7.0%
7.8%
7.0%

21.8%

8.0%
9.2%

17.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

3.24 [1.90 , 5.53]
2.75 [2.01 , 3.77]
4.51 [2.92 , 6.97]
2.94 [1.57 , 5.51]
2.55 [1.56 , 4.15]
1.87 [1.05 , 3.31]
1.75 [1.38 , 2.22]
2.63 [1.99 , 3.47]

3.09 [1.80 , 5.30]
3.70 [2.27 , 6.04]
2.98 [1.74 , 5.12]
3.27 [2.42 , 4.42]

2.20 [1.36 , 3.55]
2.13 [1.40 , 3.23]
2.16 [1.57 , 2.96]

2.65 [2.20 , 3.19]

Hazard Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Favours LVRD group Favours NMRD group
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Analysis 2.4.   Comparison 2: PDS: LVRD (> 1 cm) versus NMRD, Outcome 4: Progression-free survival

Study or Subgroup

2.4.1 Advanced stage (III/IV)
Chang 2012a
Paik 2018
Tseng 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.01, df = 2 (P = 0.37); I² = 0%
Test for overall effect: Z = 7.62 (P < 0.00001)

2.4.2 Stage III
Winter 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 11.59 (P < 0.00001)

2.4.3 Stage IIIC
Chang 2012b
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.63 (P = 0.0003)

2.4.4 Stage IV
Wimberger 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.33 (P = 0.0009)

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 6.59, df = 5 (P = 0.25); I² = 24%
Test for overall effect: Z = 11.09 (P < 0.00001)
Test for subgroup differences: Chi² = 4.57, df = 3 (P = 0.21), I² = 34.4%

log[Hazard Ratio]

0.9575
0.531
0.654

0.8575

0.94

0.5988

SE

0.255
0.16
0.11

0.074

0.2593

0.18

Weight

6.3%
14.0%
24.3%
44.6%

37.7%
37.7%

6.1%
6.1%

11.6%
11.6%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.61 [1.58 , 4.29]
1.70 [1.24 , 2.33]
1.92 [1.55 , 2.39]
1.92 [1.62 , 2.27]

2.36 [2.04 , 2.73]
2.36 [2.04 , 2.73]

2.56 [1.54 , 4.26]
2.56 [1.54 , 4.26]

1.82 [1.28 , 2.59]
1.82 [1.28 , 2.59]

2.10 [1.84 , 2.40]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours NMRD group

 
 

Comparison 3.   PDS: LVRD (> 1 cm) versus SVRD (< 1 cm)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Overall survival 5   Hazard Ratio (IV, Random, 95%
CI)

1.22 [1.13, 1.32]

3.1.1 Advanced stage (III/IV) 4   Hazard Ratio (IV, Random, 95%
CI)

1.21 [1.11, 1.32]

3.1.2 Stage IV 1   Hazard Ratio (IV, Random, 95%
CI)

1.30 [1.00, 1.68]

3.2 Overall survival sensitivity
analysis excluding Klar 2016

4   Hazard Ratio (IV, Random, 95%
CI)

1.23 [1.08, 1.41]

3.2.1 Advanced stage (III/IV) 3   Hazard Ratio (IV, Random, 95%
CI)

1.21 [1.03, 1.42]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.2.2 Stage IV 1   Hazard Ratio (IV, Random, 95%
CI)

1.30 [1.00, 1.68]

3.3 Overall survival sensitivity
analysis excluding 0 cm

3   Hazard Ratio (IV, Random, 95%
CI)

1.20 [1.10, 1.30]

3.3.1 Advanced stage (III/IV) 3   Hazard Ratio (IV, Random, 95%
CI)

1.20 [1.10, 1.30]

3.4 Overall survival sensitivity
analysis including studies that
included 0 cm

2   Hazard Ratio (IV, Random, 95%
CI)

1.37 [1.09, 1.72]

3.4.1 Advanced stage (III/IV) 1   Hazard Ratio (IV, Random, 95%
CI)

1.67 [1.03, 2.72]

3.4.2 Stage IV 1   Hazard Ratio (IV, Random, 95%
CI)

1.30 [1.00, 1.68]

3.5 Progression-free survival 2   Hazard Ratio (IV, Random, 95%
CI)

1.30 [1.08, 1.56]

3.5.1 Advanced stage (III/IV) 1   Hazard Ratio (IV, Random, 95%
CI)

1.22 [1.12, 1.33]

3.5.2 Stage IV 1   Hazard Ratio (IV, Random, 95%
CI)

1.49 [1.16, 1.92]
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Analysis 3.1.   Comparison 3: PDS: LVRD (> 1 cm) versus SVRD (< 1 cm), Outcome 1: Overall survival

Study or Subgroup

3.1.1 Advanced stage (III/IV)
Chan 2003
Klar 2016
Melamed 2017a
Melamed 2017b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.98, df = 3 (P = 0.58); I² = 0%
Test for overall effect: Z = 4.48 (P < 0.00001)

3.1.2 Stage IV
Winter 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.98 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.23, df = 4 (P = 0.69); I² = 0%
Test for overall effect: Z = 4.87 (P < 0.00001)
Test for subgroup differences: Chi² = 0.25, df = 1 (P = 0.61), I² = 0%

log[Hazard Ratio]

0.514
0.19
0.06

0.161

0.26

SE

0.248
0.05

0.319
0.089

0.131

Weight

2.7%
65.5%
1.6%

20.7%
90.5%

9.5%
9.5%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.67 [1.03 , 2.72]
1.21 [1.10 , 1.33]
1.06 [0.57 , 1.98]
1.17 [0.99 , 1.40]
1.21 [1.11 , 1.32]

1.30 [1.00 , 1.68]
1.30 [1.00 , 1.68]

1.22 [1.13 , 1.32]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group

 
 

Analysis 3.2.   Comparison 3: PDS: LVRD (> 1 cm) versus SVRD (< 1 cm),
Outcome 2: Overall survival sensitivity analysis excluding Klar 2016

Study or Subgroup

3.2.1 Advanced stage (III/IV)
Chan 2003
Melamed 2017a
Melamed 2017b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.98, df = 2 (P = 0.37); I² = 0%
Test for overall effect: Z = 2.37 (P = 0.02)

3.2.2 Stage IV
Winter 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.98 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.17, df = 3 (P = 0.54); I² = 0%
Test for overall effect: Z = 3.06 (P = 0.002)
Test for subgroup differences: Chi² = 0.19, df = 1 (P = 0.66), I² = 0%

log[Hazard Ratio]

0.514
0.06

0.161

0.26

SE

0.248
0.319
0.089

0.131

Weight

7.7%
4.7%

59.9%
72.3%

27.7%
27.7%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.67 [1.03 , 2.72]
1.06 [0.57 , 1.98]
1.17 [0.99 , 1.40]
1.21 [1.03 , 1.42]

1.30 [1.00 , 1.68]
1.30 [1.00 , 1.68]

1.23 [1.08 , 1.41]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group
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Analysis 3.3.   Comparison 3: PDS: LVRD (> 1 cm) versus SVRD (< 1
cm), Outcome 3: Overall survival sensitivity analysis excluding 0 cm

Study or Subgroup

3.3.1 Advanced stage (III/IV)
Klar 2016
Melamed 2017a
Melamed 2017b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.23, df = 2 (P = 0.89); I² = 0%
Test for overall effect: Z = 4.19 (P < 0.0001)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.23, df = 2 (P = 0.89); I² = 0%
Test for overall effect: Z = 4.19 (P < 0.0001)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.19
0.06

0.161

SE

0.05
0.319
0.089

Weight

74.6%
1.8%

23.6%
100.0%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.21 [1.10 , 1.33]
1.06 [0.57 , 1.98]
1.17 [0.99 , 1.40]
1.20 [1.10 , 1.30]

1.20 [1.10 , 1.30]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group

 
 

Analysis 3.4.   Comparison 3: PDS: LVRD (> 1 cm) versus SVRD (< 1 cm), Outcome
4: Overall survival sensitivity analysis including studies that included 0 cm

Study or Subgroup

3.4.1 Advanced stage (III/IV)
Chan 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)

3.4.2 Stage IV
Winter 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.98 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.82, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 2.72 (P = 0.006)
Test for subgroup differences: Chi² = 0.82, df = 1 (P = 0.37), I² = 0%

log[Hazard Ratio]

0.514

0.26

SE

0.248

0.131

Weight

21.8%
21.8%

78.2%
78.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.67 [1.03 , 2.72]
1.67 [1.03 , 2.72]

1.30 [1.00 , 1.68]
1.30 [1.00 , 1.68]

1.37 [1.09 , 1.72]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group
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Analysis 3.5.   Comparison 3: PDS: LVRD (> 1 cm) versus SVRD (< 1 cm), Outcome 5: Progression-free survival

Study or Subgroup

3.5.1 Advanced stage (III/IV)
Klar 2016
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.76 (P < 0.00001)

3.5.2 Stage IV
Winter 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.08 (P = 0.002)

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 2.14, df = 1 (P = 0.14); I² = 53%
Test for overall effect: Z = 2.83 (P = 0.005)
Test for subgroup differences: Chi² = 2.14, df = 1 (P = 0.14), I² = 53.3%

log[Hazard Ratio]

0.2

0.4

SE

0.042

0.13

Weight

68.9%
68.9%

31.1%
31.1%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.22 [1.12 , 1.33]
1.22 [1.12 , 1.33]

1.49 [1.16 , 1.92]
1.49 [1.16 , 1.92]

1.30 [1.08 , 1.56]

Hazard Ratio
IV, Random, 95% CI

0.5 0.7 1 1.5 2
Favours LVRD group Favours SVRD group

 
 

Comparison 4.   PDS: RD > 0 cm versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Overall survival 4   Hazard Ratio (IV, Random, 95% CI) 1.96 [1.44, 2.67]

4.2 Progression-free survival 3   Hazard Ratio (IV, Random, 95% CI) 1.60 [1.36, 1.89]

 
 

Analysis 4.1.   Comparison 4: PDS: RD > 0 cm versus NMRD, Outcome 1: Overall survival

Study or Subgroup

Feng 2016
Hofstetter 2013
Luger 2020
Polterauer 2012

Total (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 5.94, df = 3 (P = 0.11); I² = 49%
Test for overall effect: Z = 4.31 (P < 0.0001)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.611
1.082
0.775

0.3646

SE

0.17609
0.234
0.344
0.186

Weight

31.3%
24.0%
14.8%
29.9%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.84 [1.30 , 2.60]
2.95 [1.87 , 4.67]
2.17 [1.11 , 4.26]
1.44 [1.00 , 2.07]

1.96 [1.44 , 2.67]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours >0cm group Favours NMRD group
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Analysis 4.2.   Comparison 4: PDS: RD > 0 cm versus NMRD, Outcome 2: Progression-free survival

Study or Subgroup

Feng 2016
Luger 2020
Polterauer 2012

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.62, df = 2 (P = 0.44); I² = 0%
Test for overall effect: Z = 5.56 (P < 0.00001)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.42
0.89

0.47312

SE

0.118
0.35

0.129

Weight

51.3%
5.8%

42.9%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.52 [1.21 , 1.92]
2.44 [1.23 , 4.84]
1.60 [1.25 , 2.07]

1.60 [1.36 , 1.89]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours >0cm group Favours NMRD group

 
 

Comparison 5.   PDS: LVRD 1 cm to 2 cm versus NMRD (stage IIIC)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

 
 

Analysis 5.1.   Comparison 5: PDS: LVRD 1 cm to 2 cm versus NMRD (stage IIIC), Outcome 1: Overall survival

Study or Subgroup

Aletti 2006

log[Hazard Ratio]

1.3745

SE

0.557

Hazard Ratio
IV, Random, 95% CI

3.95 [1.33 , 11.78]

Hazard Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Favours LVRD 1-2 cm group Favours NMRD group

 
 

Comparison 6.   PDS: LVRD (> 2 cm) versus NMRD (stage IIIC)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

 
 

Analysis 6.1.   Comparison 6: PDS: LVRD (> 2 cm) versus NMRD (stage IIIC), Outcome 1: Overall survival

Study or Subgroup

Aletti 2006

log[Hazard Ratio]

2.109

SE

0.573

Hazard Ratio
IV, Random, 95% CI

8.24 [2.68 , 25.33]

Hazard Ratio
IV, Random, 95% CI

0.02 0.1 1 10 50
Favours LVRD > 2 cm group Favours NMRD group
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Comparison 7.   PDS: LVRD 1 cm to 5 cm versus NMRD (stage IV disease)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

7.2 Progression-free survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

 
 

Analysis 7.1.   Comparison 7: PDS: LVRD 1 cm to 5 cm versus NMRD (stage IV disease), Outcome 1: Overall survival

Study or Subgroup

Winter 2008

log[Hazard Ratio]

0.603

SE

0.242

Hazard Ratio
IV, Random, 95% CI

1.83 [1.14 , 2.94]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD 1-5 cm group Favours NMRD group

 
 

Analysis 7.2.   Comparison 7: PDS: LVRD 1 cm to 5 cm versus
NMRD (stage IV disease), Outcome 2: Progression-free survival

Study or Subgroup

Winter 2008

log[Hazard Ratio]

0.7632

SE

0.226

Hazard Ratio
IV, Random, 95% CI

2.15 [1.38 , 3.34]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD 1-5cm group Favours NMRD group

 
 

Comparison 8.   PDS: LVRD (> 5 cm) versus NMRD (stage IV disease)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

8.2 Progression-free survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only
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Analysis 8.1.   Comparison 8: PDS: LVRD (> 5 cm) versus NMRD (stage IV disease), Outcome 1: Overall survival

Study or Subgroup

Winter 2008

log[Hazard Ratio]

1

SE

0.254

Hazard Ratio
IV, Random, 95% CI

2.72 [1.65 , 4.47]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD >5cm group Favours NMRD group

 
 

Analysis 8.2.   Comparison 8: PDS: LVRD (> 5 cm) versus NMRD
(stage IV disease), Outcome 2: Progression-free survival

Study or Subgroup

Winter 2008

log[Hazard Ratio]

1.084

SE

0.2375

Hazard Ratio
IV, Random, 95% CI

2.96 [1.86 , 4.71]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD >5cm group Favours NMRD group

 
 

Comparison 9.   PDS: LVRD 1 cm to 2 cm versus SVRD (< 1 cm)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

 
 

Analysis 9.1.   Comparison 9: PDS: LVRD 1 cm to 2 cm versus SVRD (< 1 cm), Outcome 1: Overall survival

Study or Subgroup

Chi 2001

log[Hazard Ratio]

0.5277

SE

0.219

Hazard Ratio
IV, Random, 95% CI

1.70 [1.10 , 2.60]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD 1-2 cm group Favours SVRD group

 
 

Comparison 10.   PDS: LVRD (> 2 cm) versus SVRD (< 1 cm)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only
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Analysis 10.1.   Comparison 10: PDS: LVRD (> 2 cm) versus SVRD (< 1 cm), Outcome 1: Overall survival

Study or Subgroup

Chi 2001

log[Hazard Ratio]

0.6956

SE

0.204

Hazard Ratio
IV, Random, 95% CI

2.00 [1.34 , 2.99]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD > 2 cm group Favours SVRD group

 
 

Comparison 11.   PDS: LVRD (> 2 cm) versus RD < 2 cm (stage IV disease)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

11.1 Overall survival 2   Hazard Ratio (IV, Random, 95% CI) 1.63 [0.83, 3.23]

11.2 Progression-free survival 1   Hazard Ratio (IV, Random, 95% CI) Subtotals only

 
 

Analysis 11.1.   Comparison 11: PDS: LVRD (> 2 cm) versus RD < 2 cm (stage IV disease), Outcome 1: Overall survival

Study or Subgroup

Akahira 2001
Winter 2008

Total (95% CI)
Heterogeneity: Tau² = 0.22; Chi² = 8.84, df = 1 (P = 0.003); I² = 89%
Test for overall effect: Z = 1.41 (P = 0.16)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.8566
0.16

SE

0.2
0.122

Weight

47.4%
52.6%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.36 [1.59 , 3.49]
1.17 [0.92 , 1.49]

1.63 [0.83 , 3.23]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD > 2 cm group Favours RD < 2 cm group

 
 

Analysis 11.2.   Comparison 11: PDS: LVRD (> 2 cm) versus RD <
2 cm (stage IV disease), Outcome 2: Progression-free survival

Study or Subgroup

Winter 2008

log[Hazard Ratio]

0.241

SE

0.12

Hazard Ratio
IV, Random, 95% CI

1.27 [1.01 , 1.61]

Hazard Ratio
IV, Random, 95% CI

0.5 0.7 1 1.5 2
Favours LVRD >2cm group Favours RD <2cm group
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Comparison 12.   IDS: SVRD (< 1 cm) versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

12.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) 2.09 [1.20, 3.66]

12.1.1 ≤ 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95% CI) 1.57 [0.93, 2.66]

12.1.2 > 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95% CI) 2.78 [1.66, 4.65]

12.2 Progression-free survival 2   Hazard Ratio (IV, Random, 95% CI) 3.03 [0.81, 11.38]

 
 

Analysis 12.1.   Comparison 12: IDS: SVRD (< 1 cm) versus NMRD, Outcome 1: Overall survival

Study or Subgroup

12.1.1 ≤ 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.67 (P = 0.09)

12.1.2 > 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.88 (P = 0.0001)

Total (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 2.29, df = 1 (P = 0.13); I² = 56%
Test for overall effect: Z = 2.60 (P = 0.009)
Test for subgroup differences: Chi² = 2.29, df = 1 (P = 0.13), I² = 56.3%

log[Hazard Ratio]

0.4513

1.021

SE

0.2698

0.263

Weight

49.4%
49.4%

50.6%
50.6%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.57 [0.93 , 2.66]
1.57 [0.93 , 2.66]

2.78 [1.66 , 4.65]
2.78 [1.66 , 4.65]

2.09 [1.20 , 3.66]

Hazard Ratio
IV, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours SVRD group Favours NMRD group

 
 

Analysis 12.2.   Comparison 12: IDS: SVRD (< 1 cm) versus NMRD, Outcome 2: Progression-free survival

Study or Subgroup

Bixel 2020
Liu 2020

Total (95% CI)
Heterogeneity: Tau² = 0.86; Chi² = 17.38, df = 1 (P < 0.0001); I² = 94%
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.445
1.795

SE

0.195
0.2585

Weight

50.8%
49.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.56 [1.06 , 2.29]
6.02 [3.63 , 9.99]

3.03 [0.81 , 11.38]

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours SVRD group Favours NMRD group
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Comparison 13.   IDS: LVRD (> 1 cm) versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

13.1 Overall survival 1   Hazard Ratio (IV, Random, 95% CI) 2.23 [1.49, 3.34]

13.1.1 ≤ 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95% CI) 1.77 [1.07, 2.93]

13.1.2 > 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95% CI) 2.67 [1.76, 4.06]

 
 

Analysis 13.1.   Comparison 13: IDS: LVRD (> 1 cm) versus NMRD, Outcome 1: Overall survival

Study or Subgroup

13.1.1 ≤ 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.21 (P = 0.03)

13.1.2 > 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.62 (P < 0.00001)

Total (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 1.53, df = 1 (P = 0.22); I² = 35%
Test for overall effect: Z = 3.91 (P < 0.0001)
Test for subgroup differences: Chi² = 1.53, df = 1 (P = 0.22), I² = 34.6%

log[Hazard Ratio]

0.57

0.9838

SE

0.258

0.213

Weight

43.8%
43.8%

56.2%
56.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.77 [1.07 , 2.93]
1.77 [1.07 , 2.93]

2.67 [1.76 , 4.06]
2.67 [1.76 , 4.06]

2.23 [1.49 , 3.34]

Hazard Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Favours LVRD group Favours NMRD group

 
 

Comparison 14.   IDS: LVRD (> 1 cm) versus SVRD (< 1 cm)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

14.1 Overall survival 1   Hazard Ratio (IV, Random, 95%
CI)

1.02 [0.68, 1.55]

14.1.1 ≤ 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95%
CI)

1.13 [0.58, 2.19]

14.1.2 > 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95%
CI)

0.96 [0.57, 1.63]

14.2 Overall survival sensitivity
analysis including 0 cm

6   Hazard Ratio (IV, Random, 95%
CI)

1.60 [1.21, 2.11]

14.2.1 3 cycles of NACT 2   Hazard Ratio (IV, Random, 95%
CI)

1.80 [0.94, 3.43]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

14.2.2 Median 4 cycles of NACT
(disease-specific survival)

1   Hazard Ratio (IV, Random, 95%
CI)

1.70 [1.06, 2.75]

14.2.3 Mean/median ~ 6 cycles of
NACT

2   Hazard Ratio (IV, Random, 95%
CI)

2.19 [1.07, 4.50]

14.2.4 ≤ 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95%
CI)

1.13 [0.58, 2.19]

14.2.5 > 4 cycles of NACT 1   Hazard Ratio (IV, Random, 95%
CI)

0.96 [0.57, 1.63]

14.3 Overall survival sensitivity
analysis excluding Phillips 2018

5   Hazard Ratio (IV, Random, 95%
CI)

1.84 [1.34, 2.52]

14.3.1 3 cycles of NACT 2   Hazard Ratio (IV, Random, 95%
CI)

1.80 [0.94, 3.43]

14.3.2 Median 4 cycles of NACT
(disease-specific survival)

1   Hazard Ratio (IV, Random, 95%
CI)

1.70 [1.06, 2.75]

14.3.3 Mean/median ~ 6 cycles of
NACT

2   Hazard Ratio (IV, Random, 95%
CI)

2.19 [1.07, 4.50]

14.4 Progression-free survival 4   Hazard Ratio (IV, Random, 95%
CI)

1.76 [1.23, 2.52]

14.4.1 3 cycles of NACT 2   Hazard Ratio (IV, Random, 95%
CI)

1.68 [0.90, 3.14]

14.4.2 Mean ~ 6 cycles of NACT 1   Hazard Ratio (IV, Random, 95%
CI)

2.32 [1.08, 4.97]

14.4.3 All cycles 1   Hazard Ratio (IV, Random, 95%
CI)

1.82 [1.12, 2.97]
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Analysis 14.1.   Comparison 14: IDS: LVRD (> 1 cm) versus SVRD (< 1 cm), Outcome 1: Overall survival

Study or Subgroup

14.1.1 ≤ 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)

14.1.2 > 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.11 (P = 0.92)
Test for subgroup differences: Chi² = 0.14, df = 1 (P = 0.71), I² = 0%

log[Hazard Ratio]

0.12

-0.04

SE

0.338

0.27

Weight

39.0%
39.0%

61.0%
61.0%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.13 [0.58 , 2.19]
1.13 [0.58 , 2.19]

0.96 [0.57 , 1.63]
0.96 [0.57 , 1.63]

1.02 [0.68 , 1.55]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group
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Analysis 14.2.   Comparison 14: IDS: LVRD (> 1 cm) versus SVRD (< 1
cm), Outcome 2: Overall survival sensitivity analysis including 0 cm

Study or Subgroup

14.2.1 3 cycles of NACT
Zhang 2018
Zhu 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 0.19; Chi² = 6.54, df = 1 (P = 0.01); I² = 85%
Test for overall effect: Z = 1.79 (P = 0.07)

14.2.2 Median 4 cycles of NACT (disease-specific survival)
Davidson 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.18 (P = 0.03)

14.2.3 Mean/median ~ 6 cycles of NACT
Cioffi 2018
Kaban 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.16; Chi² = 2.40, df = 1 (P = 0.12); I² = 58%
Test for overall effect: Z = 2.14 (P = 0.03)

14.2.4 ≤ 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)

14.2.5 > 4 cycles of NACT
Phillips 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI)
Heterogeneity: Tau² = 0.07; Chi² = 14.34, df = 6 (P = 0.03); I² = 58%
Test for overall effect: Z = 3.33 (P = 0.0009)
Test for subgroup differences: Chi² = 5.02, df = 4 (P = 0.28), I² = 20.4%

log[Hazard Ratio]

0.948
0.287

0.533

1.24
0.49

0.12

-0.04

SE

0.23
0.118

0.244

0.42
0.24

0.338

0.27

Weight

15.6%
22.5%
38.1%

14.8%
14.8%

7.9%
15.1%
23.0%

10.6%
10.6%

13.5%
13.5%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.58 [1.64 , 4.05]
1.33 [1.06 , 1.68]
1.80 [0.94 , 3.43]

1.70 [1.06 , 2.75]
1.70 [1.06 , 2.75]

3.46 [1.52 , 7.87]
1.63 [1.02 , 2.61]
2.19 [1.07 , 4.50]

1.13 [0.58 , 2.19]
1.13 [0.58 , 2.19]

0.96 [0.57 , 1.63]
0.96 [0.57 , 1.63]

1.60 [1.21 , 2.11]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group
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Analysis 14.3.   Comparison 14: IDS: LVRD (> 1 cm) versus SVRD (< 1 cm),
Outcome 3: Overall survival sensitivity analysis excluding Phillips 2018

Study or Subgroup

14.3.1 3 cycles of NACT
Zhang 2018
Zhu 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 0.19; Chi² = 6.54, df = 1 (P = 0.01); I² = 85%
Test for overall effect: Z = 1.79 (P = 0.07)

14.3.2 Median 4 cycles of NACT (disease-specific survival)
Davidson 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.18 (P = 0.03)

14.3.3 Mean/median ~ 6 cycles of NACT
Cioffi 2018
Kaban 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.16; Chi² = 2.40, df = 1 (P = 0.12); I² = 58%
Test for overall effect: Z = 2.14 (P = 0.03)

Total (95% CI)
Heterogeneity: Tau² = 0.07; Chi² = 10.14, df = 4 (P = 0.04); I² = 61%
Test for overall effect: Z = 3.79 (P = 0.0002)
Test for subgroup differences: Chi² = 0.33, df = 2 (P = 0.85), I² = 0%

log[Hazard Ratio]

0.948
0.287

0.533

1.24
0.49

SE

0.23
0.118

0.244

0.42
0.24

Weight

20.6%
29.7%
50.3%

19.5%
19.5%

10.4%
19.8%
30.2%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.58 [1.64 , 4.05]
1.33 [1.06 , 1.68]
1.80 [0.94 , 3.43]

1.70 [1.06 , 2.75]
1.70 [1.06 , 2.75]

3.46 [1.52 , 7.87]
1.63 [1.02 , 2.61]
2.19 [1.07 , 4.50]

1.84 [1.34 , 2.52]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours LVRD group Favours SVRD group
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Analysis 14.4.   Comparison 14: IDS: LVRD (> 1 cm) versus SVRD (< 1 cm), Outcome 4: Progression-free survival

Study or Subgroup

14.4.1 3 cycles of NACT
Zhang 2018
Zhu 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 0.17; Chi² = 5.11, df = 1 (P = 0.02); I² = 80%
Test for overall effect: Z = 1.63 (P = 0.10)

14.4.2 Mean ~ 6 cycles of NACT
Cioffi 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.15 (P = 0.03)

14.4.3 All cycles
Shibutani 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.40 (P = 0.02)

Total (95% CI)
Heterogeneity: Tau² = 0.08; Chi² = 7.53, df = 3 (P = 0.06); I² = 60%
Test for overall effect: Z = 3.08 (P = 0.002)
Test for subgroup differences: Chi² = 0.42, df = 2 (P = 0.81), I² = 0%

log[Hazard Ratio]

0.887
0.24292

0.84

0.6

SE

0.265
0.1046

0.39

0.25

Weight

22.9%
38.3%
61.2%

14.7%
14.7%

24.1%
24.1%

100.0%

Hazard Ratio
IV, Random, 95% CI

2.43 [1.44 , 4.08]
1.27 [1.04 , 1.57]
1.68 [0.90 , 3.14]

2.32 [1.08 , 4.97]
2.32 [1.08 , 4.97]

1.82 [1.12 , 2.97]
1.82 [1.12 , 2.97]

1.76 [1.23 , 2.52]

Hazard Ratio
IV, Random, 95% CI

0.5 0.7 1 1.5 2
Favours LVRD group Favours SVRD group

 
 

Comparison 15.   IDS: RD > 0 cm versus NMRD

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

15.1 Overall survival 4   Hazard Ratio (IV, Random, 95% CI) 2.11 [1.35, 3.29]

15.1.1 Median 6 cycles of
NACT

2   Hazard Ratio (IV, Random, 95% CI) 3.03 [1.68, 5.48]

15.1.2 Median 4 cycles of
NACT

1   Hazard Ratio (IV, Random, 95% CI) 1.29 [0.98, 1.70]

15.1.3 All cycles 1   Hazard Ratio (IV, Random, 95% CI) 2.04 [1.53, 2.72]

15.2 Progression-free survival 1   Hazard Ratio (IV, Random, 95% CI) 1.36 [1.05, 1.76]
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Analysis 15.1.   Comparison 15: IDS: RD > 0 cm versus NMRD, Outcome 1: Overall survival

Study or Subgroup

15.1.1 Median 6 cycles of NACT
Iwase 2015
Stoeckle 2014
Subtotal (95% CI)
Heterogeneity: Tau² = 0.10; Chi² = 2.13, df = 1 (P = 0.14); I² = 53%
Test for overall effect: Z = 3.67 (P = 0.0002)

15.1.2 Median 4 cycles of NACT
Lorusso 2016
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.79 (P = 0.07)

15.1.3 All cycles
Lecointre 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.82 (P < 0.00001)

Total (95% CI)
Heterogeneity: Tau² = 0.16; Chi² = 15.40, df = 3 (P = 0.002); I² = 81%
Test for overall effect: Z = 3.29 (P = 0.001)
Test for subgroup differences: Chi² = 9.08, df = 2 (P = 0.01), I² = 78.0%

log[Hazard Ratio]

1.395
0.79

0.252

0.712

SE

0.275
0.31

0.141

0.1478

Weight

22.1%
20.3%
42.3%

29.0%
29.0%

28.7%
28.7%

100.0%

Hazard Ratio
IV, Random, 95% CI

4.03 [2.35 , 6.92]
2.20 [1.20 , 4.05]
3.03 [1.68 , 5.48]

1.29 [0.98 , 1.70]
1.29 [0.98 , 1.70]

2.04 [1.53 , 2.72]
2.04 [1.53 , 2.72]

2.11 [1.35 , 3.29]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours RD > 0 cm group Favours NMRD group

 
 

Analysis 15.2.   Comparison 15: IDS: RD > 0 cm versus NMRD, Outcome 2: Progression-free survival

Study or Subgroup

Lecointre 2020

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.37 (P = 0.02)
Test for subgroup differences: Not applicable

log[Hazard Ratio]

0.31

SE

0.131

Weight

100.0%

100.0%

Hazard Ratio
IV, Random, 95% CI

1.36 [1.05 , 1.76]

1.36 [1.05 , 1.76]

Hazard Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
Favours RD > 0 cm group Favours NMRD group
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A D D I T I O N A L   T A B L E S

No. Stage Optimal Suboptimal Median fol-
low-up

Median age in years Study

n III n (%) IV n (%) n (%) n (%) Months (Range)

Setting

Akahira 2001 225 0

(0)

225

(100)

< 2: 70 (31) > 2: 155 (69) 47.5 (13 to
112)

54

(26 to 85)

Japan

Aletti 2006 194 194

(100)

0

(0)

0: 46 (24)

< 1: 85 (44)

1 to 2: 22 (11)

> 2: 41 (21)

32.4

(0.2 to 126)

64

(24 to 87)

USA

Ataseven 2016 326 0

(0)

326

(100)

0: 157 (55)

< 1: 88 (31)

> 1: 41 (14)

NS: n = 40 exc.

34

(IQR: 12 to 70)

< 65: 205 (63)

> 65: 121 (37)

Germany

Austria

Bristow 2011 405 405

(100)

0

(0)

0: 209 (52)

< 1: 196 (48)

33.0 59

(Range not reported)

USA

Chan 2003 104 84

(81)

20 (19) < 1: 71 (68) > 1: 33 (32) 33

(6 to 142)

Mean was 50.5 years

and 61 years for younger

and older women, respec-
tively

(Range: 22 and 85)

USA

Chang 2012a 203 189

(93)

14

(7)

0: 63 (31)

< 1: 77 (38)

> 1: 63 (31) 43

(1 to 124)

54

(30 to 78)

South Korea

Chang 2012b 191 189

(100)

0

(0)

0: 61 (32)

< 1: 67 (36)

> 1: 61 (32) Not reported 54

(30 to 78)

South Korea

Chi 2001 282 216

(77)

66 (23) < 1: 71 (25)

1 to 2: 73 (26)

> 2: 137 (49) 32

(1 to 139)

59

(22 to 87)

USA

Chi 2006 465 465 0 0: 67 (14) > 1: 229 (49) 38 60 USA

Table 1.   Summary of stage and residual disease in included upfront primary debulking surgery (PDS) studies 
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(100) (0) < 1: 169 (37) (1 to 199) (22 to 87)

Cuylan 2018 218 218

(100)

0

(0)

0: 55 (25)

< 1: 163 (75)

31.5 54 (18 to 78) Turkey

Eisenkop 2003 408 408

(100)

0

(0)

0: 351 (86)

< 1: 41 (10)

> 1: 16 (4) 32.8 62.8

(24 to 91)

USA

Feng 2016 625 n = 567 (91) stage III/IV 0: 209 (33) > 0: 416 (67) 29 (3 to 100) 56 (30 to 84) China

Hofstetter
2013

191 158

(83)

33 (17) 0: 121 (63) > 0: 70 (37) 42 < 57: 98

> 57: 93

Europe

Kahl 2017 793 428

(54)

365

(46)

0: 482 (61)

< 1: 226 (39)

> 1: 85 47

(IQR: 18 to 87)

60 (19 to 88) Germany

Klar 2016 5055 4488/5130 (87.5)

stage III/IV; n = 4850 in RD
analysis

0: 1779 (37)

< 1: 1442 (30)

> 1: 1629 (33) 0 to 144 Mean: 57.4

(SD 10.53)

Germany

France

Denmark

Langstraat
2011

280 210

(76)

67

(24)

0: 61 (22)

< 1: 120 (43)

> 1: 95 (35) 3.2 years

(0 to 15.8)

Mean: 73.5

(65 to 89)

USA

Luger 2020 178 91 (51) 87 (49) 0: 133 (75) > 0: 45 (25) 49.6

(IQR 32.9 to
66.3)

64.6 years (IQR 50.8 to 72.7) Austria

McGuire 1995 458 305 (67) 153 (33) All sub-optimal 1 to 2 cm:

85 (18.6)

 

> 2 cm:

373 (81.4)

Not reported USA

Melamed
2017a

307 241

(78)

66

(22)

0: 141 (59)

< 1: 77 (32)

> 1: 23 (9)

n = 66 missing

< 60: 200 (65)

> 60: 107 (35)

Melamed
2017b

6013 4954 1506 0: 2048 (46) > 1: 546 (12)

34.1

< 60: 2803 (47)

USA

Table 1.   Summary of stage and residual disease in included upfront primary debulking surgery (PDS) studies  (Continued)
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(77) (23) < 1: 1848 (42) 1571 missing > 60: 3210 (53)

Paik 2018 419 370

(88)

49

(12)

0: 107 (26)

< 1: 147 (35)

> 1: 165 (39) 43 (3 to 164) Mean = 54.5 (SD 10.3) South Korea

Peiretti 2010 259 199 (76) 60 (24) 0: 115 (44)

< 1: 83 (32)

1 to 2: 18 (7)

> 2: 43 (17)

29.8 58 (22 to 77) Spain

Italy

Peiretti 2012 238 180 (76) 58 (24) 0: 99 (41)

< 1: 106 (44)

> 1: 32 (15) Not reported 59.7 (22 to 85) Italy

USA

Polterauer
2012

226 II: 15 (7)

III: 174 (77)

37

(16)

0: 157 (69) > 0: 69 (31) 25.0

(1 to 49)

Mean: 57.5 (SD 11.9) Europe

Shim 2016 276 III/IV (n = 276) Not reported Not reported Not reported 54 (20 to 80) South Korea

Tewari 2016 1718 1241

(72)

477 (28) 0: 85 (5)

< 1: 701 (41)

> 1: 932 (54) Not reported 58.5 to 60.2 for 0 to > 1 cm
RD

USA

Tseng 2018 978 794

(81)

184

(19)

0: 408 (42)

< 1: 378 (39)

> 1: 192 (19) 77.7 (1 to 198) 61 (19 to 95) USA

Van Geene
1996

219 180 (82) 39 (18) < 2 cm < 2 cm: 92 (42) > 2 cm:

127 (58)

57 (24 to 75) UK

Wimberger
2010

573 573

(100)

0

(0)

0: 70 (12)

< 1: 168 (29)

> 1: 335 (59) Not reported 59

(19 to 83)

Germany

France

Winter 2007 1895 1895

(100)

0

(0)

0: 437 (23)

< 1: 791 (42)

> 1: 667 (35) 43 57

(16 to 86)

USA

Winter 2008 360 0 360 0 cm 0 cm: 29 (8)

<  1 cm: 79 (22)

Total: 108 (30)

28 59

(24 to 86)

USA

Table 1.   Summary of stage and residual disease in included upfront primary debulking surgery (PDS) studies  (Continued)
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IQR: interquartile range;RD: residual disease; SD: standard deviation
 
 

No. Stage Optimal Suboptimal Median fol-
low-up

Median age in yearsStudy

  III n (%) IV n (%) n (%) n (%) Months (Range)

Setting

Cioffi 2018 102 64 (63) 38 (37) 0: 37 (44)

< 1: 20 (23)†

≥ 1: 28 (33)† Not reported Mean age

≥ 70 years: 74.5 (41%)
< 70 years: 58.3 (59%)

Italy

Davidson
2019

282 IIIC: 114 (40)

IV: 101 (36)

Assumed AOC: 57 (20)

Unknown: 10 (4)

0: 165 (59)‡

≤ 1: 63 (22)‡

> 1 to 2: 6 (2)‡

> 2: 37 (13)‡

Not reported 63.9 (34.1 to 84.8) USA

Iwase 2015 124 IIIB: 6 (5)

IIIC: 77 (62)

41 (33) < 1: 113 (91) ≥ 1: 11 (9) 39.5 (5 to 142) 58 (29 to 83) Japan

Kaban 2017 203 Not reported ≤ 1: 165 (81)§ > 1: 36 (19)§ 34.5 (1 to 124) 59 (28 to 84) Turkey

Lecuru 2019 188 Not reported Not reported 42.6 Not reported France

Lorusso
2016

193 Not reported Not reported Not reported Not reported Italy

Petrillo 2014 322 251 (78) 72 (22) No definition of optimal given

0: 236 (73)

≤ 1: 36 (11)

> 1: 50 (16)

47 (3 to 181) ≤ 65: 226 (70%)

> 65: 96 (30%)

Italy

Phillips 2018 398 273 (69) 123 (31) 0: 255 (64)

< 1: 55 (14)

≥ 1: 88 (22) Not reported Mean: 63.9

(95% CI 42.2 to 85.6)

UK

Stoeckle
2014

118 82 (69) 36 (31) 0: 80 (68) ≥ 1: 7 (6) 37 64 (37 to 88) France

Table 2.   Summary of stage and residual disease in included interval debulking surgery (IDS) studies 
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< 1: 31 (26)

Zhang 2018 200 169 (85) 31 (15) 0: 59 (30)

< 1: 38 (19)

1 to 2: 8 (4)

> 2: 30 (15)

43.5 (IQR 38.5
to 56.2)

61 (38 to 80) China

Zhu 2016 672 564 (84) 108 (16) ≤ 1: 486 (72) > 1: 186 (28) 38 (5 to 103) 55 (30 to 70) China

Table 2.   Summary of stage and residual disease in included interval debulking surgery (IDS) studies  (Continued)

†85/102 participants underwent debulking surgery following neoadjuvant chemotherapy.
‡Residual disease data available for n = 271/282.
§Residual disease data available for n = 201/203.
AOC: advanced ovarian cancer; CI: confidence interval; IQR: interquartile range
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Study Study

participa-
tion

Study attrition Prognostic
factor

measure-
ment

Outcome

measure-
ment

Adjustment
for other

prognostic
factors

Statistical
analysis

and reporting

Akahira 2001 Low Unclear Unclear Low High Unclear

Aletti 2006 Low Unclear Low High Low Unclear

Ataseven 2016 Low Unclear Low Low Low High

Bristow 2011 Low Unclear Low Low High High

Chan 2003 Low Unclear Unclear Low Low High

Chang 2012a Low Unclear Low Low Low High

Chang 2012b Low Unclear Low Low Unclear High

Chi 2001 Low Unclear Low Low Low High

Chi 2006 Low Unclear Low Low Low High

Cuylan 2018 Low Unclear Unclear Low Low High

Eisenkop 2003 Low Unclear Low Low High High

Feng 2016 Low Unclear Low Low Unclear High

Hofstetter 2013 Unclear Unclear Low Low Unclear High

Kahl 2017 Low Unclear Unclear Low Unclear High

Klar 2016 Low Unclear Unclear Low Unclear High

Langstraat 2011 Low Unclear Low Low Unclear High

Luger 2020 Low Unclear Low Low Low High

McGuire 1995 Low Unclear Low Low Unclear High

Melamed 2017a Low Unclear Low Low High Unclear

Melamed 2017b Low Unclear Low Low High Unclear

Paik 2018 Low Unclear Low Low Unclear High

Peiretti 2012 Low Unclear Unclear Low Low High

Petrillo 2014 Low Unclear Low Low High High

Polterauer 2012 Low Unclear Unclear Low Low Unclear

Table 3.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for overall survival (OS) in
primary debulking surgery (PDS) studies 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

178



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Tewari 2016 Low Unclear Low Low Low High

Tseng 2018 Low Unclear Low Low Low High

Van Geene 1996 Unclear Unclear Unclear Unclear Unclear Unclear

Wimberger 2010 Low Unclear Low Low Unclear High

Winter 2007 Low Unclear Low Low Unclear Unclear

Winter 2008 Low Unclear Low Low Unclear Unclear

Table 3.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for overall survival (OS) in
primary debulking surgery (PDS) studies  (Continued)

 
 

Study Study

participa-
tion

Study attrition Prognostic
factor

measure-
ment

Outcome

measure-
ment

Adjustment for
other

prognostic fac-
tors

Statistical
analysis

and reporting

Cioffi 2018 Low Unclear Low Low Low Unclear

Davidson 2019 Low Unclear Unclear High High Unclear

Iwase 2015 Unclear Unclear Low Low Low High

Kaban 2017 Unclear Unclear Low Low Unclear High

Lecointre 2020 Low Unclear Unclear Low High Unclear

Lecuru 2019 High Unclear Low Low High High

Liu 2020 Low Unclear Low Low High High

Lorusso 2016 High Unclear Low Low High High

Petrillo 2014 Low Unclear Low Low High High

Phillips 2018 Low Unclear Low Low High High

Stoeckle 2014 Low Unclear Low Low Unclear Unclear

Zhang 2018 Low Unclear Low Low Unclear Unclear

Zhu 2016 Low Unclear Unclear Low High High

Table 4.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for overall survival (OS) in
interval debulking surgery (IDS) studies 
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Study Study

participa-
tion

Study attrition Prognostic
factor

measure-
ment

Outcome

measurement

Adjustment for
other

prognostic fac-
tors

Statistical
analysis

and report-
ing

Chang 2012a Low Unclear Low Unclear Low High

Chang 2012b Low Unclear Low Unclear Unclear High

Cuylan 2018 Low Unclear Unclear Unclear Low High

Feng 2016 Low Unclear Low Unclear Unclear High

Klar 2016 Low Unclear Unclear Unclear Unclear High

Luger 2020 Low Unclear Low Unclear Low High

McGuire 1995 Low Unclear Low Unclear Unclear High

Paik 2018 Low Unclear Low Unclear Unclear High

Peiretti 2010 Low Unclear Low Unclear High High

Polterauer 2012 Low Unclear Unclear Unclear Low Unclear

Shim 2016 High Unclear Low Unclear High High

Tewari 2016 Low Unclear Low Unclear Low High

Tseng 2018 Low Unclear Low Unclear Low High

Wimberger 2010 Low Unclear Low Unclear Unclear High

Winter 2007 Low Unclear Low Unclear Unclear Unclear

Winter 2008 Low Unclear Low Unclear Unclear Unclear

Table 5.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for progression-free survival
(PFS) in primary debulking surgery (PDS) studies 

 
 

Study Study

participa-
tion

Study attrition Prognostic
factor

measure-
ment

Outcome

measurement

Adjustment
for other

prognostic
factors

Statistical
analysis

and reporting

Bixel 2020 Low Unclear Unclear Unclear High High

Cioffi 2018 Low Unclear Low Unclear Low Unclear

Lecointre 2020 Low Unclear Unclear Unclear High Unclear

Table 6.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for progression-free survival
(PFS) in interval debulking surgery (IDS) studies 

Impact of residual disease as a prognostic factor for survival in women with advanced epithelial ovarian cancer a�er primary surgery
(Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

180



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Lecuru 2019 High Unclear Low Unclear High High

Liu 2020 Low Unclear Low Unclear High High

Petrillo 2014 Low Unclear Low Unclear High High

Shibutani 2020 Low Unclear Low Unclear Low High

Zhang 2018 Low Unclear Low Unclear Unclear Unclear

Zhu 2016 Low Unclear Unclear Unclear High High

Table 6.   Risk of bias assessment according to QUIPS (Quality in Prognostic Studies) for progression-free survival
(PFS) in interval debulking surgery (IDS) studies  (Continued)

 

 

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

1. exp Ovarian Neoplasms/

2. (ovar* adj5 cancer*).mp.

3. (ovar* adj5 neoplas*).mp.

4. (ovar* adj5 carcinom*).mp.

5. (ovar* adj5 malignan*).mp.

6. (ovar* adj5 tumor*).mp.

7. (ovar* adj5 tumour*).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. exp Surgical Procedures, Operative/

10.surg*.mp.

11."surgery".fs.

12.9 or 10 or 11

13.debulk*.mp.

14.cytoreduc*.mp.

15.13 or 14

16.8 and 12 and 15

17."randomized controlled trial".pt.

18."controlled clinical trial".pt.

19.randomized.ab.

20.randomly.ab.

21.trial.ab.

22.groups.ab.

23.exp Cohort Studies/

24.cohort*.mp.

25.(case adj series).mp.

26.17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

27.16 and 26

28.Animals/

29.Humans/

30.28 not (28 and 29)

31.27 not 30
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Appendix 2. EMBASE search strategy

1. exp Ovary Tumor/

2. (ovar* adj5 (cancer* or neoplas* or carcinom* or malignan* or tumor* or tumour*)).mp.

3. 1 or 2

4. exp Surgery/

5. surg*.mp.

6. su.fs.

7. 4 or 5 or 6

8. (debulk* or cytoreduc*).mp.

9. 3 and 7 and 8

10.exp Controlled Clinical Trial/

11.crossover procedure/

12.double-blind procedure/

13.randomized controlled trial/

14.single-blind procedure/

15.random*.mp.

16.factorial*.mp.

17.(crossover* or cross over* or cross-over*).mp.

18.placebo*.mp.

19.(double* adj blind*).mp.

20.(singl* adj blind*).mp.

21.assign*.mp.

22.allocat*.mp.

23.volunteer*.mp.

24.exp cohort analysis/

25.cohort*.mp.

26.series.mp.

27.10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28.9 and 27

key: mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name,
fs=floating subheading

Appendix 3. CENTRAL search strategy

1. MeSH descriptor Ovarian Neoplasms explode all trees

2. ovar* near/5 cancer*

3. ovar* near/5 neoplas*

4. ovar* near/5 carcinom*

5. ovar* near/5 malignan*

6. ovar* near/5 tumor*

7. ovar* near/5 tumour*

8. (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7)

9. MeSH descriptor Surgical Procedures, Operative explode all trees

10.surg*

11.Any MeSH descriptor with qualifier: SU

12.(#9 OR #10 OR #11)

13.debulk*

14.cytoreduc*

15.(#13 OR #14)

16.(#8 AND #12 AND #15)
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Appendix 4. Risk of bias and applicability assessment

Risk of bias and applicability assessment tool to assess risk of bias and applicability of prognostic factor studies (Riley 2019). Signalling
questions and risk of bias ratings are listed in bullet points.

Domain 1: Participant selection

Risk of bias:

• Adequate participation in the study by eligible persons

• Description of the target population or population of interest

• Description of the baseline study sample

• Adequate description of the sampling frame and recruitment

• Adequate description of the period and place of recruitment

• Adequate description of inclusion and exclusion criteria

Risk of bias ratings:

• High: the relationship between the PF and outcome is very likely to be diGerent for participants and eligible non-participants

• Moderate: the relationship between the PF and outcome may be diGerent for participants and eligible non-participants

• Low: the relationship between the PF and outcome is unlikely to be diGerent for participants and eligible non-participants

Applicability:

Are there concerns that the included women do not match the review question?

Domain 2: Study attrition

Risk of bias:

• Adequate response rate for study participants

• Description of attempts to collect information on participants who dropped out

• Reasons for loss to follow-up are provided

• Adequate description of participants lost to follow-up

• There are no important diGerences between participants who completed the study and those who did not

Risk of bias ratings:

• High: the relationship between the PF and outcome is very likely to be diGerent for completing and non-completing participants

• Moderate: the relationship between the PF and outcome may be diGerent for completing and non-completing participants

• Low: the relationship between the PF and outcome is unlikely to be diGerent for completing and non-completing participants

Domain 3: Prognostic factor measurement

Risk of bias:

• A clear definition or description of the PF is provided

• Method of PF measurement is adequately valid and reliable

• Continuous variables are reported or appropriate cutpoints are used

• The method and setting of measurement of PF is the same for all study participants

• Adequate proportion of the study sample has complete data for the PF

• Appropriate methods of imputation are used for missing PF data

Risk of bias ratings:

• High: the measurement of the PF is very likely to be diGerent for diGerent levels of the outcome of interest

• Moderate: the measurement of the PF may be diGerent for diGerent levels of the outcome of interest

• Low: the measurement of the PF is unlikely to be diGerent for diGerent levels of the outcome of interest

Applicability:

Are there concerns that residual disease, the way that it is measured, or the way that it is interpreted, diGer from the review question?
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Domain 4: Outcome measurement

Risk of bias:

• A clear definition of the outcome is provided

• Method of outcome measurement used is adequately valid and reliable

• The method and setting of outcome measurement is the same for all study participants

Risk of bias ratings:

• High: the measurement of the outcome is very likely to be diGerent related to the baseline level of the PF

• Moderate: the measurement of the outcome may be diGerent related to the baseline level of the PF

• Low: the measurement of the outcome is unlikely to be diGerent related to the baseline level of the PF

Applicability:

Are there concerns that outcome does not match the review question or that follow-up was not of suGicient duration?

Domain 5: Adjustment for other prognostic factors

Risk of bias:

• All other important PFs are measured

• Clear definitions of the important PFs measured are provided

• Measurement of all important PFs is adequately valid and reliable

• The method and setting of PF measurement are the same for all study participants

• Appropriate methods are used to deal with missing values of PFs, such as multiple imputation

• Important PFs are accounted for in the study design

• Important PFs are accounted for in the analysis

Applicability:

Did the prognostic factors adjusted for match the review question?

Risk of bias ratings:

• High: the observed eGect of the PF on the outcome is very likely to be distorted by another factor related to PF and outcome

• Moderate: the observed eGect of the PF on outcome may be distorted by another factor related to PF and outcome

• Low: the observed eGect of the PF on outcome is unlikely to be distorted by another factor related to PF and outcome

Domain 6: Statistical analysis and reporting

Risk of bias:

• SuGicient presentation of data to assess the adequacy of the analytic strategy

• Strategy for model building is appropriate and is based on a conceptual framework or model

• The selected statistical model is adequate for the design of the study

• There is no selective reporting of results

Risk of bias ratings:

• High: the reported results are very likely to be spurious or biased related to analysis or reporting

• Moderate: the reported results may be spurious or biased related to analysis or reporting

• Low: the reported results are unlikely to be spurious or biased related to analysis or reporting

Appendix 5. Domains to be considered when judging the strength of the body of evidence

We considered the following domains when we assessed the strength of the body of evidence, based on the GRADE approach (Guyatt 2008):

• Risk of bias: Based on the results of the risk of bias assessments, we downgraded confidence in the evidence base if most evidence was
from studies that we judged to be at high risk of bias.

• Indirectness: We downgraded confidence in the evidence base if we had concerns that the study sample, the prognostic factor, the
outcome and/or the other factors in the models in the primary studies did not reflect the review question.
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• Inconsistency: We downgraded confidence in the evidence base if there was unexplained heterogeneity or variability in results across
studies.

• Imprecision: We downgraded confidence in the evidence base if the estimate of the eGect size from a meta-analysis was not precise or,
if no meta-analysis was performed, if the estimate of the size of eGect from individual studies was not precise.

• Publication bias: Studies showing no association are likely to be unpublished, unless part of a larger study that specifically aimed to
compare tests. We downgraded our confidence in the evidence base if we had reason to suspect publication bias from our assessments
of reporting bias.

• Size of eGect: We upgraded our confidence in the evidence base if the size of eGect was moderate or large. If a meta-analysis was not
possible, we upgraded if the size of eGect was moderate or large for most included studies.

Appendix 6. Factors included in multivariate analysis in upfront primary debulking (PDS) studies

 

Citation Factors included in multivariable (multivariate) analysis

Akahira 2001 Residual disease, histology and performance status

Aletti 2006 Residual disease, age, American Society of Anesthesiology (ASA) score, histological grade, opera-
tive time and aggressive surgery

Ataseven 2016 Age, performance status, residual tumour, tumour stage and ascites

Bristow 2011 Race, tumour grade 3, non-serous histology, ASA score > 3, surgical complexity score, serum albu-
min < 3.0 g/dL, platinum-based therapy, residual disease and perioperative morbidity

Chan 2003 Residual disease, age (older versus younger), stage (IV versus III) and performance status (1 to 2
versus 0)

Chang 2012a Stage (IV), surgical procedure, residual disease and age

Chang 2012b Residual disease, type of surgery, performance of lymphadenectomy and age

Chi 2001 Residual disease, age, stage (IIIC and IV versus IIIA/IIIB) and ascites (yes versus no)

Chi 2006 Residual disease, age and ascites

Cuylan 2018 Age, maximal cytoreduction and stage

Eisenkop 2003 Residual disease and sum of rankings

Feng 2016 Age, FIGO stage, residual disease and TTC

Hofstetter 2013 Interval from surgery to start of chemotherapy (≤ 28 versus < 28 days), stage (III versus IV), residual
disease, age and extent of surgery

Kahl 2017 ACCI, ECOG PS, FIGO stage, surgical complexity score, blood loss, residual disease and duration of
surgery

Klar 2016 Age, ECOG, BMI, stage, grading, residual tumour and histology

Langstraat 2011 Creatinine > 1.2 mg/dL, surgical complexity score, residual disease, stage IV disease and age

Luger 2020 Age (cat), CA-125, paraaortic nodes, FIGO, cardiophrenic lymph nodes dimension, residual disease

McGuire 1995 Residual disease, age, GOG performance status, histological subtype, stage or residual disease and
measurable disease
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Melamed 2017a

Melamed 2017b

Age, race/ethnicity, stage, region, insurance status, treating facility type, hospital annual ovarian
cancer volume, residual disease and presence of comorbidities

Paik 2018 Age, CA-125 level (U/mL), FIGO stage, residual disease and normal-sized ovary

Peiretti 2010 Age, stage IV vs IIIC and any residual disease

Peiretti 2012 Age, stage, histology, grade, presence of ascites and residual tumour at end of surgery

Polterauer 2012 Tumour stage, residual tumour, histological grade, histological type and age

Shim 2016 Not reported (abstract)

Tewari 2016 Age, race/ethnicity, performance status, grade, stage, histology,ascites, CA 125 (µg/ml), tumour
residual and time from surgery to initiation of chemotherapy

Tseng 2018 Age, albumin, stage, ASA score, histology, BRCA status, OR Tumour Index, residual disease and
postop IP chemotherapy

Van Geene 1996 Residual disease, performance status and pattern of spread

Wimberger 2010 Age, performance status, histology, residual tumour size, peritoneal carcinomatosis and stage IV
disease site

Winter 2007 Residual disease, age (discrete), race, GOG performance status, histology and tumour grade

Winter 2008 Residual disease, histology and stage IV disease site

  (Continued)

 
ACCI: age-adjusted Charlson Comorbidity Index; ASA: American Society of Anaesthesiologists; BMI: body mass index; BRCA: breast cancer
gene; ECOG: Eastern Cooperative Oncology Group; FIGO: International Federation of Gynecology and Obstetrics; GOG: Gynaecologic
Oncology Group; IP: intraperitoneal; PS: performance score; TTC: time to chemotherapy

Appendix 7. Factors included in multivariate analysis for each study on neoadjuvant chemotherapy (NACT) and
interval debulking surgery (IDS)

 

Citation Factors included in multivariable (multivariate) analysis

Bixel 2020 Residual disease, NACT cycles, route of chemotherapy administration (intraperitoneal or intra-
venous), maintenance therapy (yes/no)

Cioffi 2018 Residual disease, age, number of neoadjuvant chemotherapy courses, debulking surgery, ASA
score, hypoalbuminaemia (defined as albuminaemia < 32 g/L), FIGO stage, presence of ascites ≥
500 mL, high tumour dissemination and Charlson comorbidity score

Davidson 2019 Residual disease, ASA score, age, SCS and major morbidity

Iwase 2015 Residual disease, FIGO stage, histological subtype, NACT cycles, NACT regimen, systematic lym-
phadenectomy, excision of other organ(s), ascites cytology, lymph node metastasis

Kaban 2017 Residual disease, age, lymphadenectomy, macroscopic tumour in omentum, number of
chemotherapy cycles
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Lecointre 2020 Residual disease, number of NACT cycles (≤4, > 4), age (cat), Charlson index, FIGO, lymph node sta-
tus (N+ vs N0), response to NACT

Lecuru 2019 Complete cytoreduction, ECOG, ascites, neutrophil/lymphocyte ratio, PCI at baseline, RECIST ORR
(response rate at end of NACT), pCR and treatment arm (nintedanib vs placebo)

Liu 2020 Residual disease, age (cont)

Lorusso 2016 Residual disease, ECOG and number of NACT cycles†

Petrillo 2014 Residual disease, age, carcinomatosis at diagnosis, CA-125, pathological response to NACT

Phillips 2018 Residual disease, FIGO stage, chemotherapy regime (carbo/taxol vs carboplatin)

Shibutani 2020 Residual disease, age (cat), performance status, FIGO, disease type, histology, NACT cycles, NACT
regimens

Stoeckle 2014 Residual disease, tumour grade, WHO performance status, ASA, bowel surgery (yes/no), FIGO stage

Zhang 2018 Residual disease, Pre-operative ascites, number of tumour sites, number of NAC cycles, CA-125 at
diagnosis, CA-125 decreasing kinetics

Zhu 2016 Residual disease, FIGO stage, chemosensitivity, Glasgow prognostic score

  (Continued)

 
†Full list of variables in multivariate analysis not explicitly mentioned.

ECOG: Eastern Cooperative Oncology Group; FIGO: International Federation of Gynecology and Obstetrics; NACT: neoadjuvant
chemotherapy; PCI: Peritoneal Cancer Index; WHO: World Health Organization

H I S T O R Y

Protocol first published: Issue 9, 2021

C O N T R I B U T I O N S   O F   A U T H O R S

AE, BWR, KG and RN dra.ed the clinical and discussion sections of the review; AB, SH and PK data extracted items for inclusion in the
review; AB dra.ed the methodological, results and discussion sections of the review. DC and LV reconciled the methodological and results
sections of the review and contributed to the discussion. All authors agreed the final version.
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External sources

• National Institute for Health Research (NIHR), via Cochrane infrastructure funding to Cochrane Gynaecological, Neuro-oncology and
Orphan Cancers, UK

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Three studies included a small proportion of women with early-stage (predominantly stage II) or unknown disease. Although not stringently
part of our initial inclusion criteria, we included a study if the proportion with unknown or early-stage disease in the entire cohort was
small. The proportion of women with early or unknown stage of disease in Feng 2016 (9.3%), Polterauer 2012 (6.6%) and Klar 2016 (12.5%)
was not going to aGect the applicability of the results.

The definitions of RD < 1 cm and RD > 1 cm were changed from near-optimal and suboptimal in the published protocol to small-volume
residual disease (SVRD) and large-volume residual disease (LVRD), respectively. It was felt that this would make it easier to read for the
non-clinical reader, as a combination of numbers and letters is more challenging and Cochrane Reviews have a large lay audience.
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Residual Disease Threshold After Primary Surgical
Treatment for Advanced Epithelial Ovarian Cancer, Part 1: A

Systematic Review and Network Meta-Analysis

Andrew Bryant, MSc,1* Eugenie Johnson, MSc,1 Michael Grayling, PhD,1

Shaun Hiu, MSc,1 Ahmed Elattar, MD,2 Ketankumar Gajjar, MD,3

Dawn Craig, MSc,1 Luke Vale, PhD,1 and Raj Naik, MD4

Background: We present a systematic review and network meta-analysis (NMA) that is the pre-
cursor underpinning the Bayesian analyses that adjust for publication bias, presented in the same
edition in AJT. The review assesses optimal cytoreduction for women undergoing primary advanced
epithelial ovarian cancer (EOC) surgery.

Areas of Uncertainty: To assess the impact of residual disease (RD) after primary debulking surgery
in women with advanced EOC. This review explores the impact of leaving varying levels of primary
debulking surgery.

Data Sources: We conducted a systematic review and random-effects NMA for overall survival (OS) to
incorporate direct and indirect estimates of RD thresholds, including concurrent comparative, retrospec-
tive studies of $100 adult women (18+ years) with surgically staged advanced EOC (FIGO stage III/IV)
who had confirmed histological diagnoses of ovarian cancer. Pairwise meta-analyses of all directly
compared RD thresholds was previously performed before conducting this NMA, and the statistical
heterogeneity of studies within each comparison was evaluated using recommended methods.

Therapeutic Advances: Twenty-five studies (n 5 20,927) were included. Analyses demonstrated the
prognostic importance of complete cytoreduction to no macroscopic residual disease (NMRD), with
a hazard ratio for OS of 2.0 (95% confidence interval, 1.8–2.2) for ,1 cm RD threshold versus NMRD.
NMRD was associated with prolonged survival across all RD thresholds. Leaving NMRD was
predicted to provide longest survival (probability of being best 5 99%). The results were robust
to sensitivity analysis including only those studies that adjusted for extent of disease at primary
surgery (hazard ratio 2.3, 95% confidence interval, 1.9–2.6). The overall certainty of evidence was
moderate and statistical adjustment of effect estimates in included studies minimized bias.

Conclusions: The results confirm a strong association between complete cytoreduction to NMRD
and improved OS. The NMA approach forms part of the methods guidance underpinning policy
making in many jurisdictions. Our analyses present an extension to the previous work in this area.

Keywords: network meta-analysis, advanced epithelial ovarian cancer, complete cytoreduction, opti-
mal cytoreduction, primary surgery
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INTRODUCTION

Ovarian cancer is the seventh most common cancer
among women up to 75 years of age and is a leading
cause of death in women with gynecological malig-
nancies.1 Age older than 40 years, more than 90% of
ovarian cancers originate from the surface (epithelial)
cells of the ovary, termed epithelial tumors; the risk
increases with age.2,3 Around 70% of women with
ovarian cancer are diagnosed at an advanced stage
[International Federation of Gynaecology and
Obstetrics (FIGO) stages III and IV].4 That is, they have
widespread tumor dissemination within the abdomi-
nal cavity, with the tumor potentially spreading to the
liver, lungs, or distant organs.5 As such, their progno-
sis is often poor.
Surgery and platinum-based chemotherapy are the

mainstay of treatment in advanced epithelial ovarian
cancer (EOC). The aim of primary surgery was to
achieve “optimal cytoreduction,” as the amount of
residual disease (RD) (tumor remaining after surgery)
is one of the most important prognostic factors for
survival,6–12 along with sensitivity to chemotherapy.
The term “optimal cytoreduction” has been variably
defined as referring to a maximal diameter of any
residual tumor of between 0 and 1 cm, with RD greater
than 1 cm being branded suboptimal.7 “Complete cy-
toreduction” is achieved when there is no macroscopic
residual disease (NMRD) (no visible tumor) left after
surgery. A recently published National Ovarian Can-
cer Audit feasibility pilot report, by a British Gynaeco-
logical Cancer Society action group, highlights the
need for more attempts at cytoreductive surgery in
the United Kingdom.13 In addition, some centers
may not have the expertise to achieve complete cytor-
eduction, potentially leading to some patients not
achieving optimal results for their individual surgery.
The results from the Ovarian Cancer Audit feasibility
pilot shows that on average only 51% of women with
stage 2–4 and unstaged ovarian cancer receive surgery
in England.13 There are large disparities between sur-
geons and centers in their optimal and complete cytor-
eduction rates.14–17 The development of these skills
requires a shift in the surgeon’s approach to surgery
but, given that the additional procedures can be
learned over a relatively short period, this could lead
to increases in optimal or complete cytoreduction rates
with no significant increases in perioperative morbid-
ity.15 It has previously been shown that optimal cytor-
eduction rates of up to 88% for primary laparotomy in
advanced-stage ovarian cancer by gynecological oncol-
ogists working as a team can be achieved without any
increase in morbidity.16 Recent scientific and clinical

studies relating to vascular epithelial growth factor
receptors and BRCA/HRD status have opened up
new avenues of treatment with biological agents,
including vascular epithelial growth factor receptor
inhibitors18,19 and PARP inhibitors first line20–23 and
in relapsed setting24,25 now becoming standard man-
agement practice. Thus, redefining the role and impact
of complete cytoreduction in the overall survival (OS)
outcomes of women with advanced EOC.

However, without reliable guidelines based on ade-
quate empirical evidence, polarized views will con-
tinue to exist. Reliable quantification is important in
its own right,26 especially because there is still some
resistance to incorporating statistical evidence into
practice in many areas.27 Although few refute the gen-
eral conclusions of previous evidence suggesting that
survival is better where there is complete cytoreduc-
tion compared with less-than-complete cytoreduc-
tion,10,28–30 limitations in study design and in the
conduct of previous analyses have not taken into
account potential biases. Our review necessitated the
inclusion of studies that reported adjusted analyses to
attempt to minimize confounding bias. For example, if
significantly more elderly women were included in a
study where they were cytoreduced to NMRD than
younger women with suboptimal RD thresholds, then
there may be a confounding effect where suboptimal
may be seen to have a better survival outcome. This is
due to younger aged women being independently
associated with prolonged survival, and therefore,
NMRD may falsely seem to be associated as having
worse survival than suboptimal RD.

Having the most up-to-date and reliable evidence is
crucial to the development of clinical guidelines, and
thus, it is of paramount importance that optimal ana-
lytical methods are used to appraise the available evi-
dence.31 Network meta-analysis (NMA)32,33 is an
extension to a standard pairwise meta-analysis that
can incorporate and synthesize multiple treatments,
or in this case RD thresholds, allowing for direct and
indirect comparisons between groups that have previ-
ously not been compared in published studies. The use
of NMA for guideline development is now common
practice, with the method being well established
within national health technology assessment agen-
cies.34 Furthermore, the World Health Organization
and National Institute for Health and Care Excellence
(NICE) have included recommendations on NMA
within their clinical guidelines.35,36 However, current
guidelines related to optimal cytoreduction for women
undergoing primary EOC surgery are not based on the
highest level of evidence. A NMA on the back of the
recent comprehensive systematic review (SR) in this
area should provide robust evidence to policy makers
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in the field.31,37 The NMA reported in this SR is the
precursor underpinning the Bayesian analyses that
adjust for publication bias.38 The Bayesian analyses
are presented as the second part of this research and
the publication is included in the same edition.

METHODS

Aim

To assess the impact of RD after primary debulking
surgery in women with advanced EOC. This review
explores the impact of leaving varying levels of RD
after primary debulking surgery.

Eligibility criteria

We included retrospective prognostic studies that
included adult women (older than 18 years) with sur-
gically staged advanced EOC (FIGO stage III/IV) who
had confirmed histological diagnoses of ovarian can-
cer. The population of interest was women who had
received primary cytoreductive surgery followed by
adjuvant platinum-based chemotherapy.7

The impact on survival of optimal and suboptimal
cytoreduction for primary advanced disease was as-
sessed using several RD thresholds reported in the
literature. Included studies reported OS for compari-
sons of RD thresholds after surgery and used statistical
adjustment for important baseline characteristics using
multivariable analyses (eg, age, stage, and grade),
to minimize confounding bias.32,39 Owing to the
nature of these retrospective studies, women were
more likely to be allocated surgery by surgeon’s pref-
erence. Consequently, there may be instances where a
higher proportion of younger women, who are in bet-
ter general health (measured using a performance sta-
tus score40) for level of function and capability of self-
care) undergo more aggressive surgery. These women
may experience a better outcome than older women
but this may be due to their better overall general
health rather than the extent of resection. Therefore,
adjusting for confounders is important to minimize
effect distortion based on baseline imbalances. We
included studies with a sample of at least 100 women.
Smaller studies would have been restricted for the
nature and extent of the adjusted analyses, due to
the limited average number of participants per explan-
atory variable. Exclusion criteria included women with
other concurrent malignancies, those who received
chemotherapy before surgery (neoadjuvant), or intra-
peritoneal chemotherapy. This was to avoid the distor-
tion of results to purify the data set and avoid the
distorting effects of multitherapeutic interventions.

Those with concurrent malignancies are not represen-
tative of EOC, and their inclusion would dilute exter-
nal validity.

Search strategy

Electronic databases were searched from 1950 up to
September 2021. Full reporting details are summarized
in a Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow chart (Figure 1)
and in the published review.7

Study selection and data management

We followed the methodology as reported in Bryant
et al,7 in accordance with Cochrane guidelines.32 At
least 2 review authors were independently involved
in the screening process and subsequently abstracted
data.7

Risk of bias

At least 2 review authors independently assessed risk
of bias. Although the included studies were a combi-
nation of RCTs, prospective, and retrospective designs,
the comparison of RD was retrospective in nature. We
therefore assessed risk of bias (and appraised quality)
in the prognostic assessment of residual diease in
included studies using the QUality In Prognosis Stud-
ies (QUIPS) tool. QUIPS is a tool designed to assess the
risk of bias in prognostic factor studies.41

Data synthesis

The NMA synthesized studies according to guidance
from the Cochrane Handbook for Systematic Reviews
of Interventions,32 NICE technical documents, and
technology appraisal guidelines42 and was reported
according to the PRISMA extension for NMAs.7,43,44

Although NMAs are typically used to synthesize only
evidence from RCTs, the highly restrictive eligibility
criteria applied to studies included in the SR underpin-
ning the NMA permitted us to include retrospective
studies, on the grounds that the women recruited into
the studies being reviewed are comparable and could
have been given surgery resulting in any of the RD
thresholds considered in the network.37

The NMA used contrast based data and was con-
ducted using a frequentist framework in Stata IC (ver-
sion 15).45–47 The analysis adjusted for multiarm trials
and used the augmented approach.47 Within the net-
work, RD thresholds are depicted as nodes, with lines
representing comparisons. All data sets and code in
Stata are available on request from the corresponding
author.

We did not anticipate design inconsistency to be a
concern because our inclusion criteria limited hetero-
geneity in patient populations, primary disease, and

e38 Bryant et al
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outcomes. There was no reason to suspect effect esti-
mates would differ substantially in comparisons of
thresholds across studies.
We conducted a network meta-regression for age,

stage of disease, and histology to determine the simi-
larity of studies for inclusion in the NMA. We pre-
sented the results of the network meta-regression
using effect sizes reported as hazard ratios and 95%
confidence intervals (CIs) because this is more useful
than presenting a single global statistic in this case. All
the RD thresholds are relative to the NMRD (0 cm)
reference threshold. A meta-regression has been
argued to have low power and be at risk of confound-
ing48,49 so we additionally checked summary and
descriptive characteristics of studies to see whether
there were any clear systematic differences between
studies.
Transitivity in a NMA essentially necessitates that

the underlying assumption of any indirect compari-
sons is that we can learn about the true relative effect
of say RD ,1 cm versus RD .1 cm through NMRD by

combining the true relative effects of NMRD versus
RD ,1 cm and NMRD versus RD .1 cm. This means
that we can compare RD ,1 cm and RD .1 cm
through NMRD. Therefore, the transitivity assumption
underlying the NMA was evaluated by examining
characteristics across studies; there were few concerns
about potential effect modifiers across treatment com-
parisons as the distribution of key clinical characteris-
tics, such as age, seemed similar across studies.
Consistency, measured in agreement of direct and
indirect evidence, was assessed by node-splitting anal-
ysis46,47,50,51 and a formal global test for
inconsistency.46,47,51

We presented the results of the NMA using effect
sizes reported as hazard ratios and 95% CIs alongside
results of the pairwise analyses reported in the SR
underpinning the NMA. All the thresholds are relative
to the NMRD reference threshold. We did not impute
missing outcome data.

We also present plots showing the relative rank of
all RD thresholds in OS (rankograms), which rank RD

FIGURE 1. PRISMA flow diagram.
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Table 1. Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Akahira 200155 0 (0) 225 (100) ,2: 70 (31) .2: 155 (69) 47.5

(13–112)

Histology and performance

status

54 (26–85) Japan

Aletti 200614,56–58 194 (100) 0 (0) 0: 46 (24) 1–2: 22 (11) 32.4 (0.2–126) Age, ASA,

histology, operative time,

and aggressive surgery

64 (24–87) USA

,1: 85 (44) .2: 41 (21)

Ataseven 201659 0 (0) 326 (100) 0: 157 (55) .1: 41 (14) 34 (IQR: 12–70) Age, performance status,

stage, and ascites

,65: 205 (63) Germany

,1: 88 (31) NS: n5 40 exc .65: 121 (37) Austria

Bristow 201160 405 (100) 0 (0) 0: 209 (52) 33.0 Race, grade, histology, ASA,

SCS, albumin, platinum

therapy, and operative

morbidity

59 USA

,1: 196 (48) Range not reported

Chan 200361 84 (81) 20 (19) ,1: 71 (68) .1: 33 (32) 33 (6–142) Age, stage, and

performance status

Mean 5 50.5 and 61 years

for younger and older

women, respectively,

(range: 22 and 85).

USA

Chang 201262 189 (93) 14 (7) 0: 63 (31) .1: 63 (31) 43 (1–124) Age, stage, and type of

surgery

54 (30–78) South Korea

,1: 77 (38)

Chang 201263 189 (100) 0 (0) 0: 61 (32) ,1: 67

(36)

.1: 61 (32) Not

reported

Age, radical surgery, and

lymphadenectomy

54 (30–78) South Korea

Chi 200164 216 (77) 66 (23) ,1: 71 (25) .2: 137 (49) 32 (1–139) Age, stage, and ascites 59 (22–87) USA

1-2: 73 (26)

Chi 200665 465 (100) 0 (0) 0: 67 (14) .1: 229 (49) 38 (1–199) Age and ascites 60 (22–87) USA

,1: 169 (37)

Cuylan 201867 218 (100) 0 (0) 0: 55 (25) 31.5 Age, stage, omental,

peritoneal, and bilaterality

present

54 (18–78) Turkey

,1: 163 (75)

Eisenkop 200369 408 (100) 0 (0) 0: 351 (86) .1: 16 (4) 32.8 Sum of rankings 62.8 (24–91) USA

,1: 41 (10)

Feng 201670 n 5 567 (91) stage III/

IV

0: 209 (33) .0: 416 (67) 29 (3–100) Age, stage, and time to

chemotherapy

56 (30–84) China

Hofstetter 201371 158 (83) 33 (17) 0: 121 (63) .0: 70 (37) 42 TSIC, stage, age, and extent

of surgery

,57: 98 Europe

.57: 93

(Continued on next page)
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Table 1. (Continued) Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Kahl 201772 428 (54) 365 (46) 0: 482 (61) .1: 85 47 (IQR: 18–87) Age adjusted CCI,

performance status, stage,

RD, histology, ascites, and

SCS*

60 (19–88) Germany

,1: 226 (39)

Klar 201673–78 4488/5130 (87.5)

stage III/IV;

n 5 4850 in RD

analysis

0: 1779 (37) .1: 1629 (33) 0–144 Age, ECOG status, BMI, stage,

grade, and histology

Mean 57.4 (SD 10.53) Germany

,1: 1442 (30) France

Denmark

Langstraat 201179 210 (76) 67 (24) 0: 61 (22) .1: 95 (35) 3.2 years

(0–15.8)

Age, creatinine, SCS, and

stage

Mean: 73.5 (65–89) USA

,1: 120 (43)

Luger 202080 91 (51) 87 (49) 0: 133 (75) .0: 45 (25) 49.6 (IQR:

33–66)

Age, CA-125, histologically

positive paraaortic lymph

nodes, FIGO, and CPLN.

64.6 Austria

Melamed 2017 81 241 (78) 66 (22) 0: 141 (59) .1: 23 (9) n 5
66 missing

34.1 Age, ethnicity, stage, region,

insurance status, facility

type, hospital annual

ovarian cancer volume, and

comorbidities

,60: 200 (65) USA

,1: 77 (32) .60: 107 (35)

Melamed 201781 4954 (77) 1506 (23) 0: 2048 (46) .1: 546 (12) ,60: 2803 (47)

,1: 1848 (42) 1571 missing .60: 3210 (53)

Paik 201882 370 (88) 49 (12) 0: 107 (26) .1: 165 (39) 43 (3–164) Age, CA-125, stage, and

normal-sized ovary

Mean 54.5 (SD 10.3) South Korea

,1: 147 (35)

Polterauer 201283 II: 15 (7) 37 (16) 0: 157 (69) .0: 69 (31) 25.0 (1–49) Age, stage, grade, and

histology

Mean 57.5 (SD 11.9) Europe

III: 174

(77)

Tewari 201684 1241 (72) 477 (28) 0: 85 (5) .1: 932 (54) Not reported Age, ethnicity, performance

status, grade, stage,

histology, ascites, CA-125,

and TSIC

58.5–60.2 for 0 to .1 cm RD USA

,1: 701 (41)

Tseng 201885 794 (81) 184 (19) 0: 408 (42) .1: 192 (19) 77.7

(1–198)

Age, albumin, stage, ASA

score, histology, BRCA, OR

tumor index, RD, and

postop IP chemo

61 (19–95) USA

,1: 378 (39)

Wimberger

201012
573 (100) 0 (0) 0: 70 (12) .1: 335 (59) Not reported Age, performance status,

histology, peritoneal

carcinomatosis, and

multiple sites

59 (19–83) Germany,

France,1: 168 (29)

(Continued on next page)
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Table 1. (Continued) Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Winter 200786–92 1895

(100)

0 (0) 0: 437 (23) .1: 667 (35) 43 Age, race, performance

status, histology, and grade

57 (16–86) USA

,1: 791 (42)

Winter

200888,89,91,93,94
360 (100) 0 (0) 0: 29 (8) 1-5: 164 (46) 28 Histology and stage IV

disease site

59 (24–86) USA

,1: 78 (22) .5: 89 (25)

Winter 2008 ,1: 78 (24) .1: 253 (76)

Winter 2008 ,2: 50 (20) .2: 203 (80)

*SCS was added to multivariate analysis and was obtained through personal correspondence with Mr Beyhan Ataseven and included in the sensitivity analysis depicted in

Table 5.

F-U, follow-up; NS, no surgery group excluded; OT, operative time; PS, performance status; ASA, American Society of Anaesthesiology score; SCS, surgical complexity

score; omental, omental involvement; peritoneal, peritoneal involvement; CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; BMI, body mass

index; CA-125, cancer antigen 125 protein; TSIC, time from surgery to initiation of chemotherapy; BRCA, breast cancer mutation status; OR tumor index, scoring system to

reflect extent of disease; IP, intraperitoneal; sum of rankings (numerical ranking system of progressively extensive tumor involvement for 5 anatomic regions); CPLN,

cardiophrenic lymph node.
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thresholds from having the highest probability (ranked
1) to the lowest probability (ranked 9) of maximizing
OS. In addition, we report the “probability of being
best” RD threshold, which assigns a probability that
each RD threshold results in most prolonged survival
relative to all others. Cumulative ranking probabilities
using the surface under the cumulative ranking curve
(SUCRA) were also calculated.52 SUCRA presents a
single value associated with each RD threshold. A
value of 100% indicates the RD threshold is certain
to be the most effective in the network (top ranked),
while 0% indicates it is certain to be the least effective
(in bottom rank). SUCRA was estimated through
10,000 repetitions in Stata using the network rank
command.45

Sensitivity analysis

Because it was hypothesized that women with more
extensive disease may have a poorer prognosis
despite the outcome of their surgery, a sensitivity
analysis including only studies that adequately
adjusted for extent of disease at primary surgery
was performed.

Certainty of the evidence

Guidance on the use of GRADE for prognostic factor
studies has not yet been published,53,54 but we
appraised the quality and certainty of the evidence
following existing guidelines for interventional SRs.54

We based our judgment on the strength of the body of
evidence based on the domains used by the GRADE
Working Group (GRADE Working Group54). We in-
terpreted our results in light of this graded evidence.

RESULTS

Study selection and characteristics

The flow of literature are shown in in the PRISMA
diagram (Figure 1). The search strategy identified
8606 unique references, of which 200 progressed to
full-text screening. At this stage, 154 were excluded,
leaving 46 references12,14,55–94 reporting on 25 primary
studies12,14,55,59–65,67,69–73,79–85,92,94 that met our inclu-
sion criteria. Searches of the gray literature did not
identify any additional relevant studies (Figure 1).
The 25 included studies assessed a total of 20,927

women, with the most having stage III disease. Three
studies included a small proportion of women with
early or unknown stage disease (range 3.6%–

12.5%).70,73,83 The analyses in Klar et al73 included
1182 women with stage IIB-IIIB and 3684 women with
stage IIIC-IV disease. This study contributed heavily to

the analyses but results remained robust to its exclu-
sion in a sensitivity analysis. See Table 1 for a full list
of patient and study characteristics.

FIGURE 2. Risk of bias in included studies.
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Risk of bias

The risk of bias assessments across all studies is shown
in Figure 2. In general, most studies were at low to
unclear risk of bias across domains but tended to be
either at high or unclear risk for the statistical analysis
and reporting domain. However, all included studies
reported adjusted statistics to potentially minimize
confounding bias. Owing to the restrictive inclusion
criteria and attempts to minimize biases across the
spectrum, studies were not necessarily at overall high
risk of bias because they satisfied several of the criteria
used to assess risk of bias.

Effects of interventions

The network meta-regression (Table 2) summarizes
most covariates (age, stage, and histology) were not
statistically significant (P . 0.05) in each of the RD
comparisons. Although some covariates were statisti-
cally significant (P , 0.05) in a small number of com-
parisons, these differences were clearly not clinically
meaningful. On examination of summary and descrip-
tive characteristics (Table 1), there were no clear sys-
tematic differences between studies. We also checked
the consistency assumption after completion of the
NMA. There was no evidence of inconsistency in the
network (see below).

Before data analysis, it is important to understand
the geometry of the network.95 The network plot
shows which RD thresholds have been compared
directly in studies and which can only be informed
indirectly. The network geometry is depicted using

the network diagram in Figure 3 and shows the range
of RD thresholds and comparisons after optimal cytor-
eductive surgery for advanced EOC.96 The RD thresh-
olds presented in the NMA include complete
cytoreduction to 0 cm (NMRD), 0.1–1 cm (0 cm ,
RD #1 cm, labelled as ,1 cm for consistency with
the published literature), .0 cm, 1–2 cm, .1 cm, 0.1–
2 cm (labelled as ,2 cm), .2 cm, 1–5 cm, and .5 cm.
The nodes of some of the thresholds overlap, for exam-
ple, .1 cm node overlaps with the 1–2 cm and .2 cm
node, but these were all categorized as separate and
unique nodes and interpreted accordingly and reflect
the nature of data reported. Of note the 1–2 cm and ,2
cm nodes included very sparse data so in that respect
are less informative. Nodes where there were more
comparative data available were for RD thresholds of
0 cm and ,1 cm (indicated by the thick edge joining
these 2 nodes in Figure 3). The comparisons of ,1 cm
and .1 cm included the 0 cm group, but this was
deemed to have a negligible impact on the results
and did not affect risk of bias profiles, certainty of
the evidence or distort results because this was only
applicable to 3 small studies.61,64,94

Table 3 summarizes the results of the NMA with a
comparison of direct and indirect effect sizes of opti-
mal and suboptimal RD thresholds. The results seem
consistent across all split RD comparisons (sides), and
there was no evidence of inconsistency in the network
(P 5 0.48).

The results in Table 4 and Figure 4 demonstrate pro-
longed survival if primary cytoreductive surgery

Table 2. Network meta-regression exploring age, FIGO stage, and histology.

RD*
Age† FIGO stage‡ Histology§

Ref¶ (0 cm) HRk 95% CI** P†† HRk 95% CI** P†† HRk 95% CI** P††

,1 cm 0.98 0.96 to 1.01 0.24 1.00 1.00 to 1.01 0.13 0.99 0.99 to 1.00 0.02‡‡

.0 cm 1.03 0.93 to 1.13 0.62 1.00 0.97 to 1.03 0.86 0.96 0.93 to 1.00 0.07

1–2 cm 0.97 0.78 to 1.22 0.82 1.00 0.95 to 1.05 0.96 1.01 0.85 to 1.21 0.89

,2 cm 1.25 0.97 to 1.62 0.09 1.03 0.98 to 1.08 0.25 0.97 0.81 to 1.17 0.75

.1 cm 1.00 0.97 to 1.03 0.89 1.00 1.00 to 1.01 0.2 0.99 0.99 to 1.00 0.02‡‡

.2 cm 1.09 0.87 to 1.37 0.46 1.02 0.97 to 1.08 0.37 0.92 0.77 to 1.10 0.38

*RD thresholds of 1–5 cm and .5 cm were dropped due to detection of collinearity.

†Median age reported in this study was used except when not reported and mean was used.

‡Percentage of women in this study with International Federation of Gynecology and Obstetrics (FIGO) stage III EOC.

§Percentage of women in this study with serous histology.

¶Ref, reference: RD 5 0 cm was used as the reference group.

kHR, hazard ratio.

**CI, confidence interval.

††P: significance probability. This is the probability of the observed data or data more extreme, given the null hypothesis is true.

‡‡P was statistically significant but the HR point estimates and 95% CI’s clearly show this is very unlikely to equate to any meaningful

clinically significant differences in the percentage of women with serous histology across studies.
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debulked to NMRD compared with any other RD
threshold. Complete cytoreduction to NMRD was over-
whelmingly the best ranked threshold because it was
consistently ranked first (see Table 4 and Figure 5) with
a very high probability of being the best RD threshold
(SUCRA and P-best of 99.9% and 99%, respectively).

Table 4 also summarizes the benefit of incorporating
reliable indirect estimates as an additional comparison
between 0 cm versus ,2 cm, while estimates for com-
parisons with sparse numbers are now more precise. A
full breakdown of results is provided in in the detailed
forest plots, which show results of all available com-
parisons (see Figure 6) and as a league table giving
specific effect estimates for each and every comparison
(see Table 5). There was no evidence of publication
bias (see Figure 7).

Sensitivity analysis

A sensitivity analysis incorporating the results of 8
studies including an adequate adjustment for extent of
disease at primary surgery increased the magnitude of
effect estimates showed significantly prolonged sur-
vival in those with cytoreduction to NMRD (see
Table 6). The results of this NMA also seem to be con-
sistent across all sides in the network, and there was no
evidence of overall inconsistency (P 5 0.31). Other key
probability and ranking statistics continued to provide
strong evidence that NMRD (0 cm) is the best threshold
(P 5 99.4%) and the SUCRA value remained very high
(99.9%). Adjustment for extent of disease included: type
(aggressive vs. standard) and extent of surgery; surgical
complexity score; and progressively extensive tumor
involvement in anatomic regions.

FIGURE 3. Network diagram showing RD comparisons

after primary cytoreductive surgery for advanced EOC.

Table 3. Inconsistency test between direct and indirect RD threshold after primary surgery for advanced EOC com-

parisons in NMA.

Side
Direct Indirect Difference

Pcm Coefficient SE Coefficient SE Coefficient SE

0 to ,1* 0.688 0.063 0.570 0.353 0.118 0.358 0.741

0 to .0 No indirect estimate

0 to 1–2 1.383 0.583 1.169 0.276 0.214 0.640 0.739

0 to .1 0.913 0.067 1.320 0.236 20.406 0.245 0.097

0 to .2 2.119 0.597 1.349 0.265 0.770 0.648 0.235

0 to 1–5* 0.603 0.301 0.655 0.557 20.052 0.639 0.936

0 to .5* 1.000 0.311 1.052 0.557 20.052 0.639 0.936

0 to 1–2* 0.474 0.251 1.360 0.937 20.886 0.957 0.354

0 to .1* 0.279 0.061 20.356 0.335 0.635 0.340 0.062

,1 to .2* 0.743 0.243 1.629 0.939 20.886 0.957 0.354

,1 to 1–5* 20.057 0.308 20.109 0.547 0.052 0.639 0.936

,1 to .5* 0.340 0.312 0.288 0.555 0.052 0.639 0.936

1–2 to .2* 0.265 0.250 21.779 490.334 2.044 490.334 0.997

,2 to .2* 0.433 0.168 2.509 469.566 22.075 469.566 0.996

1–5 to .5 No indirect estimate

*All the evidence about these contrasts comes from the studies which directly compare them.

cm, centimeter; Coefficient, log hazard ratio; SE, standard error of log hazard ratio; P, significance probability (P) observed from the Z

score.
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DISCUSSION

We identified 25 studies meeting our inclusion criteria.
These studies assessed survival after primary cytore-
ductive surgery followed by adjuvant platinum-based
chemotherapy in women with advanced EOC. The
Sundar et al.13 underpinning the NMA and the results
of our updated analysis provides more precise and
reliable estimates than seen in previous studies and
reviews in this area,6,8–12,97 which should enable more
informed decisions to be made. Although the findings
do not enable us to determine whether the survival
benefit is a direct effect of the surgical intervention,

they may encourage the surgical community to strive
toward improving rates of complete cytoreduction and
perhaps more centers adopting a more aggressive
approach to attempt to improve rates of complete cy-
toreduction. Factors such as training, high-dependency
unit support, patient selection and developing inter-
surgical collaborations such as colo-rectal, upper gas-
trointestinal, hepato-biliary and vascular specialties
could be important to help achieve this. RD and com-
plete cytoreduction rates should be part of routinely
collected cancer data and should be a quality indicator
for advanced ovarian cancer surgery along with other
indicators recommended by the British Gynaecological

Table 4. Results of NMA and pairwise analysis of optimal RD threshold after primary cytoreductive surgery for

advanced EOC.

RD threshold versus

0 cm (reference)

NMA
Pairwise

Mean rank P (best) % SUCRA %HR (95% CI) HR (95% CI) n studies (participants)

0 cm Reference 1 99 99.9

,1 cm 1.98 (1.76–2.24) 2.03 (1.80–2.29) 17 (9404) 3.4 0 70.2

.0 cm 1.95 (1.48–2.58) 1.96 (1.44–2.67) 4 (1220) 3.4 0 70.6

1–2 cm 3.34 (2.04–5.47) 3.95 (1.33–11.78) 1 (68) 7.3 0 21.8

,2 cm 2.82 (1.58–5.04) No direct estimate 6.0 0 36.9

.1 cm 2.57 (2.26–2.93) 2.50 (2.13–2.94) 14 (7988) 5.8 0 40.0

.2 cm 4.36 (2.69–7.04) 8.24 (2.68–25.33) 1 (87) 8.7 0 3.4

1–5 cm 1.85 (1.11–3.08) 1.83 (1.14–2.94) 1 (193) 3.2 1 72.0

.5 cm 2.75 (1.62–4.67) 2.72 (1.65–4.47) 1 (118) 6.2 0 35.3

HR, hazard ratio; P (best), probability that RD threshold is the best.

FIGURE 4. Forest plot showing RD thresholds versus complete cytoreduction (0 cm) after primary cytoreductive sur-

gery for advanced EOC.
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Cancer Society ovarian cancer action group and ESGO
(European Society of Gynaecological Oncologists).
Pairwise analyses and NMAs clearly showed the

prognostic importance of complete cytoreduction, with
OS significantly prolonged in this RD threshold.32,33

There should always be concern around “small study”
biases, such as publication biases,32,39 in meta-analyses.
Although there was no evidence of publication bias
(Figure 7), the results should still be interpreted with
some caution. In addition, the nature of model selection
procedures in the included studies may have meant
study authors with nonstatistically significant P values
may not have included RD in their final model.98 How-
ever, including only studies that reported adjusted anal-
yses should mean we have examined the best available
evidence. Furthermore, a sensitivity analysis of the
results of 8 studies that included an adequate adjust-
ment for extent of disease at primary surgery strength-
ened the main conclusions. We emphasize the
importance of this adjustment in this area; the results
of the sensitivity analysis are key to proponents of
aggressive surgery, as it was hypothesized that women
with more extensive disease may have had poor prog-
nosis despite the outcome of their surgery. However,
the benefit of achieving complete cytoreduction became
more evident after statistical adjustment for extent of
disease. Nonetheless, we do suggest that all caveats
should be discussed with patients before their primary
surgery, especially in cases where there is likely to be a
large trade-off between complete cytoreduction to
NMRD and morbidity/quality of life.99–101

When compared with NMRD, all RD thresholds
above this level resulted in shorter patient survival.

When we compared different definitions of optimal
and suboptimal cytoreduction, we observed the same
survival patterns in those with greater removal of dis-
ease. However, these were attenuated compared with
complete cytoreduction. Consequently, a key question
is how much extra effort should be made to minimize
RD if complete cytoreduction to NMRD is not possi-
ble. Although our findings do not enable us to deter-
mine whether the survival benefit is a direct effect of
the surgical intervention, they do suggest that every
effort should be made to reduce the tumor to micro-
scopic disease. Where this is not considered achiev-
able, attempts should be made to obtain near-
optimal cytoreduction, defined as RD , 1 cm. From
the magnitude of effect sizes in comparisons of 0 cm
versus larger amounts of RD (where there were suffi-
cient evidence available for a give RD threshold), it
seems that if RD cannot be limited to an optimal level
then the surgeon could potentially prioritize their
focus on morbidity and quality of life (QoL). The
results of the SOCQER-2102 study commissioned by
NICE, assessed QoL in women undergoing standard
or extensive surgery after primary surgery in
advanced EOC. This study found no important differ-
ences in global QoL scores measured across 6 weeks, 6
months, and 12 months postsurgery in varying com-
plexities of surgery. Patients who underwent low-
complexity surgery were associated with higher rates
of RD and lower survival compared with those with a
similar disease burden undergoing surgery of interme-
diate complexity. Postoperative RD was associated
with poorer OS, particularly in patients undergoing
low-complexity surgery.

FIGURE 5. Rankograms showing ranks of RD thresholds for probability of being best at prolonging OS.
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The overall certainty of the identified available evi-
dence is moderate.54 The evidence was primarily
downgraded by one level from high certainty to mod-
erate because the statistical analysis and reporting
domain in the QUIPS tool41 was assessed as being at
high or unclear risk of bias in all included studies.
Many study authors reported that statistically signifi-
cant variables from the univariate analysis were
included in the multivariable model, but gave no fur-
ther details about any conceptual framework. The
problem with this method is that there are variables
that may not be important in a univariate association
but are important in the full model. It is often more
appropriate to include all pertinent variables that are
plausibly important, potentially using data reduction
methods to combine closely related variables.103 This
was the most serious bias from the QUIPS domains
that could influence the effect estimates. The results
are consistent and seem to be reliable and precise in
conclusions drawn. Some comparisons were sparse
with wide CIs, but even the lower 95% CI would be
clinically significant as a point estimate in many cases,
indicating a gain in OS. Consequently, further research
is unlikely to change our confidence in the existing
estimates of effect.54 The exact reasons for performing
one type of surgery over another were not well docu-
mented, and it was likely that women in generally
poor health would be subjected to less aggressive sur-
gery and thus would be more likely to have larger RD.
This would most likely result in poorer survival. For
this reason, we applied strict inclusion criteria and
included studies that used statistical adjustment. How-
ever, it is generally accepted that the major reason for
not achieving complete cytoreduction in most of the
cases is not actually related to patient factors but is
more associated with a deficiency in surgical skill
and/or a lack of willingness in the surgeon to embrace
ultraradical surgery.

The evidence suggests the need to redefine the term
“optimal cytoreduction” by the Gynecological Cancer
InterGroup, from its definition of ,1 cm RD to
NMRD.10,104–106 We suggest retaining 3 categories of
RD classification but redefining to optimal, “near opti-
mal,” and “suboptimal” cytoreduction rather than
complete, optimal, and suboptimal for RD of 0 cm,
,1 cm, and .1 cm, respectively. Similar suggestions
using the terms complete, minimal, and gross have
been previously published.107

Implications for research

Part 2 of this research is presented in the same edition
and focused on adjustments for publication bias using
expert elicitation.38 This research aimed to conduct a
series of sensitivity analyses to adjust the results of theT
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NMA for publication bias, to confirm or refute the
existing conclusions. The next piece of research in this
area should focus on developing a model for accu-
rately predicting important outcomes such as survival
and quality of life based on remaining RD after pri-
mary surgery, and the effects of ultraradical surgery,
so women can plan for their future and make informed
decisions on subsequent treatment. This could be
achieved by first conducting a review of prognostic
studies to identify all studies reporting prognostic
models for OS, as well as disease recurrence in women
with advanced EOC following primary surgical de-
bulking and also determine the performance of these
models for predicting the risk stratification of women
with this disease.108 Measures should include discrim-
ination, the area under the (curve) receiver operating
characteristic curve, calibration, and overall model
performance.109,110 Given the fact that remaining RD
after primary surgery is likely to remain the main pre-
dictor of survival in this area, a precise prediction

FIGURE 6. Forest plots showing results of all available RD comparisons and global test of consistency.

FIGURE 7. Funnel plot showing studies including com-

parisons of RD ,1 cm, .0 cm, and .1 cm with complete

cytoreduction (RD 0 cm).
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model would allow women and their families to plan
for the future and aid future decisions on their sub-
sequent further line treatment care pathway.

Because we have presented an updated and finalized
analysis of impact of RD after primary surgery for
advanced EOC, future research should also be con-
ducted to determine whether increasing attempts at
achieving complete cytoreduction have a direct effect
on improving survival outcomes. This research should
use methodologies and trial designs that reduce or elim-
inate confounding effects, such as the patient’s perfor-
mance status, disease spread, and tumor biology within
the new paradigm of treatment with biological agents
and genetic status. Despite the obvious challenges, this
should be considered more than feasible because on
average only around half of women with stage II–IV
and unstaged ovarian cancer receive surgery in Eng-
land.13 Existing trials have shown conflicting results
when further surgery was performed as an interval pro-
cedure after suboptimal cytoreduction at primary sur-
gery.111 Therefore, it seems best to increase attempts at
optimizing to lower levels of RD at first surgery.
Because there are large disparities between surgeons
and centers in their optimal and complete cytoreduction
rates,14–17 it is worth considering randomizing patients
to specialist centers providing more extensive surgery to
achieve complete cytoreduction or to nonspecialist cen-
ters.112 This may be best achieved by the conduct of a
cluster randomized controlled trial. The increasing prac-
tice of offering neoadjuvant chemotherapy followed by
interval debulking surgery should not complicate the
performance of these trials, by including stratification
for this factor within the study design.113

Another possible option is to randomize surgeons or
hospitals to an intervention to develop their expertise
and capability to perform more extensive ultraradical
surgery, as additional training may be necessary.114,115

There is a suggestion that maximal attempts to achieve

complete cytoreduction are currently not being per-
formed by most of the practising gynecological oncol-
ogists,91 as previously indicated by low rates of
complete cytoreduction to NMRD in many coun-
tries.116,117 The development of these skills requires a
shift in the surgeon’s approach to surgery. Given that
the additional procedures can be learned over a rela-
tively short period, this could potentially lead to
increases in optimal/complete cytoreduction rates
with no significant increases in perioperative morbid-
ity.15 Similarly, it has been shown previously that opti-
mal cytoreduction rates of up to 88% at primary
laparotomy in advanced-stage ovarian cancer by gyne-
cological oncologists working as a team can be
achieved, without any increase in morbidity.16

CONCLUSIONS

Our results identified a strong association between
achievement of complete cytoreduction and improved
OS, highlighting a real need for clinical practice to fol-
low Gynecological Cancer InterGroup recommenda-
tions. The NMA forms part of the methods guidance
underpinning policy making in many jurisdictions. Part
2 of this research presents an extension to this work.38
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Table 6. Sensitivity analysis showing NMA of optimal RD threshold after primary cytoreductive surgery for advanced

EOC including studies using adjustment for extent of disease.

RD threshold versus 0 cm

(reference)*

HR (95% CI)

Mean rank P (best) % SUCRA %NMAs

0 cm Reference 1 99.4 99.9

,1 cm 2.25 (1.93–2.63) 2.4 0 72.5

.0 cm 2.95 (1.87–4.67) 3.6 0 47.2

1–2 cm 3.32 (1.29–8.58) 3.9 0.7 41.9

.1 cm 3.41 (2.78–4.18) 4.3 0 33.5

.2 cm 6.89 (2.59–18.31) 5.8 0 5.0

*Comparisons involving ,2 cm, 1–5 cm, and .5 cm RD thresholds were not reported.

HR, hazard ratio; P (best), probability that RD threshold is the best.
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ABSTRACT
Objectives We consider expert opinion and its 
incorporation into a planned meta- analysis as a way of 
adjusting for anticipated publication bias. We conduct an 
elicitation exercise among eligible British Gynaecological 
Cancer Society (BGCS) members with expertise in 
gynaecology.
Design Expert elicitation exercise.
Setting BGCS.
Participants Members of the BGCS with expertise in 
gynaecology.
Methods Experts were presented with details of a 
planned prospective systematic review and meta- analysis, 
assessing overall survival for the extent of excision of 
residual disease (RD) after primary surgery for advanced 
epithelial ovarian cancer. Participants were asked views on 
the likelihood of different studies (varied in the size of the 
study population and the RD thresholds being compared) 
not being published. Descriptive statistics were produced 
and opinions on total number of missing studies by sample 
size and magnitude of effect size estimated.
Results Eighteen expert respondents were included. 
Responders perceived publication bias to be a possibility 
for comparisons of RD <1 cm versus RD=0 cm, but more 
so for comparisons involving higher volume suboptimal RD 
thresholds. However, experts’ perceived publication bias in 
comparisons of RD=0 cm versus suboptimal RD thresholds 
did not translate into many elicited missing studies in Part 
B of the elicitation exercise. The median number of missing 
studies estimated by responders for the main comparison 
of RD<1 cm versus RD=0 cm was 10 (IQR: 5–20), with the 
number of missing studies influenced by whether the effect 
size was equivocal. The median number of missing studies 
estimated for suboptimal RD versus RD=0 cm was lower.
Conclusions The results may raise awareness that a 
degree of scepticism is needed when reviewing studies 
comparing RD <1 cm versus RD=0 cm. There is also a 
belief among respondents that comparisons involving 
RD=0 cm and suboptimal thresholds (>1 cm) are likely 
to be impacted by publication bias, but this is unlikely to 
attenuate effect estimates in meta- analyses.

INTRODUCTION
Residual disease (RD) after upfront primary 
debulking surgery (PDS) for advanced 
epithelial ovarian cancer (EOC) is believed to 
be a key determinant of overall survival (OS). 
A recent prognostic factor systematic review 
protocol aims to demonstrate the superiority 
in terms of OS of the complete removal of 
RD in advanced EOC compared with leaving 
macroscopic disease (that is, the surgeon 
leaving some visible disease).1

However, much of the evidence in this 
area comes from small and/or retrospec-
tive studies. Relying on such studies to draw 
conclusions may be unsound. One reason 
for this relates to possible publication biases, 
which may be more pronounced for small, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ In our elicitation exercise, designed in collaboration

with senior gynae- oncologists, the number of re-
spondents (n=18) was sufficient to provide a solid
basis for meaningful conclusions to be drawn in an
area of uncertainty.

⇒ Part A of the elicitation identifies areas where publi-
cation bias is of concern, but the questions asked do 
not provide an indication of the direction of any bias.

⇒ Therefore, in Part B of our elicitation exercise, we
collected information that would enable any planned 
meta- analysis estimates to be adjusted for the an-
ticipated impact of publication bias.

⇒ The approach adopted is inexpensive and easy to
design and administer and did not rely on any con-
tact with participants, who were able to complete at
their own convenience.

⇒ However, answers given by the experts to open- 
ended questions were prone to an ‘extreme answer
bias’.
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retrospective evaluations. Publication bias can arise 
when the publication of research findings depends on 
the nature and direction of the results. It is more likely 
in smaller and retrospective studies than for larger 
randomised controlled trials.2–6 Small studies might be 
underpowered and, furthermore, null findings might 
be due to deficiencies in the study design and conduct. 
Hence, including these studies might not lead to an 
appropriate adjustment of meta- analysis estimates. This 
is why we planned to include studies with a minimum 
sample size of 100 patients in the systematic review.

Therefore, given the nature of the evidence base, 
publication bias could be hypothesised to lead to a bias 
in favour of more complete removal of RD as described 
below.

Small and retrospective studies are also prone to other 
biases, particularly selection bias, (ie, systematic differ-
ences between groups in terms of baseline characteris-
tics) compared with randomised trials.7 8 Furthermore, 
all study designs may suffer from inadequacies of study 
conduct, such as deficiencies in blinding, high attrition 
and so on.9 10 Again, these problems are potentially exac-
erbated for smaller retrospective studies.

As alluded to above, publication and other reporting 
biases11 12 can have serious consequences to research and 
impact on summary of findings and recommendations 
in guidelines.13 14 If it is suspected that publication bias 
is highly plausible, this may make the effect estimates 
obtained from meta- analyses uncertain and potentially 
unreliable. This is a concern when considering the results 
of the systematic review assessing OS for RD after PDS in 
advanced EOC.1

In this review, the data underpinning the estimates will 
be derived from the further analysis of data collected to 
address other research questions. Post hoc analyses of 
data collected to address other questions and secondary 
analyses of past medical records do not have to be 
prespecified anywhere, so there is a strong threat of data 
dredging. Therefore, the reporting of such data for indi-
vidual studies may depend on the significance of their 
findings. For example, it is possible that only analyses 
producing ‘significant’ findings will be published. Thus, 
any meta- analysis may overestimate the effect of complete 
cytoreduction. This may be true even if many of the non- 
reported studies are small, as their cumulative impact on 
the meta- analysis may have a substantial overall effect.

Exploration of publication bias is an important part of 
a robust systematic review and should always be consid-
ered. At present, there is no consensus on a standard 
approach for identifying and adjusting for publication 
bias, although some methods, particularly around iden-
tification, do exist. Reduction of publication bias can be 
achieved by adherence to good review practice, such as a 
thorough search of grey literature.15–17 Post hoc statistical 
approaches such as funnel plots,18 trim and fill,19 20 and 
file drawer number21 could also be used. Furthermore, 
when there is evidence for publication bias or this bias 
is highly suspected, selection models22 23 might be used 

to investigate how the results of a meta- analysis may be 
affected by publication bias. However, these usually 
require a large number of included studies in the anal-
ysis12 24 and any adjustment generally requires an assump-
tion of the underlying selection model.12 22

A potentially more practical approach is to incorporate 
external information into the meta- analysis. This external 
information could be gathered from various sources and 
incorporated using a Bayesian framework.25–27 However, 
this approach would only be useful if the external infor-
mation is obtained from a reliable source. This final point 
is the focus of our study, as we propose an approach that 
has hitherto received little attention in meta- analyses: the 
consideration of expert opinion and the incorporation of 
their views and opinions into the meta- analysis to inform 
the adjustment. We do this by conducting an elicitation 
exercise among eligible British Gynaecological Cancer 
Society (BGCS) members (based on a pertinent job title 
and expertise in gynaecology) to identify their expert 
opinions on the potential nature and extent of publica-
tion bias in a planned prospective systematic review and 
meta- analysis assessing OS in RD after PDS for advanced 
EOC.1 The elicitation exercise relates to the conduct of 
the planned systematic review, where the findings from 
this exercise will be used to adjust the proposed meta- 
analyses for any perceived publication bias.

In the elicitation exercise, we ask participants to account 
for: (1) the sort of studies that have been conducted but 
not published; (2) the plausible magnitude and direction 
of any publication bias; and (3) possible explanations 
for why and how the publication bias occurs. These data 
could be used to adjust the results for publication bias in 
our planned meta- analysis assessing OS in RD thresholds 
after primary surgery for EOC.

METHODS
Case study
This research involved human participants outside of 
a study or trial setting. The elicitation exercise did not 
require ethical approval because it was sent to BGCS 
members and participation was optional. Information 
about any expert that participated in the elicitation exer-
cise was kept confidential.

Participants were given details of a planned prospec-
tive systematic review and meta- analysis assessing OS for 
the extent of excision of RD (see online supplemental 
appendix 1). This will include data from studies or case 
series of 100 or more patients that include a concurrent 
comparison of different RD thresholds after primary 
surgical intervention in adult women with advanced 
EOC. The outcome of interest was OS for different cate-
gories of RD.

For the purposes of the case study, participants were 
told that bibliographic databases up to January 2020 were 
searched for pertinent data, so that they had a cut- off 
for their responses to each scenario. Participants were 
made aware that two review authors would independently 
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abstract data and assess risk of bias and, where possible, 
that the data would be synthesised in a meta- analysis. Full 
details of the methodology used in the review is provided 
in a Cochrane systematic review1 and a summary of inclu-
sion criteria is given in the elicitation exercise in online 
supplemental appendix 1.

The review objective is to assess the impact of RD 
after upfront and interval debulking surgery on survival 
outcomes. However, the focus of this paper and the elic-
itation exercise was OS in different RD thresholds after 
upfront primary surgery.

Design of elicitation exercise
The purpose of the elicitation exercise was to ask respon-
dents for their opinions on the likelihood of studies not 
being published. Thereafter, we asked for their opinions on 
several different scenarios, all of which related to the likeli-
hood of different studies not being published. These unpub-
lished studies varied by both size of the study population and 
the impact of the RD threshold as a prognostic factor for OS.

The elicitation exercise was designed in consultation 
with four gynae- oncologists, to help ensure a sufficiently 
detailed level of explanation was provided regarding the 
purpose of the exercise, along with clear descriptions of 
the methodology and rationale. Visual examples were 
used to make what was being asked of respondents as 
transparent as possible.

Usually, expert opinions are elicited either directly 
using interview methods or via an elicitation exercise. In 
either case, opinions potentially need only be provided 
by as few as four experts.28 29 However, it is advised to use 
more experts to give the results more generalisability and 
allow for the potential of a broader range of views.30 31 Any 
widespread disagreement among experts can be reflected 
in the uncertainty of elicited estimates; all that is funda-
mental is that respondents have extensive knowledge and 
expertise in the area of interest.

The elicitation exercise consisted of three parts: A, B and 
C (online supplemental appendix 1 provides an example of 
the elicitation exercise). Part A adopted an existing method 
of elicitation,30 while Part B used a de novo tool designed 
to provide a way of obtaining an estimate of the number of 
missing studies from a meta- analysis. Respondents also indi-
cated the size of these missing studies, which can be used to 
calculate the magnitude of effect in the form of a HR with 
95% CI. Parts A and B are described in more detail below. 
Part C was used to gauge the attitudes of the respondent 
cohort about reporting biases more generally and is not 
reported here.

To assist respondents in answering questions in Parts 
A and B, we provided brief guidance on the interpreta-
tion of commonly reported statistics from survival models 
(see introductory section of ‘Expert elicitation’ in online 
supplemental appendix 1).

Expert elicitation Part A
This part comprised one question (Q1) and attempted to 
assess publication bias by asking respondents about their 

views on the chance of publication for comparisons of 
different macroscopic RD thresholds (RD>0 cm) versus 
the reference comparator of complete cytoreduction 
(removal of tumour so that there was no visible disease 
with the naked eye, RD =0 cm). Specifically, for each 
comparison the sample size of the hypothetical study was 
varied between a minimum sample size (n=100) (which 
was part of the inclusion criteria in the planned review) 
and a maximum sample size (this maximum was based on 
observed sizes in the meta- analysis of included studies in 
an initial scope of the results up to January 2020).

Responders were then asked to assign a probability that 
a study reporting a given comparison with a given sample 
size would be published on a scale of 0 (no chance of 
publication) to 100 (certainly published). Other char-
acteristics of the hypothetical study followed the inclu-
sion criteria set out in the systematic review protocol by 
Bryant et al.1 These have been summarised above and are 
reported in online supplemental appendix 1.

Expert elicitation Part B
Part B consisted of three broad questions and aimed 
to obtain the opinion of respondents on the estimated 
number of conducted- but- unpublished studies that 
might exist. For each question, participants were asked 
to consider a particular macroscopic RD threshold and 
compare it with RD =0 cm: Q2 (RD <1 cm vs RD =0 cm); 
Q3 (RD >1 cm vs RD =0 cm); and Q4 (RD >2 cm vs RD 
=0 cm). Subsequently, participants were asked on a Likert 
Scale from 1 (not likely at all) to 5 (extremely likely), 
the likelihood that relevant studies that either favoured 
macroscopic disease, or studies that found no statistically 
significant difference (p>0.05) in survival between macro-
scopic disease and RD =0 cm, would not be published.

Next, respondents were asked to give an estimate of 
how many studies of a certain size and magnitude of effect 
might be unpublished, along with a rationale for their 
answer. The sample size of unpublished studies was varied 
in increments of 100 from 100 to >500. The effect size, 
reported as the adjusted HR, was likewise varied in decre-
ments of 0.1, between 1 and ≤0.5. In total, respondents 
were asked to think about the number of unpublished 
studies for 36 different hypothetical combinations of 
sample size and effect size. The questions were repeated 
for scenarios involving suboptimal RD thresholds (>1 cm 
and >2 cm) compared with RD =0 cm (See Q3- 4 of elicita-
tion exercise in online supplemental appendix 1).

The responses to the questions in Part B could be used 
to adjust the overall effect estimate from observed studies 
when data from unobserved studies are added.

Data collection and sampling
The elicitation exercise was vetted by the BGCS Survey 
panel; their helpful suggestions were incorporated and 
a link to the finalised elicitation exercise using Qual-
trics was distributed to members via email by the BGCS 
administrator. BGCS have established guidelines for 
circulation of online surveys via the membership email 
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directory, which were followed in our elicitation exercise 
and are available on request to the BGCS. The link to 
the elicitation exercise was open from 13 August 2020 to 
26 October 2020 and two reminders were sent out. Study 
participation was voluntary and potential respondents 
were informed that the results of the elicitation would 
inform a publication. All acknowledgements are given 
with the consent of responders; all open- text responses 
provided have been anonymised and we have explicitly 
excluded cross- tabulation by job title, as this may have 
compromised the anonymisation.

Data analysis
The responses of the elicitation exercise are summarised 
using descriptive statistics. Further details are reported in 
online supplemental appendix 1. For the responses to Part 
B, we also provide in online supplemental appendix 2 an 
example of how the responses could be used to form an 
overall estimate of the total number of missing studies by 
sample size and magnitude of effect size for each question, 
reported as a HR and 95% CI. All analyses were conducted 
in StataIC V.15.32

Patient and public involvement
None.

RESULTS
Characteristics of respondents
The elicitation exercise was sent to all 455 BGCS members 
at the time, with over 80% being eligible to complete. A 
total of 98 BGCS members opened the link for the exercise 
and 28 proceeded past the participant information sheet. 
Of these, 18 respondents fully completed the elicitation 
exercise, and their responses are reported below. The 
remaining 10 participants did not adequately contribute 
to the exercise to be included in analysis (figure 1).

The distribution of expertise of completers of the exercise 
is also presented in figure 1. Most responders were consul-
tant gynaecological oncologists (11/18; 61%) or subspecialist 
consultants (4/18; 22%). The median time to complete the 
exercise was 18 min (IQR 16–27 min) with a range of 8–61 min. 
The mean completion time was 23 min (SD 14 min).

Part A: Probability estimates that a study with minimum and 
maximum specified sample sizes is published for different 
macroscopic RD disease versus RD =0 cm
Table 1 shows the perceived probability that a study is 
published based on its sample size for the comparison of 
different RD thresholds (all compared with RD =0 cm). 
Responses suggest that publication bias may be quite likely 
in studies where the sample size was just 100. For example, 
responders suggest they thought there was less than a 60% 
chance that a comparison of RD <1 cm versus RD =0 cm would 
be reported for a study with a sample size of 100 participants.

Overall, there was widespread variation in the results, 
indicating that some responders thought the probability of 
publication was much higher than others (range 0%–100%). 
Responders appeared to indicate that the probability of 
publication was lowest for comparisons involving greater 
macroscopic disease volume (largest elicited median proba-
bility 20% (IQR 10%–75%) in macroscopic disease involving 

Figure 1 Elicitation exercise flow diagram.

Table 1 Summary statistics of responders’ perceived chance (probability) of publication for studies of given sample size for 
residual disease thresholds compared with microscopic disease (0 cm)

Versus 0 cm % for n minimum (n=100) % for n maximum

RD threshold Mean (SD) Median (IQR) Observed range Mean (SD) Median (IQR) Observed range

< 1 cm 57 (31.2) 55 (30–80) 0–100 95 (6.1) 99.5 (90–100) 80–100

> 0 cm 49 (33.6) 50 (20–80) 0–95 77 (25.5) 80 (70–99) 0–100

1–2 cm 48 (32.1) 50 (20–70) 0–100 58 (34.1) 72.5 (30–80) 0–100

< 2 cm 50 (36.6) 50 (10–85) 0–100 58 (36.6) 65 (20–90) 0–100

> 1 cm 49 (34.4) 45 (20–90) 0–100 85 (19.3) 95 (75–99) 40–100

> 2 cm 38 (36.6) 20 (10–75) 0–100 47 (37.9) 30 (15–80) 0–100

1–5 cm 29 (33.2) 10 (0–50) 0–95 42 (38.2) 27.5 (5–80) 0–100

> 5 cm 23 (34.4) 3.5 (0–50) 0–95 35 (40.7) 10 (0–80) 0–100

N maximum varies for different RD =0 cm versus RD threshold comparisons. For RD <1 cm and RD >1 cm, n=1000. For RD >0 cm, n=625, For 
RD 1–2 cm, n=210. The remainder are n=250.
RD, residual disease;
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RD >2 cm vs RD =0 cm and as low as 3.5% (IQR: 0%–50%) for 
RD >5 cm vs RD =0 cm).

Respondents also indicated that there was potential for 
publication bias in some comparisons when studies had 
larger sample sizes. However, responders appeared to dismiss 
the threat of publication bias for comparisons of RD <1 cm 
versus RD =0 cm and RD >1 cm versus RD =0 cm. Mean and 
median probabilities were higher and close to 100%, indi-
cating that respondents were highly certain that a study 
would be published. Comparisons involving higher volume 
suboptimal RD (greater macroscopic disease volume) versus 
RD =0 cm were considered to have a low probability of being 
published for larger studies (the largest elicited median prob-
ability was 30% (IQR: 15%–80%) in macroscopic disease 
involving RD >2 cm and the probability was much less for RD 
1–5 cm and RD >5 cm). This was consistent with the results 
for smaller studies.

Part B: Perceived likelihood of publication bias and estimation of 
missing studies
Table 2 shows that most responders acknowledged that 
the likelihood of publication bias is ‘somewhat’ or ‘quite’ 
likely (72.5%) in the comparison of RD <1 cm with RD 
=0 cm, with only one responder (5.5%) thinking it was 
not likely at all. This view was completely reversed for 
comparisons involving suboptimal RD >1 cm with RD 
=0 cm, where most responders thought publication bias 
was ‘not likely at all’.

The mean and median numbers of missing studies 
estimated by responders for comparison of RD <1 cm 

versus RD =0 cm was 17 (SD 16.5) and 10 (IQR 5–20), 
respectively (table 3). The average number of estimated 
missing studies was lower for the comparisons involving 
suboptimal macroscopic disease volume (RD thresh-
olds that are >1 cm). The mean and median numbers of 
missing studies estimated by responders for the compar-
ison of RD >1 cm versus RD =0 cm was 8.6 (SD 12.9) and 5 
(IQR 0–10), respectively (table 3). The mean number of 
missing studies estimated by responders for the compar-
ison of RD >2 cm versus RD =0 cm was 6 (SD 13.2) and 
median was 0.5 (IQR 0–5) (table 3).

Table 4 and the tables in online supplemental appendix 
3 and 4 show that, in the opinion of respondents, the 
number of studies that might be missing may be influ-
enced by the effect size of those missing studies detected. 
For example, for the comparison of RD <1 cm versus RD 
=0 cm, on average 9.4 of the 17 studies would be associated 
with an HR of 1. As the HR increased, fewer studies were 
felt to be missing such that, when the detected HR was 
0.5, the average number of studies felt to be missing was 
less than 1. Considering all the studies that were felt to be 
missing by respondents, a weighted average HR was esti-
mated. This weighted average HR of the effect size from 
the missing studies was 0.83 (95% CI 0.77 to 0.90) for the 
comparison of RD <1 cm compared with RD =0 cm. This 
HR was calculated based on a total of 3906 participants 
in the estimated missing studies and 2500 deaths given a 
5- year survival rate of 36% (table 4).

Table 2 Responders’ perceived likelihood of publication bias in comparisons of near optimal (<1 cm) and suboptimal 
(>1/2 cm) versus complete cytoreduction (0 cm)

Perceived likelihood of publication bias

RD <1 cm vs 0 cm RD >1 cm vs 0 cm RD >2 cm vs 0 cm

N % N % N %

Not likely at all (1) 1 5.5 10 55.5 15 83.5

Somewhat likely (2) 5 28 2 11 1 5.5

Quite likely (3) 8 44.5 3 17 0 0

Very likely (4) 2 11 2 11 1 5.5

Extremely likely (5) 2 11 1 5.5 1 5.5

RD, residual disease.

Table 3 Summary statistics of responders’ perceived likelihood of publication bias in comparisons of near optimal (<1 cm) 
and suboptimal (>1/2 cm) versus complete cytoreduction (0 cm)

RD <1 cm vs 0 cm RD >1 cm vs 0 cm RD >2 cm vs 0 cm

Summary statistics
(Scale 1–5)

Mean
(SD)

Median
(IQR)

Range Mean
(SD)

Median
(IQR)

Range Mean
(SD)

Median
(IQR)

Range

Overall score of perceived 
likelihood of
publication bias (n=18)

2.94 (1.1) 3 (2–3) 1–5 2 (1.3) 1 (1–3) 1–5 1.4 (1.1) 1 (1–1) 1–5

Total estimated missing 
studies (n)

17.8 (16.5) 10
(5–20)

0–50 8.6 (12.9) 5
(0–10)

0–50 6.2 (13.2) 0.5
(0–5)

0–50

RD, residual disease.
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Similarly, the mean number of missing studies esti-
mated by responders for comparison of RD >1 cm versus 
RD =0 cm was 8.6 (table 3). The weighted average HR 
of the missing studies estimated HR 0.77 (95% CI 0.70 
to 0.85); this was estimated using the same approach as 
described above, as reported in online supplemental 
appendix 3. The mean number of missing studies esti-
mated by responders for comparison of RD >2 cm versus 
RD =0 cm was 6.2 (table 3). The weighted average HR 
was estimated to be 0.79 (95% CI 0.71 to 0.89; see online 
supplemental appendix 4 for more details of the data).

A further analysis of results by the strength of 
responders’ opinions as to the likelihood of publica-
tion bias was conducted. Calculating an overall HR and 
95% CI for missing studies based on responders in these 
likelihood of publication subgroups (‘not likely at all’, 
‘somewhat likely’, ‘quite likely; ‘very or extremely likely’) 
led to an estimated HR of 0.90 (95% CI 0.79 to 1.03) 
for comparison of RD <1 cm versus RD =0 cm (table 5). 
These analyses were not repeated for comparisons of RD 
>1 cm versus RD =0 cm and RD >2 cm versus RD =0 cm,

as the opinions of responders shifted towards a general 
feeling that publication bias was ‘not likely at all’. The 
range in the estimated number of conducted but unpub-
lished studies according to RD <1 cm versus RD =0 cm 
is provided in table 5, but a breakdown of the range by 
study size and effect size is not presented but is available 
from the authors on request.

DISCUSSION
Principal findings
The elicitation exercise was likely to appeal to experts 
with polarised views of radical surgery and this was useful 
in getting representative opinion to inform priors.26 It 
found that experts considered publication bias to be a 
possibility when assessing OS in the comparison of RD 
<1 cm versus RD =0 cm after PDS for EOC. This likelihood 
diminished considerably for the comparisons of subop-
timal RD thresholds of >1 cm and >2 cm versus RD =0 cm, 
with most respondents (83.5%) believing it was not likely 
at all in comparison to RD >2 cm versus RD =0 cm. The 

Table 4 Breakdown of distribution of size and magnitude of elicited unpublished studies of near- optimal RD <1 cm versus 
complete cytoreduction (0 cm)

n=321 (n=17.8) Estimated effect size

Assumed 5- year survival: 
36%

HR=1 HR=0.9 HR=0.8 HR=0.7 HR=0.6 HR≤0.5

RD <1 cm and 
0 cm are the 
same

10% less 
chance of 
mortality 
favouring RD 
<1 cm

20% less 
chance of 
mortality 
favouring RD 
<1 cm

30% less 
chance of 
mortality 
favouring RD 
<1 cm

40% less 
chance of 
mortality 
favouring RD 
<1 cm

≥50% less 
chance of 
mortality 
favouring RD 
<1 cm

Size of studies 
missed that 
could have been 
included in the 
analysis

Sample 
size

n<100 Study excluded

n=100 122.08* 19.12 22.7 1.34 2.14 1.14

n=200 25.08 11.12 12.62 4.38 2.18 2.18

n=300 6.04 4.04 1.04 2.04 0 0

n=400 10.37 9.37 9.37 9.37 9.37 9.37

n=500 1.04 1.04 3.04 1.04 0 0

n>500 5.08 4.04 4.04 3.04 1.04 1.04

Total studies† (mean) 169.7 (9.4) 48.7 (2.7) 52.8 (2.9) 21.2 (1.2) 14.7 (0.8) 13.7 (0.8)

Effective n‡ (mean) 26 879 (1493.3) 12 141 (674.5) 12 899 (716.6) 7790 (432.8) 5048 (280.4) 4948 (274.9)

Effective d§ (mean) 17 203
(956)

7770 (432) 8255
(459)

4986
(277)

3231
(179)

3167
(176)

SElogHR (√(4/d))¶ 0.065 0.096 0.093 0.120 0.149 0.151

95% CI for HR** 0.88–1.14 0.75–1.09 0.67–0.96 0.55–0.89 0.45–0.80 0.37–0.67

Elicited estimate†† HR 0.83 (95% CI 0.77 to 0.90), logHR −0.19 SElogHR 0.04 (n=3906, d=2500)

*Number of studies given in the breakdown were rescaled in three respondents to correspond to the total number estimated. Therefore, any
non- integer numbers in the table are due to this rescaling.
†Absolute number of estimated missing studies elicited from responders with mean (simply absolute number divided by 18 (number of
responders)) given in parentheses.
‡Absolute number of estimated missing participants elicited based on total studies with mean given in parentheses.
§Absolute number of deaths estimated from number of participants assuming 5- year survival rate of 36% with mean in ().
¶Approximation of the SE of the log HR using formula derived by Parmar,46 namely the square root of 4 divided by mean number of deaths.
**95% CI for HR calculated using logHR±1.96 multiplied by SE of log HR then transforming back by taking the exponential.
††Elicited HR with 95% CI using mean responses for all aggregated effect sizes.
RD, residual disease.
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most striking finding was that experts were in large agree-
ment about not needing to make any adjustments for 
publication bias in comparisons involving suboptimal 
cytoreduction versus complete resection, irrespective of 
role and surgical preference.

The average completion time of the elicitation exer-
cise was quicker than the anticipated 30–60 min. This 
may have been due to some responders having an initial 
first look at the exercise before completing it during a 
later visit. This may help to explain the fastest completion 
time of 7.7 min. This hypothesis is consistent with how 
the exercise was designed, as we allowed up to 24 hours 
for completion following a first visit. In future work, we 
will consider a sensitivity analysis exploring the impact of 
excluding responses where completion times might be 
unrealistic.

Strengths and limitations
The elicitation exercise was designed in collaboration 
with senior gynae- oncologists. This is the main reason for 
the detailed level of explanation given, with visual exam-
ples, to ensure that potential respondents were clear 
about the tasks asked of them. This involved a trade- off 
between clarity of explanation and potentially dissuading 
some respondents from taking part. Our view was that 
getting data on a broader range of scenarios from a 
reduced number of respondents would be more valuable 
than getting data on a smaller number of scenarios from 
a greater number of respondents. This was not felt to be 
a major limitation as it has been argued that the opinions 
of only 4–16 experts are needed in expert elicitation exer-
cises.28–31 The sample size achieved (n=18) was comfort-
ably above this.

Part A of the elicitation exercise was based on an existing 
elicitation approach.30 This part was used to identify areas 
where publication bias is of concern. Part B built on this 
by exploring the potential direction of bias. Therefore, in 
Part B of our elicitation exercise we collected information 
that would enable meta- analysis estimates to be adjusted 
for the impact of publication bias. The approach, while 
practical to use, relies on accurate survival estimates 

being available as these are used to inform the study sizes. 
As noted above, it also requires that a sufficient number 
of experts provide an opinion (ie, 4–16).28–31

Answers given by the experts to open- ended questions 
were prone to an ‘extreme answer bias’. Therefore, we 
made the instructions that accompanied the elicitation 
exercise quite extensive. We discussed this in detail when 
we designed the exercise, and we feel more biases would 
be introduced if a ceiling of the number of estimated 
studies had been applied. Further work is planned to 
explore the impact of extreme responses on the conclu-
sions drawn.

It is questionable as to whether the information gath-
ered from any expert elicitation exercise can be consid-
ered a reliable estimate of relative effect. Therefore, its 
incorporation in a meta- analysis for adjustment may lead 
to ‘more precise’ estimates as shown by a CI but these may 
not be considered more reliable (that is we have gained 
precision but may have introduced another bias). The 
results shown in tables 1 and 3 appear to show variability 
in the answers given by the 18 respondents. Therefore, a 
series of sensitivity analyses would need to be conducted 
in order to test how robust the overall conclusions are to 
variations in the value of the priors used.

Implications for researchers and policy makers
Numerous recommendations have been put forth to help 
prevent publication bias in a systematic review, such as 
preregistration,33 openness to negative or null findings by 
journal reviewers and editors,34 use of preprint services 
to ameliorate the file- drawer problem,35 and encouraging 
publication regardless of journal impact—which is often 
conflated as a metric of research quality.36 These may 
offer a solution and minimise publication bias. However, 
they are not without issues. This leaves a need for methods 
that can instead allow us to explore and characterise the 
impact of publication bias. Our proposed method of 
expert elicitation can assist in this exploration.

The elicitation exercise provided results that may facili-
tate adjusting estimated effect sizes obtained with a meta- 
analysis for publication bias. Responders estimated that 

Table 5 Strength of responders’ opinions as to likelihood of missing studies in RD <1 cm versus RD =0 cm and number of 
studies elicited

Strength of opinion of likelihood 
of missing studies n

Estimated missing studies Effect estimates*

Mean (SD) Median (IQR) Range LogHR (SElogHR) HR (95% CI)

‘Not likely’ 1 0 0 0 0 (0.25)† 1.0 (0.61 to 1.63)†

‘Somewhat likely’ 5 5.8 (2.4) 5 (5–5) 4–10 −0.098 (0.074) 0.91 (0.78 to 1.05)

‘Quite likely’ 8 17.8 (13.9) 12.5 (10–20) 7–50 −0.144 (0.054) 0.87 (0.78 to 0.96)

‘Very/extremely likely’ 4 37.5 40(25–50) 20–50 −0.078 (0.035) 0.92 (0.86 to 0.99)

All responders 18 17.8 (16.5) 10 (5–20) 0–50 −0.103 (0.066) 0.90 (0.79 to 1.03)

*Calculated using a simple weighted average of each responder.
†No studies were estimated from responder so for purposes of analysis and calculation of pooled estimate, one small and imprecise study
was used.
RD, residual disease.
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data for substantial numbers of participants might be 
missing (eg, the estimate was over 3900 for the compar-
ison of RD <1 cm vs 0 cm); this could have an impact on 
the results of meta- analyses. In particular, the responses 
from the elicitation exercise could be used to form 
Bayesian priors for a meta- analysis; specifically, the prior 
could be used to adjust the observed effect estimates 
obtained from the meta- analysis to explore the expected 
impact of publication bias. The ‘educated guesses’ from 
respondents are the only substantial source of infor-
mation in this area that may facilitate such adjustment. 
The use of this method may be particularly important in 
situations like the one presented, where there is broad 
agreement that there is selective reporting and that 
there are unpublished studies that would provide ‘non- 
significant’ or ‘negative’ results. Should the estimates 
derived from the elicitation be used to adjust the meta- 
analysis comparing RD <1 cm, RD > 1 cm and RD >2 cm 
with RD =0 cm, we would expect that this would dilute 
the point estimate of the HR from any meta- analysis that 
suggested a benefit in OS for women whose tumour was 
cytoreduced to RD =0 cm. However, in this particular 
instance, there would be increased precision around the 
point estimate.

Within the online supplemental appendix 2, we outline 
one way in which such a prior could be formed from the 
collected data. In this approach, the weight given to each 
adjustment varies for the comparison of the different 
RD thresholds versus RD =0 cm. For example, respon-
dents estimated more missing studies which included a 
greater number of participants for the comparison of RD 
<1 cm versus RD =0 cm. Consequently, the comparison of 
RD <1 cm versus RD =0 cm would have more influence 
in any adjustments made in a meta- analysis. Whereas, for 
the comparison of RD >2 cm versus RD =0 cm the esti-
mates from the meta- analysis would be less affected as 
the consensus among responders of the exercise was that 
there was far less concern about publication bias. Further-
more, our illustrative approach gives each responder the 
same weight so that they contribute equally to the prior 
elicitation. However, we note that it would be possible to 
explore giving different groups a different weight. This 
might be relevant if we believed that different groups 
have different views on the nature and extent of missing 
data.

In meta- analyses assessing OS in suboptimal RD after 
PDS for advanced EOC, the evidence is relatively sparse, 
especially for RD thresholds >2 cm compared with RD 
=0 cm. For example, in our provisional scope of the results 
(necessary to facilitate Part A of the elicitation exercise), 
there was only one study that directly compared RD >2 cm 
versus RD =0 cm, and three studies where some indirect 
evidence relevant to this comparison was available. These 
four studies included only 478 women who contributed 
data for the comparison of RD >2 cm versus RD =0 cm. 
In this circumstance, the impact of prior expectations 
on the nature and extent of publication bias is likely to 
considerably affect the estimate. However, as evidence 

accumulates, the weight given to a prior when making an 
adjustment to the meta- analysis result will be reduced.

Implications for clinicians
Publication bias can contribute to a false impression of the 
efficacy of a treatment effect or a prognostic factor within 
a body of literature.37 38 In the context of our expert elici-
tation exercise, publication bias appears to be most prone 
in the comparison of RD <1 cm and RD =0 cm. This may 
be due to the difficulty in knowing for sure that surgery 
has completely removed all tumour, as there still may be 
macroscopic disease. The a priori expectation is that this 
would bias the effect estimates in favour of near- optimal 
cytoreduction (RD <1 cm). The likelihood of publication 
bias comparing suboptimal cytoreduction >1 cm versus 
RD =0 cm was perceived by experts to be very low. If the 
literature is positively biased towards a certain conclusion, 
then meta- analyses will reflect that trend. Although there 
are assistive methods to help identify and expose publi-
cation bias such as funnel plots,18 they are by no means a 
full solution to the problem.

Research has shown that evidence from the literature 
is not the sole determining factor for clinical decision- 
making. Clinicians also have a preference for ‘consensus- 
based decision- making’ through relatively informal 
sources, such as their clinical colleagues and fellow 
academic experts. The opportunity to discuss and trade 
perspectives is treated as a valuable exchange to gather 
information and formulate one’s judgement.39 40 There-
fore, expert elicitation could be used to explore the 
impact of areas of uncertainty when developing clinical 
guideline recommendations.

Implications for future research
An extension to our work could be to build on the idea 
of using individual patient data (IPD) in meta- analyses,41 
rather than using aggregate data. IPD can more easily 
incorporate a consistent selection of confounders to 
adjust for, which would reduce the impact of selective 
reporting of analyses and outcomes. An IPD analysis 
would also allow for comprehensive further exploration 
of confounders, which could include looking at possible 
interaction effects between confounders.42

Additionally, it may not necessarily be missing studies 
that are the sole cause of publication bias; a systematic 
review can also be prone to the selective reporting of 
outcomes and analyses within published studies.9 43–45 
This is an area that has been comprehensively critiqued 
and can be overcome to a large extent by conducting an 
IPD meta- analysis.42 Knowing that selective reporting is 
highly likely in the area under consideration, participants 
of the exercise potentially factored this into their elicita-
tion estimates as, effectively, it equates to a missing study.

CONCLUSION
Previous evidence from meta- analyses suggests that 
complete cytoreduction of EOC is associated with 
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increased OS. However, our elicitation exercise of 18 
experts also suggests that there is the potential for some 
concern about the nature and extent of publication 
bias in this area. The concerns are such that the unpub-
lished evidence may substantially reduce or even remove 
the suggested OS benefit from complete cytoreduction 
compared with RD <1 cm. The results may raise aware-
ness that a degree of scepticism is needed when reviewing 
studies comparing RD <1 cm versus RD =0 cm, espe-
cially when such evidence comes from non- randomised 
and sometimes post hoc analyses. Expert elicitation can 
be used to explore the impact of areas of uncertainty 
when developing clinical guideline recommendations. 
However, there is a strong belief among respondents 
that complete cytoreduction has an improved survival 
outcome compared with RD >1 cm and that publication 
bias is not related to that perception.
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SUPPLEMENTARY MATERIAL 

Appendix 1: Elicitation exercise on residual disease at primary surgery for advanced 

ovarian cancer sent to BGCS members

Job title 

Please specify your job title 

1. Sub-Specialist Consultant

2. Consultant gynae oncologist

3. Consultant gynaecologist –Unit Lead

4. Consultant gynaecologist –Other

5. Consultant Clinical Oncologist

6. Consultant Medical Oncologist

7. Consultant Histopathologist

8. Consultant Cytopathologist

9. Consultant Radiologist

10. Staff or Associate Specialist –Gynaecological Oncology

11. Staff or Associate Specialist –Other

12. Subspecialty Trainee Gynaecological Oncology

13. Specialty Registrar or Clinical/Research Fellow –O&G

14. Specialty Registrar or Clinical/Research Fellow –Clinical/Medical Oncology

15. Specialty Registrar or Clinical/Research Fellow -Radiology

16. Specialty Registrar or Clinical/Research Fellow –Palliative Care

17. Specialty Registrar or Clinical/Research Fellow –Other

Introduction 

Participant Information Sheet 
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Invitation 

This is an invitation to complete a complex survey on residual disease at primary surgery for 

advanced ovarian cancer that will take up to 30 minutes, but as BGCS members you might 

consider the altruistic value of contributing towards an area of uncertainty within your field. 

The nature of expert elicitation surveys are that they typically only need completion from 

relatively few experts but it is important that respondents have the necessary expertise and 

interest in the area. Elicitation surveys are often the only way of resolving issues of 

uncertainty. 

The survey has been designed in consultation with several gynae-oncologists and that is the 

main reason for the detailed level of explanation given with visual examples so it is clear 

what is being asked of the respondent. 

*Please use a computer or laptop to complete the survey as it is not mobile-friendly.

Introduction to research problem 

Residual disease at surgery for advanced ovarian cancer is one of the factors that influences 

survival. However, there is a lack of randomised controlled trials (RCTs) in upfront surgery 

for advanced ovarian cancer. This may be because some clinicians believe that tumour 

biology plays a greater role in predicting patient survival, undermining the importance of 

making every possible effort to obtain complete cytoreduction. 

Available studies are retrospective in nature, looking at residual disease at surgery and 

patient survival after upfront surgery and chemotherapy. There is also huge variation in 

reporting and definitions. One consequence of this is the potential for publication bias due to 

selective or nonreporting of studies. 

This presents challenges when conducting systematic reviews and meta-analyses. To 

overcome some of the challenges, we can think about what sort of studies have been 

conducted but not published. One way to do this is to ask for the opinions of experts such as 

yourself and incorporate your beliefs into our analyses. To do this we would like your 

opinions about a number of different scenarios describing the likelihood of different studies 

not being published. 
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Impact of this survey 

Meaningful and reliable conclusions will be drawn from this survey and it is the views from 

experts that is crucial to get informative, reliable and representative results. The adjustments 

for publication bias based on the survey results can potentially be transferred into other 

areas of Oncology so the survey will be extremely informative moving forward. 

The results of the survey will be confidentially shared with all contributors and you will of 

course be acknowledged for your efforts. The results of the survey will be part of a 

publication on residual disease threshold after primary surgical treatment for advanced 

epithelial ovarian cancer (EOC), using your expert views to adjust for potential publication 

bias. This publication will be sent to BGCS members as soon as it is published. 

How the survey works 

The next sections describe the overall objective of the research this survey will inform, and a 

short summary of the methods used to address this. You will then be presented with the 

expert elicitation exercise, which will have three main parts. Expert elicitation is essentially a 

scientific consensus methodology. It allows for parametrisation (using your highly ‘educated 

guesses’), for the respective questions and scenarios under consideration. The main 

purpose of this elicitation exercise is to quantify uncertainty. 

Objectives 

Objective of the type of research this survey will inform 

1. To evaluate the effects of residual disease on survival after primary cytoreductive surgery 

for women with advanced epithelial ovarian cancer (stages III and IV). 

To address this objective the following methods, briefly summarised next, will be used. 

Please take some time to familiarise yourself with the methods. 
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Expert elicitation 

The expert elicitation exercise has three parts: A-C. Please answer these parts in order. 

Before you do this please read the following text: 

Types of studies 

Data from randomised controlled trials (RCTs), prospective and retrospective cohort studies, and 

unselected case series of 100 or more patients that included concurrent comparison of different 

residual disease (RD) thresholds after primary surgical intervention. 

Any data collected from RCTs were retrospective and taken from trials that randomised groups of 

women to various chemotherapy protocols after primary surgery and the surgical outcome was 

categorised as complete (microscopic or no visible disease), optimal, and suboptimal based on 

the maximum size of postoperative residual disease. 

Case-control studies, studies that did not have concurrent comparison groups, and case series of 

fewer than 100 patients were excluded. 

In order to minimise selection bias, we included only studies that used statistical adjustment for 

baseline case mix using multivariable analyses (for example age, stage, grade, extent of disease). 

Types of participants 

Adult women (over 18 years of age) with surgically staged advanced epithelial ovarian cancer 

(FIGO stage III/IV) who had confirmed histological diagnoses. Women with other concurrent 

malignancies were excluded. 

Types of interventions 

Intervention: primary optimal cytoreductive surgery followed by adjuvant platinum-based 

chemotherapy. We only included studies that defined optimal cytoreduction as surgery leading to 

residual tumours with a maximum diameter of any threshold up to 2 cm. Patients who received 

chemotherapy prior to surgery were excluded. 

Comparison: women who had primary surgery resulting in residual disease which did not meet 

the criteria specified in the study as optimal, followed by adjuvant platinum-based 

chemotherapy. 

Outcome 

Overall survival was the outcome of interest and was defined as survival until death from all 

causes. 

Searches 

Electronic databases indicating the Cochrane Gynaecological Cancer Collaborative Review Group 

Trials Register, CENTRAL, MEDLINE and EMBASE were searched from 1950 up to January 2020. A 

comprehensive search of the grey literature was performed and extensive hand searches were 

carried out in pertinent areas. There were no language restrictions. 
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In subsequent tasks in the survey, you will be presented with statistics commonly reported in 

studies using survival models e.g., hazard ratios (HR). To help you familiarise with these 

statistics, kindly take a moment to consider the forest plot below for three studies A, B, and 

C and the associated interpretations in bullet points. Do not worry about having to memorise 

the results, they are merely for illustrative purposes. 

 Study A shows statistically significant prolonged survival in the RD <1 cm threshold

(or more risk of death in the RD 0cm threshold) than when residual disease was

completely cytoreduced to 0cm.

 Study B shows no statistically significant difference in the risk of death between RD

<1 cm and RD 0cm thresholds.

 Study C shows statistically significant prolonged survival in the 0cm threshold (or

more risk of death in the RD <1cm threshold) than in the RD <1cm threshold.

Although it is possible for studies favouring RD <1cm (or other RD thresholds) over complete 

cytoreduction (0cm) to be published, it seems less likely because of the greater likelihood of 

reporting bias amongst studies reporting no statistical significance or ones favouring RD 

<1cm over RD of 0cm. This will be interpreted in light of any adjustment made. 

Part A 

Question 1 

This section requires you to please provide estimates of the chance (probability) a study of a 

given sample size, for a certain comparison, is published. 
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The table below shows residual disease (RD) thresholds and sample sizes, which are all 

compared to the reference microscopic disease (RD 0cm). The studies mimic the inclusion 

criteria as outlined in the introduction. Please complete what in your opinion would be the 

chance that a study of a certain sample size comparing a specific RD threshold versus RD 

0cm is published. Kindly do this for each of the 16 options below. 

Kindly enter the percentage chance of being published for studies of given sample size and 

residual disease thresholds compared to microscopic disease (0cm). Kindly enter a value 

between 0 (no chance of publication) and 100 (certainly published). 

A percentage of 0% indicates that you think there is no chance at all of publication and 100% 

means it is certain to be published. The value you should put for each option should lie 

between 0 and 100% likelihood of being published. Tossing an unbiased coin and getting a 

head would have 50% chance. There is no correct answer; your judgements for each option 

are your own personal opinions and reflect your experience in this area, but it is with these 

we hope to use in our analyses. 

RD threshold 

(versus 

microscopic 

disease (RD 0cm) 

Sample size 

(n) in

comparison

with

microscopic

disease (RD

0cm)

% chance of 

being 

published 

[value between 

0 (no chance) 

and 100 

(certain)] 

n in 

comparison 

with RD 0cm 

% chance of 

being 

published 

[value between 

0 (no chance) 

and 100 

(certain)] 

LESS THAN 1 cm 100 1000 

GREATER THAN 

0cm 

100 625 

BETWEEN 1cm 

and 2cm 

100 210 

LESS THAN 2cm 100 250 

GREATER THAN 

1cm 

100 1000 

GREATER THAN 

2cm 

100 250 

BETWEEN 1cm 

and 5cm 

100 250 

GREATER THAN 

5cm 

100 250 
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Part B 

In lay terms, there is large literature suggesting a strong association with complete 

cytoreduction (0cm) and prolonged survival. However, due to the nature of studies looking at 

the association between complete cytoreduction and survival, whether there is selective 

reporting of studies is open to debate. 

As experts in this area, it is assumed you will be very familiar with the literature and be 

aware of publications in ovarian cancer debulking journals on a regular basis. It is the 

studies that MAY have been conducted but not published in journals that you will not be 

aware of and we want you to consider how many of these there are likely to be. 

In this part of the survey, we would like you to provide us with responses to questions that 

allows us to adjust the overall effect estimate when data from unobserved studies are added 

to the final analysis. 

Question 2 

2. Near optimal RD<1cm versus complete cytoreduction (0cm)

In this section, we would like you to provide us with responses to questions that allows us to 

adjust the overall effect estimate when data from unobserved studies are added to the final 

analysis. This adjustment will account for an absence (or not) of studies favouring near 

optimal RD <1cm or ones showing no statistically significant difference between RD <1cm 

and RD 0cm, based upon your own opinion and clinical experience in this area. 

How likely is it that relevant studies reporting adequately sized analyses that did not favour 

complete cytoreduction (RD to 0cm) when compared to RD <1cm would not have been 

identified from the literature searches and therefore omitted from the meta-analysis? By this 

we mean how likely is it that studies that either favoured RD <1cm or studies that found no 

statistically significant difference (p>0.05) in survival between RD 0cm and RD <1cm) would 

not be published? 
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 Studies reporting statistically significant prolonged survival in favour of RD LESS

THAN 1cm (that is the effect size in the form of a hazard ratio is less than 1 and the

upper 95% confidence interval does not cross 1)

OR 

 Studies that reported no statistically significant difference in survival between RD

LESS THAN 1cm and 0cm (that is the 95% confidence interval, reporting lower and

upper estimates of hazard ratio, crosses 1)

Thinking about your response the question above and giving a realistic answer based on 

your own experience and awareness of previous analyses in this area, how many studies in 

total do you think will have been missed that should have been included? 

Please give a brief reason for your answer 

Please indicate in the table below where you think the number of studies you gave will be 

distributed. You’re not expected to fill in all rows and columns and you may include multiple

studies of the same size and magnitude. Assume for this scenario that the missing studies 

have an assumed 5 year survival of 36%
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Assumed 5 year survival: 

36% RD <1cm and 

0cm are the 

same 

i.e. HR = 1

10% less chance 

of mortality 

favouring RD 

<1cm 

i.e. HR = 0.9

20% less chance 

of mortality 

favouring RD 

<1cm 

i.e. HR = 0.8

30% less 

chance of 

mortality 

favouring RD 

<1cm 

i.e. HR = 0.7

40% less chance 

of mortality 

favouring RD 

<1cm 

i.e. HR = 0.6

>=50% less 

chance of 

mortality favouring 

RD <1cm i.e. i.e. 

HR ≤ 0.5

S
iz

e
 o

f 
st

u
d

ie
s
 m

is
se

d
 t
h
a

t 

c
o

u
ld

 h
a

v
e
 b

e
e
n

 i
n

c
lu

d
e

d
 in

 

th
e
 a

n
a

ly
s
is

 

n=100 

n=200 

n=300 

n=400 

n=500 

n>500
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Question 3 

3. Sub-optimal RD>1cm versus complete cytoreduction (0cm)

In this section, we would like you to provide us with responses to questions that allows us to 

adjust the overall effect estimate when data from unobserved studies are added to the final 

analysis. This adjustment will account for an absence (or not) of studies favouring 

suboptimal RD >1cm or ones showing no statistically significant difference between RD 

>1cm and RD 0cm, based upon your own opinion and clinical experience in this area.

How likely is it that relevant studies reporting adequately sized analyses that did not favour 

complete cytoreduction (RD to 0cm) when compared to RD >1cm would not have been 

identified from the searches and therefore omitted from the meta-analysis? By this we mean 

how likely is it that studies that either favoured RD >1cm or studies that found no statistically 

significant difference (p>0.05) in survival between RD 0cm and RD >1cm) would not be 

published? 

 Studies reporting statistically significant prolonged survival in favour of RD

GREATER THAN 1cm (that is the effect size in the form of a hazard ratio is less than

1 and the upper 95% confidence interval does not cross 1)

OR 

 Studies that reported no statistically significant difference in survival between RD

GREATER THAN 1cm and 0cm (that is the 95% confidence interval, reporting lower

and upper estimates of hazard ratio, crosses 1)
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Thinking about your response the question above and giving a realistic answer based on 

your own experience and awareness of previous analyses in this area, how many studies in 

total do you think will have been missed that should have been included? 

Please give a brief reason for your answer 

Please indicate in the table below where you think the number of studies you gave will be 

distributed. You’re not expected to fill in all rows and columns and you may include multiple

studies of the same size and magnitude. Assume for this scenario that the missing studies 

have an assumed 5 year survival of 36%
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Assumed 5 year 

survival: 36% 
RD >1cm 

and 0cm are 

the same 

i.e. HR = 1

10% less 

chance of 

mortality 

favouring RD 

>1cm

i.e. HR = 0.9

20% less chance 

of mortality 

favouring RD 

>1cm

i.e. HR = 0.8

30% less 

chance of 

mortality 

favouring RD 

>1cm

i.e. HR = 0.7

40% less 

chance of 

mortality 

favouring RD 

>1cm

i.e. HR = 0.6

>=50% less 

chance of 

mortality 

favouring 

RD >1cm 

i.e. HR ≤ 0.5
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n>500
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Question 4 

4. Sub-optimal RD>2cm versus complete cytoreduction (0cm)

In this section, we would like you to provide us with responses to questions that allows us to 

adjust the overall effect estimate when data from unobserved studies are added to the final 

analysis. This adjustment will account for an absence (or not) of studies favouring 

suboptimal RD >2cm or ones showing no statistically significant difference between RD 

>1cm and RD 0cm, based upon your own opinion and clinical experience in this area.

How likely is it that relevant studies reporting adequately sized analyses that did not favour 

complete cytoreduction (RD to 0cm) when compared to RD >2cm would not have been 

identified from the searches and therefore omitted from the meta-analysis? By this we mean 

how likely is it that studies that either favoured RD >2cm or studies that found no statistically 

significant difference (p>0.05) in survival between RD 0cm and RD >2cm) would not be 

published? 

 Studies reporting statistically significant prolonged survival in favour of RD

GREATER THAN 2cm (that is the effect size in the form of a hazard ratio is less than

1 and the upper 95% confidence interval does not cross 1)

OR 

 Studies that reported no statistically significant difference in survival between RD

GREATER THAN 2cm and 0cm (that is the 95% confidence interval, reporting lower

and upper estimates of hazard ratio, crosses 1)
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Thinking about your response the question above and giving a realistic answer based on 

your own experience and awareness of previous analyses in this area, how many studies in 

total do you think will have been missed that should have been included? 

Please give a brief reason for your answer 

Please indicate in the table below where you think the number of studies you gave will be 

distributed. You’re not expected to fill in all rows and columns and you may include multiple

studies of the same size and magnitude. Assume for this scenario that the missing studies 

have an assumed 5 year survival of 36%
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Assumed 5 year survival: 

36% RD >2cm and 

0cm are the 

same 

i.e. HR = 1

10% less chance 

of mortality 

favouring RD 

>2cm

i.e. HR = 0.9

20% less chance 

of mortality 

favouring RD 

>2cm

i.e. HR = 0.8

30% less 

chance of 

mortality 

favouring RD 

>2cm

i.e. HR = 0.7

40% less 

chance of 

mortality 

favouring RD 

>2cm

i.e. HR = 0.6

>=50% less 

chance of 

mortality 

favouring 

RD >2cm 

i.e. HR ≤ 0.5
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Part C 

Question 5 

In a meta-analysis including non-randomised studies, often only univariate results are 

reported with no attempt made to adjust for potentially important baseline imbalances. This 

risks making the results biased. 

On a scale of 0-100, to what extent do you think that the reason study authors only report 

univariate analyses is to maximise the magnitude in effect estimates to favour either an 

experimental or comparator group? 

Question 6 

In your opinion, how many attempted submissions should you make to journals to publish 

the results of your study? 

Question 7 

In your opinion, how many attempted submissions should you make to journals to publish 

the results of your study if it is not statistically significant (p>0.05)? 

Question 8 
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What is lowest impact factor in a journal that you would consider submission of your work, 

regardless of the significance of your results? 

Question 9 

To what extent do you think it is important to publish the results of a study even if the impact 

factor of the accepting journal is perceived to be very low? 

Acknowledgment 

(Optional) If you would like to be acknowledged for your contribution to the survey, kindly 

leave your name. 

You may choose to provide your full name (e.g., Sam Smith) or an abbreviation (e.g., S 

Smith). 

Data on your name will be kept separate from the data file containing the survey results so 

that your personal information cannot be traced back to your responses. Your name will only 

be used for purposes of acknowledgment and will not be used in analysis. 

Which of the following mediums do you consent to being acknowledged in? You may choose 

all that apply. 
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Appendix 2: Statistical considerations and analysis 

Part A 

The scenario in part A of the elicitation exercise assumed that there is a population of 

studies which have been conducted assessing OS in RD thresholds after primary surgery for 

EOC. Then, it assumed that there are a finite number of published studies that have reported 

an estimated effect, with precision around that estimate (measured using standard error). In 

the presence of publication bias these studies are a non-random sample of all studies that 

have been conducted in this area. It is assumed that very large studies have a probability of 

being published very close to one, as journals tend to trust larger studies. Conversely, small 

studies have a diminished chance of publication. An additional consideration is that if effect 

size is correlated with the probability of a study being published, then this will introduce 

additional bias.(1)  

Part B 

The results of section B are a particularly novel aspect of this research, specifically 

as they could be used as prior information to inform adjustment of meta-analyses for 

publication bias. Here, we outline how this could be achieved.  

First, we require that all calculations should give each expert responder the same 

weight, such that they contribute equally to the prior formation. The average study size for 

each effect size (HR) point estimate is then calculated; the sample size is dictated by the 

number of studies selected by each individual expert, with the average then calculated giving 

equal weight to each respondent. A normal prior is then formed for each HR, before these 

are combined in a weighted manner to a single elicited prior suitable for adjusting for 

publication bias. 

We note that this is only one potential way to form a prior based on this elicited data 

and that a sensitivity analysis should certainly be conducted and potentially also other 

approaches considered. In our elicitation exercise, the choice of the number of missing 
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studies was left open ended as to not lead experts to a choice and bias the results. 

Consequently, a sensitivity analysis could be conducted removing high estimates of 

unpublished studies if it was judged that unrealistic entries were unduly inflating an average. 

Given an assumed 5 year survival rate of 36% (2-4) and a minimum sample size of 

n=100 to meet the criteria for inclusion in the network meta-analysis (NMA), then a minimum 

64 events (deaths, 𝑑) would be required with 36 participants being alive and censored at the

end of the study:  (𝑑 = 100{1 − 0.36})
Generalising this result, we assume that 𝑑 can be related to 𝑛 in general through the

following formula. 

𝑛 = 𝑑1 − (5 year suvival rate) = 𝑑0.64.
The standard error of the log hazard ratio (SElogHR) can then be related to 𝑛 by

rearranging the following. 

𝑑 = 4SE(log 𝐻𝑅)2,
⇒ SE(log 𝐻𝑅) = √4𝑑 = √ 40.64𝑛 = √6.25𝑛 . 

Next, we denote by 𝑚𝑐𝑖𝑗 the number of missing studies according to expert

responder 𝑐 = 1, … , 𝐶, with a HR of 𝐻𝑅𝑗 and a sample size of 𝑛𝑖, where:

𝑛1 = 100, 𝑛2 = 200, 𝑛3 = 300, 𝑛4 = 400, 𝑛5 = 500, 𝑛6 = 625,𝐻𝑅1 = 1, 𝐻𝑅2 = 0.9, 𝐻𝑅3 = 0.8, 𝐻𝑅4 = 0.7, 𝐻𝑅5 = 0.6, 𝐻𝑅6 = 0.5.
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We compute the average number of missing studies of type 𝑖𝑗, across the responders, as:

𝑚𝑖𝑗 = 1𝐶 ∑ 𝑚𝑐𝑖𝑗𝐶
𝑐=1 .

We use this to form an average sample size of missing studies with a HR of 𝐻𝑅𝑗  through:

𝑚𝑗 = ∑ 𝑛𝑖𝑚𝑖𝑗𝑖∑ 𝑚𝑖𝑗𝑖 .
With this, we assume that information from missing studies with a HR of 𝐻𝑅𝑗 can be

categorised through the following distribution: 

𝑃𝑗 ~ 𝑁 (log 𝐻𝑅𝑗 , 6.25𝑚𝑗 ).
The 𝑃𝑗 can then be combined in a weighted manner, giving more weight to those values of 𝑗
with a larger value of 𝑚𝑗, via conflation. This gives a single elicited prior of:

𝑃 ~ 𝑁 (∑ 𝑚𝑗 log 𝐻𝑅𝑗6.25𝑗 ∑ 𝑚𝑗6.25𝑗 , 1∑ 𝑚𝑗6.25𝑗 ) = 𝑁 (∑ 𝑚𝑗 log 𝐻𝑅𝑗𝑗 ∑ 𝑚𝑗𝑗 , 6.25∑ 𝑚𝑗𝑗 ).
This elicited estimate can then be used as prior information and be applied in a 

Bayesian analysis(5-7) that reflects the results of the expert opinion in the elicitation 

exercise.(1, 8).

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060183:e060183. 12 2022;BMJ Open, et al. Bryant A



22 

Appendix 3: Breakdown of distribution of size and magnitude of elicited unpublished studies of sub-optimal RD >1cm versus 

complete cytoreduction (0cm) 

N=154 (n=8.6) Estimated effect size 

Assumed 5 year survival: 36% 

HR=1 HR=0.9 HR=0.8 HR=0.7 HR=0.6 HR≤0.5

RD <1cm and 

0cm are the 

same 

10% less 

chance of 

mortality 
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20% less 
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mortality 
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30% less 
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mortality 
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chance of 
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Sample size 

n<100 STUDY EXCLUDED 

n=100 29.5 7.67 3.17 2.8 0.1 1.43 

n=200 14.5 6.67 3.17 2.8 0.1 1.43 

n=300 5 1.67 0 1.67 0 1.33 

n=400 9.66 8.33 8.33 8.33 8.33 9.66 

n=500 2.66 0 0 0 0 1.33 

n>500 6 2 0 0 0 6.33 

Total studiesa (mean) 67.3 (3.7) 26.3 (1.5) 14.7 (0.8) 15.6 (0.9) 8.5 (0.5) 21.5 (1.2) 

Effective nb (mean) 16294 

(905) 
7184 (399) 4283 (238) 

4673 

(260) 

3362 

(187) 

9313 

(517) 

Effective dc (mean) 10428 

(579) 
4598 (255) 

2741 

(152) 

2991 

(166) 

2152 

(120) 

5960 

(331) 

SElogHR (√(4/d))d 0.083 0.125 0.162 0.155 0.183 0.110 

95% CI for HRe 0.85-1.18 0.71-1.15 0.58-1.10 0.52-0.95 0.42-0.86 0.40-0.62 

Elicited estimatef HR=0.77 (95% CI 0.70 to 0.85), logHR=-0.26 SElogHR=0.05 (n=2500, d=1600) 
a Absolute number of estimated missing studies elicited from responders with mean (simply absolute number divided by 18 (number of responders)) given in parentheses 

b Absolute number of estimated missing participants elicited based on total studies with mean given in parentheses  

c Absolute number of deaths estimated from number of participants assuming 5 year survival rate of 36% with mean in () 

d Approximation of the standard error (SE) of the log hazard ratio (HR) using formula derived by Parmar(9), namely the square root of 4 divided by mean number of deaths 
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e 95% confidence interval for hazard ratio (HR) calculated using logHR ± 1.96 multiplied by standard error of log HR then transforming back by taking the exponential 

f Elicited Hazard ratio with 95% confidence interval using mean responses for all aggregated effect sizes 

g Number of studies given in the breakdown were rescaled in three respondents to correspond to the total number estimated 
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Appendix 4: Breakdown of distribution of size and magnitude of elicited unpublished studies of sub-optimal RD >2cm versus complete 

cytoreduction (0cm). 

N=112 (6.2) Estimated effect size 

Assumed 5 year survival: 36% 

HR=1 HR=0.9 HR=0.8 HR=0.7 HR=0.6 HR≤0.5
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0cm are the 

same 

10% less 

chance of 

mortality 

favouring RD 

<1cm 

20% less 

chance of 

mortality 

favouring RD 

<1cm 

30% less 

chance of 

mortality 
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Sample size 

n<100 STUDY EXCLUDED 

n=100 14.67 7 5 0 0 0.67 

n=200 8.67 8 5 0 0 0.67 

n=300 0.67 0 0 0 0 0.67 

n=400 9 8.33 8.33 8.33 8.33 9 

n=500 1.33 0 0 0 0 0.67 

n>500 7 0 0 0 0 0.67 

Total studiesa (mean) 41.3 (2.3) 23.3 (1.3) 18.3 (1) 8.3 (0.5) 8.3 (0.5) 12.3 (0.7) 

Effective nb (mean) 
12042 

(669) 
5632 (313) 4832 (268) 

3332 

(185) 

3332 

(185) 

4756 

(264) 

Effective dc (mean) 7707 (428) 3604 (200) 3092 (172) 
2132 

(118) 

2132 

(118) 

3044 

(169) 

SElogHR (√(4/d))d 0.097 0.141 0.153 0.184 0.184 0.154 

95% CI for HRe 0.83-1.21 0.68-1.19 0.59-1.08 0.49-1.00 0.42-0.86 0.37-0.68 

Elicited estimatef HR=0.79 (95% CI 0.71 to 0.89), logHR=-0.24 SElogHR=0.06 (n=1736, d=1111) 
a Absolute number of estimated missing studies elicited from responders with mean (simply absolute number divided by 18 (number of responders)) given in parentheses 

b Absolute number of estimated missing participants elicited based on total studies with mean given in parentheses 

c Absolute number of deaths estimated from number of participants assuming 5-year survival rate of 36% with mean in () 

d Approximation of the standard error (SE) of the log hazard ratio (HR) using formula derived by Parmar(9), namely the square root of 4 divided by mean number of deaths 
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e 95% confidence interval for hazard ratio (HR) calculated using logHR ± 1.96 multiplied by standard error of log HR then transforming back by taking the exponential  

f Elicited Hazard ratio with 95% confidence interval using mean responses for all aggregated effect sizes  
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Appendix 8: Expert elicitation exercise 

Job title 

Please specify your job title 

1. Sub-Specialist Consultant 
2. Consultant gynae oncologist 
3. Consultant gynaecologist –Unit Lead 
4. Consultant gynaecologist –Other 
5. Consultant Clinical Oncologist 
6. Consultant Medical Oncologist 
7. Consultant Histopathologist 
8. Consultant Cytopathologist 
9. Consultant Radiologist 
10. Staff or Associate Specialist –Gynaecological Oncology 
11. Staff or Associate Specialist –Other 
12. Subspecialty Trainee Gynaecological Oncology 
13. Specialty Registrar or Clinical/Research Fellow –O&G 
14. Specialty Registrar or Clinical/Research Fellow –Clinical/Medical Oncology 
15. Specialty Registrar or Clinical/Research Fellow -Radiology 
16. Specialty Registrar or Clinical/Research Fellow –Palliative Care 
17. Specialty Registrar or Clinical/Research Fellow –Other 

Introduction 

Participant Information Sheet 

Invitation 

This is an invitation to complete a complex survey on residual disease at primary surgery for 
advanced ovarian cancer that will take up to 30 minutes, but as BGCS members you might consider 
the altruistic value of contributing towards an area of uncertainty within your field. The nature of 
expert elicitation surveys are that they typically only need completion from relatively few experts, 
but it is important that respondents have the necessary expertise and interest in the area. Elicitation 
surveys are often the only way of resolving issues of uncertainty. 

The survey has been designed in consultation with several gynae-oncologists and that is the main 
reason for the detailed level of explanation given with visual examples, so it is clear what is being 
asked of the respondent. 

*Please use a computer or laptop to complete the survey as it is not mobile-friendly. 

Introduction to research problem 

Residual disease at surgery for advanced ovarian cancer is one of the factors that influences survival. 
However, there is a lack of randomised controlled trials (RCTs) in upfront surgery for advanced 
ovarian cancer. This may be because some clinicians believe that tumour biology plays a greater role 
in predicting patient survival, undermining the importance of making every possible effort to obtain 
complete cytoreduction.
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Available studies are retrospective in nature, looking at residual disease at surgery and patient 
survival after upfront surgery and chemotherapy. There is also huge variation in reporting and 
definitions. One consequence of this is the potential for publication bias due to selective or 
nonreporting of studies. 

This presents challenges when conducting systematic reviews and meta-analyses. To overcome 
some of the challenges, we can think about what sort of studies have been conducted but not 
published. One way to do this is to ask for the opinions of experts such as yourself and incorporate 
your beliefs into our analyses. To do this we would like your opinions about a number of different 
scenarios describing the likelihood of different studies not being published. 

Impact of this survey 

Meaningful and reliable conclusions will be drawn from this survey, and it is the views from 

experts that is crucial to get informative, reliable, and representative results. The adjustments for 
publication bias based on the survey results can potentially be transferred into other areas of 
Oncology so the survey will be extremely informative moving forward. 

The results of the survey will be confidentially shared with all contributors, and you will of course be 
acknowledged for your efforts. The results of the survey will be part of a publication on residual 
disease threshold after primary surgical treatment for advanced epithelial ovarian cancer (EOC), 
using your expert views to adjust for potential publication bias. This publication will be sent to BGCS 
members as soon as it is published. 

How the survey works 

The next sections describe the overall objective of the research this survey will inform, and a short 
summary of the methods used to address this. You will then be presented with the expert elicitation 
exercise, which will have three main parts. Expert elicitation is essentially a scientific consensus 
methodology. It allows for parametrisation (using your highly ‘educated guesses’), for the respective 
questions and scenarios under consideration. The main purpose of this elicitation exercise is to 
quantify uncertainty. 

Objectives 

Objective of the type of research this survey will inform 

1. To evaluate the effects of residual disease on survival after primary cytoreductive surgery for 
women with advanced epithelial ovarian cancer (stages III and IV). 

To address this objective the following methods, briefly summarised next, will be used. Please take 
some time to familiarise yourself with the methods. 

Expert elicitation 

The expert elicitation exercise has three parts: A-C. Please answer these parts in order. 

Before you do this, please read the following text: 

In subsequent tasks in the survey, you will be presented with statistics commonly reported in studies 
using survival models e.g., hazard ratios (HR). To help you familiarise with these statistics, kindly take 
a moment to consider the forest plot below for three studies A, B, and C and the associated 
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interpretations in bullet points. Do not worry about having to memorise the results, they are merely 
for illustrative purposes. 

• Study A shows statistically significant prolonged survival in the RD < 1 cm threshold (or more 
risk of death in the RD 0 cm threshold) than when residual disease was completely 
cytoreduced to 0 cm. 

• Study B shows no statistically significant difference in the risk of death between RD < 1 cm 
and RD 0 cm thresholds. 

• Study C shows statistically significant prolonged survival in the 0 cm threshold (or more risk 
of death in the RD < 1 cm threshold) than in the RD < 1 cm threshold. 

Although it is possible for studies favouring RD < 1 cm (or other RD thresholds) over complete 
cytoreduction (0 cm) to be published, it seems less likely because of the greater likelihood of 
reporting bias amongst studies reporting no statistical significance or ones favouring RD < 1 cm over 
RD of 0 cm. This will be interpreted in light of any adjustment made. 

 

Part A 

Question 1 

This section requires you to please provide estimates of the chance (probability) a study of a given 
sample size, for a certain comparison, is published. 

The table below shows residual disease (RD) thresholds and sample sizes, which are all compared to 
the reference microscopic disease (RD 0 cm). The studies mimic the inclusion criteria as outlined in 
the introduction. Please complete what in your opinion would be the chance that a study of a certain 
sample size comparing a specific RD threshold versus RD 0 cm is published. Kindly do this for each of 
the 16 options below. 

Kindly enter the percentage chance of being published for studies of given sample size and residual 
disease thresholds compared to microscopic disease (0 cm). Kindly enter a value between 0 (no 
chance of publication) and 100 (certainly published).  

A percentage of 0% indicates that you think there is no chance at all of publication and 100% 

means it is certain to be published. The value you should put for each option should lie between 0 
and 100% likelihood of being published. Tossing an unbiased coin and getting a head would have 
50% chance. There is no correct answer; your judgements for each option are your own personal 
opinions and reflect your experience in this area, but it is with these we hope to use in our analyses
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RD threshold 
(versus microscopic 
disease (RD 0 cm) 

Sample size (n) 
in comparison 
with 
microscopic 
disease (RD 0 
cm) 

% chance of 
being published 
[value between 
0 (no chance) 
and 100 
(certain)] 

n in comparison 
with RD 0 cm 

% chance of 
being published 
[value between 
0 (no chance) 
and 100 
(certain)] 

LESS THAN 1 cm 100   1000   
GREATER THAN 0 cm 100   625   
BETWEEN 1cm and 2 
cm 

100   210   

LESS THAN 2 cm 100   250   
GREATER THAN 1 cm 100   1000   
GREATER THAN 2 cm 100   250   
BETWEEN 1 cm and 
5 cm 

100   250   

GREATER THAN 5 cm 100   250   
  

 

Part B 

In lay terms, there is large literature suggesting a strong association with complete cytoreduction 
(0cm) and prolonged survival. However, due to the nature of studies looking at the association 
between complete cytoreduction and survival, whether there is selective reporting of studies is open 
to debate.  

As experts in this area, it is assumed you will be very familiar with the literature and be aware of 
publications in ovarian cancer debulking journals on a regular basis. It is the studies that MAY have 
been conducted but not published in journals that you will not be aware of, and we want you to 
consider how many of these there are likely to be. 

In this part of the survey, we would like you to provide us with responses to questions that allows us 
to adjust the overall effect estimate when data from unobserved studies are added to the final 
analysis. 

Question 2  

2. Near optimal RD<1cm versus complete cytoreduction (0cm)  

In this section, we would like you to provide us with responses to questions that allows us to adjust 
the overall effect estimate when data from unobserved studies are added to the final analysis. This 
adjustment will account for an absence (or not) of studies favouring near optimal RD < 1 cm or ones 
showing no statistically significant difference between RD < 1 cm and RD 0 cm, based upon your own 
opinion and clinical experience in this area. 

How likely is it that relevant studies reporting adequately sized analyses that did not favour 
complete cytoreduction (RD to 0 cm) when compared to RD < 1 cm would not have been identified 
from the literature searches and therefore omitted from the meta-analysis? By this we mean how 
likely is it that studies that either favoured RD < 1 cm or studies that found no statistically significant 
difference (p > 0.05) in survival between RD 0 cm and RD < 1 cm) would not be published?
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• Studies reporting statistically significant prolonged survival in favour of RD LESS THAN 1 cm 
(that is the effect size in the form of a hazard ratio is less than 1 and the upper 95% 
confidence interval does not cross 1) 

OR 

• Studies that reported no statistically significant difference in survival between RD LESS THAN 
1 cm and 0 cm (that is the 95% confidence interval, reporting lower and upper estimates of 
hazard ratio, crosses 1) 

Thinking about your response the question above and giving a realistic answer based on your own 
experience and awareness of previous analyses in this area, how many studies in total do you think 
will have been missed that should have been included? 

 

Please give a brief reason for your answer 

 

Please indicate in the table below where you think the number of studies you gave will be 
distributed. You’re not expected to fill in all rows and columns and you may include multiple studies 
of the same size and magnitude. Assume for this scenario that the missing studies have an assumed 
5-year survival of 36% 

Assumed 5-year 
survival: 36% 

RD < 1 cm 
and 0 cm 
are the 
same 
i.e. HR = 1 

10% less 
chance of 
mortality 
favouring 
RD < 1 cm 
i.e. HR = 
0.9 

20% less 
chance of 
mortality 
favouring 
RD < 1 cm 
i.e. HR = 
0.8 

30% less 
chance of 
mortality 
favouring 
RD < 1 cm 
i.e. HR = 
0.7 

40% less 
chance of 
mortality 
favouring 
RD < 1 cm 
i.e. HR = 
0.6 

≥ 50% less 
chance of 
mortality 
favouring  
RD < 1 cm 
i.e. HR ≤ 
0.5 

Size of 
studies 
missed 
that 
could 
have 
been 
included 
in the 
analysis  

  

n=100             
n=200             
n=300             
n=400             

n=500             

n>500             
  

Question 3 

3. Sub-optimal RD > 1 cm versus complete cytoreduction (0 cm) 

In this section, we would like you to provide us with responses to questions that allows us to adjust 
the overall effect estimate when data from unobserved studies are added to the final analysis. This 
adjustment will account for an absence (or not) of studies favouring suboptimal RD > 1 cm or ones 
showing no statistically significant difference between RD > 1 cm and RD 0 cm, based upon your own 
opinion and clinical experience in this area. 

How likely is it that relevant studies reporting adequately sized analyses that did not favour 
complete cytoreduction (RD to 0 cm) when compared to RD > 1 cm would not have been identified 
from the searches and therefore omitted from the meta-analysis? By this we mean how likely is it 
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that studies that either favoured RD > 1 cm or studies that found no statistically significant 
difference (p > 0.05) in survival between RD 0 cm and RD > 1 cm) would not be published? 

• Studies reporting statistically significant prolonged survival in favour of RD GREATER THAN 1 
cm (that is the effect size in the form of a hazard ratio is less than 1 and the upper 95% 
confidence interval does not cross 1) 

OR 

• Studies that reported no statistically significant difference in survival between RD GREATER 
THAN 1 cm and 0 cm (that is the 95% confidence interval, reporting lower and upper 
estimates of hazard ratio, crosses 1) 

Thinking about your response the question above and giving a realistic answer based on your own 
experience and awareness of previous analyses in this area, how many studies in total do you think 
will have been missed that should have been included? 

Please give a brief reason for your answer 

 

Please indicate in the table below where you think the number of studies you gave will be 
distributed. You’re not expected to fill in all rows and columns and you may include multiple studies 
of the same size and magnitude. Assume for this scenario that the missing studies have an assumed 
5-year survival of 36% 

Assumed 5-year 
survival: 36% 

RD > 1 cm 
and 0 cm 
are the 
same 
i.e. HR = 1 

10% less 
chance of 
mortality 
favouring 
RD > 1cm 
i.e. HR = 
0.9 

20% less 
chance of 
mortality 
favouring 
RD > 1 cm 
i.e. HR = 
0.8 

30% less 
chance of 
mortality 
favouring 
RD > 1 cm 
i.e. HR = 
0.7 

40% less 
chance of 
mortality 
favouring 
RD > 1 cm 
i.e. HR = 
0.6 

≥ 50% less 
chance of 
mortality 
favouring  
RD > 1 cm  
i.e. HR ≤ 0.5 

Size of 
studies 
missed 
that 
could 
have 
been 
included 
in the 
analysis  

  

n=100             
n=200             
n=300             
n=400             

n=500             

n>500             
  

Question 4 

4. Sub-optimal RD > 2 cm versus complete cytoreduction (0 cm) 

In this section, we would like you to provide us with responses to questions that allows us to adjust 
the overall effect estimate when data from unobserved studies are added to the final analysis. This 
adjustment will account for an absence (or not) of studies favouring suboptimal RD > 2 cm or ones 
showing no statistically significant difference between RD > 1 cm and RD 0 cm, based upon your own 
opinion and clinical experience in this area. 

How likely is it that relevant studies reporting adequately sized analyses that did not favour 
complete cytoreduction (RD to 0 cm) when compared to RD > 2 cm would not have been identified
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from the searches and therefore omitted from the meta-analysis? By this we mean how likely is it 
that studies that either favoured RD > 2 cm or studies that found no statistically significant 
difference (p > 0.05) in survival between RD 0 cm and RD > 2 cm) would not be published? 

• Studies reporting statistically significant prolonged survival in favour of RD GREATER THAN 2 
cm (that is the effect size in the form of a hazard ratio is less than 1 and the upper 95% 
confidence interval does not cross 1) 

OR 

• Studies that reported no statistically significant difference in survival between RD GREATER 
THAN 2 cm and 0 cm (that is the 95% confidence interval, reporting lower and upper 
estimates of hazard ratio, crosses 1) 

 Thinking about your response the question above and giving a realistic answer based on your own 
experience and awareness of previous analyses in this area, how many studies in total do you think 
will have been missed that should have been included? 

Please give a brief reason for your answer 

 

Please indicate in the table below where you think the number of studies you gave will be 
distributed. You’re not expected to fill in all rows and columns and you may include multiple studies 
of the same size and magnitude. Assume for this scenario that the missing studies have an assumed 
5-year survival of 36% 

Assumed 5-year 
survival: 36% 

RD > 2 cm 
and 0 cm 
are the 
same 
i.e. HR = 1 

10% less 
chance of 
mortality 
favouring 
RD > 2 cm 
i.e. HR = 
0.9 

20% less 
chance of 
mortality 
favouring RD 
> 2 cm 
i.e. HR = 0.8 

30% less 
chance of 
mortality 
favouring 
RD > 2 cm 
i.e. HR = 
0.7 

40% less 
chance of 
mortality 
favouring 
RD > 2 cm 
i.e. HR = 
0.6 

≥ 50% less 
chance of 
mortality 
favouring  
RD > 2 cm  
i.e. HR ≤ 
0.5 

Size of 
studies 
missed 
that 
could 
have 
been 
included 
in the 
analysis  

  

n=100             
n=200             
n=300             
n=400             

n=500             

n>500             
 

 

Part C 

Question 5 

In a meta-analysis including non-randomised studies, often only univariate results are reported with 
no attempt made to adjust for potentially important baseline imbalances. This risks making the 
results biased.
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On a scale of 0-100, to what extent do you think that the reason study authors only report univariate 
analyses is to maximise the magnitude in effect estimates to favour either an experimental or 
comparator group? 

Question 6 

In your opinion, how many attempted submissions should you make to journals to publish the 
results of your study? 

Question 7 

In your opinion, how many attempted submissions should you make to journals to publish the 
results of your study if it is not statistically significant (p > 0.05)?  

Question 8 

What is lowest impact factor in a journal that you would consider submission of your work, 
regardless of the significance of your results? 

Question 9 

To what extent do you think it is important to publish the results of a study even if the impact factor 
of the accepting journal is perceived to be very low? 

  

Acknowledgment 

(Optional) If you would like to be acknowledged for your contribution to the survey, kindly leave 
your name. 

 

You may choose to provide your full name (e.g., Sam Smith) or an abbreviation (e.g., S Smith). 

 

Data on your name will be kept separate from the data file containing the survey results so that your 
personal information cannot be traced back to your responses. Your name will only be used for 
purposes of acknowledgment and will not be used in analysis. 

Which of the following mediums do you consent to being acknowledged in? You may choose all that 
apply. 
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INTRODUCTION

Ovarian cancers remain a major concern to women
worldwide.1,2 In advanced disease, surgery and
platinum-based chemotherapy are the standard treat-
ment options. Traditionally, this included upfront pri-
mary debulking surgery (PDS) which is performed to
remove as much visible disease as possible. This is
because the amount of residual tumor is one of the
most important prognostic factors for survival of epi-
thelial ovarian cancer (EOC).1 Chemotherapy followed
by interval debulking surgery is an alternative primary
treatment option for women diagnosed with advanced
ovarian cancer, and evidence in this area is emerging.
We focus our research on PDS because there is an
established evidence base in which to apply our sug-
gested methodology. A more extensive description of
the aims of primary surgery in achieving “optimal cy-
toreduction” has been described in previous publica-
tions.1,2 Evidence suggests that where there is
“complete cytoreduction” (surgery that completely re-
moves all visible tumour), survival is significantly
improved compared with less-than-complete cytore-
duction.3–5 However, publication bias6 leaves room
for uncertainty as to the true value of complete cytor-
eduction, and opponents to the approach have raised
concerns regarding the strength of the evidence base.
The Gynecological Cancer InterGroup defined “opti-

mal” cytoreduction as having no macroscopic residual
disease which is often reported in the literature as RD0
(residual disease (RD) 5 0 cm), near-optimal RD (,1
cm), and suboptimal RD (.1 cm).7 Although there is
now less controversy about the prognostic importance
of maximum cytoreduction, there remains divided
opinion about the effects of any remaining RD after
PDS and about what attempts should be made for
maximal efforts at debulking. Different philosophies
are evident within the surgical community, but there
are also other important considerations, such as surgi-
cal skills, training, the woman’s fitness for more radi-
cal treatment, morbidity, mortality, and quality of life.
These are all considerations when assessing publica-
tion bias and the reliability of the effect estimates in
published studies. There is also the issue about unre-
ported studies that show “negative” results, which in
this context may be a study showing no benefit of
complete cytoreduction.
Indeed, publication bias is a well-known threat to

the validity of meta-analyses.6,8 Negative or statisti-
cally insignificant findings typically have less chance
of being published; therefore, available studies tend to
be a biased sample. This leads to an inflation of effect
size estimates of unknown degree.9 Consequently, it

has been argued that attempting to correct for bias is
typically better than incorporating no correction at all
because publication bias is inevitable in most meta-
analyses. This includes when no publication biases
are detected, as available tests to ascertain the presence
of publication bias typically have low power.10 Ulti-
mately, using adequate methods of bias correction can
add confidence to the certainty of effect estimates in a
meta-analysis.

Accordingly, this research had two main aims. First,
to compare the results of a Bayesian network meta-
analysis (NMA) using a noninformative prior11 with
ones attempting to adjust for selective reporting of
outcomes and publication bias6,12 by using expert elic-
itation methodology.13–15 Elicitation was conducted
using expert members of the British Gynaecological
Cancer Society (BGCS). The adjustment for publication
bias is a key component to this research because many
skeptics refute conclusions in this area despite sound
methodology being applied previously.1,2,16–19 The use
of novel NMA methodology in this area has been pre-
viously deployed,20,21 but it is important to dissemi-
nate findings to the wider surgical community and not
just proponents of aggressive surgery. This is only
achievable by reporting effect estimates that are more
likely to be closer to the true effects by removing a
degree of bias. Secondly, and of paramount impor-
tance, is to encourage the use of this methodology in
other areas of research, particularly where the magni-
tude of effects are disputed, affecting the certainty of
the evidence. We promote the use of our methodology
throughout the article and encourage others to attempt
to implement the methods in their own research.

Specifically, to assess the potential effects of publi-
cation bias, we implement a modified version of the
selection model described by Mavridis et al22 (see also
Chootrakool et al23 and Mavridis et al).24 This
approach extends the popular Copas selection model
for a conventional two-group meta-analysis25–27 to the
general NMA setting. It is, particularly, dependent on
the specification of probabilities for the chance that
“small” and “large” studies would be published,
which we nominate using the results of an expert elic-
itation exercise. Although a small number of studies
have previously performed this type of analysis in a
NMA, they have specified these parameters somewhat
arbitrarily (e.g., to reflect perceived levels of “low” and
“high” publication bias). We are unaware of any pre-
vious work that has elicited these key parameters from
experts.

We also use an alternative approach to adjusting for
publication bias in a NMA, which to the best of our
knowledge has not been considered previously, which
leverages informative priors in an otherwise
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conventional Bayesian NMA. In our case, the informa-
tive priors are formed based on the opinion of expert
members of the BGCS.28,29 We believe this approach
would be easy to mimic for all oncology settings that
use survival outcomes where an estimate of the control
arm event rate can be reliably estimated.

METHODS

Search strategy and selection criteria

The NMAs reported in this article synthesized stud-
ies according to good research principles following
the methods outlined by Bryant et al.2 Bibliographic
databases were searched from 1950 up to September
2021 (results of search are shown in Figure 1). We
applied the same search and inclusion criteria as out-
lined by Bryant et al.2 The population of interest was
women who had received primary cytoreductive
surgery followed by adjuvant platinum-based che-
motherapy.1 Included studies reported overall sur-
vival (OS) for comparisons of RD thresholds after
surgery and used the same statistical adjustment
constraints by Bryant et al2 to minimize selection
bias.20,30 We sifted references identified from the
search, extracted data on pertinent items, and as-
sessed risk of bias in accordance with the Cochrane
guidelines,20 following on from the systematic
review that underpins this analysis and the subse-
quent frequentist NMA.1,2

Expert elicitation exercise and statistical
considerations

An expert elicitation exercise31 was sent to members of
the BGCS by the organizing committee. The elicitation
exercise was conducted before the completion of the
systematic review,1 and the findings from this exercise
used to adjust the meta-analyses for perceived publi-
cation bias. In the elicitation exercise, we asked partic-
ipants to account for the sort of studies that have been
conducted but not published, the plausible magnitude
and direction of any publication bias and possible
explanations for why and how the publication bias
occurs. The survey consisted of two main parts, part
A and part B, and is given in Supplementary Material.
The results were used to perform the sensitivity anal-
yses adjusting for publication bias, as described further
below.

Data set and notation

The impact on OS of optimal and suboptimal cytore-
duction for primary advanced disease was assessed
using several RD thresholds that have been reported

in the literature. Accordingly, our data set consists of
the results of n studies, comparing a total of T RD
thresholds (or arms; labeled 1,2,..). We use the terms,
arms and RD thresholds interchangeably for the ben-
efit of those mimicking our methods because it is likely
that they will be applying the methodology to study
arms in an RCT setting. We use the term design to
refer to the set of RD thresholds compared in a given
study, that is, a design is some subset of at least 2 RD
thresholds in the network. Let d 5 1;.;D index the
designs used in our network, and nd be the number of
studies included in the network that used the dth
design. Set also Td as the number of RD thresholds
in design d. Then, we have designs with Td 5 2,3,4.
The designs in our data set are presented in Figure 2;
we have n 5 28, T 5 9, and D 5 8.

From a study of design d, the information used is: (a)
Td21 estimated effects (log hazard ratios, in our case)
and their standard errors and; (b) ðTd21ÞðTd22Þ=2 cor-
relations between the Td21 effects. We use subscript
indices to identify this study and its design and super-
script indices to denote the contrast being evaluated
such that yða;bÞi;d refers to the effect size for the ab com-
parison (where a and b are 2 RD thresholds) in the ith
study that has the dth design. Similarly, we let sða;bÞi;d
denote the corresponding observed standard error
(SE). Our data set, in this notation, is available on
request.

Part A: Copas model approach

Part A of the elicitation exercise asked clinicians about
their perceived probability of publication of individual
studies relating to the standard error of their effect sizes.
Part A was conducted to facilitate the conduct of a pre-
viously proposed method of adjusting for publication
bias in a NMA.24 We now describe this methodology.

Measurement model

Each observed effect yða;bÞi;d in a two-threshold study
(i.e., any study with Td 5 2) is modeled as a normal
distribution:

yða;bÞi;d ;N
�
u
ða;bÞ
i;d ;

�
sða;bÞi;d

�2�
:

A random-effects model is assumed because pub-
lication bias is confounded with heterogeneity. Thus, it
is assumed that the mean relative treatment effect is
modeled as u

ða;bÞ
i;d 5 lða;bÞ þ d

ða;bÞ
i;d , where the random

effects dða;bÞi;d are normally distributed as dða;bÞi;d ;Nð0; t2Þ.
In multithreshold study i of design d, the vector of

Td21 contrasts is modeled as a multivariate normal dis-
tribution. For example, if arms a, b, and c are included,
then:
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FIGURE 1. PRISMA flowchart.

FIGURE 2. Network diagram and summary of designs showing RD comparisons after primary cytoreductive surgery for

advanced EOC. Arms 1–9 correspond to the following categories: 1 (0 cm), 2 (,1 cm), 3 (.0 cm), 4 (1–2cm), 5 (,2 cm), 6

(.1 cm), 7 (.2 cm), 8 (1–5cm), and 9 (.5 cm).
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Assuming a common heterogeneity parameter
across treatment comparisons, the random effects are:
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Similarly, if arms a, b, c, and e are included, then:
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We assume a common between-study variance (het-
erogeneity) t2 across treatment comparisons; although
arguably not realistic, this is common and often necessary
in practice (given there are few studies per comparison).

Selection model

To model the probability each study is selected for pub-
lication, we assume that there is a latent variable under-
lying each study. This latent variable takes positive
values if the specific study is published and negative
values otherwise. Thus, there are as many latent vari-
ables as study designs, and each latent variable repre-
sents the propensity for publication given the design of
that specific study. The propensity for publication for
each design and study is denoted by zi;d. It is modeled
as a function of two parameters, ad and bd, and a func-
tion, f ði; dÞ, of the particular study and its design:

zi;d 5ad þ bd

f ði; dÞ5 ui;d þ ji;d:

Here, ji;d;Nð0; 1Þ, and we constrain bd $ 0 because this will
reflect the belief that larger studies are more likely to be
published. In a two-threshold study i of design d that
compares a and b, we set f ði; dÞ 5 sða;bÞi;d . Following
Chootrakool et al (2011)23 for a multithreshold trial, we
use the average of the standard errors in this study. For
example, in study i of design d that compares a, b, c, and e,
we set:

f ði; dÞ5 sða;bÞi;d þ sða;cÞi;d þ sða;eÞi;d

3
:

With the above, the probability that study i with design d is
published is equal to:

ℙ
�
zi;d.0

�
5F

�
ad þ bd

f ði; dÞ
�
5F

�
ui;d
�
:

This provides us with an interpretation of the
parameters ad and bd. Informally, parameter ad is
the marginal probability that a study with design
d is published, assuming it has infinite variance (not
accounting for the approach taken to multithreshold
studies). Parameter bd is a discrimination parameter,
discriminating the probabilities of publication between
studies with difference variances.

Combined measurement and selection model

The measurement and selection models do not share
common parameters but are connected through their
residual terms. Specifically, we set corrðyðabÞi;d ; zi;dÞ 5 rd
such that rd controls how the effect size affects the
probability of the study being published. Then, for
two-threshold (thresholds a and b), three-threshold
(thresholds a, b, and c), and four-threshold (thresholds
a, b, c, and e) studies, the joint distribution for its effect
sizes and propensity for publication are as follows:

�
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where IX is the indicator variable for event X.
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Prior distributions for model selection parameters

To fit the above model, prior distributions for the selec-
tion model parameters ad and bd are required. To form
the priors, we need to specify lower and upper
bounds, Plow

d and Phigh
d , for the probability that a study

of design d is published, where these extremes relate to
small and large possible values of f ði; dÞ. Plow

d and Phigh
d

are modeled as random variables to reflect the uncer-
tainty around them. Then, ad and bd are calculated
using the inequalities:

Plow
d #ℙðzid.0jf ði; dÞÞ#Phigh

d cd:

Specifically, this gives:

ad þ bd

maxff ði; dÞg5F2 1�Plow
d

�
;

ad þ bd

minff ði; dÞg5F2 1
�
Phigh
d

�
:

Unlike Mavridis et al,22 rather than setting
min f ði; dÞgf and max f ði; dÞgf as the observed minimal
and maximal values in the data set, we use the results of
an elicitation exercise in which we asked experts about
the probability studies of certain sizes would be pub-
lished. For the population under investigation, we
describe below why SEðlogHRÞ 5 ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

6:25=n
p

is a reason-
able assumption. Using this, on plugging in the minimal
and maximal sample sizes from the elicitation exercise,
the formulae for f ði; dÞ gives:

minff ði; dÞg5
8<
:

0:1  : Td 5 2;
0:122  : Td 5 3;
0:141  : Td 5 4;

maxff ði; dÞg5
8<
:

0:25  : Td 5 2;
0:306  : Td 5 3;
0:354  : Td 5 4:

All that then remains is to specify prior

distributions Plow
d ;UðL1;d; L2;dÞ and

Phigh
d ;UðU1;d;U2;dÞ. For those two-threshold designs

that include the 0 cm arm, we are able to directly use
the results from Part A of the survey. For those studies
that did not contain the 0 cm arm, we calculate, sim-
ilarly, swapping in their reference category for 0 cm
(e.g., the probability of publication of,1 cm versus .2
cm would be taken as the elicited values for 0 cm ver-
sus .2 cm); the results are unlikely to be sensitive to
this assumption because the number of studies that do
not contain the reference category is small. For multi-
threshold studies, we conservatively use the minimum
probabilities across the various pairwise comparisons.
We then consider three combinations of values for L1;d,
L2;d, U1;d, and U2;d. We take them as the 0th and 50th

(median) percentiles, the 25th (lower quartile) and 75th

(upper quartile) percentiles, and the 50th and 100th per-
centiles of the elicited probabilities (with L1;d and L2;d
set using the results for the smallest trial size we asked
experts about and U1;d and U2;d set using the results for
the largest trial size we asked experts about). We
denote the elicited qth percentile for the small study
size by Ps;d;q and similarly, Pl;d;q for the large. The per-
centiles are then presented in Table 2.

Part B: alternative novel approach

Part B involved an alternative approach that asked
clinicians to estimate the number of studies for key
comparisons that they believed would be conducted
but unpublished, and thus unidentified in the NMA.
They were then subsequently asked to specify sample
and effect sizes for each such missing study. The
approach in Part B is a particularly novel aspect of this
research because it can be used as prior information to
inform adjustment of meta-analyses for publication
bias in a way we believe to be previously unexplored.
Here, we outline how this could be achieved.

We note that this is only one potential way to form a
prior based on the elicited data and that a sensitivity
analysis should certainly be conducted. For example, in
our elicitation exercise, the choice of the number of miss-
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ing studies was left open ended as to not lead experts to
a choice and bias the results. Consequently, a sensitivity
analysis could be conducted removing high estimates of
unpublished studies if it was judged that unrealistic
entries were unduly inflating an average.

Given an assumed 5-year survival rate of 36%32–34 and
a minimum sample size of n 5 100 to meet the criteria
for inclusion in the NMA, small studies might be under-
powered and, furthermore, null findings might be due to
deficiencies in the study design and conduct. Hence,
including these studies might not lead to an appropriate
adjustment of meta-analysis estimates. This is why we
included studies with a minimum sample size of 100
patients in the systematic review,1 and a minimum 64
events (deaths, d) are expected with 36 participants being
alive and censored at the end of this study:

d5 100ð12 0:36Þ5 64:

Generalizing this result, we assume that d can be
related to n in general through the following formula:

n5
d

12 ð5 year suvival rateÞ5
d

0:64
:

The standard error of the log hazard ratio
ðSEðlogHRÞÞ can then be related to n by rearranging
the following formula:

d5
4

SEðlogHRÞ2;

⇒SEðlogHRÞ5
ffiffiffi
4
d

r
5

ffiffiffiffiffiffiffiffiffiffiffiffi
4

0:64n

r
5

ffiffiffiffiffiffiffiffiffi
6:25
n

r
:

Next, we denote by mcij the number of missing
studies according to expert responder c 5 1;.;C,
with a HR of HRj and a sample size of ni, where:

n1 5 100; n2 5 200; n3 5 300; n4 5 400; n5 5 500; n6 5 625;

HR1 5 1;HR2 5 0:9;HR3 5 0:8;HR4 5 0:7;HR5 5 0:6;HR6 5 0:5:

We compute the average number of missing stud-
ies of type ij, across the responders, as:

mij 5
1
C

+
C

c51
mcij:

We use this to form an average sample size of
missing studies with a HR of HRj through:

mj 5
+i nimij

+i mij
:

With this, we assume that information from missing studies
with a HR of HRj can be categorized through the following
distribution:

Pj;N
�
logHRj;

6:25
mj

�
:

The Pj can then be combined in a weighted manner,
givingmore weight to those values of jwith a larger value
of mj, through conflation. This gives an elicited prior of:

P;N
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!
:

This elicited estimate can then be used as prior
information and be applied in a Bayesian analysis35–
37 that reflects the results of the expert opinion in the
elicitation exercise.22,38

Data analysis

We compare the results of a frequentist approach2 with
a NMA conducted within a Bayesian framework in
WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge,
UK),39,40 using two chains each with 100,000 simula-
tions and a burn-in period of 30,000 simulations. The
base case Bayesian analysis (analogous to the frequent-
ist analysis) used vague noninformative priors and
adjusted for multiarm trials using conditional distribu-
tions. Figure 2 shows a network diagram41 of the
thresholds (nodes) and comparisons (lines) available
and a summary of designs in our network. Conver-
gence of the model in the two chains was assessed
using Brooks–Gelman–Rubin, trace and autocorrela-
tion plots.40

Transitivity and design inconsistency were not
deemed an issue because of restrictive inclusion crite-
ria.2 Consistency, which is measured in agreement of
direct and indirect evidence, was assessed by compar-
ing the individual data point’s posterior mean devi-
ance contributions for the consistency and
inconsistency model.42–44 Owing to the volume of sen-
sitivity analyses, we did not conduct any further node
splitting42–44 because this was previously performed in
the base case analysis.2

We present the results of the Bayesian NMA of opti-
mal RD thresholds using effect sizes reported as pos-
terior median HRs and 95% credible intervals (CrIs).
All the thresholds are relative to the 0 cm macroscopic

e62 Bryant et al

American Journal of Therapeutics (2023) 30(1) www.americantherapeutics.com



RD reference threshold. We also present rankograms,
which ranked RD thresholds from having highest
probability of survival (ranked 1) to the lowest (ranked
9). In addition, we report the probability of being the
best RD threshold and the surface under the cumula-
tive ranking curves (SUCRAs).45

Sensitivity analyses (SA) form the crucial basis of
this research; we perform a number of analyses that
attempt to adjust the base case estimates for publica-
tion bias. We a priori focus on macroscopic RD to
0 cm, RD ,1 cm, and suboptimal RD .1 cm. Other
thresholds will add strength to the network but are not
of direct interest. We use this approach in a complex
situation that includes multiple RD thresholds (arms)
and studies that included multiple thresholds (up to
four in a study). In practice, it should be more straight-
forward following and applying the methodology to
other analyses in different areas that have simpler net-
works and in a conventional intervention setting.
We repeated the base case Bayesian analysis above and

used the elicitation exercise to use the Copas selection
model (part A) and incorporate informative priors (part
B) in place of the vague (noninformative) ones. For those
wanting to restrict to a frequentist setting, in Part B, an
analogous analysis in the frequentist framework is possi-
ble by including the elicited missing studies from the
average experts’ responses (artificially) in the observed
studies in the NMA. However, we recommend applying
the proposed Bayesian methods and formulating priors.

RESULTS

Summary of studies

The flow of the literature is presented in the PRISMA
flowchart (Figure 1). The search strategy identified
8606 unique references, of which 200 progressed to
full-text screening. Forty-six references, reporting on
25 primary studies which included 28 analyses (n 5
20,927), met our inclusion criteria. Full details of
searches along with a PRISMA flowchart, characteris-
tics of included studies, and risk of bias assessments
are provided by Bryant et al.2

The network diagram41 and summary of designs in
our network show the range of RD threshold compar-
isons after optimal cytoreductive surgery for advanced
EOC (Figure 2). The most common RD thresholds
were complete (0 cm) and near-optimal (,1 cm), while
this was also the most widely reported comparison.

Base case analysis

The results of the base case Bayesian NMA were con-
sistent with the frequentist analysis, and there was also

no evidence of inconsistency in the network.2 There
were no issues with model convergence in WinBUGS,39

as indicated by Brooks–Gelman–Rubin, trace and
autocorrelation plots, with the number of simulations
used adequate (see Appendix Figures 3–8, http://links.
lww.com/AJT/A124, http://links.lww.com/AJT/
A125, http://links.lww.com/AJT/A126, http://links.
lww.com/AJT/A127, http://links.lww.com/AJT/
A128, http://links.lww.com/AJT/A129, and http://
links.lww.com/AJT/A130, respectively). The results of
the base case analyses demonstrate prolonged OS if
primary cytoreductive surgery achieved macroscopic
RD to 0 cm compared with any other RD threshold
(Table 1). Macroscopic RD to 0 cm was overwhelmingly
the best ranked threshold because it was consistently
ranked first (Table 1 and rankogram in Figure 9 in Sup-
plementary Material, http://links.lww.com/AJT/
A131), with a very high probability of being the best
RD threshold (SUCRA and P best ranged from 98.4% to
99.9%). Sensitivity analyses using different random
number seeds resulted in all Bayesian models being
correct to one decimal place (data not shown). Low
values in MC error terms in the model indicated reli-
ability in estimates to good precision.40

Expert elicitation exercise

Eighteen expert members of the BGCS participated in
the expert elicitation exercise. They were given the
sample sizes (based on observed data for each RD
threshold) and were asked in Part A of the elicitation
exercise to state probabilities of publication for a
study comparing different RD thresholds with com-
plete cytoreduction (macroscopic RD to 0 cm). Table 2
presents the distribution of the elicited probabilities
for each RD threshold, for the smallest and largest
considered study sizes (full details of the expert clini-
cian elicitation exercise are provided by Bryant
et al31). In summary, responses suggest that publica-
tion bias may be quite likely in studies where the
sample size was small. For example, the average
response suggested that experts believed there was
a 55% chance that a comparison of RD , 1 cm versus
RD 0 cm would be reported for a study with a sample
size of 100 participants. Responders seemed to indi-
cate that the probability of publication was lowest for
comparisons involving greater macroscopic disease
volume [largest elicited median probability 20% (in-
terquartile range 10–75) in macroscopic disease
involving RD . 2 cm versus RD 0 cm and as low as
3.5% (interquartile range: 0–50) for RD . 5 cm vs. RD
0 cm]. However, respondents seemed to dismiss the
threat of publication bias for comparisons of RD , 1
cm versus RD 0 cm and RD . 1 cm versus RD 0 cm in
larger studies. Comparisons involving suboptimal
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RD (greater macroscopic disease volume) were con-
sidered to have a low probability of not being pub-
lished for both the small and larger studies (but lower
in smaller studies).

In part B of the elicitation exercise, the mean number
of missing studies estimated by experts for comparison
of RD , 1 cm versus RD 0 cm was 17.8. The average
number of estimated missing studies was lower for the
comparisons involving suboptimal macroscopic dis-
ease volume (RD thresholds that are . 1 cm).31 In
the comparison of RD , 1 cm versus RD 0 cm, on
average, 9.4 of the 17.8 studies would be associated
with a HR of 1. As the HR increased, fewer studies

were believed to be missing such that, when the de-
tected HR was 0.5, the average number of studies
believed to be missing was less than 1 (Table 3). The
weighted average HR of the effect size from the miss-
ing studies was 0.83 (95% CI 0.77–0.90) for the com-
parison of RD , 1 cm compared with RD 0 cm. This
HR was calculated based on a total of 3906 partici-
pants in the estimated missing studies and 2500 deaths
given a 5-year survival rate of 36% (Table 3). This
corresponded to a log HR of 20.19 and SE log HR of
0.04; thus, we used ;N(20.19, 0.04) as the distribution
for our elicited prior for the ,1 cm versus 0 cm com-
parison. Similarly, the mean number of missing

Table 1. Results of base case frequentist and Bayesian NMA of optimal RD threshold after primary cytoreductive

surgery for advanced EOC.

RD

Frequentist Bayesian

HR (95% CI) Mean rank P (best), % SUCRA, % HR (95% CrI) Median rank P (best), % SUCRA, %

0 cm Reference 1 99 99.9 Reference 1 (1–1) 98.42 99.8

,1 cm 1.98 (1.76–2.24) 3.4 0 70.2 1.99 (1.76–2.27) 3(2–5) 0 69.88

.0 cm 1.95 (1.48–2.58) 3.4 0 70.6 1.95 (1.46–2.63) 3(2–6) 0.005 70.43

1–2 cm 3.34 (2.04–5.47) 7.3 0 21.8 3.57 (2.14–5.99) 8(5–9) 0 18.58

,2 cm 2.82 (1.58–5.04) 6.0 0 36.9 2.89 (1.57–5.34) 7(2–8) 0.044 36.75

.1 cm 2.57 (2.26–2.93) 5.8 0 40.0 2.58 (2.26–2.97) 6(4–8) 0 40.91

.2 cm 4.36 (2.69–7.04) 8.7 0 3.4 4.47 (2.72–7.43) 9(7–9) 0 4.17

1–5cm 1.85 (1.11–3.08) 3.2 1 72.0 1.85 (1.06–3.22) 3(2–7) 1.498 71.93

.5 cm 2.75 (1.62–4.67) 6.2 0 35.3 2.75 (1.55–4.89) 6(2–9) 0.033 37.54

RD, residual disease; CI, confidence interval; P (best), probability that RD threshold is the best; CrI, credible interval; EOC, epithelial

ovarian cancer; HR, hazard ratio; SUCRA, surface under the cumulative ranking curves.

Table 2. The distribution of elicited probabilities for each RD threshold for the smallest and largest considered study

sizes.

Design (d)

Small study publication probabilities Large study publication probabilities

Ps;d;0 Ps;d;25 Ps;d;50 Ps;d;75 Ps;d;100 Pl;d;0 Pl;d;25 Pl;d;50 Pl;d;75 Pl;d;100

1 0 10 20 70 100 0 15 30 80 100

2 0 0 3.5 50 95 0 0 10 80 100

3 0 20 45 80 100 40 75 95 99 100

4 0 10 20 70 100 0 15 30 80 100

5 0 30 55 80 100 80 90 99.5 100 100

6 0 20 50 80 95 0 70 80 99 100

7 0 20 45 90 100 40 75 95 99 100

8 0 10 20 75 100 0 15 30 80 100

These are computed using the results of the elicitation exercise.

P,(s,l),d,(percentiles 0, 25, 50, 75, 100), probability that a small/large study is published with a specified design in a number of

percentiles. Design (d) 1, arms 1,2,4,7; d(2), arms 1,2,8,9; d(3), arms 1,2,6; d(4), 2,4,7; d(5), arms 1,2; d(6), arms 1,3; d(7), arms 2.6;

d(8), arms 5,7 where arms 1–9 correspond to the following categories: 1 (0 cm), 2 (,1 cm), 3 (.0 cm), 4 (1–2cm), 5 (,2 cm), 6 (.1 cm), 7

(.2 cm), 8 (1–5cm), and 9 (.5 cm).
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studies estimated in the elicitation exercise for compar-
ison of RD . 1 cm versus RD 0 cm was 8.6.31 The
weighted average HR of the missing studies led to
formulating ;N(20.26, 0.05) as a prior. The mean
number of missing studies estimated by responders

for comparison of RD . 2 cm versus RD 0 cm was
6.2.31 The weighted average HR of the missing studies
led to formulating ;N(20.24, 0.06) as a prior. How-
ever, there seemed to be widespread feeling among
experts that publication bias was of much less concern

Table 3. Breakdown of distribution of size and magnitude of elicited unpublished studies of near-optimal RD , 1 cm

versus complete cytoreduction (0 cm).

N5321

(n517.8)
Estimated effect size

Assumed 5-

year survival:

36%

HR 5 1 HR 5 0.9 HR 5 0.8 HR 5 0.7 HR 5 0.6 HR # 0.5

RD ,1 cm and

0 cm are the

same

10% less

chance of

mortality

favoring

RD ,1 cm

20% less

chance of

mortality

favoring

RD ,1 cm

30% less

chance of

mortality

favoring

RD ,1 cm

40% less

chance of

mortality

favoring

RD ,1 cm

.550% less

chance of

mortality

favoring

RD ,1 cm

Sample

sizeh

n , 100 STUDY EXCLUDED

n 5 100 122.08
g

19.12 22.7 1.34 2.14 1.14

n 5 200 25.08 11.12 12.62 4.38 2.18 2.18

n 5 300 6.04 4.04 1.04 2.04 0 0

n 5 400 10.37 9.37 9.37 9.37 9.37 9.37

n 5 500 1.04 1.04 3.04 1.04 0 0

n . 500 5.08 4.04 4.04 3.04 1.04 1.04

Total

studies
a

(mean)

169.7 (9.4) 48.7 (2.7) 52.8 (2.9) 21.2 (1.2) 14.7 (0.8) 13.7 (0.8)

Effective n
b

(mean)

26,879

(1493.3)

12,141 (674.5) 12,899 (716.6) 7790 (432.8) 5048 (280.4) 4948 (274.9)

Effective d
c

(mean)

17,203 (956) 7770 (432) 8255 (459) 4986 (277) 3231 (179) 3167 (176)

SElogHR (O(4/
d))

d

0.065 0.096 0.093 0.120 0.149 0.151

95% CI for HR
e

0.88–1.14 0.75–1.09 0.67–0.96 0.55–0.89 0.45–0.80 0.37–0.67

Elicited

estimate
f

HR 0.83 (95% CI 0.77–0.90), logHR 20.19 SElogHR 0.04 (n 5 3906, d 5 2500)

Elicited prior ;N(20.19, 0.04)

aAbsolute number of estimated missing studies elicited from responders with mean (simply absolute number divided by 18 (number of

responders)) given in parentheses ().
bAbsolute number of estimated missing participants elicited based on total studies with mean given in parentheses.
cAbsolute number of deaths estimated from the number of participants assuming a 5-year survival rate of 36% with mean in paren-

theses ().
dApproximation of the standard error (SE) of the log HR using formula derived by Parmar, namely the square root of 4 divided by the

mean number of deaths.
e95% confidence interval for HR calculated using logHR 61.96 multiplied by standard error of log HR then transforming back by taking

the exponential.
fElicited HR with 95% confidence interval using mean responses for all aggregated effect sizes.
gNumber of studies given in the breakdown were rescaled in 3 respondents to correspond to the total number estimated. Therefore,

any noninteger numbers in the table are due to this rescaling.
hSize of studies missed that could have been included in the analysis.
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in suboptimal RD thresholds, and this is reflected in
some of the sensitivity analyses (Table 5). A worked
example surrounding derivation of priors based on
these estimates is presented in Table 3 for the compar-
ison of macroscopic RD with 0 cm and near-optimal
cytoreduction to ,1 cm.

Adjustment for publication bias

Tables 4 and 5 present the estimated effect sizes for RD
thresholds for the sensitivity analyses incorporating an
adjustment for publication bias. Models were con-
structed using responses from parts A and B of the
expert elicitation exercise.

All analyses were based on 100,000 Markov Chain
Monte Carlo simulations with a burn-in period of
30,000 draws, from two chains (as in Mavridis
et al22). We present the median OS estimate for each
RD group relative to the reference category (0 cm),
along with its 95% CrI, SUCRA values, the median
(and 95% CrI) rank for each group, and the estimated
probability each group provides the best OS are also
given.

Bayesian NMAs were fitted in a series of sensitivity
analyses that used informative priors based on esti-
mates obtained from the expert elicitation exercise
(see above). We set out to explore a range of sensitivity
analyses, from ones that best reflected the experts’
views to more extreme scenarios that fully tested the
robustness of the base case analysis presented in
Table 1. Specifically, the main focus of our work was
to examine the conclusions in the unadjusted analysis
that identified three clear and distinct categories of RD
groups after primary cytoreductive surgery, namely
complete (0 cm), near-optimal (,1 cm), and subopti-
mal (.1 cm). Other reported RD thresholds contrib-
uted toward the network and added strength to the
NMA, but clearly some comparisons such as when RD
1–2 cm is compared with macroscopic RD to 0 cm
were not of paramount importance and would not
necessarily be a widely reported and expected compar-
ison. Therefore, it would not be appropriate to focus
on publication bias in this example. Accordingly,
sensitivity analyses focused on the main RD categories
of complete RD to 0 cm, RD,1 cm, and suboptimal
RD .1 cm.

Part A: Copas selection model

Table 4 presents the results of the selection model anal-
yses. As would be expected, the introduction of
increasing levels of publication bias adjustment typi-
cally results in greater reductions in the estimated OS
benefit for the reference category. However, in almost
all instances the results change little compared with
the base case frequentist and Bayesian analyses

(Table 1). The 0 cm category retains at least an
87.48% estimated chance of providing the best OS.

Part B: alternative novel approach

Sensitivity analysis (SA) 1 incorporated prior informa-
tion using the estimates derived above (;N(20.24,
0.06)) for RD ,1 cm and RD . 0 cm, ;N(20.26,
0.05) for RD .1 cm, and ;N(20.24, 0.06) for RD.2
cm). In SA 2, informative priors were used for RD ,1
cm, .0 cm, 1–2cm, ,2 cm, and .1 cm and only RD ,
1 cm and .0 cm in SA 3. SA 4 used informative priors
for RD ,1 cm, .1 cm, and .2 cm, and SA 5 incorpo-
rated priors for all RD thresholds. SA 5 was thus the
most extreme sensitivity analysis.

SA 6 and 7 grouped RD , 2 cm into the RD , 1 cm
threshold to reduce the number of RD groups to eight.
This was due to the fact that RD , 2 cm was sparsely
reported in the observed NMA comparisons because
suboptimal RD is now clearly defined as .1 cm in the
guidelines and the RD , 2 cm group was obtaining
undue influence in the ranking statistics, which was
wholly implausible. SA 6 incorporated prior informa-
tion for RD, 1 cm, RD. 0 cm,.1 cm, and.2 cm. SA
7 incorporated prior information for RD , 1 cm,
.0 cm, and .1 cm.

All sensitivity analyses were in line with the base
case analysis and demonstrated prolonged OS if pri-
mary cytoreductive surgery achieved macroscopic RD
to 0 cm compared with any other RD threshold
(Table 5). However, the effect estimates were attenu-
ated in comparisons involving macroscopic RD to
0 cm, although not to any suggestion of changing the
existing conclusions. This was even the case in the
most extreme sensitivity analysis (SA 5) that used all
RD thresholds, including ones that would not have
been expected to have been widely reported in reality.
There remained three clear and distinct categories of
RD thresholds after primary cytoreductive surgery.
Complete macroscopic RD to 0 cm is still by far the
best surgical option, with near-optimal (,1 cm) de-
bulking a consolation if this is not possible. Subopti-
mal can therefore be defined as RD . 1 cm.

There were no issues with model convergence or
other diagnostics in WinBUGS39 in any of the sensitiv-
ity analyses, as previously indicated in the base case
analysis.

DISCUSSION

There is a high level of uncertainty facing women
undergoing treatment for advanced EOC, especially
given differences in practice between surgeons in the
United Kingdom and internationally. There are many
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reviews and guidelines assessing the effect of remain-
ing RD on OS after primary surgery. Unfortunately,
many include low quality studies prone to selection
and other biases due to poor design or inadequate
conduct of statistical analyses. A NMA with stringent
inclusion criteria that minimized selection bias was
required to synthesize the evidence in this important
clinical area. Because it is an area of great equipoise, to
convince opponents and proponents of maximal
efforts of surgical debulking alike, estimated effects
need to report “fair” effect estimates. Making an
adjustment for publication bias using elicited views
of gynecological experts, we argue is the best approach
to achieving this.

There is limited current guidance on methods for
adjusting meta-analyses for publication bias, including
strategies for choosing an informative prior.46 Many
systematic reviewers neglect to examine or discuss
publication bias.30,47 We are unaware of any literature
on how often authors adjust for publication bias in
their primary analyses or the methods they apply
when adjustment is performed. However, the Copas
model for NMAs has been infrequently cited, and
inspection of the citations seems to indicate that
nobody has elicited the parameters for its employment
previously. More generally, elicitation within the con-
text of meta-analyses is rare, likely because of its asso-
ciated burden. Part B of our elicitation exercise, which
elicits the average magnitude of the effect in missing
studies is, to the best of our knowledge, novel. In con-
ventional use of Bayesian methods, when prior infor-
mation is scarce, it is advantageous to collaborate
closely with experts. Prior information can be obtained
systematically, and the information gathered can eas-
ily be formalized into prior distributions,48 as we
showed in our elicitation exercise. Often prior specifi-
cations should use available information because it can
be the key to answering questions about populations
that otherwise remain unanswered. The search for
prior information may be intensive and time consum-
ing, but the rewards are obvious because meta-
analyses are almost all exclusively subject to some
degree of reporting bias; therefore, we can improve
the reliability of effect estimates by adjusting for pub-
lication bias. In our case, we used expert elicitation,
but this could use some other systematic approach,
with the key message that applying some kind of sen-
sible adjustment for publication bias is better than
doing nothing in most cases. However, incorporating
prior information that disagrees with the information
contained in data can lead to spurious conclusions,
particularly if the prior is too informative. Obviously,
there is no way of knowing this when estimating pub-
lication bias a priori, but substantial gains can beT
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achieved when the inclusion of this information is
appropriate. The use of well-specified informative pri-
ors can result in improved parameter estimation,
where effect estimates will be more reliable.49

A good systematic review will eliminate some forms
of reporting biases by following good research prac-
tice, at least by conforming to PRISMA guidelines.50

However, many forms of assessment for publication
bias, such as funnel plots and formal tests of asymme-
try, as well as methods for addressing it, such as the
trim and fill method, multiple imputation, and exten-
sive searches of gray literature, are not adequate.10,51

We also showed that the sophisticated selection mod-
els used in our analyses using results from part A of
the elicitation exercise may also not have made the
kind of adjustment for publication bias that reflected
the opinions of the experts who participated. This was
because the adjustment in part A was minimal. The
novel methodology used in part B of the exercise
where a prior was formulated from the average num-
ber of missing studies with their effect sizes may offer
a simple and highly desirable approach. However, the
adjustments in part A and B do not give different
results leading to different conclusions, but Part B
seemed to adjust effect estimates that seemed to more
reflect the opinions of the experts. Consequently, there
could be more scope for the results in Parts A and B to
differ if this exercise was repeated in the future. In
either approach, it is important to specify methods a
priori as to not abuse the results by making post hoc
adjustments. If the results from the two methods do
differ in any future exercise in another research disci-
pline, researchers can use our recommended sensitiv-
ity analyses to assess the impact on their conclusions.
If there are widespread differences in results, then the
confidence in any adjustment for publication bias will
be low and it may be most appropriate to report the
unadjusted effect estimates as the primary result.

In most areas where a meta-analysis is feasible, there
will be experts in the area, so it is advisable to
approach these or organizations like we did with the
BGCS. Gynecological cancers are common in women,
but other diseases may be more rare and not have the
same kind of membership in such a society. Therefore,
attempts to invite individual experts to participate in
any elicitation exercise may be the only option.
Thought should be given as to how experts could con-
tribute to such exercises. When conducting a Bayesian
analysis, it is important to always provide the origin of
and reason behind the priors. We achieved this
through our detailed elicitation exercise and a critique
of the answers that each responder gave. We also pro-
vided the exact specifications of the priors.48 We also
strongly advise those replicating our methods toT
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conduct a series of sensitivity analyses as we did in
Parts A and B of the elicitation exercise when we
applied the results to priors. We clearly demonstrated
the impact of various priors on the posterior estimates,
ranging from noninformative to skeptical priors, to test
the robustness of the conclusions.48,52 A different
research area may differ in the impact of such a wide
range of priors, if for example, it was known evidence
would be very limited in, say, a rare disease. Setting
overly skeptical priors in this such a setting may not be
sensible, but it is important to set out these justifica-
tions a priori if adjustments for publication bias are to
have an impact. It is important to understand and
interpret any differences between analyses with differ-
ent priors.
Previous analyses2 had shown a clear survival ben-

efit of complete cytoreduction to no visible disease
after primary cytoreductive surgery in women with
advanced EOC. In a Bayesian framework, extreme
value sensitivity analyses examined the plausibility
of overturning conclusions in the base case analyses.
There seemed to be little likelihood that the existing
conclusions were not reliable. The selection model
indicates that our findings are robust to large levels
of publication bias. The elicited estimate used in Part
B of the elicitation exercise as an adjustment for pub-
lication bias was also robust to the base case results,
but seemed to be more representative of the strength of
feeling in the experts’ opinions. For example, the mean
number of missing studies estimated by experts for
comparison of RD , 1 cm versus RD 0 cm was 17.8,
corresponding to the derivation of an informative
prior (N(20.24, 0.06)). Clearly, this had some impact
on diluting the magnitude of effect to reflect the omis-
sion of unpublished studies in the base case meta-
analysis and may compute more unbiased and repre-
sentative estimates. Further research is now extremely
unlikely to change our confidence in the existing esti-
mates of effect. The estimates from the set of sensitivity
analyses from the Copas selection model did not have
the same desired impact. However, we believe the
framework applied as an extension to NMA by incor-
porating multiarm studies was unique and will be of
use in other settings.
Evidence from the literature is not the sole determin-

ing factor for clinical decision making. Clinicians also
have a preference for 'consensus-based decision mak-
ing.' This is often through relatively informal sources,
such as conversations with clinical colleagues and fel-
low academic experts. Discussing and trading perspec-
tives can be invaluable in gathering information to
form judgments.53,54 Empirical evidence that incorpo-
rates expert elicitation in areas of uncertainty may be
of paramount importance to the development of

clinical guidelines, enabling the disadvantages of con-
temporary statistical methodologies to be combined
with previously implicit expert consensus. This NMA
represents a major update and extension to previous
analyses. The NMA adjusted for publication bias using
elicited information on the three main comparisons of
RD (namely, macroscopic RD to 0 cm, RD , 1 cm, and
RD . 1 cm). The sensitivity analyses that use prior
information and incorporate this into the effect esti-
mates may help to remove any potential skepticism
in the previous findings. The overall certainty of the
evidence remains moderate despite a dilution of effect
estimates in comparisons involving RD 0 cm. We
believe our analyses, which have used advanced sta-
tistical methodology and expert opinion, offer the best
and most comprehensive currently available evidence
base to emphasize the reward for making every effort
to perform aggressive surgery in women with
advanced EOC, if at all feasible. Our findings should
inform clinical guidelines and assist the shared
decision-making process between patients, carers,
and clinicians in routine practice on selecting the most
appropriate choice of primary surgical approach for
women with advanced EOC. if at all feasible. This
work represents the best available evidence at this
time.

Our analyses are also easily replicated in different
oncology areas and other diseases. Although various
different options for priors are available with various
statistical approaches, we strongly recommend apply-
ing our methodology. Part B particularly is a very sim-
ple but highly effective and desirable approach and the
use of incorporating the representative views of
experts in their field, results will also be highly rele-
vant, and most importantly, effect estimates should be
reliable. Although it is important to test the robustness
of the conclusions across all the specified sensitivity
analyses, we intentionally used a more complicated
exemplar as in practice most reviewers following the
methods will be able to apply to more routine meta-
analyses. In many cases, this will probably involve just
two arm studies and potentially in just two compari-
son interventions. Previous experience with very
straightforward exemplars then encountering difficul-
ties when applying to real life data can be very demo-
tivating, so we were conscious to ensure our methods
can be repeated in almost all settings. To adopt the
methods in Part B of the elicitation exercise, it merely
requires a reliable survival estimate, for example, 5-
year survival then follow the steps outlined in the
paper. The number of experts required for the elicita-
tion exercise and how many experts would constitute a
representative number and the resources available to
the research team.
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Appendix 10: Statistical code used in the main Bayesian NMAs 

R code for Part A in the sixth publication in Appendix 9 

library(R2OpenBUGS) 

copas model                  <- "model{ 

  for (j in 1:D) { 

    lower[j]                  ~ dunif(l1[j], l2[j]) 

    upper[j]                  ~ dunif(u1[j], u2[j]) 

  } 

  for (i in 1:16) { 

    S[i]                     <- (s[2*i - 1] + s[2*i])/2 

  } 

  for (i in 17:18) { 

    S[i]                     <- (s[42 + 3*(i - 16) - 2] + s[42 + 3*(i - 16) - 1] + s[42 + 3*(i - 16)])/3 

  } 

  smin[1]                    <- 0.122 

  smax[1]                    <- 0.306 

  smin[2]                    <- 0.122 

  smax[2]                    <- 0.306 

  smin[3]                    <- 0.1 

  smax[3]                    <- 0.25
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  smin[4]                    <- 0.1 

  smax[4]                    <- 0.25 

  smin[5]                    <- 0.1 

  smax[5]                    <- 0.25 

  smin[6]                    <- 0.1 

  smax[6]                    <- 0.25 

  smin[7]                    <- 0.141 

  smax[7]                    <- 0.354 

  smin[8]                    <- 0.141 

  smax[8]                    <- 0.354 

  for (j in 1:D) { 

    gu[j]                    <- upper[j] - 0.5 

    gl[j]                    <- lower[j] - 0.5 

    invNCDFU[j]              <- 5.531*(pow(upper[j]/(1 - upper[j]), 0.1193) - 1)*step(-gu[j]) - 5.531*(pow((1 

- upper[j])/upper[j], 0.1193) - 1)*step(gu[j]) 

    invNCDFL[j]              <- 5.531*(pow(lower[j]/(1 - lower[j]), 0.1193) - 1)*step(-gl[j]) - 5.531*(pow((1 - 

lower[j])/lower[j], 0.1193) - 1)*step(gl[j]) 

    beta[j]                  <- (invNCDFL[j] - invNCDFU[j])/(1/smax[j] - 1/smin[j]) 

    alpha[j]                 <- invNCDFU[j] - beta[j]/smin[j] 

  } 

  for (i in 1:16) {
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    u[2*i - 1]               <- alpha[des[2*i - 1]] + beta[des[2*i - 1]]/S[i] 

    u[2*i]                   <- u[2*i - 1] 

    z[2*i - 1]                ~ dnorm(u[2*i - 1], 1)T(0, ) 

    z[2*i]                   <- z[2*i - 1] 

    y[2*i - 1]                ~ dnorm(my[2*i - 1], w[2*i - 1]) 

    y[2*i]                    ~ dnorm(my[2*i], w[2*i]) 

    my[2*i - 1]              <- mu[2*i - 1] + R[2*i - 1] 

    my[2*i]                  <- mu[2*i] + R[2*i] 

    R[2*i - 1]               <- rho[des[2*i - 1]]*s[2*i - 1]*(z[2*i - 1] - u[2*i - 1]) 

    R[2*i]                   <- rho[des[2*i]]*s[2*i]*(z[2*i] - u[2*i]) + (c3[2*i] - rho[des[2*i - 1]]*s[2*i - 

1]*rho[des[2*i]]*s[2*i])*(y[2*i - 1] - mu[2*i - 1])/(pow(s[2*i - 1], 2)*(1 - pow(rho[des[2*i - 1]], 2))) 

    vy[2*i - 1]              <- pow(s[2*i - 1], 2)*(1 - pow(rho[des[2*i - 1]], 2)) 

    vy[2*i]                  <- pow(s[2*i], 2)*(1 - pow(rho[des[2*i]], 2)) - (c3[2*i] - rho[des[2*i - 1]]*s[2*i - 

1]*rho[des[2*i]]*s[2*i])*(c3[2*i] - rho[des[2*i - 1]]*s[2*i - 1]*rho[des[2*i]]*s[2*i])/(pow(s[2*i - 1], 

2)*(1 - pow(rho[des[2*i - 1]], 2))) 

    prob.pub[2*i - 1]        <- phi(u[2*i - 1]) 

    pub.stud[2*i - 1]        <- 1/prob.pub[2*i - 1] 

    prob.pub[2*i]            <- 0 

    pub.stud[2*i]            <- 0 

  } 

  for (i in 1:2) {
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    u[42 + 3*i - 2]          <- alpha[des[42 + 3*i - 2]] + beta[des[42 + 3*i - 2]]/S[6 + i] 

    u[42 + 3*i - 1]          <- u[42 + 3*i - 2] 

    u[42 + 3*i]              <- u[42 + 3*i - 2] 

    z[42 + 3*i - 2]           ~ dnorm(u[42 + 3*i - 2], 1)T(0, ) 

    z[42 + 3*i - 1]          <- z[42 + 3*i - 2] 

    z[42 + 3*i]              <- z[42 + 3*i - 2] 

    y[42 + 3*i - 2]           ~ dnorm(my[42 + 3*i - 2], w[42 + 3*i - 2]) 

    y[42 + 3*i - 1]           ~ dnorm(my[42 + 3*i - 1], w[42 + 3*i - 1]) 

    y[42 + 3*i]               ~ dnorm(my[42 + 3*i], w[42 + 3*i]) 

    my[42 + 3*i - 2]         <- mu[42 + 3*i - 2] + R[42 + 3*i - 2] 

    my[42 + 3*i - 1]         <- mu[42 + 3*i - 1] + R[42 + 3*i - 1] 

    my[42 + 3*i]             <- mu[42 + 3*i] + R[42 + 3*i] 

    R1[i]                    <- rho[des[42 + 3*i - 2]]*s[42 + 3*i - 2]*(z[42 + 3*i - 2] - u[42 + 3*i - 2]) 

    R2[i]                    <- rho[des[42 + 3*i - 1]]*s[42 + 3*i - 1]*(z[42 + 3*i - 1] - u[42 + 3*i - 1]) 

    R3[i]                    <- rho[des[42 + 3*i]]*s[42 + 3*i]*(z[42 + 3*i] - u[42 + 3*i]) 

    Sigma11[i]               <- pow(s[42 + 3*i - 2], 2)*(1 - pow(rho[des[42 + 3*i - 2]], 2)) 

    Sigma22[i]               <- pow(s[42 + 3*i - 1], 2)*(1 - pow(rho[des[42 + 3*i - 1]], 2)) 

    Sigma33[i]               <- pow(s[42 + 3*i], 2)*(1 - pow(rho[des[42 + 3*i]], 2)) 

    Sigma12[i]               <- c4[3*i - 2] - rho[des[42 + 3*i - 2]]*s[42 + 3*i - 2]*rho[des[42 + 3*i - 1]]*s[42 + 

3*i - 1]
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    Sigma21[i]               <- Sigma12[i] 

    Sigma13[i]               <- c4[3*i - 1] - rho[des[42 + 3*i - 2]]*s[42 + 3*i - 2]*rho[des[42 + 3*i]]*s[42 + 

3*i] 

    Sigma31[i]               <- Sigma13[i] 

    Sigma23[i]               <- c4[3*i] - rho[des[42 + 3*i - 1]]*s[42 + 3*i - 1]*rho[des[42 + 3*i]]*s[42 + 3*i] 

    Sigma32[i]               <- Sigma23[i] 

    mu21[i]                  <- R2[i] + Sigma21[i]*(y[42 + 3*i - 2] - mu[42 + 3*i - 2])/Sigma11[i] 

    mu22[i]                  <- R3[i] + Sigma13[i]*(y[42 + 3*i - 2] - mu[42 + 3*i - 2])/Sigma11[i] 

    Omega11[i]               <- Sigma22[i] - Sigma21[i]*Sigma12[i]/Sigma11[i] 

    Omega22[i]               <- Sigma33[i] - Sigma31[i]*Sigma13[i]/Sigma11[i] 

    Omega12[i]               <- Sigma23[i] - Sigma21[i]*Sigma13[i]/Sigma11[i] 

    Omega21[i]               <- Omega12[i] 

    R[42 + 3*i - 2]          <- R1[i] 

    R[42 + 3*i - 1]          <- mu21[i] 

    R[42 + 3*i]              <- mu22[i] + Omega21[i]*(y[42 + 3*i - 1] - mu[42 + 3*i - 1])/Omega11[i] 

    vy[42 + 3*i - 2]         <- Sigma11[i] 

    vy[42 + 3*i - 1]         <- Omega11[i] 

    vy[42 + 3*i]             <- Omega22[i] - Omega12[i]*Omega21[i]/Omega11[i] 

    prob.pub[42 + 3*i - 2]   <- phi(u[42 + 3*i - 2]) 

    pub.stud[42 + 3*i - 2]   <- 1/prob.pub[42 + 3*i - 2]
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    prob.pub[42 + 3*i - 1]   <- 0 

    pub.stud[42 + 3*i - 1]   <- 0 

    prob.pub[42 + 3*i]       <- 0 

    pub.stud[42 + 3*i]       <- 0 

  } 

  for (i in 1:32) { 

    w[i]                     <- 1/vy[i] 

    mu[i]                     ~ dnorm(mean[i], prec) 

    mean[i]                  <- d[t[i]] - d[b[i]] 

  } 

  for (i in 33:42)  { 

    u[i]                     <- alpha[des[i]] + beta[des[i]]/s[i] 

    z[i]                      ~ dnorm(u[i], 1)T(0,) 

    y[i]                      ~ dnorm(my[i], w[i]) 

    R[i]                     <- rho[des[i]]*s[i]*(z[i] - u[i]) 

    my[i]                    <- mu[i] + R[i] 

    vy[i]                    <- pow(s[i], 2)*(1 - pow(rho[des[i]], 2)) 

    w[i]                     <- 1/vy[i] 

    mu[i]                     ~ dnorm(mean[i], prec) 

    mean[i]                  <- d[t[i]] - d[b[i]]
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    prob.pub[i]              <- phi(u[i]) 

    pub.stud[i]              <- 1/prob.pub[i] 

  } 

  for (i in 43:N) { 

    w[i]                     <- 1/vy[i] 

    mu[i]                     ~ dnorm(mean[i], prec) 

    mean[i]                  <- d[t[i]] - d[b[i]] 

  } 

  tot.pub[1]                 <- sum(pub.stud[1:30]) 

  tot.pub[2]                 <- sum(pub.stud[31:32]) 

  tot.pub[3]                 <- sum(pub.stud[33:34]) 

  tot.pub[4]                 <- sum(pub.stud[35:38]) 

  tot.pub[5]                 <- sum(pub.stud[39:40]) 

  tot.pub[6]                 <- sum(pub.stud[41:42]) 

  tot.pub[7]                 <- sum(pub.stud[43:45]) 

  tot.pub[8]                 <- sum(pub.stud[46:48]) 

  d[1]                       <- 0 

  for (k in 2:NT) { 

    d[k]                      ~ dnorm(0, .0001) 

  }
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  prec                       <- 1/pow(tau, 2) 

  tau                         ~ dnorm(0, 0.01)I(0, ) 

  for (j in 1:D) { 

    rho1[j]                   ~ dunif(0, 2) 

    rho[j]                   <- rho1[j] - 1 

  } 

  for (i in 1:N) { 

    DD[i]                    <- w[i]*(y[i] - my[i])*(y[i] - my[i]) 

  } 

  D.bar                      <- sum(DD[]) 

  for (k in 1:NT) { 

    order[k]                 <- rank(d[], k) 

    most.effective[k]        <- equals(order[k], 1) 

    for (j in 1:NT) { 

      effectiveness[k, j]    <- equals(order[k], j) 

    } 

  } 

  for (k in 1:NT) { 

    for (j in 1:NT) { 

      cumeffectiveness[k, j] <- sum(effectiveness[k, 1:j])
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    } 

  } 

  for (k in 1:NT) { 

    SUCRA[k]                 <- sum(cumeffectiveness[k, 1:(NT - 1)])/(NT - 1) 

  } 

}" 

fileConn                     <- file("copas_output.txt") 

writeLines(copas_model, fileConn) 

close(fileConn) 

file.show("copas_output.txt") 

# Example 1, run without adjustment 

data                         <- 

  list(l1   = c(0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999), 

       l2   = c(0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999), 

       u1   = c(0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999), 

       u2   = c(0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999, 0.9999), 

       N    = 48, 

       D    = 8, 

       NT   = 9, 

       c4   = c(0.025, 0.025, 0.025, 0.025, 0.025, 0.025, 0.025, 0.025, 0.025,
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                0.025, 0.025, 0.025), 

       c3   = c(0.025, 0.025, 0.025, 0.025, 0.0025, 0.0025, 0.025, 0.025, 0.025, 

                0.025, 0.025, 0.025, 0.025, 0.025, 0.0025, 0.0025, 0.025, 0.025, 

                0.025, 0.025, 0.025, 0.025, 0.0025, 0.0025, 0.0025, 0.0025, 

                0.0025, 0.0025, 0.0025, 0.0025, 0.025, 0.025), 

       y    = c(0.843, 1.093, 0.726, 1.308, 0.75, 0.904, 0.628, 0.754, 0.8087, 

                1.5063, 0.7975, 1.1756, 0.809, 1.1282, 0.84, 1.03, 0.342, 

                0.6235, 0.408, 0.788, 1.02, 1.08, 0.38, 0.541, 0.671, 1.012, 

                0.83, 0.9343, 0.31, 0.56, 0.5277, 0.6956, 1.008, 1.17, 0.3646, 

                1.082, 0.611, 0.775, 0.514, 0.26, 0.8566, 0.16, 1.123, 1.3745, 

                2.109, 0.66, 0.603, 1), 

       s    = c(0.38, 0.276, 0.263, 0.25, 0.09, 0.086, 0.2211, 0.214, 0.213, 

                0.2218, 0.293, 0.2723, 0.298, 0.2757, 0.06, 0.06, 0.31, 0.292, 

                0.201, 0.244, 0.32, 0.32, 0.09, 0.09, 0.1176, 0.161, 0.251, 

                0.25, 0.0985, 0.121, 0.219, 0.204, 0.1657, 0.345, 0.186, 0.234, 

                0.1761, 0.344, 0.248, 0.131, 0.2, 0.122, 0.4959, 0.557, 0.573, 

                0.257, 0.242, 0.254), 

       b    = c(1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

                1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 1, 1, 1, 1, 1, 1, 2, 2, 5, 5, 

                1, 1, 1, 1, 1, 1),
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       t    = c(2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 6, 2, 

                6, 2, 6, 2, 6, 2, 6, 2, 6, 4, 7, 2, 2, 3, 3, 3, 3, 6, 6, 7, 7, 

                2, 4, 7, 2, 8, 9), 

       des  = c(1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

                1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 3, 3, 4, 4, 4, 4, 5, 5, 6, 6, 

                7, 7, 7, 8, 8, 8), 

       rho1 = c(1.1, 1.1, 1.1, 1.1, 1.1, 1.1, 1.1, 1.1)) 

no adjustment                <- bugs(data, 

                                     model.file         = "copas_output.txt", 

                                     inits              = NULL, 

                                     parameters.to.save = 

                                       c("d", "SUCRA", "most.effective", 

                                         "order"), 

                                     n.chains           = 2, 

                                     n.iter             = 100000, 

                                     n.burnin           = 50000) 

print(no_adjustment, digits.summary = 3) 

# Example 2, run with adjustment 

data$l1                      <- c(0.3, 0.3, 0.3, 0.2, 0.3, 0.2, 0.2, 0.1) 

data$l2                      <- c(0.8, 0.8, 0.9, 0.75, 0.8, 0.8, 0.9, 0.75)
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data$u1                      <- c(0.9, 0.9, 0.9, 0.3, 0.9, 0.7, 0.75, 0.15) 

data$u2                      <- c(1, 1, 1, 0.8, 1, 0.99, 0.99, 0.8) 

with_adjustment              <- bugs(data, 

                                     model.file         = "copas_output.txt", 

                                     inits              = NULL, 

                                     parameters.to.save = 

                                       c("d", "SUCRA", "most.effective", 

                                         "order"), 

                                     n.chains           = 2, 

                                     n.iter             = 100000, 

                                     n.burnin           = 50000) 

print(with_adjustment, digits.summary = 3) 

 

WINBUGS code for Part B in the sixth publication in Appendix 9 

model    {                           

for(i in 1:ns2) 

 {               

    y[i,2] ~ dnorm(delta[i,2],prec[i,2])  

    resdev[i] <- (y[i,2]-delta[i,2])*(y[i,2]-delta[i,2])*prec[i,2] 

  } 

for(i in (ns2+1):(ns2+ns3)) 

 {       
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    for (k in 1:(na[i]-1))  

{    

        for (j in 1:(na[i]-1))  

{ 

            Sigma[i,j,k] <- V[i]*(1-equals(j,k)) + var[i,k+1]*equals(j,k) 

          } 

      } 

Omega[i,1:(na[i]-1),1:(na[i]-1)] <- inverse(Sigma[i,,])  

y[i,2:na[i]] ~ dmnorm(delta[i,2:na[i]],Omega[i,1:(na[i]-1),1:(na[i]-1)])  

for (k in 1:(na[i]-1)){  # multiply vector & matrix 

        ydiff[i,k]<- y[i,(k+1)] - delta[i,(k+1)] 

        z[i,k]<- inprod(Omega[i,k, 1:(na[i]-1)], ydiff[i,1:(na[i]-1)]) 

    } 

    resdev[i]<- inprod(ydiff[i,1:(na[i]-1)], z[i,1:(na[i]-1)]) 

} 

for(i in (ns2+ns3+1):(ns2+ns3+ns4))  

{ 

for (k in 1:(na[i]-1)) {  

for (j in 1:(na[i]-1)) { Sigma2[i,j,k] <- V[i]*(1-equals(j,k)) + var[i,k+1]*equals(j,k) } 

} 

Omega2[i,1:(na[i]-1),1:(na[i]-1)] <- inverse(Sigma2[i,,]) #Precision matrix 

# multivariate normal likelihood for 4-arm trials 

y[i,2:na[i]] ~ dmnorm(delta[i,2:na[i]],Omega2[i,1:(na[i]-1),1:(na[i]-1)]) 

#Deviance contribution for trial i 

    for (k in 1:(na[i]-1)){  # multiply vector & matrix 

        ydiff[i,k]<- y[i,(k+1)] - delta[i,(k+1)]
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   z[i,k]<- inprod(Omega2[i,k, 1:(na[i]-1)], ydiff[i,1:(na[i]-1)]) 

  } 

    resdev[i]<- inprod(ydiff[i,1:(na[i]-1)], z[i,1:(na[i]-1)]) 

  } 

for(i in 1:(ns2+ns3+ns4)){ 

 #   LOOP THROUGH ALL STUDIES 

    w[i,1] <- 0    # adjustment for multi-arm trials is zero for control arm 

# deltas are the trial specific shrunken relative effect estimates, relative to treatment 1 in that trial 

    delta[i,1] <- 0       

    for (k in 2:na[i]) {             #  LOOP THROUGH ARMS 

   var[i,k] <- pow(se[i,k],2)   # calculate variances 

   prec[i,k] <- 1/var[i,k]      # set precisions 

 } 

    for (k in 2:na[i]) {             # LOOP THROUGH ARMS 

# trial-specific LOR distributions 

        delta[i,k] ~ dnorm(md[i,k],taud[i,k]) 

# mean of random effects distributions, with multi-arm trial correction 

        md[i,k] <-  d[t[i,k]] - d[t[i,1]] + sw[i,k] 

# precision of random effects distributions (with multi-arm trial correction) 

   taud[i,k] <- tau *2*(k-1)/k 

# adjustment, multi-arm RCTs 

        w[i,k] <- (delta[i,k] - d[t[i,k]] + d[t[i,1]]) 

# cumulative adjustment for multi-arm trials 

   sw[i,k] <- sum(w[i,1:k-1])/(k-1) 

 } 

  } 



620 
 

totresdev <- sum(resdev[])            #Total Residual Deviance 

d[1]<-0       # treatment effect is zero for reference treatment 

# vague priors for treatment effects 

for (k in 2:nt){  d[k] ~ dnorm(0,.0001) } 

sd ~ dunif(0,5)     # vague prior for between-trial SD 

tau <- pow(sd,-2)   # between-trial precision = (1/between-trial variance)      

# ranking on relative scale 

for (k in 1:nt) { 

# rk[k] <- nt+1-rank(d[],k)  # assumes events are “good” so don't need this since death is bad! 

rk[k] <- rank(d[],k) # assumes events are “bad”  

best[k] <- equals(rk[k],1) #calculate probability that treat k is best 

for (j in 1:nt) { 

effectiveness[k,j] <- equals(rk[k],j ) 

} 

} 

for (k in 1:nt) { 

for (j in 1:nt) { 

cumeffectiveness[k,j] <- sum(effectiveness[k, 1:j]) 

} 

} 

# SUCRAS 

for (k in 1:nt) { 

SUCRA[k] <- sum(cumeffectiveness[k,1:(nt-1)])/(nt-1) 

} 

} 

                                       # *** PROGRAM ENDS                                                                              
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Data  

# NOTE place multi-arm trials at end 

# ns2= number of studies with two arms; 

# ns3= number of studies with three arms; 

# ns4= number of studies with three arms; 

# nt=number of treatments; V=variance of baseline arm 

#Random number seed set as 23 

list(ns2=10, ns3=16, ns4=2, nt=9)    

t[,1] t[,2] t[,3] t[,4] y[,2] y[,3] y[,4] se[,2] se[,3] se[,4] na[] V[]

 #study 

1 2 NA NA 1.008 NA NA 0.1657 NA NA 2 NA

 #Bristow 2011 

1 2 NA NA 1.17 NA NA 0.345 NA NA 2 NA

 #Cuylan 2018 

1 3 NA NA 0.3646 NA NA 0.186 NA NA 2 NA

 #Polterauer 2012 

1 3 NA NA 1.082 NA NA 0.234 NA NA 2 NA

 #Hofstetter 2013 

1 3 NA NA 0.775 NA NA 0.344 NA NA 2 NA

 #Luger 2020 

2 6 NA NA 0.514 NA NA 0.248 NA NA 2 NA

 #Chan 2003 

2 6 NA NA 0.26 NA NA 0.131  NA NA 2 NA

 #Winter 2008b 

5 7 NA NA 0.8566 NA NA 0.2 NA NA 2 NA

 #Akahira 2001



622 
 

5 7 NA NA 0.16 NA NA 0.122 NA NA 2 NA

 #Winter 2008c 

1 3 NA NA 0.611 NA NA 0.1761 NA NA 2 NA

 #Feng 2016 

1 2 6 NA 0.7975 1.1756 NA 0.293 0.2723 NA 3 0.025

 #Chang 2012a 

1 2 6 NA 0.342 0.6235 NA 0.31 0.292 NA 3 0.025

 #Teweri 2016 

1 2 6 NA 0.809 1.1282 NA 0.298 0.2757 NA 3 0.025

 #Chang 2012b 

1 2 6 NA 0.8087 1.5063 NA 0.213 0.2218 NA 3 0.025

 #Langstraat 2011 

1 2 6 NA 0.75 0.904 NA 0.09 0.086 NA 3 0.0025

 #Winter 2007 

1 2 6 NA 0.726 1.308 NA 0.263 0.25 NA 3 0.025

 #Chi 2006 

1 2 6 NA 0.843 1.093 NA 0.38 0.276 NA 3 0.025

 #Eisenkop 2003 

1 2 6 NA 0.628 0.754 NA 0.2211 0.214 NA 3 0.025

 #Wimberger 2010 

1 2 6 NA 0.31 0.56 NA 0.0985 0.121 NA 3 0.0025

 #Tseng 2018 

2 1 6 NA -0.84 0.19 NA 0.06 0.05 NA 3 0.0025

 #Klar 2016 

2 4 7 NA 0.5277 0.6956 NA 0.219 0.204 NA 3 0.025

 #Chi 2001
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6 1 2 NA -1.08 -0.06 NA 0.32 0.319 NA 3 0.025

#Melamed 2017a 

6 1 2 NA -0.541 -0.161 NA 0.09 0.089 NA 3 0.0025

#Melamed 2017b 

1 2 6 NA 0.671 1.012 NA 0.1176 0.161 NA 3 0.0025

#Kahl 2017 

1 2 6 NA 0.83 0.9343 NA 0.251 0.25 NA 3 0.0025

#Paik 2018 

1 2 6 NA 0.408 .788 NA 0.201 0.244 NA 3 0.025

#Ataseven 2016 

1 2 4 7 1.123 1.3745 2.109 0.4959 0.557 0.573 4 0.025

#Aletti 2006 

1 2 8 9 0.66 0.603 1.0 0.257 0.242 0.254 4 0.025

#Winter 2008a  

END 

# Initial Values  

# gen inits in spec tool 

# Chain 1 

list( 

d = c( 

       NA,0.6221196725728642,0.6217862538578188,1.132124042164687,0.3508124329078437, 

0.871384198107111,0.8635260370246234,-0.06836681013117955,1.000705385618646), 

delta = structure(.Data = c( 

       NA,0.6572202035556228,     NA,     NA,            NA, 

0.9111159558190508,            NA,    NA,     NA,0.2453654603951218, 

   NA,            NA,    NA,0.9121447307193166,  NA,
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            NA,            NA,0.8664151728256154,            NA,            NA, 

            NA,0.3845618162421535,            NA,            NA,            NA, 

0.2678924686248531,            NA,            NA,            NA,0.8067949536357871, 

            NA,            NA,            NA,0.2417366400784014,            NA, 

            NA,            NA,0.737628767617755,            NA,            NA, 

            NA,0.6240906410704821,0.9459147850346625,            NA,            NA, 

0.1523032154912328,0.6030525757109958,            NA,            NA,0.72106528425035, 

0.8972878490586746,            NA,            NA,0.7077587335156812,1.351749222190123, 

            NA,            NA,0.7444983891512498,0.8396749458097386,            NA, 

            NA,0.7463008300559638,0.7699948308659057,            NA,            NA, 

0.7194766203051981,1.040586673341126,            NA,            NA,0.7637831028573335, 

0.6636300681033304,            NA,            NA,0.1705085388301971,0.5459136879426828, 

            NA,            NA,-0.9287999902253876,0.1545680057900695,            NA, 

            NA,0.8242467615090538,0.6707316709170086,            NA,            NA, 

-0.9261539918760694,-0.5038783916995591,            NA,            NA,-0.5973681213932421, 

-0.07035336781371966,            NA,            NA,0.5744996715226977,1.024904971097157, 

            NA,            NA,0.5671161751225009,0.8328141804101244,            NA, 

            NA,0.6460649095845794,0.8738248074406967,            NA,            NA, 

0.8123456522504535,1.292058189479752,1.203635273189171,            NA,0.4764014363658424, 

0.1533608984182706,0.9594703190026386), 

.Dim = c(28,4)), 

sd = 0.1717450535063422) 

 

# Chain 2 

list( 

d = c(
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       NA,0.8835612106907204,0.5948172151101957,1.28042959917834,0.4440856138637916, 

1.066200324515274,1.248420019306943,0.5032386249995585,0.8189973081099853), 

delta = structure(.Data = c( 

   NA,1.057821718415797,    NA,     NA,            NA, 

1.271677841968639,    NA,            NA,            NA,0.3885557809363049, 

   NA,  NA,            NA,0.9454627467985199,            NA, 

   NA,  NA,0.2231899065175175,     NA,   NA, 

   NA,0.1871983942059395,     NA,     NA,   NA, 

0.3394483527579222,    NA,            NA,            NA,0.7263844616216729, 

   NA,  NA,            NA,0.2707040559635077,            NA, 

   NA,  NA,0.6786064143556662,     NA,            NA, 

   NA,1.04195166634256,1.330339586060714,    NA,            NA, 

0.7623242013186953,1.073898462707973,     NA,            NA,0.9222100327458661, 

0.7840620937007673,    NA,            NA,0.87446626571409,1.327023226150742, 

   NA,  NA,0.8275415226021652,1.014137477556607,     NA, 

   NA,1.007241390308154,1.375196830234182,       NA,     NA, 

1.090561452490763,1.098985240086203,     NA,            NA,0.8196921658102825, 

0.9557430166168031,    NA,            NA,0.3520079555453237,0.5395997813127018, 

   NA,  NA,-0.8037906742852767,0.2274253526132164,    NA, 

   NA,0.7372908760911715,0.633071666367231,   NA,     NA, 

-0.9766512192614173,0.20619185507668,            NA,        NA,-0.5387707083078694, 

-0.2376914634521927,            NA,            NA,0.6958481745168091,0.9488124149242627, 

   NA,            NA,0.8053695451808027,0.8161425379464685,    NA, 

       NA,0.5176747004257884,0.7948189635126102,            NA,         NA, 

1.200952374948967,1.399522354173569,1.528046753609429,        NA,0.9545232159619261, 

0.7892853279554364,1.185235980497421),
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.Dim = c(28,4)), 

sd = 0.2160709386888112) 
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