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Abstract

Introduction: Cystic fibrosis (CF) is the most common fatal genetic autosomal recessive
disease in Caucasians. Although CF is a multisystem disorder, its respiratory complications
account for the majority of morbidity and mortality. The management of lung disease in CF
has developed over the years. As people with CF grow older, the amount of treatment
required usually increases, and treatment burden is a major issue. Airway clearance
techniques (ACTs) and nebulised mucolytics, which play a vital role in CF management, are
known to be associated with the highest burden among the different treatments. The
introduction of elexacaftor-tezacaftor-ivacaftor (ETI) treatment has likely led to a change in
treatment needs. In addition, despite the improvement in respiratory symptoms associated
with ETI, pulmonary exacerbation (PEx) remains important clinically. However, there is a lack
of consensus on definitions of PEx.

Aims and methods: To understand the changes in treatment burden after ETI, a semi-
structured qualitative interview with children, their families, and healthcare professionals
were conducted to explore their opinions and attitudes toward ACTs and mucolytic nebulisers.
In addition, a retrospective analysis of the data from Great North Children's Hospital (GNCH)
was performed to analyse the change in physiotherapy treatment and other clinical outcomes
after one year of ETI. Finally, to investigate the definitions reported for PEx, a scoping review
of the literature were performed.

Results: Quality of life, simplifying treatment — hopes and fears, and 'Kaftrio is a game-
changer" were three themes developed from the interviews which capture participants'
experiences. From the retrospective study, a statistically significant decline in the use of ACTs
and nebulised mucolytics and an improvement in exercise capacity were found. In addition,
lung function and weight showed a statistically significant improvement. From the scoping
review analyses, two themes were developed which highlight the PEx definitions reported in
the literature. The first theme is objective — based on criteria, and the second theme is
subjective- based on the clinician's judgment.

Conclusion: These findings provide a comprehensive understanding of the changes after ETI
in physiotherapy treatment, including ACTs, nebulised mucolytics, and exercise using
multimethod designs. In addition, the scoping review findings highlighted the heterogeneity
in definitions reported in the literature and helped understand the components used to define

them.
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COVID-19 statement.

| started my PhD program six months before the pandemic, which impacted my original aims

and objectives. Originally, my objectives were as follows:

1. Complete a scoping review of the definitions of a ‘pulmonary exacerbation’ in people

with CF used in the scientific literature

2. To develop a standardised definition of pulmonary exacerbation in relevant age groups

for use in future clinical research and practice

3. To investigate the feasibility of MR ventilation imaging in young people (adolescents)

with CF in Newcastle for research use

4, To describe MR ventilation properties (percentage lung ventilated volume, spatial

distribution of ventilation defects) in a selected sample of young people with cystic fibrosis

5. To generate pilot data to investigate the effect of airway clearance techniques on MR
ventilation findings in young people with CF (measuring the change in lung ventilated volume

and distribution of ventilation defects following airway clearance techniques).

Despite the restriction of COVID-19, | was able to continue working on the scoping review and,
at the same time, preparing the protocol and other documents to apply for ethical approval
for the MRI study. Unfortunately, after the third lockdown, which was announced in January
2021 (my 2nd year), and constraints on clinical research and uncertainty of the upcoming
lockdowns, | decided to change the project to something deliverable despite COVID-19 and
the associated uncertainties about the future impact of COVID-19. With help and guidance
from my supervisor, | changed it to the current aim, and | started again preparing the second

protocol and other relevant documents for ethical approval.

The scoping review objective was planned to be followed by a collaboration with the European
Cystic Fibrosis Society- pulmonary exacerbation group (ECFS) to develop definitions using a
Delphi survey targeting practitioners, patients, and families. Again, due to COVID-19 and the
changes accompanying the introduction of elexacaftor-tezacaftor-ivacaftor, ECFS’s priorities

changed at that moment, and they decided to postpone this work.
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Chapter 1.

Introduction




1.1 Overview

This chapter lays the necessary foundation for this thesis as a whole. It starts with a review of
the literature and then highlights the gaps in the existing literature. Following this, the aims
and objectives of this thesis are stated. Finally, the structure of the thesis is outlined, providing

a brief overview of each of the following chapters.

1.2 What is cystic fibrosis?

Cystic fibrosis (CF) is an autosomal, recessive, genetic disease affecting multiple body systems
(Shteinberg, Haq, Polineni and Davies, 2021). CF is most common in Caucasian populations,
although it affects all races and ethnicities. It is the most common fatal, genetic, autosomal,
recessive disease in Caucasians (Scotet, L'Hostis and Férec, 2020). The precise number of
people with CF (pwCF) worldwide is unknown. In the UK, CF affects almost 11,000 people, and
1out of 25is a carrier for a cystic fibrosis transmembrane conductance regulator (CFTR) variant
(Cystic Fibrosis Trust, 2023b; European Cystic Fibrosis Society, 2021). Major improvements in
therapeutic development, advances in care, and early diagnosis have significantly altered the
life expectancy of pwCF. As a result, previously, CF was a childhood disease, but the latest
registry data shows that 54% of pwCF in Europe are adults (European Cystic Fibrosis Society,
2021). In particular, the predicted median survival age in the UK has increased to 56.1 years
versus 43.5 years in 2011 (Cystic Fibrosis Trust, 2023a). According to a recent study, it is
expected that the median survival for pwCF treated with elexacaftor-tezacaftor-ivacaftor (ETI)
will increase to 71.6 years; while for those who initiated ETI between the ages of 12 and 17

the projected median survival rate is estimated to reach 82.5 years (Lopez et al., 2023).

1.3 The basic defect in cystic fibrosis — genetics and pathophysiology

CF is caused by a variant in the CFTR gene located on chromosome 7. This gene is responsible
for encoding the CFTR protein, which is expressed by epithelial cells in several organs (Haq et
al., 2022; Zielenski et al., 1991). Therefore, a variant in this gene will affect multiple organ
systems such as the sweat gland, respiratory, pancreas, and reproductive systems. The CFTR
protein functions as an ion channel for chloride (Cl") and bicarbonate that controls water

secretion and absorption at the apical surface of epithelial cells. CFTR variants will cause a
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dysfunction in this ion transportation. This movement is essential to maintain water
homeostasis and preserve the normal viscosity of mucus (Haqg et al., 2022; Sheppard and
Welsh, 1999). In the lung, the disrupted ion movement affects the homeostasis of airway
surface liquid (ASL), which is essential to support ciliary stability and functioning. The
consequence is a thick, mucopurulent mucus and decreased mucociliary transport, resulting
in infection and inflammation (Button et al., 2012; Shteinberg, Haqg, Polineni and Davies,

2021).

While a relatively short list of well-defined CFTR variants are known to cause CF disease, more
than 2,000 variants have been identified (‘Clinical and Functional Translation of CFTR,' 2023).
Individuals with CF can have different CFTR variants on each allele, resulting in thousands of
potential CFTR genotype combinations. Most recognised variants fall under the six classes
categorised based on their cellular phenotype, as described in Table 1 and Figure 1 (Haq et

al., 2022).

Table 1. Classes of CFTR disease-causing variants.

Variant class | Description of defect Examples
Class | Characterised by nonsense, frameshift or abnormal | G542X
splicing of mRNA which leads to no protein synthesis. | W1282X
R553X
Class Il Characterised by folding or maturation defects | F508del
resulting in a near-absence of mature CFTR protein at | N1303K
the apical cell membrane. I1507del
Class Il Affects the Cl channel gating/regulation as a result of | G551D,
ineffectual binding of nucleotide. S549R
G1349D
Class IV Conductance defect where the channels are open but | R117H
a reduced ClI” current is generated. D1152H
R347P
Class V The amount of produced protein is diminished due to | 3272-26A-G,
transcriptional regulation limitation. 3849+10 kg C>T
Class VI Stability defects at the channel surface leading to a | C 120del123,
reduction of the CFTR protein. rPhe580del




Class I, II, and lll variants are associated with a classical and more severe phenotype and pwCF
with two copies of these variants usually have almost no residual CFTR function. In class II,
F508del, also known as AF508, is the most common mutation in pwCF, accounting for two-
thirds of all CFTR variants (Bobadilla, Macek, Fine and Farrell, 2002). In contrast, class IV, V,
and VI variants are associated with milder disease and may have some residual CFTR function

(Lopes-Pacheco, 2020).
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Figure 1. Schematic diagram of different CFTR variants classes
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1.4 Diagnostic testing

Diagnostic criteria for CF include disease-related clinical signs and symptoms and objective

evidence of CFTR dysfunction (Farrell et al., 2017).

The diagnosis of CF via newborn screening is usually made shortly after birth and is now in
place in 26 countries, including the UK (Castellani et al., 2009). Most newborn screening
methods include the measurement of immunoreactive trypsinogen (IRT) from a blood spot,

followed by DNA testing for CFTR variants (Cystic Fibrosis Trust, 2023a).

A sweat test is performed to confirm the diagnosis once an individual presents with a positive
result of two variants. CF is caused by dysfunction of CFTR and the reabsorption of electrolytes
into sweat ducts is disrupted. As a result, the chloride and sodium levels in sweat are
increased. A sweat test analysing chloride levels in sweat is the primary diagnostic test for CF
and has established guidelines (Farrell et al., 2017). Chloride levels above 60 mmol/L are
considered elevated and confirm a diagnosis of CF. If the level of chloride is between 30 and
59 mmol/L, it is considered intermediate, which requires further measurement and follow up

(Farrell et al., 2017).

1.5 Clinical features of cystic fibrosis

Symptoms associated with CF are present throughout life, with common features between
patients but also individual variation in phenotype. The variability in clinical presentation and
disease progression can be attributed to the variants in the CFTR gene, which lead to a range
of protein dysfunction, but also other genetic and environmental factors (Sepahzad, Morris-
Rosendahl and Davies, 2021). Although CF is a multisystem disorder, its respiratory
complications are responsible for most morbidity and mortality in pwCF (Cystic Fibrosis Trust,

2023a).

1.5.1 Lung disease and complications
Typical lung manifestations involve a persistent, productive cough, hyperinflation of lung

fields on chest radiograph, and lung function test findings indicative of obstructive airway
disease. As the disease progresses, a repeated cycle of infection and inflammation occurs and

bronchiectasis develops (Ong and Ramsey, 2023).



In the paediatric population diagnosed with CF, recurrent respiratory tract infections caused
by viral and bacterial pathogens, including Haemophilus influenzae (H. influenzae) and
Staphylococcus aureus (S. aureus), lead to both direct and indirect damage due to the
inflammatory reaction triggered by airway infection (Gilligan, 2014). This cycle of infection and
inflammation leads to progressive bronchiectasis. This progresses to infection dominated by
Pseudomonas aeruginosa (P. aeruginosa), which increases in prevalence with age. Several of
these microorganisms are prevalent in the natural surroundings and are only linked to human
infection in cases where the individual's immune system is weakened or the protective layer
of the host's epithelium is compromised (Parkins and Floto, 2015). Latest registry data from
the Cystic Fibrosis Trust (2023a) shows the prevalence of different organism at different ages,
as shown in Figure 2. Chronic infection and inflammation are associated with a deterioration
in lung function, as evidenced by a reduction in the forced expiratory volume in the first
second (FEV1) and forced vital capacity (FVC) (Déring and Hoiby, 2004). According to the latest
report from the UK CF registry, these pulmonary complications are responsible for about

53.3% of CF-related deaths in the UK (Cystic Fibrosis Trust, 2023a).
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Figure 2. Organism prevalence in different age

Resource (Cystic Fibrosis Trust, 2023a).

1.5.1.1 Pulmonary exacerbations
CF lung disease is characterised by episodes of worsening pulmonary signs and symptoms,
particularly cough and sputum production that require treatment, known as pulmonary
exacerbations (PEx) (Goss and Burns, 2007). PEx are associated with dyspnoea, fatigue,
decreased exercise tolerance, and systemic symptoms of an acute-phase inflammatory
response (Abbott et al., 2009; Abbott et al., 2012). The pathophysiology of CF PEx has not
been fully elucidated, although they are associated with increased airway infection and
inflammation (Ferkol, Rosenfeld and Milla, 2006). Episodes of PEx usually develop over several
days and are treated with antibiotics and increased airway clearance techniques (ACTs) (Flume

etal., 2009a).



1.5.1.1.1 Clinical importance of pulmonary exacerbations

Exacerbations have been proven to reduce lung function acutely, and many patients fail to
recover to baseline lung function despite treatment ((Sanders et al., 2010a; Sanders et al.,
2010b). Increases in exacerbation rates affect CF patients' survival (Liou et al.,, 2001).
Additionally, PEx have been associated with decreased quality of life in both psychosocial and
physical domains (Britto et al., 2002; Flume et al., 2019). In terms of economic aspects,
exacerbations increase healthcare costs due to the need for intravenous (IV) treatment and
hospitalisation (Rubin et al., 2017). PEx necessitating hospitalisation impose a significant
burden on parents and carers in terms of loss of work productivity, social impact, and low

mental health (Suthoff et al., 2019).

Due to the clinical importance of PEx, reduction in PEx rate has been recognised as a significant
clinical efficacy endpoint for CF therapy trials (VanDevanter and Konstan, 2012). PEx served as
a key outcome measure in CF clinical trials for treatments such as dornase alfa (Fuchs et al.,
1994), tobramycin (Ramsey et al., 1999), azithromycin (Saiman et al., 2003), hypertonic saline
(Elkins et al., 2006), and CFTR modulators (Heijerman et al., 2019; Middleton et al., 2019).

1.5.1.1.2 Pulmonary exacerbation definitions

Despite this significance, a universally standardised definition is currently absent, leading to a
lack of consensus among clinicians and heterogeneity between studies. There is a lack of
consensus on what clinical presentations define PEx, what thresholds require interventions,
and what those interventions might be. Using standardised and valid criteria holds significant
importance in ensuring the accuracy of diagnosing a PEx, assessing its severity and comparing
results between different clinical trials (Ellaffi et al., 2005). This is crucial as it enables tracking
changes in the disease epidemiology and allows meta-analysis of results.

Awareness of establishing PEx definitions to be universally used in clinical trials is not recent,
having first been described in 1994 by the CF Foundation (CFF) (Ramsey and Boat, 1994).
Although PEx play a critical role in both research and the clinical treatment areas of CF, a single
definition is not likely to fit across different ages of pwCF. For this reason, formulating a
standardised definition for each age group by reviewing the definitions used in research and

then undertaking a consensus process will be valuable for future research and practice.
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The formulation of a precise exacerbation definition is impacted by several factors, including
the fluctuation of daily symptoms, the limited correlation between biomarkers and clinical
outcomes, and the variations in hospital admission and antibiotic administration protocols

among CF centres and healthcare facilities (Rubin et al., 2017).

CFTR modulators have led to a significant reduction in the rate of PEx (Heijerman et al., 2019;
Middleton et al., 2019). However, pwCF still experience episodes of PEx in addition to those
untreated with CFTR modulators. There is renewed interest regarding what defines a PEx in

the era of CFTR modulators.

1.6 Approach to treatment

CF is a multisystem condition, which makes it a complex disease to treat. A multidisciplinary
team including physicians, nurses, physiotherapists, dietitians, psychologists, and social
workers is recommended to monitor disease progression and deliver effective care for this
life-long condition (Conway et al., 2014). Annual screening, monitoring for comorbidities, and
measuring the trends in nutrition status, lung health, and PEx are all parts of CF care (Conway

etal., 2014).

The treatment approach has evolved dramatically over the years. Previously, treatment
focused solely on reducing the symptoms caused by CFTR dysfunction. This included various
treatments such as ACTs and mucociliary clearance drugs for mucus obstructions, antibiotics
for infections, and pancreatic enzyme replacement therapy for malabsorption (Flume et al.,
2009b). All of these treatments incrementally improved life expectancy and overall quality of
life. However, following the discovery of the CFTR gene in 1989, scientists worked on finding
a therapy targeting the underlying cause of CF and improving the function of the mutated
CFTR protein (Kreindler, 2010). This led to the development of CFTR modulators which
changed the care for pwCF who are eligible for them. Figure 3 shows an overview of the

approach to lung treatment.



— O
Figure 3. Overview of lung treatment approach.

Adapted from: (Agent and Parrott, 2015)
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1.6.1 Symptomatic treatment of the lung disease.
Managing lung disease in CF involves a proactive approach to deal with acute symptoms such

as cough and sputum production and to maintain lung health by preventing infection and

optimising airway clearance (Chin, Aaron and Bell, 2017).

1.6.1.1 Physical therapy
ACTs are one of the key pulmonary management techniques used in pwCF, and the treatment
starts early, after the CF diagnosis, and continues for the rest of the patient’s life (Cystic
Fibrosis Trust, 2020a). These techniques target the mucus and enhance mucociliary function
to help move it upwards and expectorate it from the airways by coughing. Numerous
modalities of ACTs can be used based on age and preference, such as breathing techniques,
positive expiratory pressure (PEP) devices, oscillatory devices, external percussion and
vibration, or non-invasive ventilation (NIV). Although ACTs have been widely used in the
management of CF, few randomised clinical trials support their use or compare the efficacy of
one method over another. According to the CFF guidelines (Flume et al., 2009b) and the latest
Cystic Fibrosis Trust (2020a), ACTs are recommended for regular use in all ages. However, they
do not recommend one modality over another, instead it should be personalised. During
iliness and PEx, the frequency of ACTs should be increased to maintain lung health (Castellani

etal., 2018).

In addition to using ACTs for sputum expectoration, mucolytic and hydration therapies are
used to alter the viscosity of the sputum and facilitate its expectoration (Chin, Aaron and Bell,
2017). Dornase alfa is a mucolytic treatment that helps to degrade the DNA strands into
shorter ones, which makes the sputum less viscous. Dornase alfa has been shown to improve
lung function and reduce PEx regardless of disease severity (Yang and Montgomery, 2021). It
is recommended as part of maintenance therapy in conjunction with ACTs (Castellani et al.,

2018; Mogayzel et al., 2013).

Hypertonic saline and mannitol are inhaled hydration therapies that help rehydrate viscous
sputum to facilitate expectoration. Some studies have proved the efficacy of regular use of
hypertonic saline in increasing lung function and reducing exacerbation in CF patients 12 years
old and over (Elkins et al., 2006; Wark and McDonald, 2018), while other studies in infants and
children with CF (cwCF) who are younger than 6 years old show no differences in lung function
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and PEx (Rosenfeld et al., 2012). Using hypertonic saline is recommended as part of
maintenance therapy in conjunction with ACTs and is supported by guidelines (Castellani et
al., 2018; Mogayzel et al., 2013). Mannitol is another alternative hydration therapy available
in dry powder, improving adult lung function (Nevitt, Thornton, Murray and Dwyer, 2020).
Hydration therapy may irritate the airways and may require pre-treatment with a
bronchodilator and initial tolerability testing. According to the latest Cystic Fibrosis Trust
(2020a) guidelines, it is recommended for pwCF who have clinical evidence of lung disease to
start with dornase alfa as the first choice of mucoactive agent. If a clinical evaluation indicates
an insufficient response to dornase alfa, both dornase alfa and hypertonic saline or hypertonic

saline alone is recommended.

In addition, regular exercise and physical activity are encouraged and should be part of
physiotherapy management in pwCF, irrespective of age and disease severity (Cystic Fibrosis
Trust, 2020a; Radtke et al., 2022). Regular physical activity has notable physical benefits,
which include a slower rate of lung function decline (Schneiderman-Walker et al., 2000),
enhanced airway clearance (Dwyer et al., 2019) and exercise capacity (Hebestreit et al., 2010),

and improved quality of life (Klijn et al., 2004).

1.6.1.2 Antibiotic therapy
Airway infection in CF can be classified into early, intermittent, and chronic infection.
Antibiotic therapy aims to prevent, eradicate, or control airway infection. There are several
antibiotic treatments, and the choice of drug depends on the pathogen found in the lung.
Many types of bacteria, like S. aureus, H. influenzae, P. aeruginosa, and Burkholderia complex,
are possible infection causes. The most common pathogen found in cwCF is S. aureus, while P.

aeruginosa is more common in adults (Cystic Fibrosis Trust, 2023a).

Prophylactic treatment aims to decrease the prevalence of infection and prevent secondary
bacterial infection. S. aureus prophylaxis, flucloxacillin, is often used in the early childhood
stage (Castellani et al., 2018). An ongoing trial in the UK aims to identify the potential
association between long-term anti-staphylococcal prophylaxis and risk of developing P.
aeruginosa infection (CF START, no date).

It is recommended that respiratory samples be collected for bacterial culture analysis from

pwCF during their routine appointments and the appropriate treatment prescribed if needed
12



(Cystic Fibrosis Trust, 2009). Once P. aeruginosa is found in a respiratory culture, an early
eradication regimen is recommended. Early infection with P. aeruginosa is a major predictor
of mortality and associated with lower FEV1, increased risk of continued P. aeruginosa
infection, and increased hospitalisation for acute PEx (Emerson et al.,, 2002). Anti-
pseudomonal treatment can be administered via inhaled, oral, or IV routes. There is
insufficient evidence to differentiate between the best combinations, dosage, or length of
treatment courses (Castellani et al., 2018; Hewer and Smyth, 2017; Hewer et al., 2020).

Once eradication fails and chronic infection with P. aeruginosa develops, long-term inhaled
suppressive treatment is recommended to prevent the progression of exacerbation and lung
damage. These inhaled antibiotics are typically cycled to reduce selective pressure for
antibiotic resistance (Nichols et al., 2019). Inhaled anti-pseudomonal antibiotics have been

shown to improve lung function and reduce exacerbations (Smith and Rowbotham, 2022).

Airway inflammation is part of CF pulmonary disease, and anti-inflammatory therapy aims to
reduce airway inflammation and airway damage. Although several anti-inflammatory
treatments have been examined, including ibuprofen, oral and inhaled corticosteroids, and

leukotriene antagonists, few are used routinely (Castellani et al., 2018).

The antibiotic azithromycin, which has anti-inflammatory properties although not directly
antipseudomonal, is also sometimes prescribed (Castellani et al., 2018). Chronic use of
azithromycin in adults with CF has been found to reduce the frequency of PEx, rate of decline
in lung function, and improve quality of life in those with chronic P. aeruginosa infection

(Nichols et al., 2020; Saiman et al., 2003; Wolter et al., 2002).

1.6.2 Cystic fibrosis transmembrane conductance regulator modulator therapy
CF care has entered a new era with the development of CFTR modulator therapies. These

small-molecule drugs target the underlying cause of CF and enhance CFTR protein function,

thereby improving key clinical outcomes (Flume et al., 2012; Heijerman et al., 2019).

There are two classes of approved modulators, and depending on the targeted defect, they
have different modes of action (Haq et al., 2022). Potentiators are molecules capable of
enhancing or restoring CFTR channel gating; hence, they are effective in class Ill and IV

variants that cause gating defects. CFTR correctors target CFTR protein folding and trafficking
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to the cell membrane (Haq et al., 2022). In the UK, there are four modulators and combined

modulators approved for patients depending on the type of CFTR variant they have:

1.

Kalydeco (ivacaftor) was the first potentiator approved by the US Food and Drug
Administration (FDA), the European Medicines Agency (EMA), and the national health
service (NHS) has now approved it for pwCF aged 4 months and older who are
heterozygous for R117H and nine gating variants (NHS England, 2021).

Orkambi (lumacaftor-ivacaftor) was initially approved by the FDA and the EMA for pwCF
aged 12 years and above, and then they extended it to cover pwCF aged 1 year or older
with two copies of the F508del variant (European Medicines Agency, 2023a; Orkambi,
2023). In the UK, it is approved for pwCF over the age of 6 months (Cystic Fibrosis Trust,
no date-b).

Symkevi (tezacaftor-ivacaftor) was initially approved by the FDA, EMA, and the NHS for
pwCF aged 12 years or older and then extended to pwCF aged 6 years and older with
homozygous F508del or heterozygous F508del with residual function variant (European
Medicines Agency, 2023b; NHS England, 2021; Symdeko, no date).

Kaftrio (elexacaftor-tezacaftor-ivacaftor), known as ‘triple therapy’ was approved by the
FDA, EMA, and NHS for pwCF 12 years and older with at least one copy of F508del and
later extended to pwCF aged 6 years and older (Cystic Fibrosis Trust, no date-a). Recently,

the FDA approved it for cwCF aged 2 through 5 years (Cystic Fibrosis Foundation, 2023).

Figure 4 shows the timeline of the approved CFTR modulators.
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Figure 4. CFTR modulator therapies approval timeline.

EMA: European Medicines Agency; FDA: Food and Drug Administration; NHS: National Health Service
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1.6.2.1 Clinical studies
Since the introduction of CFTR modulators, several studies have investigated the safety and
efficacy of these drugs. They examined the effect on different outcomes such as lung function,
PEx, hospitalisations, respiratory symptoms, nutritional status, BMI, quality of life, and any

reported adverse events experienced in individuals with CF.

1.6.2.1.1 Ivacaftor (Kalydeco)

The first approved generation of modulator therapies was ivacaftor, a potentiator that
increases the flow of CI" ions through the CFTR channel. The safety and efficacy of ivacaftor
for patients was tested in randomised, double-blind, placebo-controlled trials at different

phases and age groups for patients with gating defects variants.

The first phase 3 randomised, double-blind, placebo-controlled, clinical trial included pwCF 2
12 years with at least one G551D over 48 weeks. The treated group showed improvement in
ppFEV1, risk of PEx, patient-reported respiratory symptoms, weight, and concentration of
sweat CI" (Ramsey et al., 2011). Subsequently, younger children aged 6 to 11 years also showed
a good response to ivacaftor in decreasing sweat Cl° concentration and improving lung
function and nutritional status in patients carrying at least one gating variant (Davies et al.,
2013; De Boeck et al., 2014). lvacaftor was later found to be efficacious in those aged 2 to 5
years carrying at least one gating variant after proving its safety and efficacy (Davies et al.,
2016; Rosenfeld et al., 2018). Lastly, ivacaftor was approved for pwCF aged 4 months and
older who are heterozygous for nine selected gating variants and R117H after the data from

the ARRIVAL study which demonstrated its safety and efficacy (Davies et al., 2020b).

These clinical trials were crucial in facilitating access to this modulator therapy. However, post-
approval observational studies provide essential longitudinal data and may better represent

the CF population who were excluded from the clinical trial.
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A systematic review of 57 real-world studies was conducted to investigate the longitudinal
outcomes of ivacaftor after five years. The findings showed consistency with the well-
established safety profile based on clinical trial data. In addition, the included studies
supported the consistent and sustained clinical benefit in both pulmonary and non-pulmonary
outcomes across various settings, confirming and expanding upon evidence from clinical trials
(Duckers et al., 2021). However, a recently published study has shown some reduction in the
initial benefits in ppFEV1 5 years after commencing ivacaftor in pwCF with the G551D variant
and return to the pre-ivacaftor ppFEV1 baseline (Mitchell et al., 2021). Continuous evaluation
of lung function and other clinical outcomes is essential, and more longitudinal studies are

needed to confirm this result.

1.6.2.1.2 Lumacaftor-lvacaftor (Orkambi)

Ivacaftor targeted only 4-5% of the CF population with gating variants. The F508del variant is
the most common variant among the CF population (Cystic Fibrosis Trust, 2023a). This
misfolding variant requires correction to reach the cell surface. Lumacaftor was the first
corrector to be developed. However, a randomised clinical trial demonstrated that a
potentiator ivacaftor was also required to support channel opening (Boyle et al., 2014; Clancy
et al., 2012). A 24-week, randomised, controlled phase 3 trial demonstrated significant
positive effects of lumacaftor-ivacaftor, particularly on lung function, BMI, and a reduced
frequency of PEx as well as hospitalisations in F508del homozygous patients (Wainwright et
al., 2015). Subsequent clinical trials on younger ages between 6 — 11 years were executed and
showed improvement in lung function, lung clearance indexzs, sweat Cl,, nutritional status,
and health-related quality of life (Milla et al., 2016; Ratjen et al., 2017). This combination was
then approved for cwCF > 2 years after the results of clinical trials on this age group which
showed the safety and efficacy of maintaining lung function and decreasing sweat Cl-

concentration (Hoppe et al., 2021; McNamara et al., 2019).

A real-world observational study which aimed to explore the adverse events associated with
lumacaftor-ivacaftor treatment revealed frequent reported respiratory adverse effects in 51%
of participants and drug intolerance, leading to the treatment's discontinuation in 30% of

participants (Hubert et al., 2017). A recent, large multi-centre study in France found an
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association between lumacaftor-ivacaftor and improvement in lung function and nutrition
status and decreased IV courses. Adverse events caused treatment discontinuation in 18% of
participants, and they were found to be at high risk of clinical deterioration (Burgel et al.,

2020).

1.6.2.1.3 Tezacaftor-Ivacaftor (Symkevi)

The frequent side effects of lumacaftor-ivacaftor led to a focus on another corrector,
tezacaftor. A monotherapy of tezacaftor showed some improvement in lung function;
however, combined therapy with ivacaftor displayed more effectiveness in sweat Cl" and
ppFEV1 in patients homozygous for F508del (Donaldson et al., 2017). A randomised, double-
blind, multi-centre phase 3 trial in patients homozygous for F508del showed an improvement
in ppFEV1 and a 35% lower rate of PEx in the tezacaftor-ivacaftor group compared to the
placebo (Taylor-Cousar et al., 2017). In addition, there was no increase in adverse respiratory
events in the treatment group (Taylor-Cousar et al., 2017). In contrast with lumacaftor-
ivacaftor, the combination of tezacaftor-ivacaftor showed efficacy in patients heterozygous
for F508del and G551D more than patients homozygous for F508del in both sweat ClI"- and
ppFEV1 (Donaldson et al., 2017). Another randomised, double-blind, multi-centre phase 3 trial
looked at the effectiveness of this combination on 12-year-old patients heterozygous for
F508del and residual function variant. It showed improvement in the ppFEV1 and lower
concentration of sweat ClI". The secondary endpoint, which measures the respiratory domain
of the CF Questionnaire-revised (CFQ-R), also showed improvement in the treatment group
(Rowe et al., 2017). Most reported adverse events related to tezacaftor-ivacaftor are mild to
moderate in severity and vary between respiratory events or other events such as headache,

nausea, and fatigue (Donaldson et al., 2017; Rowe et al., 2017; Taylor-Cousar et al., 2017).

The use of tezacaftor-ivacaftor was extended to cwCF between 6 to 11 years who are
homozygous or heterozygous for F508del and residual function variants after a randomised
clinical trial evaluated the safety and tolerability. This study showed results consistent with
the adult studies, which improved the sweat Cl- level, CFQ-R respiratory domain scores, and
ppFEV1 (Walker et al., 2019). A more recent randomised, phase 3 clinical trial evaluated the

efficacy and safety of tezacaftor-ivacaftor in participants 212 years of age heterozygous for
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the F508del, and a minimal function variant did not show a clinically meaningful benefit in

lung function but was generally safe and well-tolerated (Munck et al., 2020).

An ongoing, five-year, real-world safety study evaluated clinical outcomes in pwCF > 12 years
treated with tezacaftor-ivacaftor. An interim result showed decreased PEx rates and

hospitalisations, and increased lung function with no safety concerns (Bower et al., 2021).

1.6.2.1.4 Elexacaftor-Tezacaftor-lvacaftor (Kaftrio)

Elexacaftor is another CFTR corrector that has been used in combination with tezacaftor-
ivacaftor. This triple therapy has been tested in a multi-centre, randomised phase 3 trial in
pwCF who are F508del homozygous and showed improvement in the primary outcome
ppFEV1 by 10 percentage points, and secondary outcomes sweat Cl" by 45.1 mmol/l, and CFQ-
R respiratory domain after four weeks (Heijerman et al., 2019). Another phase 3 multi-centre,
randomised clinical trial on 12 years and older patients heterozygous for F508del with
minimal-function CFTR variant showed lower sweat CI- concentration by 40 mmol/I, 13.8
points higher ppFEV1, 63% lower in the PEx score, and 20 points higher in the respiratory
domain score on the CFQ-R, with 1% of the treatment group participants showing mild to

moderate adverse events after 34 weeks (Middleton et al., 2019).

These results were remarkable because the previous modulator therapies had lower benefits
for patients with heterozygous F508del and minimal function variants (Munck et al., 2020).
Minimal function variants are those that produce no or very little CFTR protein. They are
mostly found in class I-lll variants. Patients in this category combined with F508del usually
have severe and difficult-to-treat disease, characterised by severe pulmonary symptoms and
a progressive decrease in ppFEV1, as well as increased PEx, pancreatic insufficiency, and
premature mortality (Lopes-Pacheco, 2020). Based on the clinical trials, ETI was approved for

pwCF 12 years and above with at least one F508del variant.

Further, ETI has been assessed in a multi-centre phase 3 clinical trial on pwCF heterozygous

for F508del-CFTR with either a gating variant or a residual function variant on the second allele
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(Barry et al., 2021). ETI caused an increase in ppFEV1 by 3.7 percentage points compared to
the active control group and sweat Cl" concentration lowered by 23.1 mmol per litre compared
to the active group. The change in the CFQ-R respiratory domain was 10.3 points higher after
ETI (Barry et al., 2021). After the massive improvement with ETIl in pwCF above 12 years old,
more clinical trials examined the safety and efficacy of this drug in younger age (6 through 11
years), which showed improvement in lung function, lung clearance indexs, BMI, and CFQ-R

score (Mall et al., 2022; Zemanick et al., 2021).

Due to the recent approval of ETl treatment, information regarding its long-term effects in the
real world is presently limited and derived from small studies. Nichols et al. (2022) in the
PROMISE study started enrolling pwCF age 12 and older in late 2019 with at least one F508del
variant. It was conducted at 56 CF research centres across the US to understand the broad
effects of ETI over 30 months for those starting ETI for the first time. The core outcome
measurements are ppFEV1, BMI, sweat Cl° concentration change, and self-reported
respiratory symptoms. Assessments were taken before and at 1, 3, and 6 months after ETI
treatment, with additional 18- and 30-month visits planned. Around half of the participants
were previously treated with dual therapies before switching to ETI, and 6.7% used ivacaftor
consistent with their variant types. They found that after six months, compared to the
baseline, the mean ppFEV1 improved by 9.7%, CFQ—-R respiratory domain score improved 20.4
points, sweat Cl decreased 241.7 mmol/L, and mean BMI increased by 1.2 kg/m2 for adult
populations and 0.3 z-score in adolescents. Furthermore, BEGIN (NCT04509050) and RECOVER
(NCT04602468) are ongoing separate studies but related to PROMISE, which will focus on
children and infants younger than 6 years old to evaluate the biological and clinical effect of
the triple therapies on them (Nichols et al., 2021). The findings of these large studies will

provide valuable data regarding the long-term effects of ETI in cwCF.

Additional real-world studies which represent CF populations excluded from clinical trials are
required to examine the long-term effects of ETI. These studies should include longer time
periods and diverse demographic areas across all eligible age groups to establish conclusive

evidence.
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1.7 Treatment burden

The incremental improvement in survival for pwCF described above has been associated with
a steadily increasing burden of daily treatment. In general, this burden increases as pwCF get
older. Moreover, treatments such as antibiotics and ACTs typically need to be increased during
PEx. A study reported the changes in the treatment pattern from 1995 to 2005, and found a
dramatic increase in the use of ACTs (69.9% vs 89.6%), inhaled bronchodilators (72.0% vs
84.0%), dornase alfa (44.8% vs 67.2%), inhaled corticosteroids (16.0% vs 49.3%), inhaled
antibiotics (6.5% vs 43.1%), oral nutritional supplements (18.3% vs 24.5%), and insulin/oral
hypoglycaemic agents (4.9% vs 10.2%) (Konstan et al., 2010). Using epidemiologic study of
cystic fibrosis (ESCF) data, Sawicki et al. (2013) developed a treatment complexity score to
describe the treatment burden trend over three years in different age groups (child,
adolescent, and adult). The treatment burden increased over the years in all age groups.

However, it was highest in adults.

These notable increases in the use of therapies suggest an increase in the overall treatment
burden. A project on adults with CF assessed self-reported daily treatment and perceived
treatment burden as measured by the CFQ-R. They concluded that regardless of age or illness
severity, pwCF are involved in a high daily treatment activity. In particular, ACTs and the
number of nebulised treatments are linked to a higher perceived treatment burden (Sawicki,
Sellers and Robinson, 2009). CwCF spent a substantial amount of time daily (74.6 £ 57.0 min)
completing their treatment regime (Ziaian et al., 2006). This increase in treatment burden
plays a role in adherence level (Quittner et al., 2014b) and increased prevalence of anxiety

and depression (Knudsen et al., 2016; Quittner et al., 2014a).

Several studies have used qualitative methods as a valuable tool for deeper exploration of the
lived experience of pwCF to understand the challenges that patients face with the treatment
burden. The experience of living with CF is multidimensional and unique to each person.
However, a shared experience also exists (Badlan, 2006; Gjengedal, Rustgen, Wahl and

Hanestad, 2003; Nicolais et al., 2019).
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A qualitative study interviewed adolescents and adults to identify self-management barriers
and facilitators. They found that 64% identified treatment burden as the most common
adherence barrier, reflecting treatments' length, frequency, and complexity (George et al.,
2010). A systematic review aimed to describe the experiences and perspectives of children
and adolescents with CF. It included 43 qualitative studies and developed multiple themes
showing that cwCF demonstrated emotional vulnerability while also demonstrating capacities
to develop resilience in dealing with their illness. The chronic treatment regimen significantly
limited their lifestyle and independence, leading to increased frustration and resentment
towards their illness (Jamieson et al., 2014). These two studies show the negative influence of

the treatment burden on pwCF on adherence level, social life, and mental health.

Before the approval of ETI, treatment burden was identified as the top research priority by
the James Lind Alliance Priority Setting Partnership (Rowbotham et al., 2018). Following this
list, a study by Davies et al. (2020a) confirmed that the treatment burden in CF is considerable,
and it takes time to do routine daily treatments, impacting daily life. ACTs and nebulised
antibiotics were the most burdensome in the opinion of CF patients, relatives or friends, and
healthcare professionals (HCPs) (Davies et al., 2020a). The key reasons behind their choice are
time consumed, dislike, boredom, conflicts with children to do ACTs, cleaning nebulisers, and

lack of immediate evidence of an effect (Davies et al., 2020a).

Parents and carers of cwCF also experience a challenge with the increased treatment burden.
Carers have to deal with mental and emotional demands and stresses associated with their
own, their partner's, and the family's functioning, in addition to the physical work and time
required (Foster et al., 2001; Quittner et al., 1998; Slatter, Francis, Smith and Bush, 2004). For
example, a study showed that depression affected approximately 35% of mothers and 29% of
school-aged children, which was associated with a lower rate of adherence to ACTs (Smith,

Modi, Quittner and Wood, 2010).

22



1.7.1 Treatment burden in the cystic fibrosis transmembrane conductance
regulator modulator era
Several studies have confirmed the treatment burden associated with ACTs and nebulised

treatment in pwCF and their carers and the impact of this burden on different aspects of their
lives. As described earlier, ETl treatment has been shown to improve clinical outcomes in pwCF
and is associated with a step-change improvement in many patients. This will likely lead to
more changes in treatment regimes, as pwCF require less frequent or intensive treatment. A
recent update on the James Lind Alliance’s top 10 priorities for clinical research in CF revealed
an interesting shift with treatment burden as the former top priority moving to the eighth
priority, indicating a change in this issue following ETlI (Rowbotham et al., 2023). Although
much is known about the experiences of cwCF and adults with CF, there is very little published

research into the experiences of cwCF and their carers after CFTR modulators.

Following the revolution of CFTR modulators and the improvement in clinical outcomes, three
qualitative studies investigated pwCF’'s experience in the CFTR modulator era. The first
qualitative study interviewed eight adults with CF to understand the experience of individuals
with CF on CFTR modulators other than ETI. They aimed to explore how the introduction of
CFTR modulators affected the psychological and social aspects of their lives. Participants
described the stability in their physical symptoms and the change in how they identify
themselves, their goals, and their hope for the future (Page, Goldenberg and Matthews, 2022).
Another qualitative study explored the lived experience of adults with CF and the change in
their perception of reality after ETI. PwCF talked about the positive perception of ETI, including
quality of life, sense of normality, and improved physical outcomes. The second theme
highlighted the negative perceptions, including side effects and loss of identity. The third
theme focused on the relationship with the clinical team, emphasising the desire for the HCPs
to listen more (Aspinall et al., 2022). The third qualitative study focused on the psychological
implications of CFTR modulators. Twenty adult participants were interviewed and expressed
their appreciation of normal life after CFTR modulators and, with enhancement in physical
and psychological symptoms, the need to provide adequate support to promote healthy
lifestyle choices (Keyte, Kauser, Mantzios and Egan, 2022). These three studies focused on

adults with CF, yet none investigated the associated treatment burden.
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In addition to exploring the experience of cwCF with ACTs and nebulised treatment, it is also
important to evaluate the longitudinal changes in the burden of physiotherapy treatments,
including ACTs, nebulised mucolytics, and exercise. Some studies have examined the effect of
ETI on the use of inhaled nebulisers (Nichols et al., 2022; Olivier et al., 2023; Song et al., 2022).
Nichols et al. (2022) and Song et al. (2022) found a decrease in the use of dornase alfa and
hypertonic saline after six months of ETI. In contrast, Olivier et al. (2023) found no changes in
dornase alfa and hypertonic saline use after six months of ETI. There is an ongoing clinical
study in the UK (CFSTORM) looking into the effect of discontinuing mucoactive nebulised
treatment (hypertonic saline, dornase alfa, or both) on the change in ppFEV1 at 12 months on

six years and older CF patients (Southern, 2021).

In addition, only one abstract was found in the literature on the changes in ACTs after ETl in
adults with CF (Faulkner et al., 2022). Faulkner et al. (2022) concluded there was a self-
reported decline in adherence to daily ACTs after 12 months of ETI. On the other hand, no
studies showed the impact on exercise activities, which suggests that this area has not been

well-investigated.

1.8 Conclusions and gaps in the existing literature.

This literature review points to some gaps in existing knowledge. In general, research on the
effects of ETI on pwCF is expanding. However, there is still a need to comprehensively
understand the longitudinal effects of ETI on clinical outcomes in general and physiotherapy

regimes in particular.

One of the limitations of the existing literature is the limited understanding of the changes in
physiotherapy treatment burden, including ACTs, nebulised mucolytics, and exercise, after
ETI. Prior to this thesis, there has been no published study exploring the experience of cwCF,
their families, and HCPs toward the burden of ACTs and nebulised mucolytic treatments after
ETI. Most qualitative studies in the literature are directed at the adult experience, focusing
more on the psychological and social aspects (Aspinall et al., 2022; Keyte, Kauser, Mantzios
and Egan, 2022; Page, Goldenberg and Matthews, 2022). A qualitative approach can provide

a rich understanding of the lived experiences of cwCF and their carers after ETI. It can also
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provide insights into how ETI has affected their experience with ACTs, nebulised mucolytics

need, and their outlook on the future.

In addition, little work has been published on the real-world evidence of long-term changes in
ACTs, nebulised mucolytics, and exercise in cwCF who have been prescribed ETI (Faulkner et
al., 2022; Nichols et al., 2022). A quantitative approach can be used to quantify the effects of
ETlI on physiotherapy regimes. This data can assist in identifying the specific areas of
physiotherapy affected by ETI and in understanding the long-term effects on other clinical
outcomes. Qualitative and quantitative approaches will provide a comprehensive

understanding of the changes in ACTs, nebulised mucolytics, and exercise after ETI.

Another key limitation of existing literature primarily concerns the lack of consensus on
definitions of PEx. Despite the improvement in lung symptoms associated with ETI, PEx
remains a clinically important event in pwCF. This issue may be considered particularly
problematic within CF research, as PEx is used as an endpoint outcome to assess different
interventions (Elkins et al., 2006; Fuchs et al., 1994; Heijerman et al., 2019; Middleton et al.,
2019; Ramsey et al., 1999; Saiman et al., 2003). Using different methods to define PEx makes

comparing the results from these studies challenging.

1.9 Aims and objectives.
Therefore, to address these gaps, the aims of this thesis were as follows:

1. To explore the attitudes of cwCF, families, and HCPs toward ACTs and nebulised
mucolytics after ETI using a qualitative research approach.

2. To analyse the longitudinal changes in the physiotherapy treatment and clinical
outcomes after ETI treatment in cwCF attending the Great North Children’s Hospital
(GNCH) Regional Paediatric CF Clinic.

3. To perform a scoping review of the definitions of a ‘pulmonary exacerbation’ in pwCF

reported in the medical literature.

The study's objectives were pursued concurrently, not consecutively, which helped to

understand this topic comprehensively.
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1.10 Thesis structure
This thesis consists of five chapters.

e Chapter 1: presents the literature review, conclusions with gaps in the literature

highlighted, aims and objectives, and thesis structure.

In Chapters 2, 3 and 4, the findings of this thesis were presented. Each of these chapters
is structured similarly to a manuscript, with an introduction, methods, results, discussion,

and conclusion.

e Chapter 2: focuses on the first objective where the attitudes of cwCF, families, and
HCPs toward ACTs and nebulised mucolytics were explored using qualitative methods.

e Chapter 3: focuses on the second objective where the medical records of cwCF at the
GNCH were reviewed retrospectively to analyse the change in physiotherapy
treatment after starting ETI treatment in addition to other clinical outcomes.

e Chapter 4: focuses on the third objective where the literature was reviewed to analyse
the definitions used for PEx.

e Chapter 5: presents a general discussion and conclusion of the findings of this thesis

and clinical implications along with suggested directions for future research.
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Chapter 2.  Exploring the Impact of Elexacaftor-Tezacaftor-lvacaftor Treatment on
Opinions Regarding Airway Clearance Techniques and Nebulised Treatment: A

Qualitative Study.

Part of the work described in this chapter has been previously published in the form of a full-

text article in BMJ Open Respiratory. (Almulhem et al., 2022)
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2.1 Introduction

CF is a multi-system, life-limiting genetic disorder caused by dysfunction of the CFTR protein
(Shteinberg, Haq, Polineni and Davies, 2021). CF primarily affects the lungs, where epithelial
cells' reduced ClI and bicarbonate secretion causes abnormal ASL homeostasis (Haq et al.,
2016). The hydration and clearance of mucus are impaired, and endobronchial infection and

inflammation result in progressive bronchiectasis.

Treatments for cwCF have historically targeted downstream symptoms, including ACTs and
nebulised mucolytics to increase airway clearance and antibiotics to prevent or treat
infections. These treatments are required twice daily and are part of a time-consuming
regime. Children frequently report feeling overwhelmed by treatment as they grow older and
that it impacts on their life and opportunities (Knudsen et al., 2018; Sawicki et al., 2013). In
2018, a James Lind Alliance Priority Setting Partnership identified simplifying the treatment
burden as the top research priority in CF (Rowbotham et al., 2018). ACTs and nebulised

treatment are rated as the most burdensome for pwCF (Davies et al., 2020a).

The development of CFTR modulators has heralded a new era of precision medicine in CF.
These small-molecule drugs target the underlying defect and improve CFTR function (Haq et
al., 2022). ETI, along with ivacaftor, a potentiator monotherapy that has been available since
2012 for 5% of the CF population with gating defects, is often referred to as ‘highly effective
modulator therapy’ (HEMT). In August 2020 ETI was approved for patients over the age of 12
years in England and most recently, in November 2023, for those >2 years of age. The James
Lind Alliance Priority Setting Partnership has recently revised the top 10 research priorities in
light of the recent development of CFTR therapies. This update reflects a notable change in
the prioritisation of treatment simplification, which has shifted from being the highest priority

to now being number eight in the list of top priorities (Rowbotham et al., 2023).

Considering this step-change improvement in treatment outcomes associated with ETI, the
continued need for ACTs and nebulised mucolytics or antibiotics has been questioned. A
survey of pwCF in the HEMT-era in the US confirmed that reducing treatment burden is a
priority (Cameron et al.) and that ACTs and nebulised antibiotics are the treatments they wish
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to simplify the most (Gifford, Mayer-Hamblett, Pearson and Nichols, 2020). Lived experience
pre-ETl was described as challenging by many with individuals striving for equality and
expressing a wish to be able to access the same opportunities as healthy people (Knudsen et
al., 2018). A survey of HCPs involved in CF care found that the majority supported the idea of
a trial of replacing ACTs with exercise (Rowbotham et al., 2020). Another study in Australia
found that 43% of adults with CF believed exercise could substitute for ACTs, with 44% having
done so in the previous three months (Ward, Stiller and Holland, 2019). While the clinical trial
evidence of benefits with ETI is impressive, there is little work published that explores the

lived experience of cwCF, their families, and HCPs.

2.2 Aims

This study aimed to understand the impact of ETI on the lives of cwCF and their carers and
their attitudes towards ACTs and nebulised treatments. The opinions of multidisciplinary HCPs

were also explored around implications for future clinical practice.
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2.3 Methodology and methods

2.3.1 Overview
This section presents an overview of the methodological standpoint and the research methods

employed to enable the reader to understand the research context. The first section provides
an overview of the research methodology, highlighting how this shaped the methods'
selection. Secondly, details about the research methods and a rationale for adopting thematic
analysis are discussed. Following this, there is a description of the recruitment process, data
collection, and analysis strategy. Finally, the measurement of the research quality is

presented.

2.3.2 Research methodology
A qualitative design was employed to explore the perspective and experiences of cwCF, their

families, and HCPs after the introduction of ETI. This design facilitated the exploration of areas
that may not have been adequately explored through alternative designs.

Qualitative research has two main approaches that structure it, which can be categorised into
experiential and critical (Braun and Clarke, 2022, pp. 158-160). The experiential approach
investigates the data's meanings, viewpoints, attitudes, and experiences, while the critical
approach questions the patterns expressed in the data and uses them to understand the
implications of these patterns. This research adopted an experiential approach where
participants share their feelings and attitudes toward the impact of ETI to help the researcher
understand their experiences. This approach was underpinned by my ontological and

epistemological beliefs.

Defining the researcher's ontological and epistemological position in qualitative research is
critical because it determines the methodology used to investigate the topic. Ontology
concerns what reality is like (Bryman, 2016, p. 32). Each researcher has a specific assumption
about the nature of reality. Realism, sometimes called ‘naive’, presumes the truth can be
discovered independently of our minds as a researcher. Relativism believes there are multiple
versions of reality, and it is constructed by human interpretation and knowledge. Critical
realism is a combination of realism and relativism ontology. It identifies the truth and reality
and recognises the influence of human practice to provide access to the underlying data.

However, because people's views of reality are subjective, socially affected, and prone to
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change over time, this reality can only be accessed partially (Braun and Clarke, 2022, pp. 167-
174). Critical realism was adopted in the current research, which acknowledges one reality

and emphasises individual experiences in interpretation.

Epistemology reflects assumptions about what constitutes meaningful and valid knowledge
and how this knowledge is generated (Bryman, 2016, p. 27). It is deeply connected to
ontology. There are three main epistemologies, as described by Braun and Clarke (2022, pp.
177-183): positivism, constructionism, and contextualism. Positivism is the dominant
framework in scientific research, which captures objective knowledge following a scientific
method. Constructionism is founded on the premise that research practices produce rather
than reveal evidence. The middle position, contextualism, sees knowledge and the individuals
who developed it as contextually situated, partial, and perspectival. A contextualist standpoint
was adopted for this study. In conclusion, a critical realist, contextualist methodology was
used to investigate individuals' perspectives of the influence of ETI on their treatment and

lives.

2.3.3 Research methods
2.3.3.1 Rationale for reflexive thematic analysis

Thematic analysis (TA) and interpretative phenomenological analysis (IPA) were considered as
analysis methods for achieving the research objective because of their exploratory nature.
Both methods have advantages and disadvantages. Therefore, an informed choice can be
made about the best fit between the study's aims and the method. IPA focuses on discovering
in detail how participants are making sense of their lived world and understanding what it is
like, from the participants’ point of view (Larkin, Flowers and Smith, 2021, p. 53). TA is a
method for identifying, analysing, and reporting patterns within data to provide insights into

participants' experiences (Braun and Clarke, 2006).

While both IPA and TA might offer insightful information about the lives of pwCF, reflexive TA
was chosen as the most suitable strategy to answer the research questions. This choice was
made based on the study's aim to describe the pattern in participants' experiences rather than
understand how they interpret their experiences.

In contrast to IPA, TA is suitable for heterogenous sample sizes, which is another benefit of

using the method (Braun and Clarke, 2013, p. 56; Larkin, Flowers and Smith, 2021, p. 56).
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Additionally, TA is not bound by a pre-existing theoretical framework, allowing flexibility and
freedom (Braun and Clarke, 2022, pp. 162-163). This flexibility can be utilised to answer this
study's critical realist research question. According to Braun and Clarke (2013, pp. 42-45), this
method is a more effective starting point for qualitative researchers than other intensive
qualitative methods. Furthermore, TA is best suited to explore the nature of the relatively
understudied phenomenon. Thus, TA aligns with the current study's goal of understanding

participants' perspectives following the administration of ETI.

Endorsing TA involves three decisions that must be addressed before starting the analysis
process (Braun and Clarke, 2006). A decision on what is considered to be a theme, inductive
versus deductive analysis, and semantic or latent analysis must be made. A theme represents
a pattern or meaning within the data set and captures something important about the data

related to the research question.

These themes can be identified in two ways. First, an inductive method implies that the
themes directly relate to the data. The researcher's unconscious bias, knowledge, and
personal viewpoint influence the analysis. Second, a deductive method generates themes
based on the researcher's theoretical interest. The inductive method places less emphasis on
the need to generalise data than deductive. An inductive approach was more appropriate

since the research focuses on a relatively new area.

The level at which themes are identified — semantic or latent — must also be decided. When
using a semantic method, the researcher mainly looks at what a participant has said or written,
and themes are found in the data's explicit or surface meaning. A latent TA goes beyond the
semantic content of the data and discovers or examines the underlying ideas, assumptions,
conceptualisations, and ideologies that are thought to be defining or informing the semantic
content of the data. This study identified themes at a semantic level to maintain a close
relationship with the participants’ voice and highlight the significance of patterns and the

data's broader meanings and implications.
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2.3.3.2 Participants and recruitment

2.3.3.2.1 Inclusion and exclusion criteria

This study explored the perspective of cwCF, their families, and HCPs toward the impact of ETI
on their lives and their attitude toward ACTs and nebulised treatment. The inclusion criteria
were as follows:

1. CwcCF between the age of 12 and 18 years and a minimum of 6 months of taking ETl to
allow time for the participants to have a lived experience after ETI. In addition, children
must have been clinically stable and doing ACTs and/or prescribed nebulised
treatment.

2. The parent(s) or guardian(s) of a clinically stable cwCF who had taken ETI for at least
six months and been prescribed nebulisers and/or ACTs.

3. HCPs who had experience caring for children and young people included in this study.

The exclusion criteria for participants were as follows:

1. Mental health disorders that may impact being able to take part in qualitative
interviews in an age-appropriate way or give informed consent.

2. Language barrier. There were no resources to accommodate individuals who did not
speak English as part of this study, and, therefore, these individuals were excluded
because they would not be able to communicate with the researcher.

Participants for this research project were recruited using the purposive criterion sampling
method in which individuals who met the inclusion criteria were invited to participate

(Bryman, 2016, p. 418).
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2.3.3.2.2 Sample size

Methods for measuring sample size in qualitative research are controversial. Several criteria,
such as what the researcher wants to know, the research objective, what will be valuable,
what will have credibility, and what can be accomplished within the available time and
resources, might influence the sample size (Braun and Clarke, 2021). The claim of data
saturation is widely used in qualitative studies, but it is not the only criterion. Data saturation,
defined as no new codes, was determined during data collection and from data analysis.
Instead, some recommend using the ‘information power’ concept, which reflects the richness
of the data related to the aim of the study (Braun and Clarke, 2021; Malterud, Siersma and
Guassora, 2015). Due to the qualitative nature of this study, the sample size must be large
enough to provide an in-depth insight into the participants' perspectives yet small enough to
generate a high-quality analysis efficiently

Each group of participants was treated as a distinct entity, and the sample size for each group
was calculated independently based on the information power. This approach ensures that
the sample size aligns with each participant group's unique informational richness and
relevance, thereby enhancing the study's ability to achieve its research objectives with
sufficient depth and detail.

When the analysis reached 10 children, 7 carers, and 10 HCPs , | stopped recruiting. This
number of interviews was considered appropriate to ‘tell a rich story’ (Braun and Clarke, 2013,
pp. 55-56), impacted by my perception of the quality of the dialogue and information power
(Malterud, Siersma and Guassora, 2015; Braun and Clarke, 2021).

2.3.3.2.3 Recruitment

Participants were recruited from a regional CF clinic at the GNCH in the north-east of England.
Recruitment was arranged via the Consultant Paediatrician, Dr Malcolm Brodlie (MB), and

physiotherapist Nuala Harnett (NH). Participants were enrolled from a single CF centre.

Dr MB, who is involved in the participants’ clinical care at GNCH, identified potential
participants according to the criteria outlined above through a review of clinic lists and patient
medical records. Potential participants were approached in two ways. During their regular
clinic, which takes place every six—eight weeks, MB or NH approached the potential

participants (n = 22), explained the nature of the research, distributed the patient information
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sheet (PIS) (see Appendix A), and asked them to sign the consent-to-contact form (See
Appendix B) if willing to participate. They were given at least 24 hours before | called them to

answer their questions and inquire their willingness to participate.

The second recruitment method involved the physiotherapist (NH) calling potential
participants. She explained the project to them and asked for their agreement to send the
invitation letter (Appendix C), consent-to-contact, and the PIS by mail. | then sent an invitation
letter and PIS to those who initially agreed to participate (n = 6). Interested patients were
advised that they could contact the researcher by email or text should they wish to participate
or learn more about the study or complete the consent-to-contact form and return it using a

stamped-addressed return envelope.

Potential participants were given a month to contact the researcher or return the consent-to-
contact form. If they did not contact the researcher, NH contacted the family to remind them
about the study. Potential participants were informed that if they did not respond within a
week of this reminder, it would be assumed that they did not wish to participate and they

would not be approached about the study again.

The HCPs who are part of the CF multidisciplinary team (MDT), such as paediatricians,
physiotherapists, specialist nurses, and dietitians, were approached by Dr MB, who is part of
this team. An invitation email was sent to all members of the CF MDT, along with the
information sheet and consent-to-contact form, which asked if they were interested in
participating. | received a list of HCPs who agreed to participate and then contacted them to

arrange a meeting.

Where possible, all cwCF, carers, and HCPs who were eligible to participate were invited to do

so until an appropriate number with quality information was reached. See Figure 5 for a flow

chart of the recruitment process for cwCF and their carers.
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Figure 5. Flow chart of the recruitment and interview process for children with cystic
fibrosis and carers.

CF: cystic fibrosis.
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2.3.3.2.4 PFarticipant consent and withdrawal

Informed consent was sought verbally and recorded from all participants via a consent form
(Appendix D) before starting the interview. Participants were informed of their right to skip
guestions or withdraw prior to data analysis without consequence. This was detailed in the
information sheet, reiterated in the consent form, and stated before the start of the interview.
If the call disconnected, an attempt was made to call again to not lose participants due to a
temporary loss of signal or Internet; however, so as not to harass anyone who chose to

terminate the interview and did not wish to be contacted further, only one attempt was made.

2.3.3.3 Data collection

2.3.3.3.1 Interviewing process

After the cwCF or their carers agreed to participate, | contacted them by phone to obtain
consent after discussing the study, answering any questions, and arranging a convenient date
and time for the interview. Consent was taken verbally (recorded) as per the pro forma in

telephone or video-call interviews. A range of ages and gender of cwCF were contacted.

HCP participants were given a choice between online or in-person interviews. All HCP
interviews were conducted face-to-face in a private room in the hospital, except one
interview, which was conducted online using Microsoft Teams.

All interviews with cwCF and parents were conducted online as instructed by the ethics
committee. Some families chose to have an interview together with the cwCF (n = 4), whereas
the rest of the participants were interviewed independently (n = 8). The interviews took place
between January and May 2022 and ranged in length from 15 to 55 minutes (a mean of 30

minutes).

At the beginning of each meeting, the participant, and their parent (if they were under 16
years) reviewed the PIS and raised any questions or concerns. They were reminded that the
interview would be recorded and last approximately an hour. After the interview, | stopped
the audio recording, and the participants were given time to reflect on their involvement in
the research and offer feedback.

The original copy of the consent form was preserved for the site file, and a copy was made for
the patient's medical records.
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2.3.3.3.2 Interview schedule

A semi-structured interview guideline was developed to direct the interview (see Appendix E).
The questions were open-ended and broad since the research was exploratory and intended
to enable participants to discuss their experiences in a non-directive manner. Thus, this
allowed participants to address concerns that may not have been expected or covered in the
interview guide. This is especially crucial when studying a new subject. The interview agenda
served as a focus-keeping tool and ensured the questions were relevant to the research topics.
The interview was flexible regarding the questions, wording, follow-up, and how participants
were probed for further information. Reviewing relevant literature and the study's objectives
shaped the interview questions. It was an iterative process in which the questions were

modified as interviews were conducted and the research progressed.

To ensure the quality of the interview questions and meet the study aims, | sent the guideline
guestions to two HCPs and one qualitative researcher for counsel. Additionally, | performed a
pilot interview with a colleague to ensure that the questions would lead to a ‘natural’
conversation and to gain experience conducting in-depth, semi-structured interviews before
committing to an official study interview (Majid et al., 2017). A second pilot interview was
subsequently held with an HCP to test whether the suggested questions would investigate
their intended subjects, to catch any problem in the wording of the questions and interview
technique, and to give me some early feedback. The data from this pilot interview were

included in the data analysis.

Interviewees were asked if they had any comments about the questions to gain additional
feedback. The interview schedule was modified based on the pilot participant's feedback and
additional discussions between the research team.

The guideline covered five areas: the time before ETI treatment, time after ETI, treatment
burden, simplifying treatment, and future research. The first part of the interview questioned
the steps involved in and their feelings toward their previous treatment routine. The questions
started at the time before ETI to allow participants to compare the changes in their conditions.
Next, | asked about ETI's positive and negative impact on their everyday lives, followed by

specific aspects — such as treatment routine, social life, and concerns. The following section
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involved questions relating to their thoughts about simplifying ACTs and nebulised therapy
after ETI. The final section surveyed the future research studies participants would like to be
addressed after ETI. Lastly, the participant received a summary of the interview's main themes

and was given a chance to bring up any additional issues or offer information.

2.3.3.4 Data analysis

2.3.3.4.1 Transcription

The interviews were recorded and then transcribed verbatim by a professional transcriber (UK
Transcription Ltd). They were subsequently anonymised to ensure the confidentiality of
participants. | assigned participants a pseudonym. Any identifying information (such as age,
location, and profession) was removed from the interview transcript or substituted with
generic alternatives. A confidentiality agreement was obtained before submitting the data to
the professional transcriber. | checked the transcripts to ensure accuracy. This thesis contains
direct quotations, which are fundamental to the methods employed and support the desire
to represent participants' voices. Only short quotations, no more than a few sentences, were

used so that individuals would not be identifiable by their story.

2.3.3.4.2 Approach to thematic analysis — the analysis processes

Both electronic and hard copies of the data were used during the analysis. NVivo (QSR
International) software Version 1.6.1 and Microsoft Word (Microsoft 365 MSO) were used for
coding and data management. The data were analysed using inductive TA, emphasising broad
thematic patterns across the data, and identifying semantic meanings. The six phases of
reflexive TA are well-defined yet iterative (Figure 6). The reflexive feature of this approach to
TA requires continual movements between the phases with an attitude of inquiry and
interpretation (Braun and Clarke, 2022, pp. 34-36). | read the transcripts twice for
familiarisation. Initially, notes and comments were made alongside two transcripts using
Microsoft Word (Appendix F). Then, | read with a focus on the broad changes after ETI.
Through the process of data familiarisation, | was able to locate many points of possible

analytical interest (Appendix G).
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1- Familiarising
yourself with the
dataset.

6- Writing up. 2- Coding.

5- Refining,
defining and
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3- Generating
initial themes.

4- Developing and
reviewing themes.

Figure 6. Phases of reflexive thematic analysis .
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The first coding generated a few hundred codes, but these frequently identified micro-
information in the data. Clustering made it simple to reduce this number to a more
manageable level. Interesting features were grouped systematically, and all data relating to
a specific theme were gathered into six potential broad patterns of meaning. These initial
themes were reviewed and discussed with my supervisor (Figure 7 shows the initial thematic
map). To fit the data well, themes were mapped, edited, and modified using NVIVO software
(Appendix H). In the subsequent analysis phase, | focused on the data connected to lifestyle,
treatment, and practice changes and confirmed that themes accurately reflected the whole
data set. Within this phase, | clearly defined each theme and its story. The final theme

nomenclature was reached after several discussions with my supervisor.

Due to the lack of qualitative data in the literature detailing the changes after ETI in cwCF, |
began with a contextual discussion of lifestyle change. Then, | report on two themes
concerning simplifying treatment, and change in practice. The themes were encapsulated
under the overarching theme ‘I still can’t get my head around how three tablets can do what
Kaftrio done’, highlighting the vast changes participants experienced after ETl's introduction.

The quotes have not been proofread for misspellings and grammatical errors.

41



Learning
curve

Patients’
attitude

Imbalance between those
who asked and those not

Workload

Simplifying
the
treatment

Support
Preparation
Transition
Weight

Compliance

Change in
the routine

Long-term
effects

Change in
the practice

Family role

Improve
symptoms
Lifestyle
(energise,

sleep better)

Feel normal
again, feel
present

Questioning
Psychological the need of
physio?
Compare
their result
to others

Before

After

Figure 7. Early-stage of thematic mind map.
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2.3.3.5 Research quality
Quality assurance in a qualitative study is controversial, and a wide variety of evaluation tools
exist. Unlike a quantitative study, no universal criteria are agreed on for judging the quality of
qualitative studies. According to Braun and Clarke (2022, pp. 268-269), the key to quality in
TA is understanding good practices and problems you can recognise and avoid. As presented
in Table 2, a 15-point checklist for good reflexive TA was followed in this study to ensure
quality across each stage within the TA phases (Braun and Clarke, 2022, p. 269). Various
alternative criteria could have been used to inform qualitative research quality (Tracy, 2010;

Yardley, 2000). However, reflexive TA checklists were chosen because they are simple,

practical, and comprehensive models that fit the researcher's methods used.

Table 2. Fifteen-point checklist for good reflexive thematic analysis .

Criteria

Process

Application of criteria in this research

1. The data have been transcribed
with an appropriate level of detail,
and the transcripts have been
checked against the tapes for

Transcription

“accuracy”.

A professional transcriber transcribed the
interviews verbatim, and subsequently, |
checked it against the audio for accuracy.

2. Each data item has been given
thorough and repeated attention in
the coding process.

3. The coding process has been
thorough, inclusive, and
comprehensive. Themes have not
been generated from a few vivid
examples (an anecdotal approach).

4. All relevant extracts for each theme
have been collated.

5. Candidate themes have been
checked against coded data and the
original dataset.

6. Themes are internally coherent,
consistent, and distinctive; each
theme contains a well-defined

Coding

central organisation concept; any

Each transcript had a rigorous review
during the coding process, and each data
item received equal consideration. The
coding process was thorough, inclusive,
and comprehensive. Microsoft Word and
NVivo were utilised to code and manage
the data, providing quick access to extracts
under different themes. The themes were
derived from numerous participant data
examples. Once the themes were
developed, they were compared to the
original dataset to confirm that they
accurately represented what had been
expressed. Additionally, themes were
compared to confirm that they were
distinct. For internal coherence and
consistency, the entire data set was
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Process

Criteria

Application of criteria in this research

the central

organising concept of the theme.

subthemes share

evaluated to ensure that it matched to the
theme.

£ 7. Data have been analysed - | The results section outlines the effects of
.*‘é interpreted, made sense of —rather | ETI implementation on cwCF, their
3 than just paraphrased or described. | families, and HCPs. The participant
Ig 8. Analysis and data match each other | quotations presented in the findings
= — the extracts illustrate the | section were matched and supported by
§ analytical claims. the analysis. The data analysis was not
g 9. Analysis tells a convincing and well- | merely summarised or explained; instead,
£ organised story about the data and | a deeper insight was conducted. This is
g topic. demonstrated in the discussion, which has
2 | 10. An appropriate balance between | been identified through data analysis.

—: analytical narrative and data

é extracts is provided.

11. Enough time has been allocated to | | gave sufficient time for each phase to

adequately complete all phases of | analyse and reflect on the data generated.
—_ the analysis without rushing a
g phase or giving it a once-over
5 lightly.

12. The specific approach to thematic | Construction of the themes through an
analysis, and particulars of the | iterative and systematic process indicates
approach, including theoretical | my active position. | avoid phrases like
positions and assumptions, are | ‘theme emerge’, instead referring to the
clearly explained. themes as ‘identified’.

13. There is a good fit between what | The reported thematic analysis used in this
was claimed and what was done | report is consistent with the analysis
(i.e. described method and | carried out. As indicated previously, the
reported analysis are consistent). epistemological and ontological approach

14. The language and concepts used in | selected for this study was a critical realist
the report are consistent with the | contextualist approach. The language used
epistemological position of the |in the results and discussion reflects the

£ analysis. belief in one reality, ‘truth’. It also
qg,- 15. The researcher is positioned as | understands that access to information is
5 active in the research process; | limited since people's perceptions of
.*g themes do not just ‘emerge’. reality are subjective, socially determined,
= and changeable.

Source (Braun and Clarke, 2022, p. 269).
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2.3.3.5.1 Reflexivity and positionality

Reflexivity is crucial to good quality research through acknowledging your biases (Braun and
Clarke, 2022, pp. 13-19). Reflexivity is an ongoing process which involves routinely reflecting
on your assumptions, expectations, choices, and actions throughout your research process.
This means a researcher needs to be aware of their theoretical assumptions and work
accordingly. Researchers advise keeping a reflexive journal for the research process. An

example of my reflective notes is in Figure 8.

Interview with participant 7 and 8.

The interview was online using Zoom. | had a sound issue at the beginning, and it was fixed
after a couple of minutes. The interview was after school time, which was challenging for me
as a mother to fit the time before the time to pick up my kids. The mum seemed relaxed, and
the boy was shy and refused to show his face to the camera. The mum helped me a lot,
especially with the hard accent of the boy. She was elaborating on his answers. The boy was
upset when we talked about the changes after Kaftrio and started comparing his results with
others, while the mum saw the opposite. It was exciting to hear different opinions from the
mother and her son.

» What | need to do for next time:
1- check the technical part first

2- add more questions about the family role after changing the routine.

Figure 8. Example from my reflective diary.

Also, it is vital to acknowledge your positioning within the research process, such as
professional knowledge, gender, culture, age, ability, experience, and other factors and
understand how these may have shaped your interaction with participants and influenced the

production of knowledge within research.

My position as a non-native English speaker influenced the interview process. Speaking English
as a second language made it sometimes challenging to comprehend the participant's
response. However, this allowed me to seek clarification, probe deeper, and give the
participants more time to discuss the point. | used simple language to resolve this obstacle
and make myself clear, and | used a recorder to ensure | could fully comprehend the

responses.
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Additionally, as a respiratory therapist from a different culture, | have little experience working
with pwCF, although | have worked with other chronic respiratory diseases such as chronic
obstructive pulmonary diseases (COPD) and asthma. However, the severity of CF and its effect
on patients’ lives differs. In addition, having no direct personal experience with pwCF may
impact how | view and understand the experience of carers and children. Acknowledging these
positions, which could influence the interpretation of the data, is part of ensuring good

research quality.

2.3.4 Ethical consideration
2.3.4.1 Ethics and registration

Full NHS ethical approval was granted for this study on 4" October 2021 by the East Midlands
— Leicester Central Research Ethics Committee (Ref: 21/EM/0210; see Appendix |). Newcastle
Joint Research Office granted research sponsorship and insurance. | prepared all the necessary

documents required for the ethical approval under the supervision of my supervisor.

2.3.4.2 Patient safety and wellbeing
Although this study aimed not to discuss sensitive topics, and the discussed areas are regarded
as ‘good news stories’, a guideline was developed in the event of any experienced distress

(see Appendix J).

2.3.4.3 Data management
A password-protected audio recording device (Sony ICD-UX570 Digital MP3/LPCM
Dictaphone) was used to record interviews. The audio data were moved from the encrypted
recording device to password-protected drives at Newcastle University. The original
recordings were retained throughout the analysis phase to allow reviewing of the data for
verification purposes if needed. The online interview transcripts were securely stored in a
password-protected drive at Newcastle University. The printed transcripts were locked in

storage that was only accessible to the research team.
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2.4 Results

2.4.1

Sample demographics

Twenty-seven individuals participated in the study (ten cwCF, seven parents, and ten HCPs).

Characteristics are summarised in Table 3, Table 4 and Table 5. For confidentiality purposes,

all participants have been given a pseudonym. Interviews ranged from 15 to 55 minutes (mean

duration 30 minutes).

Table 3. Characteristics of children with cystic fibrosis.

Pseudonyms | Gender | Age Time on elexacaftor- | Latest lung function

(years) | tezacaftor-ivacaftor result
(months) (ppFEV1, %)

Rose Female | 16 16 91

Elisa Female | 17 15 104

Anna Female | 15 6 92

Maggie Female | 16 15 103

Arthur Male 15 17 103

Pippa Female | 16 18 102

David Male 13 18 98

Sonny Male 14 18 110

Ruby Female | 13 11 88

Elizabeth Female | 14 16 106

ppFEV1: percent-predicted forced expiratory volume in 1 second
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Table 4. Characteristics of parents/quardians.

Pseudonyms | Gender Age of child (years)
Amy Female 17
Martha Female 15
Olivia Female 13
Helen Female 14
Rob Male 13
Peter Male 14
John Male 14

Table 5. Characteristics of healthcare professional.

Pseudonyms | Role Length of experience in cystic fibrosis care
(years)

Sarah Physiotherapist >20
Laura Nurse Specialist 10-15
Joan Respiratory Physiologist 10-15
Kate Physiotherapist 1-4
Jade Consultant 10-15
Linda Dietician 1-4
Emma Nurse Specialist >20
Mary Physiotherapist 10-15
Julie Physiotherapist 1-4
Suzi Physiotherapist 5-9
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2.4.2 Thematic map
Following the analysis of the data, an overall thematic map was created, integrating perspectives from all groups to formulate a comprehensive

narrative. While the specific sample sizes were tailored to each group's distinct characteristics, the overarching goal of the thematic map was to
merge and convey a coherent storyline that captures the collective essence of the study. Numerous insights were provided by participants about
the impact of ETI, along with personal anecdotes and opinions. Commonalities in experience and some dissimilarities were identified. An
overarching theme with three associated and interconnected themes were described, as summarised in Figure 9, that encapsulated the

perspectives of cwCF, their careers, and HCPs.

Slow down
pr— . Simplifying
22 ;;i::f“ e treatment - hopes — “Well, it doesn't affect me
and fears "I still can't get my anymore”
Suggestions! head around how Quality of lfe "Sense of release and more
three tablets can do kightness®
e “Kaftrio is a what Kaftrio done” "your entire day is dictated
W T by the CF timetable"
Future - hopes and game-changer Y :

concerns

Figure 9. Thematic map of all participants.
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2.4.3 Overarching theme. ‘I still can’t get my head around how three tablets can do
what Kaftrio done’
This quote from a parent illustrates the huge impact ETI has had and summarises the overall

experience. Substantial improvements in physical health have led to wider benefits in terms
of mental well-being and extended social lives and opportunities for cwCF. In addition,
reducing the burden of physiotherapy treatment led to a change in their attitude toward these
treatments. The introduction of ETI has also changed the physiotherapy treatment and
approaches to multidisciplinary care that are ongoing. The three associated themes are

described below in the context of cwCF, their families, and HCPs.

2.4.4 Theme 1. Quality of life
Most participants emphasised the changes in their quality of life after starting ETI and they

compared this with the time before taking it. Three subthemes captured the changes in the

patients' and their carers' lifestyles.

Subtheme 1.1: ‘Well, it doesn’t affect me anymore’
This subtheme highlights the change in the physical symptoms cwCF and their carers
experienced. As this young man indicated when asked about the difference he experienced
after ETI, he described how the symptoms he had experienced as part of having CF had
disappeared. He felt that CF does not affect his health any longer. The majority of cwCF
interviewed felt that their respiratory symptoms, such as cough and shortness of breath, had
reduced and that their lung function had improved. For example, Anna (cwCF aged 12-15

years) said:

| would say that it has made my lungs feel better. It's been less coughing
overnight, which | appreciate...., and less mucus which | appreciate.

Change in the frequency of infections was one of the main changes reported in the children’s
health. The drop in isolating Pseudomonas and the need for antipseudomonal therapy had

made the cwCF and their families feel healthier.
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Besides the respiratory symptoms, being more active and awake, having more energy, not
being tired and sleeping well were all frequently described by children when they talked about
the impact of ETI on their health. Maggie (cwCF aged 16-18 years) spoke about her health
after ETI:

I'd say a bit because it's made me a lot better, more awake ... | was really tired
before, and I'd have like nine hours of sleep and still be tired and just like | need
another nap. Now it’s like | can wake up and just have a day and then sleep at
the end instead of needing breaks during the day. Which is nice.

Issues related to adverse events were not particularly prominent in the interview data. There
were some negative comments about side effects participants experienced following ETI
introduction, such as abdominal pain, headache, back pain, and acne, which lasted for a

couple of weeks and then resolved. For example, Elisa (cwCF aged 16—18 years) said:

Immediately afterwards, | started getting a really, really sore stomach, but
three weeks, that passed, and it's never come back.

This subtheme emphasised the improvements in physical symptoms that reduce the disease

burden on cwCF and their carers.

Subtheme 1.2: ‘Sense of release and more lightness’

This subtheme focused on the psychological impact reported by the children and their
families. Many participants reported a positive change in their outlook toward their lives due
to the relief of respiratory symptoms. Several children relayed how as long as they could
remember they had experienced multiple symptoms, and that now they felt incredibly well
comparatively. Due to the progressive nature of CF, the idea of further deteriorating concerns
cwCF, and experiencing the improvement with ETI had relieved this pressure. This healthy
feeling meant for the first time they looked optimistically to the future.

Rose (cwCF aged 16—-18 years) talked about her feelings before and after ETI:

For such a very, very long time, CF felt like a really untreatable thing, and
everything you're doing feels like you're just trying to prolong something that —
like prolong a life that might not be as high a quality as a lot of people’s. But
the Kaftrio has really been the first proper step towards an effective treatment
that actually does something more than necessarily prolonging... You feel more
like other people, and you feel more like you are healthy, even if you aren’t
necessarily better properly.
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Several parents also reported the positive impact of ETI on the quality of life of their child.
Parenting an older child with CF can be challenging, and arguments about taking medication
and doing ACTs are frequent issues. Many parents had previously spent a huge amount of
time caring for their children only to see them struggling as they got older due to increasing
symptoms compounded by the stress associated with an ever-increasing treatment burden.
However, after starting ETI, their child was now much better than previously, which has
relieved their stress. It is reassuring for parents to watch their children enjoying their time
with friends and living like others in their age group. A common emotion among parents was
a feeling of relief once they had confidence that ETI was working and was going to benefit
their child.

The following quote from Peter (father of cwCF aged 12—-15 years) illustrates the impact of

their child’s health improving with ETI on their own mental health:

Personally, my mental health and my wife's mental health has improved
dramatically since this because it's been a long road coming, and it's very
draining to have an emotional black space that's there constantly. Anything
that lightens that black space up a little bit is a massive relief on your daily life
.... That's our bonus, to make sure that she lives as healthy and as normal a life
as possible. If she feels that she can do that better on Kaftrio, then that's good
enough for us.

Some cwCF expressed disappointment and frustration that they had not experienced as much
benefit as some other people had. Several children compared their results with others who
shared positive experiences on social media. For example, Ruby (cwCF aged 12-15 years)
talked about her lung function and how she felt about not seeing the huge impact that she

had been expecting:

| don’t think there has been a huge impact. It’s probably in the 80s now, which
is still good. It’s really good, but the difference, probably. | know some people
who — well, | don’t say | know, | mean like on social media and stuff — that has
gone from 30 to 90, like it has been incredible.

Overall, the improvement they experienced reduced the mental burden associated with CF.

Subtheme 1.3: ‘Your entire life is dictated by the CF timetable’
This subtheme was revealed as participants described the burden of treatment and the impact
on their life before and after starting ETI. As patients get older, this typically involves adding
more treatments to the daily routine. Furthermore, as CF care has advanced over the decades,
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developments have typically involved an increase in treatment burden. The introduction of
ETI is different and may be associated with a reduction in treatment and withdrawing
therapies.

Most children started ACTs from an early age and maintained that routine throughout their
lives. This schedule places a constant pressure on families. Children felt that their lives were
limited by the treatment. Although they understood the importance of ACTs and nebulisers in
their care, they were often seen as a tedious daily process. Specific preparation is needed
before they go out, especially if the treatment involves ACT or nebulisers. Most interviewees
emphasised the burden of having nebuliser and ACT in their routine, and they see it as the
most limiting treatment. The more nebulisers they have, the more restrictions they are placed
under. Rob (a father of cwCF aged 12-15 years) discussed the burden of having ACTs and

nebuliser:

Tablets is a lot easier, and she has got a lot more acceptance and tolerance to
that because it’s something that’s quick and easy, and perhaps even other
friends may take tablets and such as part of their general.... Whereas the
nebuliser and the physio are certainly a big-ticket item in terms of being
something different than others have to do. It takes the time out of everyday
activities that need that. That has always been the inconvenience.

This regime was also a constant reminder twice a day that they have CF making them feel

different to their peers. Addressing this issue, Anna (cwCF aged 12-15 year) said:

It can be a bit annoying. You know, in your daily routine, it takes time to just
organise your life around that, | suppose. It can be time-consuming every now
and then, but apart from that, it’s good for my health.

Some cwCF need home IV treatment for infection, which is another restricting medication that
requires specific preparation. Although frequent hospitalisation is burdensome and time
restrictive for the whole family, some of the family see it as a chance to spend more time

together. As Martha (a mother of cwCF aged 12-15 years) explained:

It's a bit of a pressure sometimes, as a parent and child. But yes, that one-to-
one time is something that's a good side of it.

The challenge becomes harder during holidays when the daily routine is disturbed, and they
must work the treatment around the new timetable. The school usually helps to keep up with
the routine, from waking up to sleeping. It becomes even more challenging when they meet

with other family members who do not understand the meaning of having CF and its
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consequences. Having to go through this conversation every time they socialise with others is
an added burden for the family. Helen (a mother of cwCF aged 12—15 years) talked about her

experience with her family, saying:

We would travel down to my family and stay with different family members,
you see, so it regards to that social time. Also, people not understanding. Family
members not understanding what had to be done, really, even though they
have known it for years. [Laughter] It is just so alien to their world, so if we were
going out for the day, having to explain, ‘We have to be back for this’, ‘We have
to do this’, da, di, da, di, da, and.

Commenting on the burden on parents or carers, Olivia (a mother of cwCF aged 12-15 years)
emphasised the struggle with motivating their children to do their daily treatment properly,

saying:

That responsibility of having to get everything done all the time. Just, yes, how
did we feel? ... With the Aerobika or whatever, to saying, ‘Blow’, ‘Blow’, ‘Count’,
‘Concentrate’, or with nebulisers, ‘Are you holding that properly?’, ‘Are you
sucking it up?’, ‘Are you doing this?’, and it is the constant nudging to make
sure that it is done in the right way”.

A small number reported they were resigned to their daily routine. They believed that
acceptance was the best way to manage the burden and work the treatment around their

lives. As Martha (a mother of cwCF aged 12—-15 years) revealed:

We sort of didn’t make it a big deal... You’ve got to do them but try and do them
in a way that doesn’t monopolise all of your day.

Most participants felt that the treatment burden had diminished since starting ETI. Some cwCF
stated that it was now easier to manage their treatment without it having an impact on their
day. Going to school had become more manageable without needing to wake up early to
complete physiotherapy treatment. Children were also now able to engage in more social

activities. Sonny (cwCF aged 12—-15 years) stated that:

| remember when | first started school again after it, | found it ridiculous how
fast you can get ready in the morning without it. It took maybe 10, 20 minutes,
just to do everything without tons of the stuff in the way.

Even the children whose treatment routine had not changed after starting ETI felt that it was

easier to complete the treatment now with less effort because they have more energy.
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When the amount of treatment is reduced and the symptoms are relieved, the parents' ‘to-
do list’ becomes more manageable. There was also evidence of less tension among family
members about managing treatment and trying to get everything done within the time frame.
Helen (a mother of cwCF aged 12-15 years) expressed the difference she felt in her family

because of the reduced burden of treatment:

| think sometimes it has caused stress between mum and dad because if
medication hasn't been ordered or somebody hasn't picked something up from
the pharmacy or the pharmacy have got it wrong, and we have to go and sort
it out, then that causes arguments... Now it is different because there aren’t the
little niggles and the tensions in the way that there used to be to try and get
everything done within the time frame. We’re a lot more relaxed now about
things. And it seems like so much more manageable.

The time that was freed up was regarded as a welcome bonus and allowed them to enjoy
more quality family time. CwCF had more time to explore life with their peers. Parents who
have lived their entire life since the diagnosis around managing the treatment and keeping
their children healthy get the chance to look after themselves as expressed by Martha (a

mother of cwCF aged 12-15 years) who said:

It was an extra 15 minutes out of your day, | think, when you get that back, you
do suddenly realise that it’s quite nice to have that time.

Another burden parents cited is the preparation and administration of the treatment. Several
carers believed their role reduces over time because the children grow older and more
independent. The parent’s role revolved around preparing the nebulisers, sterilising the
equipment, and observing the physiotherapy techniques. After ETI, some of this treatment
diminished or was eliminated from the routine, which makes it easier for the children to take
on responsibility for their treatment, lightening the parents’ burden. As illustrated by Martha

(a mother of cwCF aged 12—15 years):

I mean, it has got less over time, because he has got more independent, he has
got older, and the physio sort of changed.

As stated in this subtheme, reductions in the treatment burden were associated with

improvements in cwCF and their families' quality of life and mental health.
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2.4.5 Theme 2. Simplifying treatment — hopes and fears
This theme developed when discussing opinions about the concept of reducing ACTs and

nebulised treatment once established on ETI. Due to the considerable clinical improvements
associated with ETI in many pwCF, some clinicians have advised reducing conventional
treatments such as ACTs or nebulisers. This has been welcomed by most cwCF. However, there
is no high-quality evidence to support this practice, and opinions differed amongst HCPs and

families.

Subtheme 2.1: Slow down
All HCPs interviewed explained that they start reducing other treatments gradually after
seeing an improvement in children’s health. These HCPs recognised the importance of ACTs
to maintain lung health. The lack of longer-term data has made decision-making difficult.
Although HCPs understood how crucial reducing treatment burden is for the quality of life of

many cwCF and their families. Suzi (a physiotherapist) commented:

They [CFTR modulators] are new, we don’t know how long the effects are going
to be, if they’re going to be sustained or not. That’s what makes me anxious.

Another HCP Laura (a nurse specialist) said:

If it’s safe for us to do so and we can reduce that load and that burden on them
then | am all for it. Because it is a very intense daily schedule that a lot of the
kids have to go through, | wouldn’t want to do it myself and we’re asking them
to do it every day, day in day out forever, essentially. Which if there is an option
to reduce it down it’s going to make their quality of life so much better.

Like the HCPs view's, most parents expressed their hesitation in changing their child's routine
and preferred to take things slowly. From their point of view, it was seen as safer to keep doing
ACTs to keep children as healthy as possible. They believed that the routine of doing ACTs was
helping their children stay healthy, and changing this idea was hard for some. Most parents
had managed this routine for their child’s entire life, and some had experienced what could
happen if their child did not do ACTs in the past. As a result, some families found it easier to
keep the routine rather than disrupt it and risk needing to reintroduce it. This was one reason
that made them hesitant to take the step of reducing treatment. Some mentioned they
needed a scientific answer and time to see the feasibility of simplifying physiotherapy yet

maintaining their child’s health.
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Amy (a mother of cwCF aged 16—18 years) summarised this as follows:

It’s really hard because the physio for [child] has — apart from if she's got a
cough or cold — it never anything comes out, there's no sputum comes out. So,
you might think, ‘Well, what's it doing?’... | reckon it is doing something,
keeping her lung volumes up. I'm still very firmly of a mind that she must do it;
she must do it to absolutely the best of her ability... | would rather just do it
absolutely maximally and then know you’ve done everything you can, and then
that’s just in the hands of whatever happens.

Only a small number of cwCF themselves mentioned uncertainty about reducing treatment

being the right thing to do. Arthur’s (cwCF aged 12-15 years) comment illustrates this:

They offered me the chance, last time we were at clinic, to drop one physio
completely. But | didn’t want to .... In case | started coughing again.

Subtheme 2.2: ‘Doing less would be better’
Contrary to the HCPs and carers’ views, most children expressed enthusiasm about taking this
step and thought that reducing physiotherapy would improve their lives and lessen the
treatment burden. It was clear that the majority were keen to reduce their treatment as soon
as possible, whereas parents were more reluctant. Some children explained that they had
been willing to take the step and try stopping some ACTs or nebuliser treatment and see what
happened. There was a sense of eagerness among some individuals who had already reduced
some physiotherapy to move on to the next level and do none. For example Elizabeth (cwCF

aged 12-15 years) said:

I’d rather try a break, because if you don’t try it you’re not going to know. Even
if it does go wrong, you can just go back to it.

Subtheme 2.3: Suggestions
Participants were asked to put forward suggestions about what should happen to ACTs and
nebulised treatments following health improvements with ETI. Several children and parents
proposed that ACTs should become ‘as required’ rather than daily. This would mean that they
would feel more empowered and be able to contribute to the decision about when to

introduce ACTs based on their judgment.
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Helen (a mother of cwCF aged 12-15 years) said:

| think, depending on how you feel, it should be the patient’s decision. It’s their
health, so they should be able to determine whether they need to or not with
the guidance of the doctors.

Several HCPs advocated for a shift in treatment protocols where approaches are more
personalised and tailored to the individual patient's needs. Although they were generally
supportive of this change, they highlighted the need to have a structured process and the
need to track progress and accurately document any changes in the clinical record. This is
crucial to identify the medications required, the starting point for simplifying treatment, and
identifying the point of deterioration where treatment must be reintroduced.

This was summarised in this quote:

| think we need to come up with a plan of how to do that. | think we need more
of a structure of how we’re going to simplify it and how we monitor that. And
what our objective measures will be on that. So we can decide if they're
managing with the lesser reduction or the simplification of physio and things
like that, whether that’s working well. And what we then put as a threshold to
then restart things or increase physio again or add nebulisers back in. I think it
just needs a bit more structure. (Sarah, a physiotherapist)

Another suggestion was to encourage children to do more exercise as ACTs are reduced.
Several participants mentioned that they believe that exercise could be an alternative option
to ACTs that helps maintain physical health and provides a ‘safety net’ when simplifying ACTs.

As Mary (a physiotherapist) commented:

l also think that my advice about exercise is becoming more important, because
I suspect that people’s — and this is the way I’ll sell it to them — is that their ticket
out of doing routine airway clearance or day-to-day physio is probably to move
more. So, ‘| would be happy to reduce your airway clearance to once a day, if
you do some exercise.’

A patient perspective on this was as Maggie (cwCF aged 16—18 years) stated:

I think you sort of need exercise still and everything like that ... Because although
the Kaftrio helps, | feel like you need something with it, so they work hand in
hand, | think you still need them both.
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2.4.6 Theme 3. ‘Kaftrio is a game changer’
The final theme was the change in CF clinical practice that has developed and is still evolving

in the HEMT-era. It can be summarised by the quote from one of the HCPs describing ETl as a
‘game changer’. This theme could be grouped into two subthemes: ‘shift’ and ‘future-hopes

and concerns’.

Subtheme 3.1: Shift
The majority of HCPs describe this era as a learning time and a challenging one. The changes
that happened in a relatively short time were new and had never been experienced in CF
practice. The CF treatment has been established over the years and it is challenging for them
to change what they have been used to. These changes in patients' health impacted practice
at a fast pace. Although excited about these positive effects, HCPs are hesitant and have no

definite answer about the right steps. As Kate (a physiotherapist) said:

We have been waiting for it, but it has happened so quickly that we haven't
necessarily — As CF in general, | don't think we’d got a plan of how we were
going to de-escalate, what we stop first, and how long we wait until we stop
the next thing.

Some practitioners believe that honesty with the cwCF and their carers about this era's
unpredictability is crucial to engage them more in the treatment plan. This idea is illustrated

by Joan (a respiratory physiologist):

Almost trying to get them to understand we’re learning as we’re going along. |
think that’s been a big thing to let them know that we’re still learning. We don’t
know yet what we need to stop, what we need to slow down and what we
change, if anything. Just bear with us as we go along as well.

A common view amongst participants was that a shift was noticed in practice after ETI was
introduced. One of the changes that HCPs reported was a shift in the attitudes of children and
families towards ACTs after starting ETI, especially in those who experienced significant health
benefits.

There was a sense of growing confidence in individuals to decide on their own treatment.
Some participants questioned the need for ACTs. After starting on ETI, some children have felt
much healthier and, along with parents, voiced that they may not need to do ACTs, especially

those who had no secretions.
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As Joan (a physiotherapist) summarised:

| think some of the families and patients have almost voted with their feet a
little bit, stopped things and then come and told us.

Helen, (a mother of a cwCF aged 14 years) commented that:

He’s not producing thick mucus with the drug. So, if he’s not producing thick
mucus, and he can cough things up himself, or he doesn’t have a cough, then
he doesn’t need physio .... Or if it maybe potentially- | don’t know.

Another reported issue was a shift in the level of adherence with other treatments after
starting ETI. Several HCPs felt that treatment adherence had deteriorated after the
introduction of ETI because children and families felt they could miss some sessions without
any harm. However, some HCPs argued that simplifying treatment had helped patients be
more focused and committed to ACTs and to have the energy to do it.

As Mary (a physiotherapist) put it about adherence issues:

Think the challenges are still there and they're still the same, but they have been
exaggerated, if you like. So, adherence has got a lot worse, because actually,
they feel great.

Another opinion about adherence from Laura (a nurse) is that:

The simpler we can make their treatment, the better, because they’re more
likely to do it.

‘Good luck getting me to do it again’ (Sonny, a cwCF aged 12—-15 years). This was how one of
the children expressed his feeling about doing physiotherapy again after getting used to a

simplified treatment regime.

This was a challenge that was also recognised by one of the physiotherapists when a patient

experiences an exacerbation or infection and is required to do ACTs and use nebulisers:

Because | think they’ve almost had a taste of the good life, whereby they're
doing less. | think it’s very hard to then build back up again. (Mary, a
physiotherapist)
Another shift HCPs described was a change in the workload. Historically, physiotherapists
mainly concentrated on ACTs, while after ETI, they focused more on promoting exercise and

a healthy lifestyle. As a result of the health improvement, the load lies toward outpatient

clinics compared with inpatient ones.
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As Kate (a physiotherapist) stated:

I think, now, we probably do more outpatient stuff, but that’s almost because
they're more well, so we’re able to maintain them at home. And it might be that
we’re doing a check because they’ve got a bit of a cough and just have an
assessment and take a sample, rather than them coming in because they're so
unwell and needing to come through A&E, and things like that.

Some physiotherapists have raised concerns about the clinical role of physiotherapy and the
possibility that demand for physiotherapy will diminish over time. As Mary (a physiotherapist)

stated:

| think there might be less clinical role and maybe reduced frequency in their
reviews as well. So, | think there’s no doubt that my role will change, but
obviously, for a very good reason. Hopefully, we’ll always be needed, though.

Others argued that the necessity for physiotherapy will persist, at least for those cwCF who
do not have access to ETl and those who have not experienced a dramatic clinical benefit from

the drug. These opinions are summarised by:

And maybe we have got the airway clearance there. But | think more emphasis
on keeping them healthy, in terms of chest as well as exercise tolerance and
lifestyle, will potentially go more towards the exercise side of things. (Kate, a
physiotherapist)

There’ll still be some that need it because you’ll always get the extremes with
different kids that have difficulties. You’ve got the kids with the other genes that
don’t necessarily get it. (Suzi, a physiotherapist)

Despite the positive impact of ETI, there are new challenges facing the CF multidisciplinary
team. Weight management is a new challenge. In the past, maintaining good nutritional status
was a significant focus of CF care. The normalisation of dietary advice for people who had
required a high-calorie intake previously is a dramatic new recommendation. This was

summarised by Ruby (cwCF aged 12-15 years) as:

Before Kaftrio, yes, you could eat anything you want because you wouldn’t put
weight on. Now, there was a period of time where | was getting really upset,
because all of a sudden, | had got a lot of weight on.

Mary (a physiotherapist) commented:
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| think one of the other challenges that we’re seeing now is not necessarily
always physio-related, but | think will have a massive impact on physiotherapy,
will be weight.

John (a carer of cwCF aged 12-15 years) summarised that their concentration switched from

the CF toward other comorbidities:

The pressure has shifted from her CF — more or less — to the diabetes. Back then,
the CF was the forefront. Always that was what was going to cause the
problems. It's now that's taken a back seat to other issues that were there
anyway.

Subtheme 3.2: Future — hopes and concerns
As a result of all the changes that have occurred with the introduction of ETI, some cwCF and
their families have questioned, “What is next?”. Discussing this issue, many participants
voiced their concerns if the benefits gained from ETI would be sustained in the long term and
wondered if their health would deteriorate in the future. CwCF and their parents constantly
battled different types of infections and had more experience being sick than healthy. For this
reason, building the confidence to maintain long-term health is hard for them. As Martha (a

mother of cwCF aged 12-15 years) said:

And | think, as time goes on, the healthier he is for longer, then the more
confidence you’ll have.

Looking to the future with an optimistic scope is another observation noticed by participants.
As a result of improvement in symptoms and reduction in the necessity for some treatment,
cwCF and their carers feel more optimistic about the future and start recognising the potential
influence on life expectancy. However, the anticipated increase in lifespan means they will
experience comorbidities like diabetes and liver disease for longer. Peter (a father of cwCF

aged 12-15 years) talked about his discussion with a member of the CF team:

They said, ‘your life expectancy is a lot different to what it used to be. The
problems that you probably wouldn’t have faced with your diabetes before are
problems you’re going to have to think about’. It was a little bit of a light switch
in my head that said, ‘Wow, this probably is going to make a huge difference to
the life expectancy of my daughter’. It was quite emotional to hear it, and that
was probably the biggest change and the biggest effect that it had on myself...
We feel like she's going to be here to annoy us for quite a long time.
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A small number of participants stated that observing the results of ETI raised the expectation
of having a genuine cure for CF in the future. Compared with the time before ETI, the idea of
having such tablets targeting the underlying issue was far away. Now they are in this era and

see the possibility of having a better cure:

I guess any parent is looking for a cure rather than managing. (Rob, a father of
cwCF aged 12-15 years)

The hope for the future extended to change in CF practice. Mary (a physiotherapist) describes

her view for the future of physiotherapy practice in CF saying:

For example, physiotherapy-led CF clinic, rather than a consultant-led CF clinic.
So, we would undergo full assessment of all of the systems and all aspects of
CF, and manage those accordingly, with our extended roles of a non-medical
prescriber. But then signpost back to a consultant if we had any concerns or
problems. Or whether we work on a triage system, whereby there would be a
general CF clinic and then a post-Kaftrio CF clinic, that would go to a physio, to
then manage.

Participants in general held diverse perspectives; HCPs emphasised long-term data and the
next steps for practice, parents oscillated between concerns about potential health
deterioration and adjustments in disease management, while cwCF generally maintained an
optimistic outlook regarding the future.

Overall, the influence of ETI extends from clinical health variables to a better lifestyle for both
cwCF and their parents. These results also impact CF practice and change as this treatment

continues.
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2.5 Discussion

This study aimed to increase understanding of the experiences of cwCF prescribed ETl and the
opinions of their carers and HCPs about its impact. There was a particular focus on treatment
burden, especially ACTs and nebulisers. The qualitative approach allowed an in-depth look at
the experience of cwCF in this new era of care. Three main themes were identified relating to
the improvement in the quality of life of cwCF and their families, their perspectives on
approaches to simplifying treatment, and, finally, the shifts in CF clinical practice. The
significant changes associated with ETl over a short period were encompassed by one

overarching theme.

2.5.1 Theme 1. Quality of life
The findings highlight the major improvements in the health and lives of cwCF following the

introduction of ETI. The first theme highlights the switch in the physical health, psychological
health, social life, and treatment burden for both cwCF and their family. These results support
a previous qualitative study that explored the influence of the older CFTR modulators
(Orkambi and Kalydeco) on adults’ outlook on life outside clinical health variables (Page,
Goldenberg and Matthews, 2022). They interviewed eight pwCF in the US aged between 18
and 34 who had been on CFTR modulators for at least six months. Participants described the
change they noticed in their physical health as improved or stable. They also highlighted the
changes in their social lives and mental health where they no longer see CF as their identity

compared to the time before the modulator.

There are also similarities between the physical and psychological positive attitudes expressed
by adolescents in this study and those described by adults (Keyte, Kauser, Mantzios and Egan,
2022). Keyte, Kauser, Mantzios and Egan (2022) conducted a semi-structured interview with
20 pwCF from different countries to explore how ETI has affected individual lives, including
physical and psychological well-being. Participants emphasised that, before ETI, the emotional
burden of having CF was more complicated than the physical burden associated with their
condition. However, after ETI, the symptoms of CF started to reduce, which reduced the
burden of CF on their daily lives. PWCF appreciated the ‘normal life’ after ETI that comes with
improved symptoms and quality of life.

One reported improved symptom in this study was sleep quality. This result is contrary to

previous literature before ETI, where cwCF are more likely to experience sleep difficulties due
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to physical symptoms, including coughing, wheezing, and gastrointestinal discomfort

(Vandeleur et al., 2017b; Vandeleur et al., 2017a).

Similar to the present results, previous studies have demonstrated that beyond the burden of
disease, the psychosocial impacts of living with CF for cwCF and their caregivers were
profound before the introduction of ETI (Sawicki, Sellers and Robinson, 2008). Sawicki, Sellers
and Robinson (2008) conducted a longitudinal study of 303 adults with CF from ten CF centres
to describe the overall symptoms burden of CF using the Memorial Symptom Assessment
Scale (MSAS). They concluded that adults with CF have a high symptom burden, especially
respiratory and psychological symptoms. On the other hand, participants in this study
described improved respiratory symptoms and mental health as a result of reducing the

disease burden after ETI.

| also explored the possible detrimental effects of ETI. Some participants reported initial
adverse effects, including abdominal pain, headaches, and rashes, but these were mild and
eventually subsided. These findings support those reported in randomised clinical trials
(Heijerman et al., 2019). However, a previous qualitative study on adults on ETI reported
severe adverse physical and psychological effects to the extent that they chose to stop ETI
(Aspinall et al., 2022). Aspinall et al. (2022) recruited 12 pwCF to share their experience of ETI.
They reported two themes around the positive perceptions, which included improved quality
of life and physical symptoms, and negative perceptions, including the side effects of ETI that

impacted their quality of life and led to the cessation of the treatment.

The change in the treatment burden after ETI is another factor contributing to the quality of
life, as described by participants. Several studies identified the burden of treatment for cwCF
prior to HEMT (Quittner, Saez-Flores and Barton, 2016; Davies et al., 2020a). A substantial
amount of time was spent completing treatment daily, and this caused many to feel different
from their peers (Ziaian et al., 2006). A previous qualitative study with ten cwCF in the UK
aimed to explore adolescents' attitudes toward risky behaviours such as lack of adherence.
One of the themes acknowledges that keeping up with treatment is the most challenging
aspect of CF for older children and prevents them from engaging in everyday activities (Keyte,

Egan and Mantzios, 2019). This treatment burden usually increases as cwCF gets older due to
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physical health. This burden has diminished with ETI, as reported by cwCF and their caregivers

in this study.

A survey study of pwCF, their families, and their HCPs aimed to seek feedback from these
groups about their willingness to stop some treatment. They reported ACTs and nebulised
treatment as the most burdensome treatments among the CF community, and they wished
to start simplifying the treatment with regards to these (Gifford, Mayer-Hamblett, Pearson
and Nichols, 2020). Supporting the previous study, cwCF and their families in this study found
the ACTs and mucolytics nebulisers to be the most stressful treatment. They believed that

their life had been less burdensome since reducing these treatments.

Physical symptoms, sleep quality, mental health, social life, and treatment burden are all
associated with cwCF and their families quality of life (Tomaszek et al., 2019). Tomaszek et al.
(2019) investigated the factors associated with Health-Related Quality of Life (HRQol) in
adolescents and young adults with CF. The survey was completed by 95 participants and
included physical, social, treatment, symptoms, emotional function, future concerns,
relationships, body image, and career dimensions. They concluded that anxiety and sleep
quality have the broadest impact on HRQoL. Participants in this study reported improvements
in their physical and mental health, social life, and reduced the treatment burden, and as a
result, their overall quality of life improved. Continuous monitoring of these predictors could

contribute to maintaining a high quality of life.

2.5.2 Theme 2. Simplifying treatment — hopes and fears
Following the introduction of HEMT, the call to simplify treatment has increased, and the

adherence to some treatments has started to change. A retrospective study looked at
treatment patterns, including inhaled antibiotics, dornase alfa, hypertonic saline, chronic oral
antibiotics, and supplement feeding after starting ivacaftor. They found that these treatments
tended to decrease or remain stable in the treated group compared to the non-ivacaftor
group, where they remained stable or increased with time (Granger, Davies and Keogh, 2022).
The wish to reduce the treatment burden is shared by all, but the safety of doing this must be
ensured (Gifford, Mayer-Hamblett, Pearson and Nichols, 2020; Rowbotham et al., 2018). A
recent clinical trial examined the safety of discontinuing hypertonic saline or dornase alfa on
ppFEV1 in patients receiving ETI for at least 90 days (Mayer-Hamblett et al., 2021). They
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concluded that discontinuing hypertonic saline and dornase alfa was non-inferior to

continuing treatment regarding the absolute change in ppFEV1.

Despite the positive outcomes for many to date, there were also worries expressed about the
longer term. HCPs, carers, and cwCF articulated concerns about sustaining benefits.
Continuous evaluation of ‘real-world’ data is required to confirm long-term safety and

efficacy, and qualitative approaches also provide important insights.

Reflecting this, most carers and HCPs favoured a cautious approach in simplifying treatment
in the absence of high-quality clinical evidence to support doing this. HCPs emphasised the
need for a structure in the process, monitoring progression, and precisely recording changes
in the medical record. This is critical for determining the medications needed, the starting
point for easing treatment, and the deterioration point at which treatment must be
reintroduced. Contrary to the HCPs, most cwCF expressed a willingness to reduce
physiotherapy. This result may be explained by the fact that parents and children have
different perceptions of risk and responsibility (South et al., 2023). In addition, adults tend to
consider the longer-term consequences and prefer to be cautious. In contrast, adolescents
tend to prioritise immediate satisfaction and show a lesser concern for future outcomes

(Steinberg et al., 2009).

In addition, this study presents a number of suggestions to simplify treatment and improve
the engagement of CF patients. A structured and personalised approach is needed to improve
adherence following the call to simplify treatment. Consistent with the literature, this research
found that a responsive and personalised approach to physical therapy is likely the most
effective solution (Flume et al., 2009b; Rand, Hill and Prasad, 2013). Engagement of cwCF in
developing their treatment plan and empowerment to select options based on their
preferences with the shared goal of maximising health will be crucial. Children are different in
their preference; some cwCF reported that they start doing more exercise after ETI because
they see it as fun rather than treatment, while others do not like physical activity and prefer
to do ACTs while sitting and watching TV. It is crucial to understand patients’ preferences to
help them engage and adhere more to the treatment (Flume et al., 2009b). However,
monitoring exercise and maintaining adherence levels is challenging, especially in adolescents

(Santuzzi et al., 2020).
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Encouraging exercise is one of the tools suggested to support physical health by reducing
ACTs. Several studies have examined the feasibility of exercise replacing ACTs, but no study
has proven its effectiveness (Heinz et al., 2022; Rowbotham et al., 2020). A previous study
conducted an online survey of pwCF, their families, and HCPs to collect ACT and exercise
strategies data. They found that 54% of pwCF incorporate exercise into ACTs, and almost 50%
of pwCF who exercised omitted ACTs (Rowbotham et al., 2020).

In the era of HEMT, exercise adherence may be enhanced due to the reported improvement
in respiratory symptoms, increased energy, and personalised treatment (Swisher and

Erickson, 2008).

2.5.3 Theme 3. ‘Kaftrio is a game changer’
Another important finding was the attitude of cwCF toward ACTs and nebulised treatment has

changed, and they have started questioning their need for this treatment. In the pre-HEMT
era, Williams, Mukhopadhyay, Dowell and Coyle (2007) explored the difficulties of adhering
to ACTs and strategies used by families to overcome these difficulties in cwCF aged 7 — 17
years and their parents. They concluded that cwCF and their parents recognised the
importance of ACTs and the benefits for their health which stemmed from personal
experience of effect or trust in HCPs. Additionally, they considered visualising the mucus
production and improving lung health as a motivation. This could explain the difference in
attitude toward ACTs after ETI. Previously, the results of ACTs and nebulised treatment were
more immediately apparent through mucus clearance. However, views towards ACTs have

changed for many, possibly due to fewer problems with lower airway secretions.

Educating cwCF and their carers about the rationale for ACTs, nebulised treatment, and
physical activity has become doubly important in the HEMT-era to improve adherence. Before
the introduction of Kaftrio, Sawicki, Heller, Demars and Robinson (2015) interviewed 18 cwCF
and their parents to identify the barriers and facilitators of adherence to chronic therapies.
Recognising the importance of therapies and the lack of perceived consequences from non-
adherence were identified as one of the barriers and facilitators of adherence. Another
qualitative study interviewed cwCF and their parents emphasised the role of educating about

the importance of ACTs. This education was found to contribute to the perceived benefits and
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effectiveness of ACTs among this population (Williams, Mukhopadhyay, Dowell and Coyle,
2007).

Adherence is an ongoing issue reported after ETI. It correlates with multiple factors such as
mental health (Quittner, Saez-Flores and Barton, 2016), the burden of treatment (Sawicki et
al., 2013), and the energy to do physical activity (Nap-van der Vlist et al., 2021), and we need

to look to all these factors to address the adherence issue.

Weight management was one of the new challenges reported in this study. Given the reported
weight gain and the call to replace ACTs with exercise, a combination of calorie restriction and
increased exercise may be the most appropriate approach rather than solely focusing on

weight (Mantzios, Egan and Patchell, 2016).

The literature on CF prior to the introduction of CFTR modulators highlighted the
unpredictability of the disease. A previous qualitative study assessed the hopes and fears for
the future of young adults with CF. They found that pwCF expressed fear and uncertainty
about the future due to the unpredictability of their health and hoped for normality (Higham,
Ahmed and Ahmed, 2013). In contrast to previous literature, the participants in the current
study expressed anticipation and optimism about their future, which they attributed to the
CFTR modulator. Most participants in our study had positive expectations about the benefit
of ETI before starting it based on the high-profile experiences of older patients. This finding is
similar to the one reported in the adult population, where they expressed their prospect of a
brighter future and that future drugs will be on the horizon (Keyte et al., 2022). Equally, it is
important to be mindful that some experience greater benefits than others and that for
around 10% of the CF population, there is no HEMT option (Kramer-Golinkoff, Camacho,
Kramer and Taylor-Cousar, 2022). A recent qualitative study explored the lived experience of
pwCF who are not eligible for ETI. They expressed disappointment and conflicting emotions
linked to dimmish hope (Milo, Ciciriello, Alghisi and Tabarini, 2023). Ongoing support for these
groups is vital as there is genuine anticipation of a much longer and healthier life and reduced

treatment burden for many others.

People on HEMT are expected to have an increased lifespan, meaning they will experience

comorbidities for longer. Holistic care needs to be addressed, which includes support for
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comorbidities, eating behaviours, and quality of life issues related to increased longevity. In
addition, pwCF need to be educated about these adjustments. The adult population highlight
the role of social workers, who help in planning for the future they did not expect to have

(Keyte, Kauser, Mantzios and Egan, 2022).

2.5.4 Limitations and strengths
There were a few limitations to note in this study. One limitation of this study is the sample

size which was limited to one centre and did not explore the experience from a different
centre or area. In addition, the interviews were conducted after a relatively long time
(approximately one year) on ETI, which may have made it hard to remember and compare
with the time before ETI. Another potential limitation of this study is the possibility of selection
bias, as families of children who experienced positive responses to the intervention may be
more inclined to participate. This could lead to an overrepresentation of success stories and

potentially skew the findings towards more favourable outcomes.

Furthermore, despite our effort to include all specialities of HCPs, we could not include a social
worker and psychologist, who could have added valuable insights. The social worker was on
leave during the study's recruitment time, and there was no psychologist in the CF team. The
fact that | am a non-native English speaker is another limitation that could provide some
difficulties, mainly when communicating with the adolescent participants. Lastly, interviews

were conducted online, making establishing rapport with some participants harder.

On the other hand, this research has demonstrated numerous strengths. Most of the current
literature has focused on the experience of adults with CF after HEMT. However, limited
attention has focused on the experience of young people. This study contributes to an area of
literature that has been under-researched and gives an insight into the lived experience of
cwCF. Another strength of this study was the heterogeneity of age and gender of the cwCF
interviewed with various degrees of severity, which reinforces our findings and represents a
balance of views. This study also explored the perspective of a different group, including cwCF,

carers, and HCPs, which helps to understand the impact of ETI from a different perspective.
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2.6 Conclusion

This study has provided a deep understanding of what cwCF, families, and HCPs have
experienced after the introduction of ETI. Introducing HEMT has improved many CF patients'
health and quality of life. On the other hand, some cwCF did not experience the expected
results and compared their results with others. Patients who are not eligible for CFTR
modulator therapy or did not experience the expected outcomes may need support. Before

beginning ETI, educating patients about the potential outcomes is essential.

Despite the overall highly positive experiences, new challenges have emerged and must be
addressed. The introduction of ETlI has prompted a shift from traditional treatment
approaches, especially concerning ACTs and nebulised therapy. This offers an opportunity to

personalise treatment, but it remains vital to study longer-term effects.
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Chapter 3. The Impact of Elexacaftor-Tezacaftor-lvacaftor on Physiotherapy
Treatment and Clinical Outcomes in Children with Cystic Fibrosis: A Single-Centre,

Retrospective Study.
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3.1 Introduction

ETI is a newly approved CFTR modulator drug that contains two correctors, which correct
protein misfolding and trafficking of CFTR to the apical membrane, and one potentiator that
works to improve channel gating and increase epithelial ClI" transport (Haq et al., 2022).
Randomised clinical trials have demonstrated ETI to be more efficient in improving lung
function, body weight, and quality of life, and in reducing sweat ClI" and exacerbations
(Heijerman et al., 2019; Middleton et al.,, 2019) than previous dual CFTR modulators
(tezacaftor-ivacaftor or lumacaftor-ivacaftor) (Munck et al., 2020; Paterson, Barry and
Horsley, 2020). These favourable findings led to the approval of ETI for people with CF (pwCF)
aged 12 years and older with > 1 F508del-CFTR allele in the UK in late 2019 with access later

expanded to individuals aged 6 years and older.

It is important to understand the impact of ETI in real-world clinical settings, along with the
results obtained from clinical trials and their open-label extensions, to validate its long-term
efficacy and safety. Using real-world data, a recent study of the effect of ETl in the eligible CF
population has found that treatment is associated with improved outcomes, including better
lung function preservation, improved nutritional status, and decreased hospitalisation risk
compared with a five-year pre-treatment period (Bower et al., 2023). Recent evidence from
the real world also shows that ETI reduces infection-related hospital visits and the use of

antimicrobials (Miller et al., 2022).

Treatment burden is a critical factor in the quality of life of pwCF and simplifying these
treatments is one of the top research priorities in the CF community (Cameron et al., 2022).
In a recent study, pwCF reported the importance of reducing the treatment burden and it was
suggested to capture it as a secondary outcome in clinical trials routinely (Cameron et al.,
2022). Nichols et al. (2022) conducted a study on the impact of ETI on the use of four chronic
inhaled medications, which revealed a decline in their usage after six months. To date, there
has been little work published on the real-world evidence of long-term changes in the

treatment pattern in cwCF prescribed ETI (Nichols et al., 2022).
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3.2 Aims

The objective of this study was to report the impact of ETI after 12 months in cwCF between
the ages of 12 and 18 years at the GNCH in a real-life clinical setting. The first aims were to
investigate the changes in lung function and body weight in addition to the correlation
between the change in lung function and other clinical factors. Furthermore, this study also
aimed to investigate the change in the physiotherapy treatment including use of ACTs,
mucolytic nebulisers and exercise. This study also evaluated the prevalence of respiratory

infections and respiratory culture sample types following ETI treatment.

3.3 Methods

3.3.1 Design and setting
This was a single-centre, retrospective, observational study conducted at the regional

paediatric CF service at the GNCH, Newcastle upon Tyne Hospitals NHS Foundation Trust,
Newcastle upon Tyne. All cwCF aged between 12 and 18 years and prescribed ETI for at least
one year were included. The patients’ clinical records were reviewed from September 2019 to

January 2023.

3.3.2 Data collection and processing
Clinical data were collected from a two-year period (one year before starting ETl and one year

after). The majority of the clinical data were extracted from the electronic patient record at
the two census points. The baseline time point was one year before the initiation date of ETI,
and the follow-up time was one year after the start date of ETI. Following is the extracted

data:

e Age (years) at the time of data collection (December 2022)

e Sex (male/female)

e Ethnicity — categorised as the following, according to NHS data: White, Mixed, Asian,
Black, Other Ethnic Groups, Not stated, Not known

e CFTR variants

e Start date of ETI

e Previous use of modulators — (tezacaftor-ivacaftor, lumacaftor-ivacaftor, ivacaftor)

e Weight (kg) and centile (%) using UK—World Health Organisation (WHO) charts
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Height (cm) and centile (%) using UK-WHO charts

Body mass index (BMI) centile and BMI — z score using UK—-WHO charts. BMI z-score is

a measure of how many standard deviations a child or adolescent person's BMI is

above or below the average BMI for their age and gender (National Institute for Health

and Care Excellence, 2013).

Lung function, percent-predicted forced expiratory volume in 1 second (ppFEV1). The

ppFEV1 measure compares the actual volume breathed out during the first second of

the test to the average for a person of the same sex, height, and age using the Global

Lung Function Initiative (GLI) equation. The GLI has gathered lung function outcomes

from researchers and medical professionals worldwide and established spirometry

reference equations. Spirometry prediction equations for the age range of 3-95

include appropriate age-dependent lower normal limits. These apply to all racial and

ethnic groups worldwide (Quanjer et al., 2012). For this study, all readings of the

ppFEV1 were recorded over one year before ETI and one year after starting ETI. The

mean for each year was then calculated for every cwCF.

Use of nebulised mucolytic treatment (dornase alfa or hypertonic saline)

Airway clearance technique (ACT) — all information recorded in the physiotherapy

notes related to ACTs was collected. ACTs are the primary therapy for cwCF to clear

airway secretions. The range of different types of ACTs used by cwCF according to the

Cystic Fibrosis Trust (2022) were:

1- Breathing exercises as active cycle of breathing techniques (ACPT) which consists
of deep-breathing exercises, relaxed breathing, and huffs.

2- Positive expiratory pressure (PEP) mask: this device requires breathing against an
expiratory resistance.

3- Oscillating PEP as Aerobika and Acapella: these devices combine positive
expiratory pressure and high frequency oscillations.

4- Mechanical devices such as high-frequency chest wall oscillation (known as the
vest): this vest vibrates the chest, causing secretions to loosen.

5- Others, including non-invasive ventilation (NIV) and NIPPY Clearway™, which is a
device for clearing the airway. It has different modes, such as mechanical

insufflation and exsufflation. The programmable auto mode, which is activated by
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the patient, can be set to deliver multiple insufflations before a single exsufflation.

This can be done in cycles (Gaynor and Wood, 2018).
The type of ACT, the frequency per day, and the number of cycles were noted from the
electronic record.
Exercise — all information documented in the physiotherapy notes related to physical
activities and exercise was collected.
Exercise test — Shuttle tests are simple, low-cost field tests that have been used to
assess the exercise performance of children. The modified shuttle test (MST)
challenges participants to walk back and forth over a 10-metre track at a
predetermined speed indicated by an audio track, and this cycle continues for 15 levels
of increasing difficulty (Bradley, Howard, Wallace and Elborn, 1999; Singh et al., 1992).
The test finishes when the participant fails to reach the cone on two consecutive
shuttles, experiences voluntary exhaustion or completes level 15. The total distance,
the number of completed levels achieved, and oxygen saturations (SpO) are the
outcomes reported (Hebestreit et al., 2015). The total distance and number of
completed levels were recorded for this study.
P. aeruginosa status — chronic infection as determined by being maintained on long-
term, inhaled, antipseudomonal antibiotics (as per GNCH protocol, having isolated P.
aeruginosa on three occasions in the preceding two years)
Respiratory microbiology — all recognised CF pathogens isolated, and sample types

were recorded over one year before and after starting ETI.

Data were collated using a Microsoft Excel (Microsoft 365 MSO) spreadsheet and were

checked for accuracy and completeness before analysis.

3.3.3 Statistical analysis
All analyses were carried out using the Statistical Package for the Social Sciences (SPSS),

software version 28 (IBM), and Prism version 9.0 (GraphPad software) was used to prepare

graphical representations of data.

The first part of the analysis generated descriptive analyses for all variables. Descriptive data

are reported as mean, standard deviation (SD) for normally distributed continuous data, and

median and interquartile ranges (IQR) for non-normally distributed continuous data. For
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categorical variables, they are described as frequencies and percentages. The second part
included, where appropriate, pre—post design tests to assess whether any differences
occurred after starting ETI treatment; a p value < 0.05 was defined as statistically significant.

Specific tests used were:

e The Shapiro-Wilk test was used to investigate the data's normality.

e A paired t-test was conducted for continuous variables that were normally distributed.

e The Wilcoxon signed-rank test was used to compare continuous, non-normally
distributed variables.

e A non-parametric test, the Stuart-Maxwell test was used to compare differences in
categorical variables.

e Pearson correlation analysis was conducted to determine the degree of association
between two normally distributed variables.

e Spearman correlation analysis was conducted to determine the degree of association
between two non-normally distributed variables.

e The Point-Biserial Correlation Coefficient was used to determine the degree of
association between continuous and categorical variables.

All statistical analyses were made following consultation with a statistician.

3.34 Ethics
The study was performed as a retrospective audit. Regional ethics committee approval was

not required as only medical records were accessed. Patient confidentiality and data
protection were ensured using an anonymised identification number for each patient, which
was securely stored. The Research and Development Department of Newcastle upon Tyne
Hospitals NHS Foundation Trust approved access for the study (see letter of access in

Appendix K).

3.4 Results

3.4.1 Study cohort demographics
A total of 61 children and young people between the ages of 12 and 18 years were identified

from the regional CF service at GNCH. Out of these, 40 (67%) commenced ETl and were eligible

to be included. Figure 10 displays the inclusion criteria of cwCF in this study.
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The characteristics of the study cohort at baseline, prior to the administration of ETI, are
presented in Table 6. The study cohort was 60% female and 100% white ethnicity. The mean
age at the time of data collection was 14.5 years (SD = 1.53), ranging from 12 to 17 years old.
Looking at the type of CFTR variants in Figure 11, homozygous F508del made up 55% of the
study cohort, 42.5 % were heterozygous for F508del, and 2.5% were heterozygous for G551D.
Out of the 40 children included in the study, more than half (62.5%) were on another CFTR
modulator (lumacaftor-ivacaftor (Orkambi) or tezacaftor-ivacaftor (Symkevi)) prior to starting

on ETI. Only one child was on a HEMT (ivacaftor) before starting ETI.
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Assessed for eligibility
(n=204) Excluded (n = 143)

Not meeting the age
requirement. Younger
than 12 years old.

(h=61)

l

Excluded as classified as Cystic
Fibrosis Screen Positive
Inconclusive Diagnosis (CFSPID)

(n=7)
1 »  (n=54)
not eligible for ETI due to CFTR
variants.
(n=3)
| >

* (n=51)

On ETI less than 12 months at
the time of data collection.

(n=8)

1 »  (n=43)

Missing data either before or
after starting ETI.

(n=3)

l

Included in the final
cohort analysis

(n =40)

Figure 10. The inclusion criteria of children with cystic fibrosis (CF).

CFTR: cystic fibrosis transmembrane conductance regulator; ETI: elexacaftor-

tezacaftor-ivacaftor.
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Table 6. Baseline characteristics of children included in the study.

e white (%)

Baseline All Homozygous Heterozygous
characteristics F508del F508del
N (%) 40 22 (55) 17 (42.5)
Age (mean * SD), 145+1.5 148+1.6 142+1.4
years
Sex

e Male (%) 16 (40) 7 (43.7) 8 (50)

e Female (%) 24 (60) 15 (62.5) 9 (37.5)
Race 40 (100) 22 (55) 17 (42.5)

Body weight median
(1QR), kg

41.8 (36.6 -51.2)

42.5 (36.3 - 47.6)

40.4 (35.4 - 53.51)

Weight centile 57.2 (19.3-84.2) 42.6 (16.3 - 82.0) 68.2 (25.7 - 88.9)
median (IQR), %

Weight Z-score 0.17+1.3 -0.07+1.2 03614
(mean % SD)

BMI median (IQR), | 19.05(16.3-20.8) 18.02 (16.3 — 20.8) 19.7 (16.4 — 20.8)
kg/m?

BMI centile median | 57.8 (22.3 -89.4) 36.9 (13.9 - 88.4) 71.6 (36.9 - 88.6)
(IQR), %

BMI Z-score (mean + 0.24+1.2 -0.05+1.2 0.38+1.4
SD)

Height (mean * SD), 151.1+10.4 149.7 £ 9.0 151.4+10.3
cm

Height centile 52.4+27.1 48.6 £ 27.1 54.3+26.0
(mean 1 SD), %

ppFEV1 (mean t SD) 89.6+15.4 88.3+16.2 91.3+15.2

BMI: body mass index; IQR (interquartile): 3" quartile — 1t quartile; ppFEV1: percent predicted forced

expiratory volume in 1 second; SD: standard deviation.

Note: The table presents baseline characteristics for all participants, with detailed results provided for
two groups. The heterozygous G551D group, comprising one participant, is not individually broken

down.
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— CFTR variants

EE Homozygous F508del
(= Heterozygous F508del
3 Heterozygous G551D

Figure 11. Cystic fibrosis transmembrane conductance regulator (CFTR) variants
distribution.

The distribution of CFTR variants among the study cohort showed 55% with
homozygous F508del, 42.5% heterozygous F508del, and 2.5% heterozygous G551D.
CTFR: cystic fibrosis transmembrane conductance regulator.
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3.4.2 Effect of elexacaftor-tezacaftor-ivacaftor (ETI) on weight and body mass index
(BMl) percentile
The weight (recorded in kg) and centile percentage for included children are shown in Table

7. Descriptive statistics for weight showed a median weight of 41.8 kg (IQR = 36.6 —51.2) pre-
ETI, which increased to 52.3 kg post-ETI. The absolute increase in weight from baseline after
12 months on ETl was 9.8 kg. The median weight centile was 57™ pre-ETI, which increased to
65™ post-ETI. The absolute increase in weight centile from baseline after 12 months on ETI
was 8 centiles. The mean weight z-score was 0.17 pre-ETI, which increased after-ETI to 0.33.

The absolute increase in weight z-score from baseline after 12 months on ETI was 0.16.

The BMI median was 19.05 pre-ETI, which improved to 20.8 after -ETI. The absolute increase
in BMI after 12 months on ETl was 1.75. The median BMI centile was on the 57t centile pre-
ETI, which increased after-ETI to 74t™. The absolute increase in BMI centile from baseline after
12 months on ETI was 16 centiles. The mean BMI z-score was 0.24 pre-ETI, which increased
after-ETI to 0.56. The absolute increase in BMI z-score from baseline after 12 months on ETI

was 0.32. Figure 12 and Figure 13 display the weight and BMI parameter pre- and post-ETI.

A Wilcoxon signed-rank test was performed to assess the differences in weight, weight centile,
BMI and BMI centile after ETI. The results indicated a statistically significant difference in the
median weight before and after ETl: z=-5.4, p < 0.001, median BMI z= 3.9, p < 0.001, and BMI
centile z=-2.05, p = 0.041. On the other hand, there was no significant difference concerning
weight centile: z = - 0.69, p = 0.49. Paired t-test was used to assess the difference in weight z-
score and BMI z-score. The result showed a statistically significant difference in BMI z-score
after ETI: t (35) = - 2.77, p < 0.009, while the difference in weight z-score was not statistically
significant after ETI: t (38) =-1.56, p = 0.13
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Table 7. Weight difference before and after treatment with elexacaftor-tezacaftor-ivacaftor
(ETI).

Parameters Pre-ETI Post- ETI p value

Body weight
median (IQR), | 41.8 (36.6 -51.2) 52.5(46.4-61.8) | <0.001*
kg

Weight centile

S 57.2(19.3-84.2) |65.1(18.0-86.6) |0.49
, /0

Weight z-score 0.17 + 1.3

0.33+1.3 0.13
(mean £ SD)

BMI median

(IQR), kg/m? 19.05(16.3-20.8) | 20.8 (18.8—23.1) | <0.001*
, K§/Mm

BMI centile

B 57.8(22.3-89.4) | 73.8(29.7-89.4) | 0.041*
1 , /0

BMI zZ-score

0.24+1.2 0.56+1.2 0.009 *
(mean % SD)

A paired t-test and Wilcoxon signed-rank test was used to test the difference before and after ETI
treatment.

BMI: body mass index; ETI: elexacaftor-tezacaftor-ivacaftor; IQR (interquartile): 3rd quartile — 1st
quartile; SD: standard deviation.

* p value < 0.05 considered statistically significant.
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A: A: Weight medianin kg pre-ETIwas 41.8
kg and post-ETI increased to 52.3 kg.
The error bar represents the
Post-ETIH52.3 sy - interquartile range, and the small dots
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Figure 12. Weight parameters before and after elexacaftor-tezacaftor-ivacaftor (ETI)
treatment.
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Figure 13. Body mass index (BMI) parameters difference after elexacaftor-tezacaftor-
ivacaftor (ETI) treatment.
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3.4.3 Effect of elexacaftor-tezacaftor-ivacaftor (ETI) on percentage predicted forced
expiratory volume in 1 second (ppFEV1)
The ppFEV1 readings were recorded over a period of a year before and a year after starting

the ETI. The mean ppFEV1 for each year was then calculated for each cwCF.
The mean ppFEV1 was calculated for all participants and subset groups based on sex, CFTR
variants, previous use of modulators, and chronic infection with P. aeruginosa, as shown in

Table 8, Figure 14, and Figure 15.

The mean * SD ppFEV1 at baseline for all participants was 89.6% * 15.4. One year after ETI,
the mean improved to 99.5% + 14.4, with an absolute change of + 9.9%. The lung function in
terms of ppFEV1 pre-ETI and post-ETI was compared using paired t-tests, and a statistically

significant difference was found, t (38) =- 5.37, p < 0.001.

When analysing ppFEV1 based on sex, females showed a higher increase in the mean
difference of 11.2 + 10.5 (p < 0.001) compared to males, who improved by 8.4 + 12.8 (p <
0.019). In the CFTR variants sub-analysis, the mean difference in ppFEV1 for the homozygous
F508del group was 11.6 + 10.4 (p < 0.001) compared to 8.4 + 12.9 (p < 0.016) for heterozygous
F508del. Based on the baseline use of a modulator, the mean difference in ppFEV1 for those
naive to modulators was 11.6 + 13.1 (p < 0.006) compared to those who had previously used
modulators, with a mean difference of 8.9 £ 10.7 (p < 0.001). CwCF chronically infected with
P. aeruginosa showed a mean difference in ppFEV1 of 14.2 + 12.8 (p < 0.001) compared to
those not chronically infected with P. aeruginosa, with a mean difference of 6.2 + 8.9 (p <

0.005). However, the mean ppFEV1 statistically significantly improved in all subgroups.

Table 9 presents the breakdown of ppFEV1 before and after the initiation of ETI for all children
included in the study. As shown in Table 9, 33 children (85%) showed an improvement in their
ppFEV1, five children (12.8%) showed deterioration in their ppFEV1, and one child showed no
difference in mean ppFEV1 over the 12 months pre-ETI and 12 months post-ETI. The change

in ppFEV1 was heterogeneous across children.
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Table 8. Percent-predicted forced expiratory volume in 1 second (ppFEV1) difference before
and after elexacaftor-tezacaftor-ivacaftor (ETI) treatment.

Mean
Pre-ETI Post-ETI i
Outcomes | Subgroup N difference | p value
mean £SD | mean * SD
+SD
All 39 89.6+15.4 |99.5+14.4 9.9+11.5 |<0.001*
Female 24 89.0+16.7 |100.2+15.3 |11.2+10.5 | <0.001*
Male 16 89.8+13.5 |98.4+12.7 8.4+12.8 | 0.019*
Homozygous
22 88.3+16.2 |99.9+14.9 11.6 +10.4 | <0.001*
F508del
Heterozygous
17 91.3+15.2 |99.7+14.3 8.4+129 |0.016*
F508del
On a
modulator 26 90.7+15.5 |99.6+14.3 8.9+10.7 |<0.001*
previously

Not on a
modulator 14 87.8+15.8 |99.3+15.1 11.6 +13.1 | 0.006*
previously

Chronically
infected with | 18 86.7+18.0 | 101.0+16.3 | 14.2+12.8 | <0.001*
P. aeruginosa
Not
chronically

. . 21 92.1+12.7 98.3+12.8 6.2+8.9 0.005*
infected with

ppFEV1, %

P. aeruginosa

ETI: elexacaftor-tezacaftor-ivacaftor; N: number of children; P. aeruginosa: Pseudomonas aeruginosa;
ppFEV1: percent-predicted forced expiratory volume in 1 second; SD: standard deviation.

Paired sample t-test was performed.

* p value < 0.05 considered statistically significant.
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Figure 14. The difference in percent-predicted forced expiratory volume in 1 second
(ppFEV1) before and after elexacaftor-tezacaftor-ivacaftor (ETI).

The ppFEV1 mean before treatment was 89.6% * 15.4 while after ETI it increased to 99.5 *
14.4. The error bar represents standard deviation, and the dots represent the individual
ppFEV1 readings for all cohort. Paired sample t-test showed a statistically significant
difference: p < 0.001.

ETI: elexacaftor-tezacaftor-ivacaftor; ppFEV1: percent-predicted forced expiratory volume in
1 second.
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Figure 15. The difference in percent predicted forced expiratory volume in 1 second (ppFEV1)
in relation to sex, cystic fibrosis transmembrane conductance requlator (CFTR) variants, the
use of modulators, and chronic infection with Pseudomonas aeruginosa (P. aeruginosa).

A: The difference in ppFEV1 in relation to sex. Mean ppFEV1 before ETI was 89% for both male and
female. One year after ETI the mean improved to 98.2% for male and 100.4% for female.

B: The difference in ppFEV1 in relation to the CFTR variants. The mean ppFEV1 before ETI was higher
for heterozygous F508del 91.3% compared to 88.3% for homozygous F508del. While after ETI both
groups have the same mean around 100%.

C: The difference in ppFEV1 related to the use of previous modulators (Symkevi, Orkambi, lvacaftor).
Pre-ETI, cwCF who were on modulators have higher ppFEV1 mean 90.7% compared to 87.8% for
those not taking any modulators. Post-treatment, both groups were on the same ppFEV1 mean
around 99%.

D: The difference on ppFEV1 in relation to chronic infection with P. aeruginosa. The mean ppFEV1
before ETI for cwCF who are chronically infected was 86.7%, which increased to 101% after-ETI. The
mean ppFEV1 before-ETI for cwCF who are not chronically infected was 92.15%, which increased to
98.3% after-ETI.

Error bars represent standard deviation.

ETI: elexacaftor-tezacaftor-ivacaftor; P. aeruginosa: Pseudomonas aeruginosa; ppFEV1: percent

predicted forced expiratory volume in 1 second.
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Table 9. Percent-predicted forced expiratory volume in 1 second (ppFEV1) readings for entire cohort.

12 months pre-ETI

12 months post-ETI

D Sex CETR variants Mod.ulator Lowc?st nghfest Mean Lowgst nghfest Mean Change in
previously reading of | reading of FEVL reading of | reading of FEV1 pPpFEV1
ppFEV1 ppFEV1 PP ppFEV1 pPpPFEV1 PP

Heterozygous | tezacaftor-

P1 |F s ey 65.9 92.7 85.04 90 95 92.7 +7.66

P2 | F Homozygous | tezacaftor- 86.6 95.4 91.95 92.7 96.8 94.95 +3.00
F508del ivacaftor

P3 |F Homozygous |\ e 59.7 79.4 68.2 80.2 94.1 86.3 +18.10
F508del

Pa | M Heterozygous |\ e 56 66.1 60.75 98 102.2 99.8 +39.05
F508del

P5 | F Heterozygous |\ e 85 94.9 90.5 92 107.6 102.3 +11.80
F508del

P6 | F Homozygous | tezacaftor- | 85.7 80.75 101.2 105.4 103.01 | +22.26
F508del ivacaftor
Heterozygous | tezacaftor-

P7 |F o ey 81.9 90.7 87.5 78.6 89 83.2 -4.30

P8 | M Heterozygous |, aftor 81 95.8 90.2 84.8 94.6 89.5 -0.70
G551D
Homozygous tezacaftor-

P9 | M o el 75.3 94 87.7 93 113 103.1 +15.40

P10 | M Homozygous | tezacaftor- | o, 90.1 86.8 90.6 92.6 91.5 +4.70
F508del ivacaftor
Homozygous tezacaftor-

P11 | F e ey 91 108.4 96.85 89.8 103 99.8 +2.95

P12 | M Homozygous | tezacaftor- | o . 112.4 102.9 104 112.8 108.7 | +5.80
F508del ivacaftor

P13 | F Heterozygous | tezacaftor- 111.7 124.4 116.9 110.1 116.4 113.1 -3.80
F508del ivacaftor
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12 months pre-ETI

12 months post-ETI

D Sex CETR variants Mod.ulator Lowe::st nghfest Mean Lowgst nghfest Mean Change in
previously reading of | reading of FEV1 reading of | reading of FEV1 pPpFEV1
ppFEV1 ppFEV1 PP ppFEV1 pPFEV1 PP

P14 | M Homozygous | tezacaftor- 115.1 121 117.2 120.4 125.2 122.8 +5.60
F508del ivacaftor

P15 | F Homozygous | tezacaftor- 84.8 87 86.2 85.4 9.6 91.7 +4.80
F508del ivacaftor
Homozygous Lumacaftor- _— -

P16 | M F508del ivacaftor Missing Missing

P17 | M Heterozygous | tezacaftor- | 5, o 103.4 102 100 103.7 102 -0.15
F508del ivacaftor

P18 | M Heterozygous |\ o 73.1 101.1 88.03 119 124.4 120.8 +32.77
F508del

P19 | F Heterozygous |\ o 95.8 103.5 100.3 111.9 118.4 115.8 +15.50
F508del

P20 | M Homozygous | Lumacaftor- | 5 85.8 75.98 79 86.2 82.8 +6.82
F508del ivacaftor

P21 | F Homozygous | Lumacaftor- | o 103.2 84.6 120 138.7 129 +44.40
F508del ivacaftor

P22 | M Heterozygous |\ o 76 81 78.9 70.7 84.1 78.2 -0.70
F508del
Homozygous Lumacaftor-

P23 | F e e 87.9 95 91.3 94 96.3 95.4 +4.10

P24 | F Heterozygous |\ o 82.1 107.3 95.5 106.4 110.2 109.1 +13.60
F508del

P25 | F Homozygous | Lumacaftor- | o 106 87 100 112 107.6 +20.60
F508del ivacaftor

P26 | F Homozygous | tezacaftor- 86.4 104.6 96.2 105 109.9 107.2 +11.00
F508del ivacaftor
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12 months pre-ETI

12 months post-ETI

D Sex CETR variants Mod.ulator Lowe::st nghfest Mean Lowgst nghfest Mean Change in
previously reading of | reading of FEV1 reading of | reading of FEV1 pPpFEV1
ppFEV1 ppFEV1 PP ppFEV1 pPFEV1 PP

P27 | F Homozygous | Lumacaftor- | _ g 78.9 75.8 82.3 95.6 88.2 +12.40
F508del ivacaftor

P28 | F Heterozygous |\ o 77.5 89.5 84.3 84.2 110 98.4 +14.10
F508del

P29 | M Heterozygous |\ o 81 85.2 83.95 86 94 90 +6.05
F508del

P30 | M Heterozygous |\ e 101.1 104.7 102.9 94 106.2 103.1 +0.20
F508del

P31 | F Homozygous | tezacaftor- 28.7 493 39.4 55.1 63.7 58.7 +19.30
F508del ivacaftor

P32 Homozygous tezacaftor-

Lo F i el 97 97 97 116 116 116 +19.00

P33 | M Heterozygous |\ o 89.5 9% 93.95 73 91.2 81.9 -12.05
F508del

P34 | F Heterozygous |\ o 118.4 128.9 123.2 121.8 130.6 126.4 +3.20
F508del

P35 | M Homozygous | Lumacaftor- | oo ¢ 105.4 100.8 100 106.7 104.3 +3.50
F508del ivacaftor

P36 | F Homozygous | Lumacaftor- |, 105 102.7 103 105.2 1044 | +1.70
F508del ivacaftor

P37 | F Homozygous | tezacaftor- 104 112.1 106.6 95 111.3 107.1 +0.50
F508del ivacaftor
Heterozygous +11.30

038 | v e None 44.2 81.3 71.5 76 83.5 80.5
Heterozygous +9.00

94. . 103. 1
P39 | F F508del None 80 8 86.8 % 03.5 98
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12 months pre-ETI

12 months post-ETI

D Sex CETR variants Mod.ulator Lowe::st nghfest Mean Lowgst nghfest Mean Change in
previously reading of | reading of FEV1 reading of | reading of FEV1 pPpFEV1
ppFEV1 ppFEV1 PP ppFEV1 pPFEV1 PP
Homozygous +17.10
P40 | F F508del Orkambi 3 835 779 3 98 9

* Only one reading found in the patient’s record 12 month before ETI and one reading 12 months after ETI.
ETI: elexacaftor-tezacaftor-ivacaftor; ppFEV1: percent-predicted forced expiratory volume in 1 second
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Next, the relationship between the change in the ppFEV1 and other variables was explored. A
Point-biserial correlation coefficient was used to assess the strength of the relationship
between the difference in ppFEV1 and sex, CFTR variants, use of previous modulators, and
chronic infection with P. aeruginosa. Results showed insufficient evidence to conclude that
there is a significant relationship between the difference in ppFEV1 after ETI with sex, type of
mutation, and the use of previous modulators. However, a low but statistically significant
correlation was found with chronic infection with P. aeruginosa, rpp= - 0.35, p = 0.026, as

shown in Table 10.

Table 10. Point-biserial correlation coefficient between the difference in percent-predicted
forced expiratory volume in 1 second (ppFEV1) and sex, cystic fibrosis transmembrane
conductance regulator (CFTR) variants, the use of modulators previously, and chronic
infection with Pseudomonas aeruginosa (P. aeruginosa).

- Chronic

> The On . .

T . CFTR infection
o difference | Sex . modulators .

o . variants . with P.
£ in ppFEV1 previously .

o aeruginosa
(8]

5 Point-biserial

= i 1 0.108 -0.138 0.111 -0.355

& Correlation

3 Sig. (2-tailed) 0.513 0.409 0.501 0.026 *

= N 39 39 38 39 39

*Correlation is significant at the 0.05 level (2-tailed).

This table shows the correlation between the difference of ppFEV1 after ETI and sex (1 = Male, 2 =
Female), CFTR variants (1 = Homozygous F508del, 2 = Heterozygous F508del), the use of modulators
previously (1 = Yes, 2 = No), and cwCF chronically infected with P. aeruginosa (1 = Yes, 2 = No). There
was a low but significant correlation only between the difference in ppFEV1 and chronic infection with
P. aeruginosa. CwCF who were chronically infected with P. aeruginosa showed a higher difference in
ppFEV1.

Scale of correlation: r =1__ perfect linear correlation, 1 > r 2 0.8 __strong linear correlation, 0.8 > r >
0.4 __ moderate linear correlation, 0.4 > r > 0 weak linear correlation, r = 0 no correlation.

CFTR: cystic fibrosis transmembrane conductance regulator; P. aeruginosa: Pseudomonas aeruginosa;
ppFEV1: predicted percent-predicted forced expiratory volume in 1 second.
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A Spearman’s correlation was used to assess the relationship between the difference in
ppFEV1, baseline BMI centile, and baseline weight centile. A Pearson correlation analysis was
computed to assess the strength of the linear relationship between the difference in ppFEV1
and baseline ppFEV1. As shown in Table 11, Table 12 and Figure 16, there were medium but
statistically significant negative correlations between the change in the ppFEV1 after ETI and
baseline ppFEV1: r (38) = - 0.46, p = 0.003, baseline BMI centile, rs (33) = - 0.63, p < 0.001,
baseline weight centile, rs(35) =-0.59, p = < 0.001.

This finding aligns with the expectations considering the positive correlation between the

baseline ppFEV1 and baseline weight centile: rs(38) = 0.49, p = 0.002, as shown in Figure 17.

In conclusion, the results suggest a higher difference in ppFEV1 after ETI treatment is
associated with lower baseline BMI centile, weight centile and ppFEV1. In addition, chronic
infection with P. aeruginosa pre-ET| associated with a higher difference in ppFEV1 after ETI

treatment.

Table 11. Spearmen’s correlation between the difference in percent-predicted forced
expiratory volume in 1 second (ppFEV1) and baseline weight centile and baseline body mass
index (BMI) centile.

Pre-ETI
ppFEV1 . Pre-ETI BMI

@ . weight .
= difference . centile
o centile
é Correlation o "
o .- 1 - 0.557 -0.631
- coefficient
>
- Sig. (2-tailed) <0.001 <0.001
Qo
o N 39 37 35

** Correlation is significant at the 0.01 level (2-tailed).

This table shows the correlation between the difference of ppFEV1 after ETI and the baseline weight
centile, BMI centile. There is a medium but significant negative correlation between the difference of
ppFEV1 and all variables. Scale of correlation: r = 1__ perfect linear correlation, 1 > r > 0.8 __strong
linear correlation, 0.8 >r>0.4 __ moderate linear correlation, 0.4 > r > 0 weak linear correlation, r=0
no correlation.

BMI: body mass index; ETI: elexacaftor-tezacaftor-ivacaftor; ppFEV1: percent-predicted forced
expiratory volume in 1 second
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Table 12. Pearson correlation between the difference in percent-predicted forced expiratory
volume in 1 second (ppFEV1) and baseline percent-predicted forced expiratory volume in 1
second (ppFEV1).

FEV1
S A Pre-ETI ppFEV1
o difference
aqz’ Pearson
= _ 1 -0.462
= correlation
>
w Sig. (2-tailed) 0.003
a N 39 39

** Correlation is significant at the 0.01 level (2-tailed).

This table shows the correlation between the difference of ppFEV1 after ETI and the baseline ppFEV1.
There is a medium but significant negative correlation between the difference of ppFEV1 and baseline
ppPFEV1. Scale of correlation: r=1__ perfect linear correlation, 1 > r 2 0.8 __strong linear correlation,
0.8>r>0.4 _ moderate linear correlation, 0.4 > r > 0 weak linear correlation, r = 0 no correlation.

ETI: elexacaftor-tezacaftor-ivacaftor; ppFEV1: percent-predicted forced expiratory volume in 1 second.
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Figure 16. Correlation coefficient between the change in percent-predicted forced expiratory
volume in 1 second (ppFEV1) and baseline weight centile, baseline body mass index (BMl)
centile and baseline percent-predicted forced expiratory volume in 1 second (ppFEV1)
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Figure 17. Spearman correlation between baseline percent-predicted forced expiratory
volume in 1 second (ppFEV1) and baseline weight centile

A medium, positive, linear statistically significant association is displayed in this scatterplot.
Scale of correlation: r =1__ perfect linear correlation, 1 >r 2 0.8 __strong linear correlation,

0.8 >r 2 0.4 __ moderate linear correlation, 0.4 > r > 0 weak linear correlation, r = 0 no
correlation.

ETI: elexacaftor-tezacaftor-ivacaftor, ppFEV1: percent predicted forced expiratory volume in
1 second.

98




3.4.4 Physiotherapy treatments
One year before starting ETI, the overall physiotherapy regime for children included in the

study was as follows:
e Thirty-nine children (97.5%) had ACTs in their treatment regime, and one child was not
able to do any physiotherapy treatment for medical reasons.
e Seventeen children (42.5%) were on two mucoactive nebulisers, and 30 children (75%)
were on at least one nebuliser.

e Thirty-seven children (92.5%) were exercising as part of their physiotherapy regime.

3.4.4.1 Airway clearance techniques (ACTs)
This study compared the patients reported ACTs done before and after starting ETI in three

aspects:

A. The presence of ACTs in their physiotherapy regime.
B. The frequency of ACTs per day.

C. The number of ACTs cycles per treatment.

As shown in Figure 18, the most frequently used type of ACTs before ETI was PEP (37.5%),
followed by Aerobika (32.5%), Acapella (20%), and other types (7.5%). While after ETI, the
most used ACT was Aerobika (47.5%), followed by PEP (30%), Acapella (10%), and other types
(5%).
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Figure 18. Airway clearance techniques (ACTs) type used before and after elexacaftor-
tezacaftor-ivacaftor (ETI).

Before ETI, PEP was the most frequently used ACT (37.5%), followed by Aerobika 32.5%, 20%
used Acapella, and 2.5% for the other types. After ETI, 47.5% of cwCF used Aerobika, 30% used
PEP, 10% used Acapella, 7.5% used nothing, and 2.5% used vest and ACBT.

ACBT: Active cycles breathing techniques; ACTs: Airway clearance techniques; ETI: elexacaftor-
tezacaftor-ivacaftor.
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As displayed in Figure 19, the majority of cwCF (85%) were on daily ACTs treatment before
ETI, 12.5% of children used ACTs when they had respiratory symptoms, and 2.5% of children
were not using ACTs as part of their regime. After ETI, the number of cwCF on daily ACTs
dropped to 67.5%, the number of children using it only when symptomatic increased to 25%,

and the number of children who stopped using ACTs increased to 7.5%.

Using a Stuart-Maxwell test, the change in the proportion of using ACTs following ETI was

statistically significant (p = 0.028).

Pre-ETI Post-ETI Using ACTs

Bl Yes
= No
1 As needed

25%
12.5%

Figure 19. The difference in using airway clearance techniques (ACTs) before and after

elexacaftor-tezacaftor-ivacaftor (ETI).
Betore ETI, 85% ot children were on daily ACIs treatment, 12.5% ot children used ACIs when

they had respiratory symptoms, and 2.5% of children were not using ACTs as part of their
regime. After ETI, 67.5% of children were on daily ACTs treatment, 25% of children used ACTs
when they had respiratory symptoms, and 7.5% of children were not using ACTs as part of their
regime. A Stuart-Maxwell test was performed to test the difference after ETI, and it was
statistically significant: p = 0.028.

ACTs: Airway clearance techniques; ETI: elexacaftor-tezacaftor-ivacaftor
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A further factor examined was the frequency of ACTs per day. It can be seen from the data in
Figure 20 that most children (65%) were using ACTs twice a day, 22.5% of children were using
ACTs once a day, and 12.5% were using it when they had symptoms. After ETI, the number of
cwCF using ACTs twice daily dropped substantially to 25%, the number of children using ACTs
once a day increased to 35%, and those using ACTs when having symptoms dramatically

increased to 40%.

The frequency of using ACTs per day before ETI changed significantly after one year of ETI (p

< 0.001) using a Stuart-Maxwell test.

Pre-ETI Post-ETI ACTs frequency
_ El As needed
= Onceaday
— i
e Twice a day
35%
65%
25%

Figure 20. The difference in the frequency of airway clearance techniques (ACTs)
after elexacaftor-tezacaftor-ivacaftor (ETI).

The frequency of ACTs per day before starting ETIl: 65% of cwCF were doing ACTs two times
per day, 22.5% were doing ACTs once per day, 12.5% were doing it as they need. After starting
ETI: 25% of cwCF were doing ACTs two times per day, 35% were doing ACTs once per day,
40% were doing it as they needed. A Stuart-Maxwell test was performed to test the difference
after ETI, and it was statistically significant: p < 0.001.

ACTs: Airway clearance techniques; ETI: elexacaftor-tezacaftor-ivacaftor.
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Further analysis of the number of cycles of ACTs was performed in this study. Figure 21 shows
the median of cycles before ETI was 10 (IQR = 7 - 10), which dropped to 5.5 cycles after ETI
(IQR 0 - 10). The most frequent number of cycles was ten cycles (45%) which changed after

ETI to as much as needed when having symptoms for 30% of children.

These data were subjected to the Wilcoxon signed-rank test for paired samples, with results

showing a statistically significant change in the number of cycles: z=-2.3, p = 0.02.
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Figure 21. The difference in the number of cycles of airway clearance techniques
(ACTs) after elexacaftor-tezacaftor-ivacaftor (ETI).

The median cycles of ACTs before ETI were 10 cycles, whereas after ETI it reduced to six cycles.
The error bar represents the interquartile range, and the small dots represent the individual
readings for all cohort. A Wilcoxon signed-rank test was used to test the difference before
and after ETI treatment which shows a statistically significant difference: p < 0.0001.

ACTs: Airway clearance techniques; ETI: elexacaftor-tezacaftor-ivacaftor.
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3.4.4.2 Nebulised Mucolytics
This study looked at both mucoactive therapy hypertonic saline and dornase alfa.
As shown in Figure 22, the frequency of cwCF on dornase alfa pre-ETl was 72.5 %, which
reduced to 42.5% after ETI. The number of children using the dornase alfa as needed increased
from zero before ETI to 7.5%. A Stuart-Maxwell test was used to assess the change in the
proportion using dornase alfa after ETI. There was a statistically significant difference in using

dornase alfa (p = 0.002).

Pre-ETI Post-ETI

Using Dornase alfa

Bl Yes
= No
1 As needed

Figure 22. The difference in the use of dornase alfa after elexacaftor-tezacaftor-
ivacaftor (ETI).

The frequency of using dornase alfa before starting ETI: 72.5% of cwCF were using dornase alfa
as part of their treatment regime, while 27.5% were not taking it. After starting ETI: 42.5% of
cwCF were using dornase alfa as part of their treatment regime, 50% were not taking it, and 7.5%
were taking it when they had a respiratory symptom. A Stuart-Maxwell test was used to test the
difference before and after ETI treatment, which shows a statistically significant difference: p =
0.002.

ETI: elexacaftor-tezacaftor-ivacaftor.
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A smaller number of children were on hypertonic saline compared to dornase alfa before ETI.
Figure 23 displays that the frequency of using hypertonic saline before ETI was 42.5%, which
decreased to 17.5% after ETI. A Stuart-Maxwell test was used to assess the change in the

proportion using hypertonic saline after ETI. The result indicates a statistically significant

difference (p = 0.002).

pre-ETI Post-ETI

Using hypertonic saline
El Yes

= No

3 As needed

Figure 23. The difference in the use of hypertonic saline after elexacaftor-tezacaftor-
ivacaftor (ETI).

The frequency of using hypertonic saline before starting ETI: 42.5% of cwCF were using
hypertonic saline as part of their treatment regime, while 57.5% were not taking it. After starting
ETI: 17.5% of cwCF were using hypertonic saline as part of their treatment regime, 80% were
not taking it, and 2.5% were taking it when they had a respiratory symptom. A Stuart-Maxwell
test was used to test the difference before and after ETI treatment, which shows a statistically
significant difference: p = 0.002.

ETI: elexacaftor-tezacaftor-ivacaftor.
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3.4.4.3 Exercise
This study recorded the frequency of exercise before and after ETI, as reported by cwCF. The
exercise frequency was categorised as follows:

e No exercise.

e 1-2 times/week.

e 3-4 times/week.

e 5or more/week.

One year before starting ETI, the majority of cwCF were distributed equally between exercising
1to 2 times per week and 5 or more times per week, with 35% each. The frequency of exercise
after ETl increased to 40% for those exercising five times or more weekly. The number of cwCF
who were not exercising decreased from 12.5% to 7.5%. Figure 24 shows the difference in

the exercise frequency before and after ETI.

Changes in the exercise frequency were compared using the Stuart-Maxwell test. No

significant differences were found between the two groups (p = 0.138).
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Pre-ETI Post-ETI )

Exercise Frequency
Bl No exercise
3 1-2/week
3 3-4/week
3 5 or more/week

25%

17.5%

Figure 24. The difference in the exercise frequency after elexacaftor-tezacaftor-ivacaftor
(ETI).

The frequency of exercise before ETI was 35% for cwCF who exercised 1 to 2 times per week and
5 or more times per week, followed by 17.5% for exercising 3 to 4 times per week, and 12.5% for
no exercise.

After ETI, 42.5% of cwCF exercised 5 or more times per week, followed by exercising 1 to 2 times
and 3 to 4 times per week equally with 25% each, and 7.5% of cwCF did not exercise.

A Stuart-Maxwell test was used to test the difference before and after ETI treatment which shows
no statistically significant difference: p =0.138

ETI: elexacaftor-tezacaftor-ivacaftor.
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3.4.4.4 Exercise testing
This study also looked at the MST and recorded the following:
e The number of completed levels.

e The total distance achieved.

Out of the 40 included cwCF, 19 children performed the MST both before and after starting
ETI. As shown in Figure 25, the median score for a completed level before ETI was 12 (IQR =
10 - 12), which increased to 13 levels (IQR = 11 - 14) after ETI. A Wilcoxon signed-rank test was
used to test the difference after ETI. The results indicate a statistically significant change in

the number of completed levels: z = - 2.6, p = 0.009.

Post-ETI413 ET+1 ¢ —

Pre-ETI-{12 o$ 51—1 —
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Figure 25. The median difference of completed level of shuttle test after elexacaftor-
tezacaftor-ivacaftor (ETI).

The mean of completed level of shuttle test was 12 levels before-ETI, which improved to 13
levels after ETI. The error bar represents the interquartile range, and the small dots represent
the individual completed level readings for all cohorts. A Wilcoxon signed-rank test was used

to test the difference before and after ETI treatment, which shows a statistically significant
difference: p = 0.01.

ETI: elexacaftor-tezacaftor-ivacaftor.
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Figure 26 shows the mean total distance achieved in the MST before ETI was 1,013.68 metres
(95% CI=929.2 - 1098.2), which improved to 1,204.74 metres (95% Cl = 1083.3 — 1326.2) after
ETI. A paired t-test was conducted to compare the total distance between the two groups.

There was a statistically significant difference in the total distance after ETI: t (18)=-3.31,p =

0.004.
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Figure 26. The mean difference of total distance achieved on shuttle test after
elexacaftor-tezacaftor-ivacaftor (ETI).

The mean of total distance achieved in the shuttle test was 1,014 metres before ETI, and
after-ETl increased to 1,205 metres. The error bar represents the standard deviation, and the
small dots represent the individual distance readings for all cohorts. A paired sample t-test
was used to test the difference before and after ETI treatment, which shows a statistically
significant difference: p = 0.004.

ETI: elexacaftor-tezacaftor-ivacaftor.
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3.4.5 Lung infections and respiratory culture sample types
This study was designed to document the number of samples collected annually as well as the

number of positive microbiology results reported throughout a period of one year both before
and after treatment. The data were collected from 39 cwCF, with one patient having missing
data. The data collected includes a mixture of dates, covering both periods before, during, and

after the COVID-19 pandemic.

The total number of samples performed over the 12 months before ETI for the included cwCF
was 398, distributed as follows:

e 217 cough swabs.

e 172 sputum samples.

e One nasopharyngeal swab.

e One bronchoalveolar lavage.

The total number of samples decreased to 176 times in the year following ETI as follows:
e 140 cough swabs.
e 34 sputum samples.

e Two bronchoalveolar lavages .

Interestingly, the cough swab became more prevalent after ETI, representing around 80% of
all the samples instead of 55% before ETI. Table 13 and Figure 27 present an overview of the

sample type.

One year following ETI, all documented positive results and number of the respiratory
microbiology samples had decreased. Table 14 shows the frequency of the infections one year
before and after ETI. Table 15 provides an overview of the reduction in the respiratory

microbiology samples for the cohorts before and after ETI.
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Table 13. The difference in sample types before

and after elexacaftor-tezacaftor-ivacaftor

(ETI).
Sample types Pre-ETI Post-ETI
Total number of samples | 382 179
Cough; % (n) 56.6 (215) 82.7 (148)
Sputum; % (n) 41.8 (159) 16.2 (29)
Bronchoalveolar lavage; %

1.3 (5) 1.1(2)

(n)
Nasopharyngeal; % (n) 0.3(1) 0(0)

ETI: elexacaftor-tezacaftor-ivacaftor.

Post-ETI

Pre-ETI

Type of samples

Bl Cough swabs

3 Sputum samples

1 Bronchoalveolar lavages
= Nasopharyngeal swabs

L/;vacaftor (ETI).

lavages.

ETI: elexacaftor-tezacaftor-ivacaftor.

Figure 27. The difference in sample types before and after elexacaftor-tezacaftor-

cluic Sual LIII5 Lil, JU.V/0 VI bdlll'JIC) \'AA=1 B =4 LUUSII dwawd, 4.1.0/0 vwric DPULUIII bCIIII'JIC), J..J/((J
were bronchoalveolar lavages, and 3% were nasopharyngeal swabs. After starting ETI, 82.7%
of samples were cough swabs, 16.2% were sputum samples, and 1.1% were bronchoalveolar
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Table 14. Respiratory microbiology results in the 12 months before and after starting ETI.

Proportion of samples positive

Proportion of

children isolating an organism at least

once
The trend in | Change in The trend in | Change in
Post-ETI; % | Relative absolute Pre-ETl; % | Post-ETI; % | Relative absolute
Pre-ETI; % (n) . . . .
(n) change in | positive (n) (n) change in | positive
proportion | samples proportion | samples
P. aeruginosa 13.4 (51) 8.9 (16) \l; -35 35 (14) 17.5(7) J, -7
S. aureus 2.6 (10) 4.5 (8) 1T -2 20 (8) 15 (6) J -2
H. influenzae 3.4 (13) 2.8 (5) \l, -8 17.5(7) 7.5(3) J, -4
NTM 0(0) 0(0) = 0 0(0) 2.5 (1) 1 +1
Aspergillus | 9.4 (36) 17 (3) J -33 30 (12) 25 (1) J -11
MRSA 0(0) 0(0) = 0 0(0) 0(0) = 0
B. cepacian 0(0) 0(0) = 0 0(0) 0(0) = 0
Achromobacter | 12.6 (48) 5(9) J, -39 7.5(3) 10 (4) 1\ +1
Acinetobacter | 1.6 (6) 1.1(2) J -4 12.5(5) 5(2) J -3
S. maltophilia | 4.5 (17) 0.6 (1) J -16 5(2) 2.5 (1) J -1

B. cepacian: Burkholderia cepacian; ETI: elexacaftor-tezacaftor-ivacaftor; H. influenzae: Haemophilus

mycobacterium; MRSA: Methicillin-resistant Staphylococcus aureus; P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; S. maltophilia:

Stenotrophomonas maltophilia.
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Table 15. Comparison of respiratory microbiology samples before and after starting

elexacaftor-tezacaftor-ivacaftor (ETI).

Identification

Pre-ETI total number of
samples /years.

Post-ETI total number
of samples/years.

Percentage change

P1 10 4 - 60%
P2 6 4 -33.3%
P3 21 18 -14.3%
P4 19 6 - 68.4%
P5 10 6 - 40%
P6 9 4 - 55.5%
P7 6 3 - 50%
P8 2 1 - 50%
P9 9 4 - 55.5%
P10 6 4 -33.3%
P11 11 2 -81.8%
P12 11 6 -45.5%
P13 6 4 -33.3%
P14 7 3 -57.1%
P15 6 4 -33.3%
P16 7 4 -42.8%
P17 4 2 - 50%
P18 5 3 - 40%
P19 5 4 - 20%
P20 24 7 - 70.8%
P21 16 3 - 81.25%
P22 7 5 - 28.5%
P23 6 4 -33.3%
P24 14 3 - 78.5%
P25 5 1 - 80%
P26 12 4 - 66.6%
P27 11 4 - 63.3%
P28 10 2 - 80%
P29 5 3 - 40%
P30 7 3 -57.1%
P31 27 14 -48.1%
P32 7 4 -42.8%
P33 11 4 - 63.6%
P34 14 7 - 50%
P35 5 2 - 60%
P36 11 3 -72.7%
P37 9 7 -22%
P38 12 6 - 50%
P39 9 5 - 44.4%

ETI: elexacaftor-tezacaftor-ivacaftor
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3.4.6 Children not eligible for elexacaftor-tezacaftor-ivacaftor as a
contemporaneous comparator group
A small number of cwCF were not eligible for ETIl in the GNCH service between the ages of 12

— 18 during the same census period. Clinical data were collected in early 2020, 12 months prior

to the approval of ETI, and in early 2022, approximately one year after the approval.

3.4.6.1 Baseline characteristics
The characteristics of this group at baseline are presented in Table 16. Only three children
were ineligible for ETI due to CFTR variants, with a median age of 17 years (IQR= 14.5 - 17) at
the time of data collection, and all were females with the following genotypes:
c.1519 1521deATC + ¢.1021_1022dup TC, heterozygous for c.1558G>T, and G542X

homozygous.

Table 16. Baseline characteristics of non-eligible children.

Baseline characteristics

N 3
Age median (IQR), years 17 (14.5-17)
Sex
3 (100)
e Female (%)
Race
. 3 (100)
e White (%)
Genotypes %
i (%) 1(33.3)
o deltal507 +
1154insTC
e heterozygous 1(33.3)
c.1558G>T
1(33.3)

e homozygous G542x

Height median (IQR), cm | 165.83 (151.3 — 166.6)

Height centile median
(1QR), %

N: number; IQR (interquartile): 3™ quartile — 1%t quartile.

72.5 (56.6 — 80.1)
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As shown in Table 17, the mean weight remained the same over the two years at 44.9 kg. The
mean weight centile dropped from the 40™ centile to the 20™. Also, the mean BMI centile
dropped from the 40 centile to the 16™". Another drop was noted in the mean ppFEV1 from
76% to 66%.

Table 17. The difference of reading before and after the approval of elexacaftor-tezacaftor-
ivacaftor (ETI) of non-eligible children.

Children Non eligible before | Children Non eligible after
Parameters

ETI. ETI.
Body weight median (IQR),
K g 2 (1GR) 449 (41.2-52.1) 44,9 (42.5 -48.8)

8

Weight centile median

50.3 (43.2 -51.8) 28.8 (20.1-30.1)
(1QR), %
BMI percentile median

40.9 (35.6 - 44.0) 14.6 (12 -19.6)
(1QR), %
ppFEV1 median (IQR), % 73.9 (64.0 - 86.7) 53.6 (52.5-73.3)

ETI: elexacaftor-tezacaftor-ivacaftor; IQR (interquartile): 3" quartile — 1%t quartile; ppFEV1: percent
predicted forced expiratory volume in 1 second.

3.4.6.2 Physiotherapy treatments

3.4.6.2.1 Airway clearance techniques (ACTs)

Two cwCF were on ACTs twice per day, which stayed the same over time, while one was on

ACT twice per day, dropping to once a day.

3.4.6.2.2 Nebulised Mucolytics

The mucolytic nebulised treatment with hypertonic saline and dornase alfa did not change for
these three children. Two children were on dornase alfa and hypertonic saline for the
recorded period, and one was not on nebulised treatment.

In general, these cwCF who were not eligible for ETI showed a decline in their weight centile,
BMI centile, and ppFEV1 compared to the eligible group, who showed improved weight and

lung function.
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On the other hand, their physiotherapy regime and nebulised mucolytics treatment did not
change over time, compared to those who were on ETI, which shows a change in the

physiotherapy treatment following ETI.

3.5 Discussion

This chapter reports the results of a single-centre, retrospective study among cwCF to examine
the effect of ETI on body weight, lung function, physiotherapy treatment including, mucolytics

nebulised treatment, ACTs, and exercise, and lung infections.

3.5.1. Body weight and lung function
In clinical trials, ETI treatment has been shown to increase weight and lung function

significantly (Heijerman et al., 2019; Middleton et al., 2019). However, real-world data is
needed to demonstrate that benefits occur with the strict conditions of a randomised trial and

to understand the longer-term effects.

An initial objective of the project was to identify the impact of ETI on anthropometric
parameters and ppFEV1 after 12 months of treatment. This study showed a statistically
significant improvement in weight, BMI centile and BMI z-score after 12 months of ETI.
However, the improvement in weight centile was not statistically significant after 12 months
of ETI. This study also showed a significant improvement in the ppFEV1 after 12 months of ETI

in all subgroups.

On the other hand, children in the small comparator cohort who were not eligible for ETI
underwent a decrease in weight parameters and ppFEV1 over the same time. These findings
broadly agree with other real-world studies, showing improved body weight parameters and

ppFEV1 after initiating ETI.

An ongoing prospective observational study aimed to investigate the effect of ETI in a diverse
group of pwCF in the US (Nichols et al., 2022). The study included 487 participants aged 12
years and older with at least one copy of F508del. The assessment was taken before and at
one, three, and six months after ETl treatment, with additional 18- and 30-month visits
planned. The study assessed different factors of lung function, BMI, sweat Cl" concentration,
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and self-reported respiratory symptoms. They found that after six months, the mean ppFEV1
improved by 9.7%, and mean BMlI increased by 1.2 kg/m? for adult populations and 0.3 z-score
in adolescents (Nichols et al., 2022). In a prospective study conducted by Mainz et al. (2022)
involving 107 CF patients aged 12 years and older across multiple centres in the UK and
Germany, the researchers observed significant changes in mean BMI z-scores and weight
among the participants receiving ETI treatment after 22 weeks. The mean BMI z-scores in
children increased from - 0.71 to - 0.29 (p = 0.02) at week 24, and the mean weight increased
from 47 kg to 51.4 kg (p < 0.0001). In adults, there was an 8% increase in mean BMI (p <
0.0001) compared to baseline and an 8% increase in mean weight (p < 0.0001) (Mainz et al.,
2022). A real-life retrospective study reports the outcomes of the first six months of ETl in 46
cwCF above the age of 6 in Germany. The study findings indicate a significant improvement in
lung function in 24 cwCF aged 12 — 17 after three months, with a mean increase of 13
percentage points compared to the baseline, which was sustained at a six-month visit. The
mean difference in BMI z-score showed an improvement of 0.41, while the mean weight z-
score showed an improvement of 0.34 at the three-month follow-up compared to the
baseline, and these improvements were also sustained at the six-month visit (Olivier et al.,
2023). Lee et al. (2023) studied the impact of ETI over two years on the annual decline of lung
function in 468 pwCF aged 12 years and older with at least one copy of F508del compared to
a similar group of untreated controls from the US cystic fibrosis Foundation Patient Registry
(CFFPR). The study revealed that following two years of ETI, the mean change in ppFEV1
increased annually by 0.39 percentage points. In contrast, the matched control group

experienced an annual decline of 1.92 percentage points in ppFEV1 (Lee et al., 2023).

ETI has also been shown to enhance lung function, body weight, and BMI in several studies
involving adult populations (Granados et al., 2023; Petersen, Begnel, Wallendorf and Litvin,
2022). Real-world data have also been published on advanced CF lung disease, as this
population was excluded from randomised clinical trials. These studies have demonstrated
the efficacy of ETI in improving various clinical outcomes (Burgel et al., 2021; Carnovale et al.,

2022b; Djavid et al., 2021).

The current study revealed variability in the improvement of ppFEV1 after 12 months of ETI.
There is limited published literature on the relationship between the change in ppFEV1 after

ETI and other clinical variables. | found in this study that the difference in the mean ppFEV1
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was negatively associated with baseline ppFEV1, weight centile and BMI centile. Also, cwCF
chronically infected with P. aeruginosa infection correlated with greater change in ppFEV1.
On the other hand, no correlation was found with sex, different CFTR variants or previous use
of a modulator. These results reflect those of Nichols et al. (2022), who also found no
association between the change in ppFEV1 and sex or CFTR variants in pwCF aged 12 or older.
An observational study reported ppFEV1, BMI, and microbiological data collected from 48
pwCF aged 12 and older over one year, with measurements taken at initiation and three-
month intervals. The results showed significant improvements in ppFEV1 and BMI during the
first six months of ETI, with no further changes observed thereafter. Additionally, there was a
significant positive correlation between the change in ppFEV1 and baseline BMI at three
months (r = 57.2, p < 0.01) (Sheikh et al., 2023). This positive correlation is contrary to the
finding of my study, which indicated a negative correlation between the change in ppFEV1
and baseline BMI centile. A possible explanation for this difference could be attributed to the
variables measured. In the study by Sheikh et al. (2023), BMI was analysed, while in my study,
| focused on BMI centile. Another possible explanation could be the variation in demographics,
including the age of the participants, which included children and adults with a mean age of
28.8 years. More research is needed to understand the association between the change in
ppFEV1 and other factors, including weight, baseline ppFEV1, sex, CFTR variants, previous use

of modulators, and chronic infection with P. aeruginosa.

On the other hand, a few studies have explored the factors affecting the response in lung
function after ETI. In Germany, a study aimed to examine the age and lung function severity
as determinants of response to ETI in 42 children aged 6 — 11 years and 41 adolescents aged
12 — 17. The data were categorised based on age group and subsequently classified into age-
specific ppFEV1 severity. The age strata were divided into three groups based on their baseline
ppFEV1. They found that after three and 12 months on ETI, individuals with more severe lung
function at baseline experienced a more significant improvement in ppFEV1. They concluded
that age and baseline ppFEV1 are predictive factors for the change in lung function after 12
months of ETI (Schiitz et al., 2023). A recent single-centre retrospective study was conducted
in the adult CF population in the US to investigate the effect of ETI treatment on outcomes
based on sex. They included 251 pwCF who began ETI for at least six months between 2014
and 2022. Data were collected 5.5 years before and 2.9 years after ETI. The findings showed

that after adjusting for age, race, previous use of CFTR modulator, and baseline ppFEV1, there
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was no significant difference in the change in ppFEV1 based on sex after six months of ETI (p

=0.85) (Wang et al., 2023).

Preliminary results of the GOAL study reported no difference in the change in the ppFEV1
between males and females using ivacaftor (Secunda et al., 2019). Before the CFTR modulator
era, several researchers studied the factors influencing lung function (Kerem et al., 2014;
Konstan et al., 2007; Schaedel et al., 2002). Previous research by Kerem et al. (2014) used data
from the European CF Society (ECFS) registry for pwCF aged 6 years and above. They
established that chronic P. aeruginosa infection and BMI are risk factors that affect lung
function in paediatric and adult populations. Another study included cwCF aged 6 to 17 years
from the ESCF registry and investigated the risk factors for the rate of decline in ppFEV1 over
3 to 6 years. Female sex, P. aeruginosa infection, and low weight for age were identified as

risk factors for ppFEV1 decline (Schaedel et al., 2002).

Several studies showed the effect of CFTR variants on lung function before the era of HEMT
(Corey, Edwards, Levison and Knowles, 1997; Hatziagorou et al., 2023). A longitudinal study in
the US for pwCF born between 1960 to 1974 from a CF database was designed to estimate
lung function decline in relation to various factors. The study’s findings suggested that
homozygous F508del mutations are associated with a steeper decline in the rate of pulmonary
function (Corey, Edwards, Levison and Knowles, 1997). Another study by Hatziagorou et al.
(2023) examined the risk factors for FEV1 decline before the CFTR modulators using data from
the ECFS registry in pwCF aged 6 to 50 between 2008 to 2016. They found a significant decline
in patients with both class | and Il mutations or those with homozygous F508del mutation
compared to other mutation groups. Further work is required to gain a better understanding

of the possible factors that influence the response in ppFEV1 after ETI.

3.5.2. Physiotherapy treatments
3.5.2.1 Airway clearance techniques

In light of the remarkable improvements in the overall health status of pwCF-prescribed ETI,
this is expected to influence their daily ACTs and physical activity regimes. This study set out
to assess the impact of ETl on ACTs in three aspects, including the ongoing presence of ACTs
in their physiotherapy regime, the frequency of ACTs per day, and the number of ACT cycles

per treatment. A statistically significant reduction in the number of cwCF doing ACTs, ACTs
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frequency and the number of cycles was noted. In reviewing the literature, one study was
found that investigated the impact of ETI on ACTs. The outcomes of our research align with
the findings reported in a prospective, single-centre evaluation of services for adults with CF
(Faulkner et al., 2022). The study documented self-reported adherence to ACTs and nebulised
therapies and objective nebuliser adherence, through the CF Health Hub platform at baseline,
three, six and 12 months after ETl in 112 pwCF. At baseline, self-reported adherence to daily
ACTs was 64%, and at 12 months dropped to 37%. Adherence to nebulised therapies was
reported to be 72% at baseline and declined to 49% at 12 months. Data on objective nebuliser
adherence were available for 56 patients, with 57% adherence at baseline which decreased

to 36% at 12 months (Faulkner et al., 2022).

In the ivacaftor era, a retrospective questionnaire was developed to evaluate changes in ACTs
and adherence to nebulised therapies in pwCF, as reported by the patients (Hickey et al.,
2015). After starting ivacaftor, a significant reduction in the number of ACT sessions per week
was observed. These sessions were also shorter, as 61% of patients spent less than ten
minutes during these sessions. Participants reported a significant reduction in the time spent
on physiotherapy treatments, including ACTs and inhaled therapies, with 64% spending less

than 30 minutes daily after ivacaftor (Hickey et al., 2015).

3.5.2.2 Nebulised mucolytics
In addition, the current study found that the proportion of people using mucolytic nebulisers
decreased after ETI, consistent with the previous prospective observational study by Nichols
et al. (2022). According to their findings, the self-reported use of dornase alfa decreased by
6%, hypertonic saline by 9.8%, azithromycin by 9.1%, and inhaled antibiotics by 34% after six
months of ETI in 487 pwCF aged 12 or older. Despite the lack of evidence on the safety of
discontinuing mucolytic treatment, we noticed in our cohort of cwCF a decrease in the usage
of nebulised treatments (dornase alfa and hypertonic saline). A retrospective study on 15
adults with CF showed a decline in dornase alfa and hypertonic saline use but no significant
decrease in inhaled antibiotics one year after ETI (Song et al., 2022). In contrast to previous
findings, Olivier et al. (2023) found no significant change in the use of dornase alfa, hypertonic

saline, and nebulised antibiotics in cwCF above 6 years after six months of ETI.
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A possible explanation for the reduction in the usage of mucolytic treatment might be the
improvement in respiratory symptoms and a decrease in cough and mucus production after
ETl. These changes in the physiotherapy treatments in most cases involved in this
retrospective study were gradually decreased after a discussion with the CF team based on

the patient's condition.

A recent clinical trial across the US for cwCF between the ages of 12 — 18 aimed to evaluate
the effects of discontinuing nebulised hypertonic saline or dornase alfa on ppFEV1 in patients
receiving ETI for at least 90 days before screening (Mayer-Hamblett et al., 2022). The children
were randomly assigned to continue and discontinue therapy for six weeks. They defined a
non-inferiority margin of - 3% for the difference between groups in the six-week change
in ppFEV1. Mayer-Hamblett et al. (2022) concluded that discontinuing hypertonic saline and
dornase alfa was non-inferior to continuing treatment in terms of the absolute six-week
change in ppFEV1. This suggested that routine use of inhaled therapies, including dornase alfa
and hypertonic saline, might not be required to maintain pulmonary function in individuals
likely to experience substantial drug-induced restoration of CFTR function and relatively good

pulmonary health as a result of ETI (Mayer-Hamblett et al., 2022).

3.5.2.3 Exercise
The potential role of exercise to replace ACTs has increased in the era of ETI. A UK-based e-
Delphi survey of pwCF, caregivers, and HCPs aimed to determine the appropriate type,
duration, and exercise intensity to replace ACT. They agreed that exercise could be used as a
substitute for ACTs during stable CF and suggested that the intervention is effective in a trial
setting. The consensus among experts is that in stable CF, aerobic exercise needs to last longer
than 20 minutes with an intensity which triggers deep breathing to achieve the optimal
benefits (Saynor et al., 2023). Following this e-Delphi survey conclusion, an ongoing multi-
centre randomised pilot trial aims to test the feasibility and safety of replacing ACTs with 20
minutes of aerobic exercise, including breathing, huffs, and coughs, to remove secretions.
Participants in this trial are from two centres in the UK, are aged 10 years and above, have

been on ETI for at least three months, and are clinically stable (Urquhart et al., 2022).
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One interesting finding of our study is the self-reported increase in exercise frequency in cwCF
after 12 months of ETI, but these changes were not statistically significant. However, the
exercise reported ranged from low to high intensity, such as walking, running, swimming,
cycling, and boxing. A possible explanation for this improvement in exercise may be the fact
that cwCF have more energy to do physical activity after ETlI as well as education and
encouragement from the CF team (Almulhem et al., 2022). These encouraging findings
support the call to replace ACTs with exercise (Saynor et al., 2023). However, this result has
not previously been described in the ETI period. In ivacaftor’s period, a retrospective
questionnaire assessed the patient-reported changes in exercise performance (Hickey et al.,
2015). The researchers found that exercise increased after ivacaftor administration, with 66%
of participants reporting involvement in exercise less than three times weekly before and 36%

after (Hickey et al., 2015).

It is crucial to note the challenge of determining precise adherence levels for physiotherapy
treatment. Lack of objective measurements and dependence on subjective assessments like
self-report, which have been showed to overestimate adherence in other treatment

modalities like nebulised therapy, are contributing factors (Daniels et al., 2011).

3.5.2.4 Exercise testing
The gold standard for assessing aerobic exercise capacity is an incremental exercise test that
measures peak oxygen consumption (VO2 peak) on either the treadmill or cycle ergometer
(Hebestreit et al., 2015). Measuring VO2 peak and assessing exercise ventilation and
circulation characteristics is vital to determine the causes of low exercise capacity. However,
gas exchange measurement equipment is expensive, challenging to implement with children,
and requires expert interpretation (Hebestreit et al., 2015). In addition to laboratory exercise
testing, field tests, like the six-minute walk test (6MWT), shuttle walk, and step tests, are used
to assess exercise capacity in CF. These field tests are portable and do not require costly
equipment but provide limited information regarding exercise capacity, reasons for exercise
limitation, and potential exercise-associated adverse reactions in patients with CF (Hebestreit

etal., 2015).
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The MST is a field exercise capacity test that reflects everyday functional capacity
(submaximal). A systematic review study which aimed to analyse the validity and reliability of
available tools to assess exercise tolerance in children and adolescents with CF concluded that
the cycle ergometer and the MST have the best properties to test exercise capacity in cwCF
(Blanco-Orive et al., 2022). Another study compared the 6MWT and an incremental shuttle
walk test (ISWT), reporting that the ISWT is preferable to measure exercise tolerance in terms
of cardiorespiratory response and is a better reflection of exercise tolerance in CF than the
6MWT (Saglam et al., 2016). However, the 6MWT is still the most used field test in clinical

practice and research, as reported by Blanco-Orive et al. (2022).

In adults with chronic lung disease, a change of 47.5 metres is reported to be the minimal
importance difference in the ISWT (Singh et al., 2014). A recent study in Spain proposed a
minimum detectable change of 97.08 metres to assess the exercise response of cwCF, and
60 metres was considered the minimum importance difference in the ISWT (Del Corral, Gomez
Sanchez and Lépez-de-Uralde-Villanueva, 2020). In my retrospective study, the results from
the MST improved significantly after treatment with ETI, with a 191-metres increase in the
mean distance walked. It is important to acknowledge the potential influence of age as a
confounding factor in the observed improvement in exercise capacity. As children naturally
age, their ability to enhance exercise capacity may be a contributing factor alongside the
effects of ETI. In addition, these results could correlate to the significant improvement in lung

function after ETI.

To date, no published study has examined the impact of CFTR modulators on the MST in cwCF.
However, a pilot single-centre study by Gur et al. (2023) reported an improvement in exercise
performance using the 6MWT by 51.8 metres three months after ETI was initiated in adults
with CF compared to the value collected two years earlier. Another retrospective study
investigated the difference after 12 weeks of ETI in adults with CF and found significant
improvement in the 6MWT with a mean difference of 45.2 metres (Wollsching-Strobel et al.,

2022).

3.5.3. Lung infections and respiratory culture sample type
This study compared the culture frequency of specific organisms on respiratory microbiology.

We found a reduction in P. aeruginosa, S. Aureus, H. influenzae, Aspergillus, Achromobacter,
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Acinetobacter, and S. maltophilia after 12 months on ETI. In addition, the most common
sample type changed from sputum before ETI to cough swabs after ETIl. These results were
derived from data collected before, during, and after COVID-19. This mixed timeframe
requires careful consideration when interpreting the results, as this reduction in the total
number of respiratory culture samples could be influenced by COVID-19 and can be attributed
to factors such as restrictions on in-person visits. In addition, it is unclear if decreased airway
secretions, along with reduced sputum, played a role in increasing the number of cough swabs
instead of sputum samples. However, it is essential to understand that detecting positive

culture is more likely with sputum samples.

These results are in keeping with some published studies on the impact of ETI treatment on
respiratory microbiology. Beck et al. (2023) examined the effects of ETI on the isolation of P.
aeruginosa, MRSA, and Methicillin-sensitive Staphylococcus aureus (MSSA) retrospectively
and discovered a decrease in positive cultures after 12 months of therapy in 124 pwCF aged
12 and older. Also, they reported decreased sputum samples from 70% to 34% and increased
throat swabs from 30% to 66% after ETI. Similar findings were reported in a prospective study
by Sheikh et al. (2023). They found a reduction in reported P. aeruginosa and MRSA after 12
months on ETI, with a decline in sputum samples from 73% to 23% versus throat samples from
27% to 77% after ETI. In a retrospective, multi-centre study conducted in Israel, 15 pwCF older
than 6 who had at least one positive NTM airway culture within the previous two years and
were treated with ETI for at least one year were included. They reported the annual NTM and
bacterial isolation before and after ETI. Following ETI, NTM isolation was eliminated in 66% of

pwCF, which correlated with improved pulmonary function (Wiesel et al., 2023).

A case-control study in Italy for 26 pwCF presented the impact of ETI on a wider range of
pathogens, including S. aureus, P. aeruginosa, Aspergillus, Acromobacter, and S. maltophilia.
The pwCF were divided into two groups with similar clinical features, whereas the control
group were not eligible for any CFTR modulators at the time of the study. After a year of
treatment, 45.3% of the collected samples from the treated group were no longer colonised

by microorganisms compared with the time before ETI (Migliorisi et al., 2022).
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It is unclear if decreased airway secretions, along with reduced sputum, played a role in
increasing the number of cough swabs instead of sputum samples. However, it is essential to

understand that detecting positive culture is more likely with sputum samples.

3.5.4. Limitations and strengths
The study has a number of limitations that need to be acknowledged. Firstly, it is a single-

centre retrospective and includes a relatively small number of participants who received ETI.
Moreover, the study had a smaller number in the comparator group, which limited the ability
to conclude the difference. Another limitation was the limited length of follow-up, which may
have prevented a comprehensive evaluation of long-term outcomes. The use of physiotherapy
treatments, including ACTs, nebulised therapies, and exercise, was assumed based on self-
report and active prescriptions found via chart review, which could be overestimated (Daniels
et al., 2011). Lastly, this study covers the period of the COVID-19 pandemic, which may have
contributed to a substantial improvement in FEV1 due to reduced exposure to respiratory
viruses and a decrease in pulmonary exacerbations (Doumit et al.). Also, during COVID-19,
cwCF were seen less frequently and phone/video consultations were introduced. This
approach results in a decreased number of samples taken for microbiology. Overall, the study
provides valuable real-world insight, and these limitations should be considered when

interpreting and applying the results to clinical practice.

3.6 Conclusions

This retrospective study revealed that after 12 months of ETI, there was an improvement in
lung function and weight parameters consistent with the literature. Also, cwCF showed a
change in the pattern of physiotherapy treatment, including a reduction in the use of ACTs
and nebulised mucolytics and improved exercise frequency. Further work is required to assess
the longer-term impact of ETI on clinical outcomes. This would involve conducting follow-up
studies beyond the current time frame to evaluate the sustained effects and safety of ETI. A
further study is suggested focusing on the changes in the physiotherapy treatment pattern,
including ACTs, nebulised therapy, and exercise following ETI. This would offer insightful
information about the efficiency and best therapeutic approaches in conjunction with ETI to

enhance patient care
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Chapter 4.

Definitions of Pulmonary Exacerbation in People with Cystic Fibrosis:

Scoping Review Study.
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4.1 Introduction

Lung disease remains the major cause of morbidity and mortality in people with CF (Elborn, 2016).
CF lung disease is characterised by intermittent episodes of increased respiratory symptoms known
as PEx. Depending on severity and the organism detected in respiratory cultures, PEx are typically
managed with antibiotics (often 1V), intensified chest physiotherapy, enhanced nutritional support,
and in some cases hospitalisation (Anstead et al., 2014). They are normally associated with
increased infection and inflammation in the airway. PEx become more frequent as pwCF become

older and lung disease progresses (Goss and Burns, 2007).

Multiple studies have demonstrated the clinical importance of PEx in pwCF. PEx usually cause an
acute drop in lung function and several studies have also examined the effect of PEx on lung function
in the medium term. In around a quarter of patients there is a failure to recover to baseline lung
function after a PEx (Sanders et al., 2010a; Sanders et al., 2010b). Furthermore, the greater the drop
in FEV1 from baseline, the more prone patients are to fail to regain their baseline lung function after

the treatment of a PEx (Sanders et al., 2010a; Sanders et al., 2010b).

The frequency of PEx has also been strongly associated with the rate of lung function decline over
the next three years in both adults and children (Sanders et al., 2011). A single-centre analysis led
by VanDevanter, Morris and Konstan (2016) also showed that the number of PEx treated with IV
antibiotics in the previous year is significantly associated with future risk of PEx. They found that
individuals with 1, 2, 3, or 24 PEx in the previous year treated with IV antibiotics were, respectively,
1.8, 2.9, 4.8, and 8.7 times more likely to experience a PEx in the future (VanDevanter, Morris and
Konstan, 2016). Ultimately, pwCF who experience frequent PEx have reduced survival (Liou et al.,

2001).

PEx also impact on quality of life in both psychosocial and physical aspects (Britto et al., 2002). A
systematic review looking for the factors associated with HRQOL found that FEV1 and PEx had the
strongest impact on HRQOL in adolescents and adults with CF (Habib et al., 2015). Consistent with
the findings in adults, a study in 5-year-old children found that their parent-rated HRQOL was
inversely associated with PEx rates (Cheney et al., 2020). Economically, PEx are associated with a
financial burden in terms of healthcare costs, time away from employment, and knock-on effects

from longer term morbidity (Rubin et al., 2017). In addition, pwCF described PEx as disruptions of
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normality and a source of emotional distress. PEx symptoms also associated with energy

consumption and restrictions of physical activity and daily-life routine (Schmid-Mohler et al., 2019).

Due to the clinical importance of PEx, they are frequently used as an outcome measure in clinical
trials or studies in CF (McLeod et al., 2020). A large number of pivotal trials of new treatments have
included PEx as a primary or secondary outcome: for example, dornase alfa (Fuchs et al., 1994);
tobramycin (Ramsey et al., 1999); hypertonic saline (Elkins et al., 2006); azithromycin (Saiman et al.,
2003); and HEMT including ivacaftor and ETI (Flume et al., 2018; Middleton et al., 2019). Despite
this, there is no agreed uniform definition of PEx and, furthermore, no age-specific criteria (McLeod

etal., 2020).

This heterogeneity in definitions makes it challenging to evaluate, meta-analyse, and compare
findings between studies and limits conclusions that can be drawn to impact clinical practice.
Development of a standardised, validated, and age-specific definition(s) is essential for the precise

diagnosis of PEx.

4.2 Aims

The aim of this study was to perform a scoping review to systematically map the different definitions
used to identify exacerbations as an outcome in primary research studies. In addition, this review
aimed to identify which signs and symptoms are most commonly included in definitions. This
allowed common themes to be identified and will feed into the development of consensus-based,

age-specific definitions for PEx in pwCF by the ECFS Pulmonary Exacerbation Working Group.

4.3 Methods

4.3.1 Overview
The review was originally planned as a systematic review of the PEx definitions reported in the CF
literature. The protocol for systematic review of this topic was approved and registered

prospectively on the PROSPERO international prospective register of systematic reviews (reference

CRD42020161128) (Appendix L). However, after further consideration and preliminary review of the
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literature, a scoping review approach was identified as the most appropriate for addressing the
research questions. Scoping reviews are most appropriate for the following indications as described

by Munn et al. (2018a):

1- To determine what kinds of evidence are available in a particular field

2- To clarify important definitions and concepts in the literature

3- toinvestigate the methods used in research on a certain subject or area
4- To determine essential attributes or components associated with an idea
5- In advance of a comprehensive review

6- To determine and evaluate any gaps in knowledge

In addition, scoping reviews can be conducted to examine the extent, nature, range, and variety of
the evidence on a topic and summarise findings from literature that is heterogeneous in methods

(Arksey and O'Malley, 2005; Tricco et al., 2018).

The protocol of the systematic review registered in PROSPERO was adapted to fit a scoping review
(Appendix M). This was reported using the Preferred Reporting Items for Systematic reviews and

Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Tricco et al., 2018).

4.3.2 Research questions
The research question was developed using the PICo tool where P stand for population, | for

interest, and Co for context (Munn et al., 2018b). As a result, the research question was formulated
as: What definitions are reported for PEx in people of different age groups with CF in primary
research studies? An additional question is what the most common reported signs and symptoms

are reported in the PEx’s definitions.

4.3.3 Criteria for considering studies for this review
To get a comprehensive understanding of the definitions used in primary research studies, all clinical

trials (randomised clinical trial (RCT) and non-RCT) and prospective observational studies that
reported PEx as an outcome were included. In addition, included articles had to be available in
English and clearly specified the PEx definition used in pwCF in any age group. Articles were
considered if the abstracts were available in English and were published or in press. Authors were

contacted by email if studies were not accessible.
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This review excluded secondary resources such as reviews and retrospective studies, case reports,

in vitro and in vivo experiments and animal studies.

4.3.4 Search strategy
Embase, MEDLINE, Cochrane Library, Scopus, and CINAHL databases were searched between

January 1990 and December 2022.

A comprehensive search strategy was developed in consultation with a librarian specialising in
health databases. Medical subject heading (MeSH) and keywords were used with ‘AND’ and ‘OR’ to
narrow or broaden the search depending on the search strategy for each database. Details of search
strategies based on each database are shown in Table 18. The following search terms were
employed: cystic fibrosis AND pulmonary exacerbation limited to English language and 1990-2022.
This choice of search terms was to minimise the risk of missing relevant studies that may use PEx
definition in different subject headings and to ensure that results were highly relevant to the
research questions. Several pilot searches were run in each database to ensure that key articles

were picked up.
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Table 18. Search strategies

Databases Search strategies

Medline (OVID) (1946 onward) 1- Cystic Fibrosis/

Embase (OVID) (1988 onward) 2- (Cf).tw.
3- (Cystic adj5 fibrosis).tw.
4- 10R20R3

5- (pulmonary adj5 exacerbation®).tw.

6- Exacerbation*.tw.

7- (pulmonary adj1 exacerbation*).af.

8- 50R60R7

9- Limit 8 to (human and english language and
yr="1990 - 2022")

CINAHL 1- MH cystic fibrosis OR AB cystic fibrosis OR Tl
cystic fibrosis

2- MH pulmonary exacerbation OR AB pulmonary
N5 exacerbation®* OR Tl pulmonary N5
exacerbation®* OR TX pulmonary N5
exacerbation* OR TX exacerbation

3- 1AND2

4- Limiters - Published Date: 19900101-20221231

5- Expanders - Apply equivalent subjects

6- Narrow by Language: - english

7- Search modes - Boolean/Phrase

Cochrane (central) 1- MeSH descriptor: [Cystic Fibrosis] this term only

2- (cystic NEXT fibrosis):ti,ab,kw

3- (pulmonary NEXT exacerbation*):ti,ab,kw

4- (exacerbation*):ti,ab,kw

5- #1 OR #2

6- #3 OR#4

7- #5 AND #6 with Publication Year from 1990 to
2022, in Trials

Scopus ( TITLE-ABS-KEY ( "cystic fibrosis" ) AND TITLE-ABS-KEY (

pulmonary PRE/15 exacerbation ) OR TITLE-ABS-KEY (

exacerbation ) ) AND PUBYEAR > 1989 AND PUBYEAR <

2023 AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND (

LIMIT-TO ( DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE,

llcpll )

All the references were then imported into Endnote 20 reference management software.

Duplication was checked using different field settings as suggested by Bramer et al. (2016), since
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each database formats the information slightly differently, which makes recognising duplicates
difficult. Duplication was checked by setting the ‘find duplicates’ preferences to the following:

1- Author, Year, Title, Journal

2- Author, Year, Title, Pages

3- Title, Journal, Pages

4- Year, Title, Pages

5- Title, Pages

6- Author, Year, Journal, Pages

7- Author, Year, Title

8- Author, Year, Journal

9- Author, Year

10- Year, Title

11- Title

After removing the duplicates all results were exported to the Rayyan website (Ouzzani, Hammady,

Fedorowicz and Elmagarmid, 2016) to screen the title and abstract.

4.3.5 Study selection and data charting
The titles and/or abstracts of studies retrieved using the search strategy were screened by myself.

Decisions about the inclusion or exclusion of studies were decided in a series of meetings with the
supervisory team. |, subsequently, retrieved and assessed the eligible studies in full by. The

supervisor screened 10% of the included articles to ensure accuracy and agreement.

| designed an electronic data charting form and tailored for the specific methodology used in the
review (Appendix N). The form was piloted on three articles and subsequently optimised after
discussion with my supervisory team. The following data were charted from the included articles:
title, citation, study design and type of publication, population characteristics (age of participants),
definition of PEx reported as a free text field, and the reported signs/symptoms.

The purpose of the review was purely to explore definitions of PEx reported in the literature, not to
extract data from papers, and, therefore, the quality and risk of bias in individual studies did not

require assessment.
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4.3.6 Data synthesis
A thematic qualitative synthesis was used for this study (Dixon-Woods et al., 2005) to facilitate

systematic identification of prominent themes and summarise definitions under these themes in a
structured way. Thematic synthesis has three stages: the coding of text line by line; the development
of descriptive themes; and the generation of analytical themes. The charted data, according to my
research question, were pooled, and then coded — each line of text according to its content. | then
started looking for similarities and differences between codes to begin grouping them (Thomas and
Harden, 2008). Two main themes were developed from the coded data, based on clinical
presentation and treatment. For each theme, | reported the frequencies of extracted definitions. In

addition, the frequency of signs and symptoms used were recorded.

4.4 Results

4.4.1 Characteristics of articles identified by search strategy.
In total, 14,039 citations were identified by the search strategy across all databases. Figure 28 shows

the PRISMA flow diagram for the study. Once duplicates were removed, 7,647 titles and abstracts
were screened. From these, 377 articles met the inclusion criteria for the scoping review and were
included and analysed in the qualitative synthesis (the complete list of included articles is provided

in Appendix O).
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Identification of studies via databases and registers J

) Records identified through

database searching:

S| | Medline (n=2458)

é Embase (n = 6661)

z CINAHL (n = 789)

T Scopus (n =3063)
Cochrane (n = 1068)

— (n =14039)

Title and abstract
screened:
(n = 7647)

: l

c

4

®
Reports assessed for
eligibility:
(n = 898)

§ Studies included in review:

§ (n=377)

Records removed before screening:
Duplicate records removed:
(n=6392)

Records excluded after screening
title and abstract:
(n=6748)

Reports excluded (n = 521)

Reasons:

1- Study designs (139)

2- PExis not an outcome (15)

3- PExis not defined (211)

4- PEx is not clearly defined
(111)

5- Define PEx’s severity (37)

6- Not found (7)

7- Not English (1)

Figure 28. PRISMA flow diagram.

Source (Page et al., 2021).
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In terms of the different types of study included, these consisted of 272 observational studies
and 105 experimental studies. The majority of studies were full articles, while 16 studies were

available in abstract form only. Figure 29 shows the breakdown of different study types.

Experimental studies

0 50 100 150 200 250 300

MW Full articles ™ Abstracts

Figure 29. Breakdown of types of study included.
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4.4.2 Themes of definitions reported for PEx
Two key themes were developed for the definitions reported in the included articles. After

manually coding the definitions, the definition of PEx were categorised into two themes: One
based objectively on specific criteria, and the second based on subjective decisions as shown

in Figure 30.

1. Subjective — based solely on clinician’s judgement and decision.
a) Without any specific criteria.

b) With initiation of acute treatment and/or hospitalisation.

2. Objective — predefined criteria indicating presentation of threshold set of clinical signs
and symptoms, sub-divided into three categories.
a) Objective definition — involving a specific combination of systematic and/or
respiratory signs and symptoms.
b) Objective score — different clinical features each with a specific weighting or
score within a definition.
c) Predefined combination of systematic or respiratory signs and symptoms and

initiation of acute treatment.
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Objective definition

-involving a specific
combination of

signs and symptoms

Predefined
combination of
signs and symptoms —
and initiation of
acute treatment

Objective score -
different clinical

features each witha |

specific weighting or
score within a
definition

Objective - based
on criteria

Themes of
pulmonary
exacerbation
definitions

Subjective - based
solely on clinician’s
judgement and decision

Without any
specific criteria

Initiation of acute

L treatmentand / or
hospitalisation

Figure 30. Pulmonary exacerbation's (PEx) definition themes.
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As shown in Figure 31, out of 377 identified articles, there were 94 (25%) articles that used a
subjective definition, and 283 (75%) articles were classified as using an objective definition.

The breakdown was as follows:

1. Subjective
a) Without any specific criteria — 22 studies.
b) With initiation of acute treatment and/or hospitalisation — 72 studies.
2. Objective
a) Objective definition — 144 studies.
b) Objective score — 9 studies.
c) Predefined combination of sighs and symptoms and initiation of acute treatment —

135 studies.

m Subjective definition

® Treatment-based
definition

M Objective definition

M Objective score

Predefined combination
of signs and symptoms
and initiation of acute
treatment

Figure 31. Frequency of pulmonary exacerbation (PEx) definitions used in studies.



Another factor used in defining PEx is the duration of signs and symptoms, or the duration of
the course of treatment, which was reported in 23 included articles. Some specified the
duration of signs and symptoms to be at least three days (9 studies), five days (4 studies), or
seven days (5 studies).

In addition, some studies delineated a minimum course of treatment as seven days to meet
the criteria of PEx (3 studies), whereas others required the administration of an IV course for

21 days (2 studies).

4.4.3 Commonly used definitions
Out of the 377 articles, 148 studies used previously defined definitions. In this review, |

recorded those which developed their definition and those which subsequently used these
previously defined definitions. There were six commonly used definitions that were detected

from the analysis of the articles, as shown in Table 19.

Table 19. Commonly reported definitions for pulmonary exacerbation (PEx).

Definition Number of articles (%)
Fuchs modifications 73 (49%)

Fuchs definition (1994) 38 (26%)

CFF (1994) 22 (15%)

EPIC study (2009) 12 (8%)

Akron pulmonary exacerbation score (2009) 4 (3%)

Rosenfeld score definition (2001) 4 (3%)

These were in order of frequency: the Fuchs modifications definition taken from a trial of
inhaled dornase alfa and original ‘Fuchs’ definition (Fuchs et al., 1994) were used 111 times;
the CFF definition (Cystic Fibrosis Foundation, 1994) was used 22 times; the EPIC study
(Treggiari et al., 2009) relating to a study of early acquisition of P. aeruginosa in children was
used 12 times; the ‘Akron’ pulmonary exacerbation score (Kraynack and McBride, 2009) and
the ‘Rosenfeld’ definition (Rosenfeld et al., 2001) were used four times. Overall, 64% of the

experimental studies included in the scoping review applied one of these definitions.
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4.4.3.1 Fuchs definition (1994)

Fuchs et al. (1994) based their definition for a PEx on signs and symptoms and the need for IV
antibiotics in pwCF aged >5 years. The definition involves the presence of four out of 12
possible signs or symptoms along with IV antibiotic treatment. These signs and symptoms are

(Fuchs et al., 1994):

change in sputum.

New or increased haemoptysis.
Increased cough.

Increased dyspnoea.

Malesia, fatigue, or lethargy.
Temperature above 38 C.
Anorexia or weight loss.

Sinus pain or tenderness.

W 0 N o U B W N

Change in sinus discharge.
10. Change in physical examination of the chest.
11. Decreased in pulmonary function by %10 or more from previous recorded value.

12. Radiographic changes indicative of pulmonary infection.

This original Fuchs definition was reported in 38 of the included publications. In addition, 73
articles reported a modification of the original Fuchs definition either by altering the criteria
around IV treatment or using variations in the signs and symptoms requirement. One of the
most commonly reported modifications of the original Fuchs criteria is the one proposed by
the EuroCareCF Working Group in 2011 (Bilton et al., 2011). They defined a PEx as the need
for an additional antibiotic because of a change in at least two out of the following six signs or
symptoms: change in sputum; increased cough; increased dyspnoea; increased malaise,
fatigue or lethargy; anorexia or weight loss; and decrease in pulmonary function by 10% or
new chest radiographic changes (Bilton et al.,, 2011). Another modification, known as
‘expanded Fuchs criteria/definition’ differs from the original in terms of treatment, involving
any oral, inhaled, and/or IV antibiotics prescribed in response to the presence of four out of
the 12 Fuchs criteria (Flume et al., 2018). The ‘modified Fuchs criteria’ involves only the
presence of four out of 12 signs and symptoms without a specified requirement for treatment.

Several other modifications of the original Fuchs criteria have also been reported in studies.
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Hind et al. (2019) defined an exacerbation as treatment with IV antibiotics and meeting any
single symptom/sign of the Fuchs criteria. Other modifications include the removal of one of
the criteria involving sinus discharge or sinus pain and tenderness (Tate et al., 2002) or adding

decreased exercise tolerance to the criteria (Accurso et al., 2011).

In summary, the Fuchs criteria in one form or another has been commonly reported as an
objective-based definition that characterises a PEx based on predefined signs and symptoms

either combined with treatment or not.

4.4.3.2 US CF Foundation (CFF) definition
In 2005, the CFF Microbiology and Infectious Disease Consensus defined a pulmonary
exacerbation as three out of the 11 following signs or symptoms being present (Cystic Fibrosis
Foundation, 1994):
1. Increased cough.
2. Increased sputum production and/or a change in appearance of expectorated
sputum.
3. Fever (>38 Cfor at least four hours in a 24-hour period) on more than one occasion
in the previous week.
4. Weight loss > 1 kg or 5% of body weight associated with anorexia and decreased
dietary intake or growth failure in an infant or child.
School or work absenteeism (due to illness) in the previous week
Increased respiratory rate and/or work of breathing.
New findings on chest examination (e.g., rales, wheezing, crackles).

Decreased exercise tolerance.

L o N o o

Decrease in Forced Expiratory Volume at one second (FEV1) of > 10% from previous
baseline study within past three months.
10. Decrease in haemoglobin saturation (as measured by oximetry) from baseline
value within past three months of > 10%.

11. New finding (s) on chest radiograph.
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There was no specification of the age of patient in the original definition. Some studies have
used this definition in paediatric patients aged 2—-12 years (Jafari et al., 2013), although it
requires a measurement of FEV1 which is usually done for patients aged 6 years and above

only. This objective-based definition is largely formed on predefined signs and symptoms.

4.4.3.3 The Early Pseudomonas Infection Control (EPIC) definition

The EPIC definition published by Treggiari et al. in 2009 is based on signs and symptoms and
specifically applies to cwCF aged 1 to 12 years (Treggiari et al., 2009). It divides signs and
symptoms into four major and six minor criteria. A presentation involving one major and/or
two of the minor criteria signs or symptoms for a specified duration fulfil the definition for a

PEx. Major criteria are:

1. Decrease in FEV1 of 210% from best baseline within past 6 months, unresponsive
to albuterol (in participants able to reproducibly perform spirometry)

2. Oxygen saturation b90% on room air or 25% decline from previous baseline

3. New lobar infiltrate(s) or atelectasis(e)s on chest radiograph

4. Hemoptysis (more than streaks on more than one occasion in past week).

Additionally, two minor criteria are required in the absence of major criteria of 25 days

duration or significant symptom severity. These minor criteria are:

1. Increased work of breathing or respiratory rate

2. New or increased adventitial sounds on lung exam.

3. Weight loss 25% of body weight or decrease across 1 major percentile in weight
percentile for age in past 6 months.

4. Increased cough

5. Decreased exercise tolerance or level of activity.

6. Increased chest congestion or change in sputum.

Some studies have also used the EPIC definition in adults and children over 12 years old
(Mayer-Hamblett et al., 2018; Sagel et al., 2018). Another adjustment to the EPIC definition
that has been made in some studies is to shorten the duration of symptoms for the minor
criteria from 5 to 3 days (Lechtzin et al., 2013; Maggie Patricia et al., 2013).
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4.4.3.4 Akron Pulmonary Exacerbation Score (PES) definition

An alternative method to objectively define a PES is to use a scoring system where each sign
or symptom has a specific weighting with a total score greater than a predefined value being
diagnostic of a PEx. The Akron PES score (Kraynack and McBride, 2009) was designed for pwCF
aged 6 years and over. This score contains 14 elements that are divided into systemic,
pulmonary signs and symptoms, and objective measurements. A score of five or above is
required to meet the criteria for a pulmonary exacerbation. Further details of the PES
elements are shown in Table 20. Although the original PES definition was developed for a
population aged 6 years and older, it has been used in studies for participants down to the

age of 6 months, for example by Hoen et al. (2015).
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Table 20. Akron Pulmonary Exacerbation Score (PES) definition criteria .

Systemic signs/symptoms

last clinic visit (or in the last 3 months)

Fever > 38 °C in the prior 2 weeks Yes=1, No=0
Malaise or fatigue in the prior 2 weeks Yes=1, No=0
Increased or new school absences in the prior 2 | Yes=2, No=0
weeks

Anorexia or poor appetite in the prior 2 weeks Yes=1, No=0
Weight loss (= 5%) of poor weight gain compared to | Yes=2, No=0

Pulmonary signs/symptoms

Increased cough (frequency, intensity, duration) for
=1 week

None=1, Mild=1, Significant=2

Major change in sputum or change in chest

congestion for > 1 week

None=1, Mild=1, Significant=2

Increased dyspnoea on exertion or shortness of
breath

Yes=2, No=0

Change in chest exam or increased work of breathing
or respiratory rate

Yes= 2, No=0

Objective measurement

Decrease in FEV1 (compared to highest value of the
prior 6 months)

<10%=0, =10%=3, =15%=5

New chest radiograph abnormality

None=1, Increased air trapping or
mucus plugging=1, New atelectasis
or infiltrate=2, Pneumothorax=>5

Haemoptysis

None=0, Streaked=3, Increased or
new onset=5

Decreased oxygen saturation from baseline

(compared to highest value of the prior 6 months)

<4% change=0, >4% decrease=2,
>10% decrease=5

Source: (Kraynack and McBride, 2009)
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4.4.3.5 Rosenfeld definition

The Rosenfeld definition (Rosenfeld et al., 2001) is another example of a score-based method.
They developed two models. In model one, the score is based on six clinical findings, each
weighted by a particular coefficient (shown in brackets) as follows to reach a final ‘PEx score’:
decreased exercise tolerance (1.8); increased cough (1.5); increased cough/sputum
congestion (1.5); school or work absenteeism (1.6); increased adventitial sound on lung

examination (1.2); and decreased appetite (1.1).

A PEx is defined as when the score is greater than 2.6. The Rosenfeld model two score is based
on the following: decreased exercise (1.7); increased cough (1.6); increased sputum/chest
congestion (1.4); school or work absenteeism (1.7); increased adventitial sound on lung

examination (1.2); decreased appetite (0.9); and change in FEV; (0.05).

A final score greater than 2.5 defines a PEx. This score is designed for use in a population aged

6 years and above, and we identified four studies where it has been reported.
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4.4.4 Definitions used in different age groups.
Out of a total of 377 articles, only one of the included abstracts in press did not report the age

of participants clearly. The age of these populations divided into three groups: adult (aged >18
years), paediatric (aged <18 years), and mixed for studies applying definitions to both adult
and paediatric age groups. 131 articles included adult population, 110 articles included
paediatric population, and 135 articles included mixed group of adult and paediatric.

The result showed the objective definition, defining PEx based on signs/symptomes, is the most
common definition reported in the adult and paediatric population. While in studies with a
mixed age group the predefined combination of signs and symptoms and initiation of acute
treatment definition is the most reported. The types of definitions used in different age groups

are shown in Figure 32.

Predefined combination of signs and symptoms
and initiation of acute treatment

= l!

Objective score

Objective definition

Treatment based definition
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e

Subjective definition

=

10 20 30 40 50 60

B Mixed group ™ Paediatric W Adult

Figure 32. Types of definitions of pulmonary exacerbation (PEx) reported in paediatric and
adult studies.
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4.4.5 The most commonly reported signs and symptoms in PEx definitions
The second aim for this review was to identify the number of times each symptom was used

in defining PEx. Out of the 377 included articles, 288 articles defined PEx using signs and
symptoms. As shown in Figure 33, the signs and symptoms most commonly used among these
studies were: sputum (used in 270 articles), cough (260 times), lung function (245 times),
weight/appetite (230 times), dyspnoea (198 times), chest x-ray (177 times), chest sound (174
times), high temperature (166 times), malesia, fatigue or lethargy (147 times), haemoptysis
(123 times), sinus pain/discharge (93 times), exercise tolerance (70 times), respiratory rate (56
times), oxygen saturation (52 times), absenteeism (37 times), laboratory findings (14 times),

chest pain (8 times), tachycardia and blood pressure ( 1 time), and sore throat (1 time).

75% of the studied used increase the amount of sputum, increase cough, decline in lung

function, and weight loss and decrease appetite in defining PEx.
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Figure 33. The frequency of most common signs and symptoms used in the reported PEx
definitions.



4.5 Discussion

The results of this scoping review show a large amount of heterogeneity in the definitions
used for PEx in the CF literature with a diverse range of definitions used. A minority of
publications or studies proposed their own novel definition of a PEx, with the remainder
instead using definitions or elements derived from previous studies. This heterogeneity and
lack of an accepted and validated standardised definition make it challenging to design clinical
trials with PEx as a clinical outcome measure and limit meta-analysis of data from previous
studies. It may be argued that the lack of standardised definitions reduces the effectiveness

and applicability of clinical research in CF.

Using a predefined combination of signs and symptoms is the most frequently used method
to define PEx. This approach has some objectivity and depends on clinical presentation and
parameters rather than clinical interventions. However, there may still be inconsistencies in
the symptoms and their duration used to define PEx in the literature. Akron PEx score
(Kraynack and McBride, 2009) specified the duration of pulmonary symptoms as 7 days or
more to define a PEx, the EPIC study (Treggiari et al., 2009) required five days or more, while
another trial (Rosenfeld et al., 2012) required three days or more. Another conflict in the
literature is the minimum requirement of symptoms to fulfil a definition. This ranges from at

least one symptom (Asner et al., 2012) to four and more symptoms (Britto et al., 2002).

Another factor that should be considered is the difference in clinical presentations between
adults and children when determining which clinical characteristics best predict a PEx. Some
studies contribute to the PEx definition by highlighting the difference in the reported signs
and symptoms between ages (Abbott et al., 2009; Abbott et al., 2012). Several studies used
the cluster of signs and symptoms definition. However, all of these definitions are not

validated yet.

The need for a change in treatment, most commonly prescribing antibiotics, is frequently part
of definitions used for PEx (Hind et al., 2019; Paff et al., 2013). Few would argue that this is a
crucial intervention relevant to both patients and multidisciplinary clinical teams. However,

there is variation in the threshold for recognising and treating PEx at multiple levels in reality.
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Kraynack, Gothard, Falletta and McBride (2011) found that clinicians varied in their diagnosis
and treatment of PEx. This variation was present between centres, within the same centre,
and at the individual physician level. The indications for oral, inhaled, or IV antibiotics also vary

between centres and individual clinicians.

For these reasons, the use of treatment-based definitions was not recommended by the
EuroCareCF Group (Bilton et al., 2011) and CFF (Ramsey and Boat, 1994), arguing that
treatment as a definition of PEx in CF should not stand alone because of rapid changes in
treatment modalities. Furthermore, the need for antimicrobials could result from concurrent
pulmonary infection rather than a PEx per se. Some studies required hospitalisation and/or
treatment based to define exacerbation (Brody et al., 2005; Carnovale et al., 2022a). One
article defined the exacerbation by the need for hospitalisation without any specific treatment
requirements (Foong et al., 2018). Due to the commonality of recording antibiotics treatment
in the medical records and the fact that a clinician's decision to administer antibiotic treatment
indicates a change in respiratory status that justifies intervention, several PEx definitions use
the requirement for antibiotics treatment. This approach to defining PEx confirms that the PEx
meets the minimum severity threshold that needs intervention. However, the aim of my work
was to identify a PEx but not categorise PEx severity. Furthermore, as the rate of IV antibiotic
administration at home has increased, this definition will not capture such cases (Cystic
Fibrosis Trust, 2020b). Despite this, a definition based on treatment or hospitalisation is widely

used in 19 % of the included studies.

The original Fuchs definition (Fuchs et al., 1994) builds upon predefined criteria with the need
for IV treatment. Although this definition has been used broadly in research, it is yet to be
formally validated. The EuroCareCF group (Bilton et al., 2011) proposed a modified version of
Fuchs, which requires additional antibiotics as indicated by specific signs/symptoms, which
they believe provides the best definition. This definition included any type of antibiotics used

to capture all PEx that met minimum severity.

On reviewing the literature, multiple versions were identified that were adapted from the
original Fuchs definition (Fuchs et al., 1994). There is inconsistency in the use/meaning of the
term ‘modified Fuchs’. Some studies use this name for the EuroCareCF Working definition

(Bilton et al., 2011), while others use it to define a PEx as Fuchs criteria without the need for
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IV antibiotic treatment (Choyce et al., 2017). Another modified Fuchs definition excludes one
of the original 12 signs/symptoms (Britto et al., 2002). Due to this variation in the terminology,
some articles were excluded from this review if they did not specify clearly which Fuchs
definition they used (original, modified or expanded) (Grosse-Onnebrink et al., 2017; Lam et

al., 2015).

Two scoring systems to define PEx were found in the included literature. These scores were
based on clinical assessment and independent of treatment decisions (Kraynack and McBride,
2009; Rosenfeld et al., 2001). Akron PES (Kraynack and McBride, 2009) is comprehensive and
covers both systemic and pulmonary signs/symptoms and objective measurement of FEV;.
Most of these measurements are obtained during routine CF clinic visits. A randomised
controlled trial by Rosenfeld et al. (2001) developed two scoring model definitions for patients
older than 6 years. These definitions involve clinical investigation results rather than just signs
and symptoms. The difference between the two scores is that FEV; is included in the second
model. Some studies used this definition without clearly stating which model they used
(Hakim et al., 2007). The advantage of these scoring methods is that they do not rely on
therapeutic decisions as recommended by The CFF Consensus Conference on Outcome
Measures for Clinical Trials (Ramsey and Boat, 1994) and the EuroCareCF Group (Bilton et al.,

2011) because of rapid developments in treatment modalities.

The least-well-specified method to define a PEx in the literature is a subjective decision made
by the attending clinician’s judgment rather than predefined criteria. This type of definition is
open to variability and bias depending on physicians’ preferences and backgrounds. Patients’
preferences and backgrounds can also influence this decision. Such a definition makes the
PEx ineffective as a clinical tool for facilitating decision-making and evaluating the outcomes

in clinical trials.

Rather than definitions based on clinical presentation and or treatment, patient-reported
indicators of PEx has been suggested to help recognise PEx at an earlier stage and facilitate
prompt intervention (Abbott et al., 2009; Abbott et al., 2012). Abbott and colleagues (2009)
interviewed adults with CF who experienced exacerbations. They asked them to report the
symptoms experienced during pulmonary exacerbations and how they consequently

recognised when they had recovered (Abbott et al., 2009). For many patients, the onset of an
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exacerbation was recognised by fatigue and alterations in sleep, cough, sputum, appetite,
mood, and daily activities. When describing the improvement, they reported enhancement
mainly in the activity level, ability to sleep, cough, and less sputum production. Abbott and
partners extended their work to include children, using the same method (Abbott et al., 2012).
They found that, in general, the most frequently reported symptoms for the onset of
exacerbations were tiredness and increased cough and ‘cold’ symptoms, while in moderate or
severe disease, activity-induced breathlessness, sleep disturbances, and mood fluctuations
were most common. Those with severe disease also reported increases in sputum production
and lack of appetite (Abbott et al., 2012). The child-reported indicators of pulmonary
exacerbation tended to map onto those reported by adults, with some exceptions. This
approach would be helpful for developing a tool to monitor the progression of the disease,
requisite intervention, and progression of treatment across the CF lifespan (Lim and Fitzgerald,

2015).

Notably, although there were various definitions used in the literature, ranging from
physician's opinion to predefined signs/symptoms, none of these definitions is validated. This

disagreement poses problems in evaluating the exacerbation as outcomes in clinical trials.

It is important to note that all of these definitions developed before the era of CFTR
modulators, which has impacted PEx rates (Middleton et al., 2019). While in the pre-CFTR
modulator era criteria for PEx relied heavily on signs and symptoms like cough, sputum, weight
loss, and fatigue, CFTR modulators have changed the presentation of PEx. Reduced sputum
production, weight gain, improved energy, and potentially less severe symptoms present a
challenge to traditional definitions. This evolving landscape necessitates reevaluation of the
criteria used to accurately capture PEx in the post-CFTR modulator era..

Although the introduction of HEMT caused a reduction in the rates of PEx, there will remain
pwCF who experience PEx and some with CF-related lung damage for whom PEx management

is complicated and challenging.

4.5.1 Strengths and limitations
This review's strengths come from the novelty of mapping the entire range of PEx definitions

available in the literature across a large number of publications. A comprehensive search

strategy of five large and reliable databases (Embase, MEDLINE, Cochrane Library, Scopus, and
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CINAHL) was used, meaning that it is likely that all relevant articles were identified. In addition,
the review covers a long period from 1990 to 2022. However, the review was limited to studies
in English only, potentially missing some relevant non-English papers. The main limitation of
this review is the lack of a rigorous quality assessment process, which could result in including

studies of poor quality.

4.6 Conclusions

This study reaffirms that there is no agreed definition of PEx in pwCF used in the medical
literature. Rather several definitions are commonly used, and considerable variation exists
amongst them, with a lack of validation. The most commonly used definition in the literature
was based on observed signs and symptoms which offers a potentially more objective method
compared to clinical interventions. However, it is important to note that there may still be
variations in the symptoms and the duration used to define PEx in existing literature, leading

to potential inconsistencies.

This inconsistency in defining a PEx is almost certainly detrimental to CF clinical research by
making the comparison of studies challenging and limiting meta-analysis. It is also essential to
recognise the differences in the profile of PEx between ages of patients. There is no single
definition that will fit all age groups, and criteria must be age-specific to be truly clinically
relevant. Adult and paediatric populations vary in their ability to perform spirometry reliably,
typical presenting symptoms (Abbott et al., 2009; Abbott et al., 2012), and the preferred route
of treatment (Waters and Ratjen, 2015). An ideal definition, as proposed by Dakin et al. (Dakin,
Henry, Field and Morton, 2001) would involve an objective chemical, physiologic, or histologic

marker. However, no such marker has been identified of PEx in the CF population.

My findings confirm the need for internationally agreed and age-specific definitions of PEx in
CF that include specific signs and symptoms and the need for treatment according to the best
available evidence to optimise health outcomes. We suggest that a combined consensus
definition for PEx could be reached by integration of evidence from the literature together
with the opinions of multidisciplinary experts, practising healthcare professionals, and

patients themselves. Such definitions will advance clinical research in CF in general and
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facilitate impactful research in to PEx. Such definitions should also reflect the impact of HEMT

on the clinical characteristics of PEx (Shteinberg and Taylor-Cousar, 2020).
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Chapter 5.

General Discussion.

154




5.1 Overview

This final discussion will summarise the key results described in this thesis together with
suggested potential areas for future research and clinical implications and conclude with some

reflections on the work.

5.2 General Discussion

The development of ETI treatment has changed the face of CF practice. This thesis's key aim
was to understand the changes in ACTs, nebulised mucolytics, and exercise after children
started on ETI treatment. This aim is addressed in Chapter Two, where semi-structured
interviews were conducted with cwCF, families, and HCPs to understand the impact of ETI on
their experience regarding ACTs and nebulised mucolytics. This study has provided a deep
understanding of the change in the experience of cwCF and their families after starting ETI.
Three themes were developed to capture participants' experiences. In the first theme,
participants emphasised the change in their quality of life due to improved physical and
mental symptoms and reduced treatment burden. In the second theme, they explained their
opinion about simplifying ACTs and nebulised mucolytics. The final theme revealed the

changes in CF practice as a result of ETI.

CwCF and their families have experienced improvements in symptoms after ETI, prompting
some to question the necessity of daily ACTs and nebulised mucolytics despite the lack of high-
quality evidence that supports this practice. The call to simplify ACTs and nebulised mucolytics
and replace them with exercise came across in my interviews. This shift in attitudes toward
ACTs, nebulised mucolytics treatment, and emerging weight gain have created a new
challenge for HCPs as they manage cwCF while still providing the necessary treatments to

ensure long-term health and well-being.

Furthermore, to achieve this thesis’s aim, the third chapter quantifies the longitudinal change
in physical therapy treatment in cwCF at the GNCH following one year on ETI to further
comprehend the real-world effect of ETI on physiotherapy and other clinical outcomes. The

study shows a statistically significant increase in body weight, BMI centile, BMI z-score, and
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pPpFEV1 associated with ETI treatment. The study also revealed a statistically significant
decline in ACTs and nebulised mucolytics use. In addition, exercise capacity showed a
statistically significant improvement. However, self-reported exercise frequency

improvement was not statistically significant.

These findings support those from my qualitative study. The improvement in ppFEV1 indicates
that the lungs become healthier over time with ETI, potentially reducing the need for ACTs
and nebulised mucolytics (Mayer-Hamblett et al., 2022). The increased self-reported exercise
frequency and capacity support the possibility of replacing ACTs with regular exercise for cwCF
on ETI (Urquhart et al., 2022). Further, the observed increase in body weight is consistent with
the issue of weight gain reported among participants in the qualitative study. This highlights
the need for education, regular monitoring, and modification of nutrition status and lifestyle

(Mantzios, Egan and Patchell, 2016).

The last objective of this thesis concerned the lack of a consensus definition of PEx. In
randomised trials of ETI the PEx rate decreased significantly (Heijerman et al., 2019; Middleton
etal., 2019). However, PEx remains a common event in pwCF and there is still an evidence gap
to guide best practices in treating exacerbations. The scoping review findings highlighted the
heterogeneity in definitions used in the literature and helped in understanding the
components used to define them. This is considered the first step to establish universally

agreed definitions for different age groups.

5.3 Future Research and Clinical Implications

From this thesis's findings, interesting areas to explore in future research include:

e Most participants in the qualitative study expressed concerns about maintaining ETl's
positive effects and preventing future side effects. Analysing continuous real-world data
to confirm long-term safety and efficacy is fundamental. This would involve conducting
follow-up studies beyond the current time frame to evaluate the sustained effects and

safety of ETI.
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HEMT has led to remarkable improvements, making simplifying ACTs and nebulised
therapy inevitable. Setting up a framework to simplify therapy will have future
implications for how the CF team may modify the treatment.

Several studies have examined the possibility of replacing ACT with exercise before HEMT
(Dwyer et al., 2019; Heinz et al., 2022; Rowbotham et al., 2020). Many participants
believed that exercise could be used in place of ACTs, which is consistent with earlier
research (Ward, Stiller and Holland, 2019). Examining the efficacy of individualised
exercise regimes to replace ACT after the introduction of ETI is essential to determine
benefit (Urquhart et al., 2022).

Adherence with treatment is an ongoing issue that CF teams face, although the factors
that influence it after HEMT could be different. Future studies are needed to address the
emerging barriers to adherence in ETI groups.

Further research is suggested focusing on the changes in the physiotherapy treatment
pattern, including ACTs, nebulised therapy, and exercise following ETI. This would offer
insightful information about the efficiency and best therapeutic approaches in conjunction
with ETIl to enhance patient care and develop more personalised approaches.

Weight management is a new area that has broadened in the era of ETlI and needs more
studies and research. For some pwCF, weight gain substantially influences body image and
self-esteem, and they may need further assistance to achieve lifestyle adjustments.
Physiotherapists, dieticians, and psychologists need to work together in designing
programmes to assist pwCF in improving their relationship with food and adopting
healthier lifestyles (Mantzios, Egan and Patchell, 2016).

Around 10% of CF patients are ineligible for CFTR modulators. These people will not have
the same opportunities and may experience mental distress and need support from the
CF team.

Following the scoping review of the definitions used for PEx, future work should include
developing consensual age-specific definition(s) for PEx by combining evidence from the
scoping review's findings with the opinions of multidisciplinary experts, practising HCPs,
and patients. A series of Delphi surveys through ECFS to measure the diversity of opinions
on what defines PEx towards consensus will help to achieve this objective. This approach
would ensure that the definition of PEx considers the perspectives of all relevant

stakeholders and incorporates both evidence-based and real-life experiences. This
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collaborative effort would clarify what constitutes a PEx and promote a shared

understanding among healthcare providers, leading to improved diagnosis, treatment,

and overall management of this condition.

5.4

Reflection

This PhD journey has been a challenging but rewarding experience. My research journey was

multifaceted, involving multi-method designs, all while confronting the challenges of the

COVID-19 pandemic.

As arespiratory therapist from Saudi Arabia, my first encounter with CF was through textbooks

and lectures. However, direct interviews with the cwCF, their families, and HCPs enriched my

knowledge with a deep perspective of CF. | also learned the following:

How to conduct qualitative research and the skills of interviewing people from
different backgrounds and professional levels, including children, families, and HCPs.
How to work with medical records and find the information and deal with
heterogenous and incomplete data.

Searching thousands of papers for a scoping review enhanced my analytics and
organisational abilities to connect the information.

The ethics application procedure and preparation of all the documents needed such as
protocol, PIS, and consent forms.

Writing scientific papers and poster presentations.

COVID-19 presented unanticipated challenges to my research, starting with changing the

original objectives and conducting the interviews remotely. Adjusting methodologies while

preserving the integrity of the research was an exercise in adaptability.

These various opportunities | have encountered have significantly enhanced my overall

experience and contributed towards the continued pursuit of a research career.
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5.5 Final Statement

The findings of this thesis contribute to this growing area of CF. The main contribution of this
thesis is that it is one of the first investigations to focus specifically on the changes in ACTs and
nebulised mucolytics by exploring the experience of cwCF and their families and analysing the
longitudinal changes after ETI. It also confirms previous findings and contributes additional
evidence of the longitudinal effect of ETI on other clinical outcomes, including lung function
and weight. Lastly, it establishes the first step for the development of a consensus definition

of PEx.
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Study title

Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and young

people with cystic fibresis- TEMPO STUDY.

This study is part of Ph.D. project

*  We would like you to help us with our research study. Before you decide,
it is important for you to understand what the study is about and what
will happen to you if you take part. Please read this leaflet carefully and

ask us about anything that you do not understand.

What is the study for?

This study is trying to hear your views on the impact of CFTR modulator
therapy (for example Orkambi, Symkevi or Kaftrio) on other

treatments in the future, especially chest physiotherapy and

nebulisers. The results of this work will help us to understand more

about what children and young people think and may help us to reduce the load

of the treatment in the future.

Why have I been chosen to take part?

Participant Information Sheet for Young People (11-15 years) - TEMPO Study Version 1.1 10/08/2021 IRAS ID 289610 1
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You are under 18 years old; you have cystic fibrosis and you are taking a CFTR

modulater drug.

What will happen if I take part?

We would like to simply ask you and your parents or guardian some questions.
We would take about 60 minutes of your time o ask questions (o}
about your experience with the physiotherapy treatment after “

starting the CFTR modulator medicine and your opinions on

reducing the load of treatment.

Is there anything else to be worried about if I take
part?

There is nothing else required of you. We will take some information from your
clinical notes about your care, but no extra clinic visits or changes in your diet
or lifestyle is needed,

If we find out something that we think is important about your health that may

be relevant to your care we will talk to your mum, dad or carer,

What will happen to my data?

The information we collect about you will be labelled enly with your study

number. Your name will be stored separately and safely. Only the nurse and
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doctor will know who you are and we will remove anything from your comments

and opinions that could identify you (anonymised).

Do I have to take part?

No!l It is entirely up to you. We would like you to read this information sheet.
You can take time to think it over, and ask any further questions

If you do decide to take part:

- You will be asked to sign a form to say that you agree to take part (consent
form), your parent or guardian will also sign a form

- Youwill be given this information sheet and a copy of M= N
your signed consent form to keep.

You are free to stop taking part at any time during the research without giving

a reason. If you withdraw from the study, it will not affect any treatment you

might need in the future.

What happens when the research study stops?

We will collect all the information together and we will decide if it is useful in
helping decrease the load of the treatment for young people with cystic fibrosis

in the future.

Contact for further information
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If you have any questions, your parents or guardian can contact the study team

at any time and they know how to do this,

Thank you for reading this information leaflet.
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Qualitative study to explore the impact of modulator drugs on attitudes
and opinions towards physiotherapy and nebulised treatment in children
and young people with cystic fibrosis - the TEMPO study

This study is part of Ph.D. project

This information sheet is intended for young people aged 16-18 years with cystic
fibrosis

Investigators: Dr Malcolm Brodlie, Consultant in Paediatric Respiratory Medicine, Great
North Children’s Hospital,
Mrs Maryam Almulhem, PhD student at Newcastle University.

Thank you for agreeing to be contacted about taking part in an interview. This is
completely optional. Before you decide whether to take part, it is important for you to
understand why the research is being done and what it will involve. Please take the time
to read the following information carefully. One of our team can go through this
information with you and answer any questions that you may have.

Why are you interviewing people?

We would like to hear people’s views and experiences of the impact of receiving CFTR
(Cystic fibrosis transmembrane conductance regulator) modulator drugs (for example
Orkambi, Symkevi or Kaftrio) and the need for and attitudes towards other established
treatments, especially physiotherapy and nebulisers. The information we receive will help
us learn more about the impact of treatment with modulator drugs on the burden of
other treatments and this will inform approaches to cystic fibrosis care moving forwards
in the post-modulator era and the most relevant questions to be addressed by future
clinical research.

Why have | been invited?

You are being invited to take part in this study because you are looked after by the Great
North Children’s Hospital cystic fibrosis team, and you are taking a modulator drug. You
can help us find some answers that will help us understand the burden of treatment that
you experience.

Do | have to take part?
No. It is up to you to decide if you want to take part. You can take time to think it over,
and ask any further questions. Your decision will not affect your care and if you change
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your mind you can withdraw from the interview at any time. As you will see below all
interviews will be treated anonymously {not named or identified) and do not affect the
care that you receive at all.

What do | have to do?
If you are interested in taking part please complete the ‘consent to contact’ form, and
please ensure you fill in your telephone number.

What happens next?

We want to speak to as many pecple as we can, but we might not be able to contact
everyone. If we do contact you, a researcher from Newcastle University will contact you
first, usually by telephone. They will answer any questions you have and agree a date and
time with you to do the interview. This interview can be on the telephone or video call
(whichever is more convenient for you and depending on COVID-19 guidance). Your
interviewer will go through a consent form, over the phone. This is to show that you
understand what the study is about, that you are happy to be interviewed and that you
are happy for us to record the interview.

What will happen during the interview?

The interview will last approximately 60 minutes. The interviewer will ask some questions
about your background and specifically about your thoughts on reducing the number of
physical therapy and nebulised treatments after the start of the modulator drugs. The
interviewer is a clinical PhD student at Newcastle University who is supervised by Dr
Malcolm Brodlie, Consultant in Paediatric Respiratory Medicine, and is independent of
the hospitals and your GP. The interview will be audio recorded.

Why do you record interviews?

We record the audio (sound) of the interviews as it is difficult to take notes of what people
say, listen carefully and think all at the same time! After the interview the recording will
be listened to carefully and every word that both you and the interviewer say will be
typed down. This will be done by the researcher. We will then use this written record to
help us remember what people said.

What will happen if | don’t want to carry on with the interview study?

You can stop being part of the study at any time, without giving a reason, but we will keep
information about you that we already have. We need to manage your records in specific
ways for the research to be reliable. This means that we won’t be able to let you see or
change the data we hold about you. You can find out more about how we use your
information by asking one of the research team or the sponsors data protection officer
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(details at the end of this document).

Will my taking part in the study be kept private?

Yes. We will need to use information from you for this research project. This information
will include your name and contact details. People will use this information to do the
research or to check your records to make sure that the research is being done properly.
People who do not need to know who you are will not be able to see your name or contact
details. Your data will have a code number instead. We will keep all information about
you safe and secure. Once we have finished the study, we will keep some of the data so
we can check the results. We will write our reports in a way that no-one can work out
that you took part in the study.

Privately the researchers will also look at your records to note down essential clinical
information, for example which medicines you are on, and what nebulisers and
physiotherapy you do. This will also be noted down anonymously (not named or
identified).

Any documents, recordings of your voice and interview transcripts {(written version) will
be kept securely at Newcastle University. We will remove anything from the transcription
that could identify you. We may use quotes from your interview in publications and
presentations but will take care to ensure that you or other people mentioned in your
interviews cannot be identified when we do this. Anonymised (not named or identified)
transcripts (written out versions) will be kept to help future research. This may include
sharing the transcripts with other researchers who are interested in doing their own
analyses of the data.

If you tell us something in the interview that makes the researcher think either you or
someone else is at risk of harm, we may need to tell someone else. We would tell you
before we did this.

Are there any benefits to helping with the interview?

Although there are no direct benefits to you personally, we hope that you find being
interviewed an interesting experience. Your interview will be part of research that may
help us better care for children and young people with cystic fibrosis.

Are there any disadvantages to helping with the interview?

The main disadvantage is the time it will take; an interview usually lasts about an hour. It
may involve talking about personal things relating to treatments, which you may find a
bit difficult, but our interviewer is well trained and used to hearing these kinds of things

Has anyone reviewed this study?
All research carried out in the NHS is looked at by an independent group of people called
a Research Ethics Committee. This is to protect your safety, rights, dignity and respect.
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How is the study being funded?
This study is being funded as part of an academic PhD project.

What will happen to the results of the study?

Anonymised (not named or identified) results of the research will be kept by the research
team for 5 years after the study completion. Findings from the study may be published in
medical journals. This may include direct quotations. However, personal or identifiable
information about you or anyone mentioned in your interview will not be available from
what is written.

Will I learn the results of the study?
If you are interested, we can give you a summary of the results after the study has
finished. Please let the research team know if you would like to receive this.

Where can | get more information?
If you require any further information regarding the study, you can contact the
investigators who are based at the Great North Children’s Hospital.

What if there are any problems?

If you have any concerns about any aspect of the study, you can speak to any of the
researchers. If you prefer to raise your concerns with someone not involved in your care,
you can contact the Patient Advice and Liaison Service (PALS). This service is private and can
be contacted on Freephone: 0800 032 0202 Alternatively, if you wish to make a formal
complaint you can contact the Patient Relations Department through any of the details
below: Telephone: 0191 223 1382 or 0191 223 1454 Email: nuth.patient.relations@nhs.net
Address: Patient Relations Department The Newcastle upon Tyne Hospitals NHS Foundation
Trust The Freeman Hospital Newcastle upon Tyne NE7 7DN. Newcastle University have
provided indemnity for the design, management and conduct of the study.

Contacts
Research contact

Dr Malcolm Brodlie Mrs Maryam Almulhem

Consultant in Paediatric Respiratory Medical school, Newcastle University
Medicine Framlington place

Level 3, Clinical Resource Building Newecastle upon Tyne

Queen Victoria Road NE2 4HH

Newcastle upon Tyne email: m.m.s.almulhem2@ncl.ac.uk
NE1 4LP

Thank you for reading this information sheet
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Qualitative study to explore the impact of modulator drugs on attitudes
and opinions towards physiotherapy and nebulised treatment in children
and young people with cystic fibrosis — the TEMPO study

This study is part of Ph.D. project

This information sheet is intended for healthcare professionals who are involved in the
care of children and young people with cystic fibrosis

Investigators: Mrs Maryam Almulhem, PhD student at Newcastle University.
Dr Malcolm Brodlie, Consultant in Paediatric Respiratory Medicine, Great
North Children’s Hospital.

Thank you for agreeing to be contacted about taking part in an interview. This is
completely optional. Before you decide whether to take part, it is important for you to
understand why the research is being done and what it will involve. Please take the time
to read the following information carefully. One of our team can go through this
information with you and answer any questions you may have.

Why are you interviewing people?

We would like to hear people’s views and experiences of the impact of CFTR modulator
therapy and the need for and adherence with physiotherapy and nebulised treatments.
The information we receive will help us learn more about the impact of treatment with
modulator drugs on treatment burden, with special focus on chest physiotherapy and
nebulisers, that will inform approaches to CF care in the post-modulator era and the most
relevant questions to be addressed by future clinical research.

Why have | been invited?
You are being invited to take part in this study because you have experience of caring for
a children with cystic fibrosis on CFTR modulator drugs.

Do | have to take part?
No. It is up to you and to decide if you want to take part. You can take time to think it
over, and ask any further questions. You can withdraw from the interview at any time.

What do | have to do?
If you are interested in taking part, please complete the ‘consent to contact form’, making
sure you fill in your telephone number.

What happens next?
We want to speak to as many people as we can, but we might not be able to contact
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everyone. If we do contact you, a researcher from Newcastle University will contact you
first, usually by telephone. They will answer any questions you have and agree a date and
time with you to do the interview. This interview can be on the telephone or video call or
in person (whichever is more convenient for you and depending on COVID-19
restrictions). Your interviewer will go through a consent form, over the phone or in
person. This is to show that you understand what the study is about, that you are happy
to be interviewed and that you are happy for us to record the interview.

What will happen during the interview?

The interview will last approximately 60 minutes. The interviewer will ask some questions
about your background and specifically about your thoughts on de-escalation of
physiotherapy treatment after children are established on CFTR modulators. The
interviewer is employed by Newcastle University and is independent of the clinical team,
but is supervised by Dr Malcolm Brodlie. The interview will be audio recorded.

Why do you record interviews?
We record the interviews as it is difficult to take notes of what people say, listen carefully
and think all at the same time! After the interview the recording will be listened to
carefully and every word that both you and the interviewer say will be typed down. This
will be done by the interviewer themselves. We will then use this written record to help
us remember what people said.

What will happen if | don’t want to carry on with the interview study?

You can stop being part of the study at any time, without giving a reason, but we will keep
information about you that we already have. We need to manage your records in specific
ways for the research to be reliable. This means that we won’t be able to let you see or
change the data we hold about you. You can find out more about how we use your
information by asking one of the research team or the sponsors data protection officer
(details at the end of this document).

Will my taking part in the study be kept confidential?

Yes.

We will need to use information from you for this research project. This information will
include your name, clinical role in the cystic fibrosis team and contact details. People will
use this information to do the research or to check your records to make sure that the
research is being done properly. People who do not need to know who you are will not
be able to see your name or contact details. Your data will have a code number
instead. We will keep all information about you safe and secure. Once we have finished
the study, we will keep some of the data so we can check the results. We will write our
reports in a way that no-one can work out that you took part in the study.

Any documents, recordings of your voice and interview transcripts (written out version)
will be kept securely at Newcastle University. We will remove anything from the
transcription that could identify you (anonymised). We may use quotes from your
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interview in publications and presentations but will take care to ensure that you, or other
people mentioned in your interviews cannot be identified when we do this. Anonymised
transcripts (written out versions) will be kept to help future research. This may include
sharing the transcripts with other researchers who are interested in doing their own
analyses of the data.

If you tell us something in the interview that makes the researcher, think either you or
someone else is at risk of harm, we may need to tell someone else. We would tell you
before we did this.

Are there any benefits to helping with the interview?

Although there are no direct benefits to you personally, we hope that you find being
interviewed an interesting experience. Your interview will be part of research that may
help us better care for children with cystic fibrosis.

Are there any disadvantages to helping with the interview?

The main disadvantage is the time it will take; an interview usually lasts about an hour,
The interview will cover cystic fibrosis care in general and will not be about specific
patients and is unlikely to touch on upsetting or sensitive topics.

Has anyone reviewed this study?
All research carried out in the NHS is looked at by an independent group of people called
a Research Ethics Committee. This is to protect your safety, rights, dignity, and respect.

How is the study being funded?
This study is being funded as part of a PhD project.

What will happen to the results of the study?

Anonymised results of the research will be kept by the research team for 5 years after the
study completion. Findings from the study may be published in medical journals. This may
include direct quotations. However, personal or identifiable information about you or
anyone mentioned in your interview will not be available from what is written.

Will I learn the results of the study?
If you are interested, we can give you a copy of the results after the study has finished.
Please let the research team know if you would like to receive this.

Where can | get more information?

If you require any further information regarding the study, you can contact the
investigators who are based at the Great North Children’s Hospital.

What if there are any problems?
If you have any concerns about any aspect of the study, you can speak to any of the

researchers. If you prefer to raise your concerns with someone not involved in your care,
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you can contact the Patient Advice and Liaison Service (PALS). This service is confidential and
can be contacted on Freephone: 0800 032 0202 Alternatively, if you wish to make a formal
complaint you can contact the Patient Relations Department through any of the details
below: Telephone: 0191 223 1382 or 0191 223 1454 Email: nuth.patient.relations@nhs.net
Address: Patient Relations Department The Newcastle upon Tyne Hospitals NHS Foundation
Trust The Freeman Hospital Newcastle upon Tyne NE7 7DN. Newcastle University have
provided indemnity for the design, management and conduct of the study.

Contacts

Research Contacts

Dr Malcolm Brodlie Mrs Maryam Almulhem
Great North Children’s Hospital Medical school, Newcastle University
Queen Victoria Road Framlington place
Newcastle upon Tyne Newecastle upon Tyne
NE1 4LP NE2 4HH
Telephone: 0191 233 6161 Email: m.m.s.almulhem2@ncl.ac.uk
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Qualitative study to explore the impact of modulator drugs on attitudes

and opinions towards physiotherapy and nebulised treatment in children
and young people with cystic fibrosis - the TEMPO study

This study is part of Ph.D. project

This information sheet is intended for the parents/guardians of children with cystic
fibrosis

Investigators: Dr Malcolm Brodlie, Consultant in Paediatric Respiratory Medicine, Great
North Children’s Hospital,
Mrs Maryam Almulhem, PhD student at Newcastle University.

Thank you for agreeing to be contacted about taking part in an interview. This is
completely optional. Before you decide whether to take part, it is important for you to
understand why the research is being done and what it will involve. Please take the time
to read the following information carefully. One of our team can go through this
information with you and answer any questions you may have.

Why are you interviewing people?

We would like to hear people’s views and experiences of the impact of receiving CFTR
modulator drugs (for example Orkambi, Symkevi or Kaftrio) and the need for and
attitudes towards other established treatments, especially physiotherapy and nebulisers.
The information we receive will help us learn more about the impact of treatment with
modulator drugs on the burden of other treatments and this will inform approaches to
cystic fibrosis care moving forwards in the post-modulator era and the most relevant
questions to be addressed by future clinical research.

Why have | been invited?
You are being invited to take part in this study because you have experience of caring for
a child with cystic fibrosis who is receiving a CFTR modulator drug.

Do | have to take part?

No. It is up to you to decide if you want to take part. You can take time to think it over,
and ask any further questions. Your decision will not affect your child’s care and if you
change your mind you can withdraw from the interview at any time. As you will see below
all interviews will be treated anonymously (not named or identified) and do not affect the
care that your child receives at all.
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What do | have to do?

If you are interested in taking part please complete the ‘consent to contact’ form, and
please ensure you fill in your telephone number.

What happens next?

We want to speak to as many people as we can, but we might not be able to contact
everyone. If we do contact you, a researcher from Newcastle University will contact you
first, usually by telephone. They will answer any questions you have and agree a date and
time with you to do the interview. This interview can be on the telephone or video call
(whichever is more convenient for you). Your interviewer will go through a consent form,
over the phone. This is to show that you understand what the study is about, that you
are happy to be interviewed and that you are happy for us to record the interview.

What will happen during the interview?

The interview will last approximately 60 minutes. The interviewer will ask some questions
about your background and specifically about your thoughts on reducing the number of
physical therapy and nebulised treatments after the start of the modulator drugs. The
interviewer is a clinical PhD student at Newcastle University who is supervised by Dr
Malcolm Brodlie, Consultant in Paediatric Respiratory Medicine, and is independent of
the hospitals and your GP. The interview will be audio recorded.

Why do you record interviews?

We record the audio (sound) of the interviews as it is difficult to take notes of what people
say, listen carefully and think all at the same time! After the interview the recording will
be listened to carefully and every word that both you and the interviewer say will be
typed down. This will be done by the researcher. We will then use this written record to
help us remember what people said.

What will happen if | don’t want to carry on with the interview study?

You can stop being part of the study at any time, without giving a reason, but we will keep
information about you that we already have. We need to manage your records in specific
ways for the research to be reliable. This means that we won’t be able to let you see or
change the data we hold about you. You can find out more about how we use your
information by asking one of the research team or the sponsors data protection officer
(details at the end of this document).

Will my taking part in the study be kept private?
Yes.
We will need to use information from you for this research project. This information will
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include your name and contact details. People will use this information to do the
research or to check your records to make sure that the research is being done properly.
People who do not need to know who you are will not be able to see your name or contact
details. Your data will have a code number instead. We will keep all information about
you safe and secure. Once we have finished the study, we will keep some of the data so
we can check the results. We will write our reports in a way that no-one can work out
that you took part in the study.
Privately the researchers will also look at your child’s records to note down essential
clinical information, for example which medicines they are on, what nebulisers and
physiotherapy they do. This will also be noted down anonymously {not named or
identified).
Any documents, recordings of your voice and interview transcripts (written out version)
will be kept securely at Newcastle University. We will remove anything from the
transcription that could identify you (anonymised). We may use quotes from your
interview in publications and presentations but will take care to ensure that you, your
child, or other people mentioned in your interviews cannot be identified when we do this.
Anonymised (not named or identified) transcripts (written out versions) will be kept to
help future research. This may include sharing the transcripts with other researchers who
are interested in doing their own analyses of the data.
If you tell us something in the interview that makes the researcher think either you or
someone else is at risk of harm, we may need to tell someone else. We would tell you

before we did this.

Are there any benefits to helping with the interview?

Although there are no direct benefits to you personally, we hope that you find being
interviewed an interesting experience. Your interview will be part of research that may
help us better care for children with cystic fibrosis.

Are there any disadvantages to helping with the interview?

The main disadvantage is the time it will take; an interview usually lasts about an hour.
Talking about personal things, which you may find a bit difficult, but our interviewer is
well trained and used to hearing these kinds of things

Has anyone reviewed this study?
All research carried out in the NHS is looked at by an independent group of people called

a Research Ethics Committee. This is to protect your safety, rights, dignity and respect.

How is the study being funded?
This study is being funded as part of an academic PhD project.
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What will happen to the results of the study?

Anonymised (not named or identified) results of the research will be kept by the research
team for 5 years after the study completion. Findings from the study may be published in
medical journals. This may include direct quotations. However, personal or identifiable
information about you or anyone mentioned in your interview will not be available from
what is written.

Will | learn the results of the study?
If you are interested, we can give you a summary of the results after the study has
finished. Please let the research team know if you would like to receive this.

Where can | get more information?
If you require any further information regarding the study, you can contact the
investigators who are based at the Great North Children’s Hospital.

What if there are any problems?

If you have any concerns about any aspect of the study, you can speak to any of the
researchers. If you prefer to raise your concerns with someone not involved in your care,
you can contact the Patient Advice and Liaison Service (PALS). This service is private and can
be contacted on Freephone: 0800 032 0202 Alternatively, if you wish to make a formal
complaint you can contact the Patient Relations Department through any of the details
below: Telephone: 0191 223 1382 or 0191 223 1454 Email: nuth.patient.relations@nhs.net
Address: Patient Relations Department The Newcastle upon Tyne Hospitals NHS Foundation
Trust The Freeman Hospital Newcastle upon Tyne NE7 7DN. Newcastle University have
provided indemnity for the design, management and conduct of the study.

Contacts
Research Contacts:
Dr Malcolm Brodlie Mrs Maryam Almulhem
Consultant in Paediatric Respiratory Medical school, Newcastle University
Medicine
Level 3, Clinical Resource Building Framlington place
Queen Victoria Road Newcastle upon Tyne
Newcastle upon Tyne NE2 4HH
NE1 4LP email: m.m.s.almulhem2@ncl.ac.uk
Telephone 0191 2825089
Parent/guardian Participant Information Sheet - TEMPO study Version 1.1 12/07/2021 IRAS ID 299610 4

204

Newcastle
University



Appendix B. Consent to contact form.
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Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and young
people with cystic fibrosis- the TEMPO study

Agreement to contact form
If you are interested in taking part in the study and wish to discuss your involvement further or
indeed wish to go ahead and arrange for an interview, we need your agreement to contact you
(ideally by telephone).
By completing the form below you are not agreeing to take part in the interview. You are only
agreeing to being contacted by one of our researchers.

INBIMBE et rn e e s s s s sr e s e e s ran e e seasmsssnens

ALAIESS: oottt et se s e e s ean st sessassassn s ases s eaesens seerens

Post code: ...

Telephone: ..o

Please give the number where you would prefer to be contacted (Home, Work, Mobile)
When is the best time for us to telephonNe YOU? ... s e s e

| agree to being contacted by cne of the researchers involved in the above study in order to
discuss my further involvement and/ or to arrange a suitable appointment for an interview

Name Date Sighature
Please return this form to us using the stamped addressed envelope included.

Thank you for taking the time to read through this information and considering taking part in this
study.

TEMPO study Agreement to contact form Version 1.1 21.07.2021 IRAS ID 299610
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Appendix C. Invitation letter

great nerth

CHILDREN'S HOSPITAL

The Newcastle upon Tyne Hospitals [NHS |

NHS Foundation Trust

Neyvcas;le
< University

Malcolm Brodlie

Honorary Consultant in Paediatric Respiratory Medicine
Level 3, Clinical Resource Building

Great North Children’s Hospital

Royal Victoria Infirmary

Queen Victoria Road

Newcastle upon Tyne

NE1 4LP

United Kingdom

Secretary: Sandy Burlison & +44 191 2820807

Dear

I am writing to inform you about a research study that you may be interested in. This study will form
part of a PhD degree, awarded by Newcastle University. The student involved is Mrs Maryam
Almulhem who is working with Dr Malcolm Brodlie.

Along with this letter, please find attached an information sheet that will tell you about the research
study, what it would involve and how to take part in the research if you wish. We are interested in
listening to people’s views on the impact of CFTR modulator drugs (e.g. Kaftrio) on physiotherapy
and nebulised treatments.

If you are interested in being involved with the research, please complete the enclosed form, and
return it to us in the stamped, addressed envelope enclosed. We will then contact you to arrange a
convenient time for your interview, which will be done by a videocall.

Alternatively, if you have any questions you can get in touch with Maryam Almulhem and let her
know the best time to contact you by either:

e Mobile number 07361421377.
e E-mailing on ( m.m.s.almulhem2@ncl.ac.uk )

If the recruitment for this study does not go as planned and we have not heard from you, we may
contact you again by letter to see if you are interested in the study. If you are not interested in
taking part or do not wish to be contacted, please let us know.
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If you have any guestions about the research, do not hesitate to contact Malcolm Brodlie or the
research team.

Many thanks for considering this

M, i~

Malcolm Brodlie

Honorary Consultant in Paediatric Respiratory Medicine

Maryam Almulhem

PhD Student
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Appendix D. Consent forms

THE @5 Newcastle
The Newcastle upon Tyne Hospitals [NHS | gr@ n@rth @Un‘igrersity

NHS Foundation Trust CHILDREN'S HOSPITAL

Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and

young people with cystic fibrosis — the TEMPO study

Telephone or Videocall Interview Assent - Checklist and Script for
Children 11-15 years

TO BE COMPLETED BY RESEARCHER: researcher to initial chosen boxes and sign the form

Participant identification number: H

Researcher initials: “

SECTION 1 — BEFORE recording is started —

Researcher to make introductions and follow the points below BEFORE the recorder
is switched on:

Researcher to initial box when complete:

1 | Check the patient has seen and read the Patient Information Sheet
version dated (please complete)

2 | Check with the patient if they have any questions

3 | Ask the patient if they are happy to be interviewed for this study

4 | Check they understand that the interview will be audio recorded

SECTION 2 — AUDIO-RECORDER SWITCHED ON

Researcher to switch on the recorder and explain to the patient and/or
parent/guardian:

“What I'll now do is to read a series of questions and ask you to say whether you
agree with each one by saying yes or no. There are six questions. Are you ok for
me to continue?”

CONTINUE TO PAGE 2

Assent Form (11- 15 years)- TEMPO study Versionl.0 10/08/2021 IRAS 1D 299610 1
1 copy for participant and 1 copy for site file.
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Researcher to initial box when complete:

Ask "have you read the Participant Information Sheet version
dated 7

Ask “did you understand everything in the information sheet?”

Ask “have you had the chance to ask questions about the study and are
you happy with the answers given?”

Ask “do you understand that you do not have to take part in this interview
and you can ask to stop the interview at any time?”

Ask “do you agree to take part in an interview and for me to audio record
the interview?”

Explain “Thank you, that’s the last consent question.”

» SWITCH OFF RECORDER

Name of person taking consent Date Signature

Assent Form (11- 15 years)- TEMPO study Version1.0 10/08/2021 IRAS ID 299610 2
1 copy for participant and 1 copy for site file.
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The Newcastle upon Tyne Hospitals gr@ n@rth WUn‘i,:fersity

NHS Foundation Trust CHILDREN'S HOSPITAL

Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and

young people with cystic fibrosis — the TEMPO study

Telephone or Videocall Interview Consent — Checklist and Script for
16 -18 years old

TO BE COMPLETED BY RESEARCHER: researcher to initial chosen boxes and sign the form

Participant identification number:
Researcher initials:

SECTION 1 — BEFORE recording is started

Researcher to make introductions and follow the points below BEFORE the recorder
is switched on:

Researcher to initial box when complete:

1 | Check the patient has seen and read the Patient Information Sheet
version dated (please complete)

2 | Check with the patient if they have any questions

3 | Ask the patient if they are happy to be interviewed for this study

4 | Check they understand that the interview will be audio recorded

SECTION 2 — AUDIO-RECORDER SWITCHED ON

Researcher to switch on the recorder and explain to the patient and/or
parent/guardian:

“What I'll now do is to read a series of questions and ask you to say whether you

agree with each one by saying yes or no. There are eight questions. Are you ok for
me to continue?”

CONTINUE TO PAGE 2

Consent Form children (18-16 years)- TEMPO study Versionl.1 10/08/2021 IRAS ID 299610 1
1 copy for participant and 1 copy for site file.
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Researcher to initial box when complete: .

Ask "have you read the Participant Information Sheet version
dated 7

Ask “did you understand everything in the information sheet?”

Ask “have you had the chance to ask questions about the study and are
you happy with the answers given?”

Ask “do you understand that you do not have to take part in this interview
and you can ask to stop the interview at any time?”

Ask “do you agree to take part in an interview and for me to audio record
the interview?”

Ask “Do you understand that after the study, anonymised extracts from the
interview will be kept to help future research and may be shared with other
researchers and organisations? This means that data may also be used for
purposes not related to this study, but it will not be possible to identify you
from these data.”

Ask “Do you agree to the information provided in the interview being
managed by Newcastle University and that this consent form and data
collected during the interview may be looked at by responsible individuals
from The Newcastle upon Tyne Hospitals NHS Foundation Trust or its
representatives or from ethical authorities”

Explain “Thank you, that’s the last consent question.”

» SWITCH OFF RECORDER

Name of person taking consent Date Signature

Consent Form children (18-16 years)- TEMPO study Versionl.1 10/08/2021 IRAS ID 299610 2
1 copy for participant and 1 copy for site file.
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The Newcastle upon Tyne Hospitals gr@ n@rth WUn‘i,:fersity

NHS Foundation Trust CHILDREN'S HOSPITAL

Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and

young people with cystic fibrosis — the TEMPO study

TELEPHONE or VIDEOCALL INTERVIEW CONSENT -
CHECKLIST AND SCRIPT

TO BE COMPLETED BY RESEARCHER: researcher to initial chosen boxes and sign the form

Participant identification number:
Researcher initials:

SECTION 1 — BEFORE recording is started

Researcher to make introductions and follow the points below BEFORE the recorder
is switched on:

Researcher to initial box when complete:

1 | Check the patient has seen and read the Patient Information Sheet
version dated (please complete)

2 | Check with the patient if they have any questions

3 | Ask the patient if they are happy to be interviewed for this study

4 | Check they understand that the interview will be audio recorded

SECTION 2 — AUDIO-RECORDER SWITCHED ON

Researcher to switch on the recorder and explain to the patient and/or
parent/guardian:

“What I'll now do is to read a series of questions and ask you to say whether you
agree with each one by saying yes or no. There are six questions. Are you ok for
me to continue?"

CONTINUE TO PAGE 2
Telephone Consent Form - TEMPO study Versionl.1 12/07/2021 IRAS ID 299610 1
1 copy for participant and 1 copy for site file.
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Ask "have you read the Participant Information Sheet version
dated 7

Ask “did you understand everything in the information sheet?”

Ask “have you had the chance to ask questions about the study and are
you happy with the answers given?”

Ask “do you understand that you do not have to take part in this interview
and you can ask to stop the interview at any time?”

Ask “do you agree to take part in an interview and for me to audio record
the interview?”

Ask “Do you understand that after the study, anonymised extracts from the
interview will be kept to help future research and may be shared with other
researchers and organisations? This means that data may also be used for
purposes not related to this study, but it will not be possible to identify you
from these data.”

Ask “Do you agree to the information provided in the interview being
managed by Newcastle University and that this consent form and data
collected during the interview may be looked at by responsible individuals
from The Newcastle upon Tyne Hospitals NHS Foundation Trust or its
representatives or from ethical authorities”

Explain “Thank you, that’s the last consent question.”

Researcher to initial box when complete:

» SWITCH OFF RECORDER

Name of person taking consent Date Signature

Telephone Consent Form - TEMPO study Version1.1 12/07/2021 IRAS ID 299610 2
1 copy for participant and 1 copy for site file.
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Qualitative study to explore the impact of modulator drugs on attitudes and
opinions towards physiotherapy and nebulised treatment in children and
young people with cystic fibrosis — the TEMPO study

TELEPHONE or VIDEOCALL INTERVIEW CONSENT —
CHECKLIST AND SCRIPT

TO BE COMPLETED BY RESEARCHER: researcher to initial chosen boxes and sign the form

Participant identification number:

Researcher initials:

SECTION 1 — BEFORE recording is started

Researcher to make introductions and follow the points below BEFORE the recorder is
switched on:

Researcher to initial box when complete:

1 | Check the patient has seen and read the Healthcare Professional Participant
Information Sheet version dated (please complete)

2 | Check with the healthcare professional if they have any questions

3 | Ask the healthcare professional if they are happy to be interviewed for this
study

4 | Check they understand that the interview will be audio recorded

SECTION 2 — AUDIO-RECORDER SWITCHED ON

Researcher to switch on the recorder and explain to the healthcare professional:

“What I'll now do is to read a series of questions and ask you to say whether you agree with
each one by saying yes or no. There are six questions. Are you ok for me to continue?”

CONTINUE TO PAGE 2

Healthcare Professional Telephone Consent Form - TEMPO study ~ Versionl.1  12/07/2021 IRAS ID 299610 1
1 copy for participant and 1 copy for site file.
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Researcher to initial box when complete:

1. | Ask “have you read the Healthcare Professionals Participant Information Sheet
version dated ?

2. | Ask “did you understand everything in the information sheet?”

3. | Ask “have you had the chance to ask questions about the study and are you
happy with the answers given?”

4. | Ask “do you understand that you do not have to take part in this interview and
you can ask to stop the interview at any time?”

5. | Ask “do you agree to take part in an interview and for me to audio record the
interview?”

6. | Ask “Do you understand that after the study, anonymised extracts from the
interview will be kept to help future research and may be shared with other
researchers and organisations? This means that data may also be used for
purposes not related to this study, but it will not be possible to identify you from
these data.”

7. | Ask “Do you agree to the information provided in the interview being managed
by Newcastle University and that this consent form and data collected during
the interview may be looked at by responsible individuals from The Newcastle
upon Tyne Hospitals NHS Foundation Trust or its representatives or from
ethical authorities”

8. | Ask “do you agree to be contacted about a second follow up interview in the
future (only if this is required to clarify any points)?”

9. | Explain “Thank you, that’s the last consent question.”

» SWITCH OFF RECORDER

Name of person taking consent Date Signature

Healthcare Professional Telephone Consent Form - TEMPO study ~ Versionl.1l 12/07/2021 IRASID 299610 2
1 copy for participant and 1 copy for site file.

215



The Newcastle upon Tyne Hospitals [NHS |

NHS Foundation Trust

great nerth
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Participant Identification Number:

HEALTHCARE PROFESSIONAL CONSENT FORM

Newcastle
+ University

Qualitative study to explore the impact of modulator drugs on attitudes and opinions
towards physiotherapy and nebulised treatment in children and young people with

cystic fibrosis — the TEMPO study

Please initial each
box if you agree

| confirm that | have read and understood the Healthcare Professional Participant
Information Sheet version ....... dated ............. for the above study and have had
the opportunity to consider the information and to contact or be contacted by the
research team to discuss any queries

| understand that | do not have to take part in this project and do not have to give a
reason for declining participation. | am free to withdraw my consent at any time.
My decision whether to participate or not will not affect clinical relationships or
legal rights

| agree to the information | provide in the interview to be audio recorded and used
for research purposes, and that anonymised parts of my interview may be
published or presented

| understand that the information collected may be used to support other research
in the future, and may be shared anonymously with other researchers

| agree to the information provided in the interview being managed by Newcastle
University and that this consent form and data collected during the interview may
be looked at by responsible individuals from The Newcastle upon Tyne Hospitals
NHS Foundation Trust or its representatives or from ethical authorities

| agree to take part in the interview

Name of participant Date Signature
Name of person consenting Date Signature
Healthcare Professional Consent Form -TEMPOstudy  Version 1.0 12.07.2021 IRAS 1D 299610

1 copy far participant and 1 copy for site file
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Appendix E. Interview guideline

Young people with cystic fibrosis aged 12-18 years on Kaftrio.
We are interested in how you look after your CF and how you feel about the treatments
after starting on Kaftrio (ETI).

A.
1

Before being on a ETI drug:
what was your daily treatment routine?

Prompts:

2.

B.
4.

How did you feel about this routine especially physiotherapy and nebuliser?

Who did you turn to for help? Example.

How would you describe your daily life (e.g. going to school, playing sport, going out,
travel)?

What was the worst CF treatment in your opinion? Why?

After starting on ETI:
What are the changes you notice after starting ETI?

Prompts:

C.
6.

symptoms

treatments

complaints

adherence

expectations

What’s the reason behind this change?

How did it make you feel when you see these changes?

How would you describe the impact of this treatment on your daily (social) life (e.g.
going to school, playing sport, going out, travel)?

Simplifying the treatment.
What do you think about the idea of doing less physiotherapy after starting ETI?

Prompts:

.

Do you think you still need to do physiotherapy? Why?
If you could stop one nebuliser, what would it be?

Conclusion.

What questions would you like future research studies to focus on to help CF
population in the future?

To me the main points from this interview have been (Summarise the main points
from the interview) Have | missed anything?

Is there anything else that you would like to comment on about the modulators, load
of treatment, physiotherapy or nebulisers that we haven’t discussed today?
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Parents or guardians of children or young people with CF:

A.

1.

Before starting on ETI:

Can you talk me through what a typical day in your child’s life involved?

Prompts:

3.

What is your role when it comes to physiotherapy for your child? Does anyone else
assist you with caretaking?
What was the worst treatment in your opinion?

. Could you describe the impact of this on your child’s day-to-day life (going to school,

playing, travel)?

After starting on ETI:

What are the things that changed after starting ETI in your child’s life?

Prompts:

C.

5.

symptoms

treatments

complaints

adherence

social life

What's the reason behind this change?

How did it make you feel when you see these changes?

How do you currently feel about the level of support you have now in caring for your
child?

Simplifying the treatment.

How do you feel about the idea of simplifying the physiotherapy after starting ETI?

Prompts:

What do you expect after ETI in terms of physiotherapy?
If you could stop one nebuliser, what would it be?

Conclusion.

6. What questions would you like future research studies in this area to address?

7. To me the main points from this interview have been (Summarise the main points

from the interview) Have | missed anything?

. Is there anything else that you would like to comment on about the modulators,

burden of treatment, physiotherapy or nebulisers that we haven't discussed today?
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Healthcare professionals
A. Before the introduction of ETI:

1. What is your role on the CF team? How long have you been working with CF?
Prompts:

In your view, how important is physiotherapy for CF patients?
How do you help CF patients to manage their treatment? Especially physiotherapy.

B. After the introduction of ETI:
2. What is the difference you notice after the ETl on CF practice?
Prompts:
e« |mportance of physiotherapy
e Dealing with patients/family
s Challenges
3. What's the impact of Kaftrio on the workload?
C. Simplifying the treatment
4. How do you feel about simplifying physio treatment?
Prompts:
e Advantages/disadvantages?
e What type of physio treatment do you think can be stopped? Nebulisers?
D. Conclusion:
5. What questions would you like future research studies to address in this area?
6. To me the main points from this interview have been (Summarise the main points
from the interview) Have | missed anything?
7. Is there anything else that you would like to comment on about the modulators,

burden of treatment, physiotherapy or nebulisers that we haven’t discussed today?
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Appendix F. Examples of transcription

Interviewer:

Respondent:

Interviewer:

Respondent:

Interviewer:

Respondent:

Interviewer:

Respondent:

Okay, that was a long time ago. If | ask you, how did you feel
about this routine, the physical therapy and nebulisers and all
this, how did that make you feel at that ime?

They were my days off. Yes, | didn ke i but id L B T

Can | ask you why?

-agairl - { Commented [MA[4]: ecling: touar the treatment rautine.

)

If | ask you, how would you describe your compliance level at
the time? What | mean by compliance is that you're taking your

medication as scheduled.

| iould probably say ine Ut ofen times, | oUId Geflely - (conmenta (WA v

i youropinion HNEANESNEORSYOFNERERBIME i .- cmmees ot 5

I BB S RESEREHiEs] just because it does

make you cough a lot. That's what's good about it, | guess, it

3
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Appendix G. Initial Coding using notes.
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Appendix H. NVIVO coding
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Appendix I. Ethical Approval letter

Ymchwil lechyd

a Gofal Cymru m
Health and Care Health Research
Research Wales Authority

Dr Malcolm Brodlie

Level 3 Clinical Resource Building
Royal Victoria Infirmary
Newcastle upon Tyne

NE1 4LPN/A

Email: approvals@hra nhs.uk
HCRW.approvals ales.nhs.uk

04 October 2021

Dear Dr Brodlie

HRA and Health and Care
Research Wales (HCRW)

Approval Letter

Study title: Qualitative study to explore the impact of modulator
drugs on attitudes and opinions towards physiotherapy
and nebulised treatment in children and young people
with cystic fibrosis.

IRAS project ID: 299610
REC reference: 21/EM/0210
Sponsor Newcastle Joint Research Office

| am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approval
has been given for the above referenced study, on the basis described in the application form,
protocol, supporting documentation and any clarifications received. You should not expect to
receive anything further relating to this application.

Please now work with participating NHS organisations to confirm capacity and capability, in
line with the instructions provided in the “Information to support study set up” section towards
the end of this letter.

How should | work with participating NHS/HSC organisations in Northern Ireland and
Scotland?

HRA and HCRW Approval does not apply to NHS/HSC organisations within Northern Ireland
and Scotland.

If you indicated in your IRAS form that you do have participating organisations in either of
these devolved administrations, the final document set and the study wide governance report
(including this letter) have been sent to the coordinating centre of each participating nation.
The relevant national coordinating function/s will contact you as appropriate.
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Appendix J. Guidance on distress case
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Guidance that will be followed to identify and minimise any distress to participants during

interviews.

Prior to commencing interviews:

There will be thorough preparation and discussion of the topics and questions between the student
and supervisor to ensure there is awareness of any potential areas of distress that may be

encountered.

Before conducting the first formal interview, the student will meet with their supervisor to discuss
procedures that are in place in case a participant becomes distressed during an interview. The
supervisor will also ensure the student feels prepared for the interview. The supervisor must be
satisfied that the researcher is competent in conducting interviews before giving approval for the

commencement of data collection.

Students will inform their supervisor when they are completing all interviews and in turn the
supervisor will ensure the student has a means of contacting them when they are conducting

interviews.

During the interviews:

At the beginning of the interview the student will remind the participants that they can stop the
interview at any time, that they can choose not to answer questions, and that there are no right or

wrong answers to questions (so there is no fear of ‘saying the wrong thing’).

Once the interview begins, the researcher will be required to be aware of any potential indications
of distress (e.g., withdrawing, visible upset, declining to answer numerous questions, shifting in seat,
looking away from the interviewer, asking for the interview to end) and should air on the side of
caution in all instances. If there is even the slightest indication that participants might be distressed

the student must immediately follow the procedure below:

1) The recording will be immediately stopped and the participant will be asked if they are ok. At this
point the participant will be asked if they want to take a break/end the interview/continue talking —

the participant’s decision will be final. If the participant decides to take a break and continue with

TEMPO Protocol Version 1.1 23/09/21 IRAS ID 299610 1
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the interview, confirmation will be sought that the participant is actually comfortable continuing and

they will be reminded there is no penalty for withdrawing.

2) If the participant wishes to continue but remains distressed, the interviewer will make the
decision to draw the interview to an end. At this point, the interviewer will commit to providing the
participant with an opportunity to talk and ensure the participant is not visibly distressed when

leaving the interview.

3) If the participant remains distressed and the researcher does not feel capable of managing the
situation, they will contact the Cl who will be available at all times during interviews by phone
contact. Depending on the situation, the Cl will either provide guidance to the student, speak
directly to the participant over the phone, or make attempts to go and meet with the researcher and

the participant.

4) If the participant has become distressed at any point in the interview, the student will ensure the
participant has the contact details of the rest of the research and clinical team and remind them that
they are free to contact any member of the research or clinical team if there is anything further they
would like to discuss.

6) Following the interview, the student will debrief the interview with the Cl and (if necessary) other

senior members of the research team. A written record of the incident and the procedures followed
will be made.

TEMPO Protocol Version 1.1 23/09/21 IRAS ID 299610 2
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Appendix K. Letter of Access (LOA)

NHS

The Newcastle upon Tyne Hospitals
NHS Foundation Trust

Human Resources
Regent Point (Level 1)
Regent Farm Road
Gosforth

Newcastle upon Tyne
NES3 3HD

Tel: (0191) 233 6161
REF: LOA/LR

24" November 2021

Sent by email only to: m.m.s.almulhem2@newcastle.ac.uk
Maryam Almulhem

Dear Maryam
Letter of access for research (Research Project No: 09939)

This letter confirms your right of access to conduct research through The
Newcastle upon Tyne Hospitals NHS Foundation Trust for the purpose and on
the terms and conditions set out below. This right of access commences on
22"? November 2021 and ends on 23 September 2023 unless terminated
earlier in accordance with the clauses below.

Renewal of this agreement is your responsibility; if you wish to extend this
study please apply by the 23 June 2023.

You have a right of access to conduct such research as confirmed in writing in
the letter of permission for research from this NHS organisation. Please note
that you cannot start the research until the Principal Investigator for the
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Appendix L. Full Protocol as registered on Prospero

NIHR | etional nsttute PROSPERO
1 | for Health Research International prospective register of systematic reviews

A systematic review of the definition of pulmonary exacerbations in people with cystic fibrosis

Citation
Maryam Almulhem, Chris Ward, Robert Gray, Malcolm Brodlie. A systematic review of the definition of pulmonary

exacerbations in people with cystic fibrosis. PROSPERO 2020 CRD42020161128 Available from:
httpsz//www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020161128

Review question

What definitions are used for pulmonary exacerbation in people of different age groups with cystic fibrosis (CF)?

Searches

The following electronic bibliographic databases: Embase, MEDLINE, Cochrane Library, Scopus, and CINAHL. There
will be no restrictions on the type of study design, as a variety of study designs are required to meet the objective of this
review. Reference tracking of screened studies will be also conducted to gather information from additional sources.
Duplications will be removed and this process will be reported on PRISMA flow diagram.

(Definition* OR “defined as™ OR “consensus statement™) AND (Pulmonary exacerbation® ) AND (cystic fibrosis)
[1990-2019)/ AND [english]

Types of study to be included
There will be no restriction for type of study and study design eligible for inclusion in the review.

Condition or domain being studied [1 change]
People with cystic fibrosis who experience pulmonary exacerbation.

Participants/population [| change]

The population being studied are people with cystic fibrosis. Inclusion criteria: Human studies reporting a definition for

exacerbation in people with cystic fibrosis in different age groups. Studies published in English between
1990-2019 wath full text available. Exclusion criteria: Studies that do not report a definition for pulmonary exacerbation,
Studies which were not published in English or where full text is not available.

Intervention(s), exposure(s) [1 change]

Cystic Fibrosis CF is one of the most common life-limiting genetic disorders worldwide affecting over 80, 000 children
and adults. Although CF is a multisystem disorder, it is lung disease that is responsible for the vast majority of morbidity
and mortality in people with CF. The natural history of CF lung disease involves exacerbations and periods of greater
stability. We know that pulmonary exacerbations are important for a number of reasons:

* Clinically exacerbations may be associated with sustained reductions in lung function and adverse longer term clinical
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outcomes

* For individual paticnts they are associated with increased symptoms and limitations on usual activities

* For society and health care providers they are associated with substantial financial cost.

Perhaps surprisingly, there is no agreed definition of what constitutes a pulmonary exacerbation in people with CF. The
age of a person with CF is relevant and no single definition is likely to be appropriate across all ages. Adults with CF are
more likely to experience severe exacerbations treated with [V antibiotics in hospital where as less severe exacerbations
in children are often treated as an outpatient with oral antibiotics.

By reviewing definitions used in the literature we aim to develop a standardised definition for each age group for use in
future clinical research and practice.

Comparator(s)/control

Not applicable

Context

No restrictions.

Main outcome(s)
Definition of pulmonary exacerbation in people with cystic fibrosis.
Measures of effect

None

Additional outcome(s)
None
Measures of effect

Not applicable

Data extraction (selection and coding) [! change]

One reviewer will work on extracted data by title and abstract. Then two reviewers will work independently to extract
data from the full text. Any disagreement will be resolved by discussion, and if required a third reviewer will be
included. A piloting spreadsheet form wall be designed to extract the following data: author(s) name, title, citation, year,
country, setting, study objective, study design and type of publication, population characteristics (¢.g. age), result(s), and
definition of pulmonary exacerbation. This form will be used independently by the two reviewers to extract the data. Any
discrepancies between the two reviewers will be fixed by discussion, and if needed a third reviewer’s opinion will be
considered.

Risk of bias (quality) assessment [l change]
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The purpose of this review is to purely study definitions of pulmonary exacerbations used in the literature, not to extract
data and therefore the quality and nisk of bias in individual studies does not require assessment.

Strategy for data synthesis [2 changes]

The definitions used for pulmonary exacerbation in studies will be pooled and then summarnised. A summary of all
included studies will be preseated in evidence tables according to the type of study and relevant age range. Narrative
synthesis and thematic analysis of the review findings will be conducted. All the findings wall be synthesised to generate
a single standardised definition of pulmonary exacerbation for each age group.

Analysis of subgroups or subsets

Definition of pulmonary exacerbation in people with cystic fibrosis in different age groups:
1- -2 years

2- 2-6 years

3-7-12 years

4-> 12 years

Contact details for further information
Maryam Almulhem
m.m.s.almulhem2@newcastle.ac.uk

Organisational affiliation of the review
Newcastle University

https//www.nclac.uk/

Review team members and their organisational affiliations [1 change]

Mrs Maryam Almulhem. Newcastle University
Dr Chris Ward. Newcastle University

Dr Robert Gray. University of Edinburgh

Dr Malcolm Brodlie. Newcastle University

Collaborators
. European Cystic Fibrosis Society Pulmonary Exacerbation Working Group

Type and method of review

Systematic review
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N I H R I National Institute
for Health Research

Anticipated or actual start date

06 January 2020

Anticipated completion date
30 October 2020

Funding sources/sponsors
Newcastle University

Conflicts of interest

Language
English

Country
England
Stage of review

Review Ongoing

Subject index terms status
Subject indexing assigned by CRD

Subject index terms

PROSPERO
International prospective register of systematic reviews

Cystic Fibrosis; Humans: Lung; Records; Respiratory Tract Infections

Date of registration in PROSPERO

05 February 2020

Date of first submission
13 December 2019

Stage of review at time of this submission
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Appendix M. Scope review protocol

Full protocol PRISMA

Review title:
A scoping review of the definition of pulmonary exacerbations in people with cystic fibrosis

e Review guestion
What definitions are reported for pulmonary exacerbation in people of different age groups
with cystic fibrosis (CF) in the literature?

e Search Strategy
The following electronic bibliographic databases: Embase, MEDLINE, Cochrane Library,
Scopus, and CINAHL. The review will be restricted to primary research including clinical trials
and prospective observational studies, as a variety of study designs are required to meet the
objective of this review. Duplications will be removed, and this process will be reported on
PRISMA-ScR flow diagram.
(cystic fibrosis”) AND (Pulmonary exacerbation*) [1990-2022]/ AND [English]

e (Condition or domain being studied
People with cystic fibrosis who experience pulmonary exacerbation.

e Participants/population
The population being studied are people with cystic fibrosis in all ages.

Inclusion criteria: Human primary studies reporting a definition for pulmonary exacerbation
in people with cystic fibrosis in different age groups. Studies published in English between
1990-2022.

Exclusion criteria: study designs including secondary resource studies such as review articles
and retrospective studies, In vivo and In vitro studies, and case studies.

Studies that do not report a definition for pulmonary exacerbation, Studies which were not
published in English or published out of the included date.

e Intervention(s), exposure(s).
Cystic Fibrosis CF is one of the most common life-limiting genetic disorders worldwide
affecting over 80, 000 children and adults. Although CF is a multisystem disorder, it is lung
disease that is responsible for the vast majority of morbidity and mortality in people with CF.
The natural history of CF lung disease involves exacerbations and periods of greater stability.
We know that pulmonary exacerbations are important for a number of reasons:

» Clinically exacerbations may be associated with sustained reductions in lung function and
adverse longer term clinical outcomes
e For individual patients they are associated with increased symptoms and limitations on
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usual activities
* For society and health care providers they are associated with substantial financial cost.

Perhaps surprisingly, there is no agreed definition of what constitutes a pulmonary
exacerbation in people with CF. The age of a person with CFis relevant and no single definition
is likely to be appropriate across all ages. Adults with CF are more likely to experience severe
exacerbations treated with IV antibiotics in hospital whereas less severe exacerbations in
children are often treated as an outpatient with oral antibiotics. By reviewing definitions used
in the literature we aim to develop a standardised definition for each age group for use in
future clinical research and practice.

e Comparator{s)/control
Not applicable.

e Types of study to be included
Primary research, including clinical trials and prospective observational studies, will be

included. Studies published as a full article or in-press will be considered.

¢ Context
No restrictions.

e Main outcome(s)
Definition of pulmonary exacerbation in people with cystic fibrosis.

e Additional outcome(s)
Signs and symptoms reported in the definitions of pulmonary exacerbation.

e Data charting (selection and coding)
Primary reviewer will work on extracted data by title and abstract. Then primary reviewer

will work to extract data from the full text. A second reviewer will screen 10% of the
included articles to ensure accuracy. Any disagreement will be resolved by discussion, and if
required a third reviewer will be included. A piloting chart form will be designed to extract
the following data: author(s) name, title, citation, study design and type of publication,
population characteristics (e.g., age), and definition of pulmonary exacerbation.

¢ Risk of bias (quality) assessment

The purpose of this review is to purely study definitions of pulmonary exacerbations used in
the literature, not to extract data and therefore the quality and risk of bias in individual
studies does not require assessment.

e Strategy for data synthesis
The definitions used for pulmonary exacerbation in studies will be pooled and then
summarised using a thematic qualitative synthesis. Narrative synthesis and thematic analysis
of the review findings will be conducted. All the findings will be synthesised to generate a
single standardised definition of pulmonary exacerbation for each age group.

¢ Analysis of subgroups or subsets
Definition of pulmonary exacerbation in people with cystic fibrosis in different age groups:

1- paediatric (< 18 years old)
2- Adult (= 18 years old).
3- Mixed age group.

o  Keywords
Cystic fibrosis, CF, Exacerbation.
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Appendix N. Data charting form

Title

Your answer

citation (Harvard at Newcastle style)

Your answer

Study Design / type of publication

() conference/poster abstract
(] experimental (randomised or non randomised clinical trial)

(] observational study (Cohort, cross sectional, and case-control)

Next Clear form

Never submit passwords through Google Forms.
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Population characteristics (e.g. age)

[J adutt 18 and pluse
() paediatric (less than 18)

([ both
D Other:

Free text of the definition of pulmonary exacerbation

Your answer

Most common symtoms/signs used

sputum

cough

lung function
weight/appetite

chest sounds

CXR changes

fever

dyspnoea

chest pain

hemoptysis

sinus pain/tendernss
Malesia, fatigue, or lethargy.
absenteeism

Oxygen saturation

increase RR

decrease exercise tolerance
Laboratory findings

tachycardia, blood pressure

I I [ N I I I Iy

sore throat
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Appendix O. Full list of included articles in the scoping review

Title

1. Combination antibiotic
susceptibility testing to treat
exacerbations of cystic fibrosis
associated with multiresistant bacteria: a
randomised, double-blind, controlled
clinical trial

citation (Harvard at Newcastle style)

Aaron, S. D., Vandemheen, K. L., Ferris, W., Fergusson, D., Tullis, E., Haase,
D., Berthiaume, Y., Brown, N., Wilcox, P., Yozghatlian, V., Bye, P., Bell, S.,
Chan, F., Rose, B., Jeanneret, A., Stephenson, A., Noseworthy, M., Freitag,
A., Paterson, N. and Doucette, S. (2005) 'Combination antibiotic
susceptibility testing to treat exacerbations of cystic fibrosis associated
with multiresistant bacteria: a randomised, double-blind, controlled
clinical trial', Lancet, 366(9484), pp. 463-471.

2. What defines a pulmonary
exacerbation? The perceptions of adults
with cystic fibrosis

Abbott, J., Holt, A., Hart, A., Morton, A. M., MacDougall, L., Pogson, M.,
Milne, G., Rodgers, H. C. and Conway, S. P. (2009) 'What defines a
pulmonary exacerbation? The perceptions of adults with cystic fibrosis',
Journal of cystic fibrosis : official journal of the European Cystic Fibrosis
Society, 8(5), pp. 356-9.

3. Patient indicators of a
pulmonary exacerbation: preliminary
reports from school aged children map
onto those of adults

Abbott, J., Holt, A., Morton, A. M., Hart, A., Milne, G., Wolfe, S. P. and
Conway, S. P. (2012) 'Patient indicators of a pulmonary exacerbation:
preliminary reports from school aged children map onto those of adults’,
Journal of cystic fibrosis : official journal of the European Cystic Fibrosis
Society, 11(3), pp. 180-6.

4, Denufosol tetrasodium in
patients with cystic fibrosis and normal
to mildly impaired lung function

Accurso, F. J., Moss, R. B., Wilmott, R. W., Anbar, R. D., Schaberg, A. E.,
Durham, T. A. and Ramsey, B. W. (2011) 'Denufosol tetrasodium in
patients with cystic fibrosis and normal to mildly impaired lung function’,
American Journal of Respiratory & Critical Care Medicine, 183(5), pp. 627-
634.

5. Evaluation of once daily
tobramycin versus the traditional three
time daily for the treatment of acute
pulmonary exacerbations in adult cystic
fibrosis patients

Al Ansari, N. A., Foweraker, J., Mackeown, D. and Bilton, D. (2006)
'Evaluation of once daily tobramycin versus the traditional three time
daily for the treatment of acute pulmonary exacerbations in adult cystic
fibrosis patients', Qatar Medical Journal, 15(1), pp. 34-38.

6. The Effect of a Comprehensive,
Intensive Inpatient Treatment Program
on Lung Function and Exercise Capacity
in Patients With Cystic Fibrosis

Alison, J. A., Donnelly, P. M., Lennon, M., Parker, S., Torzillo, P., Mellis, C.
and Bye, P. T. (1994) 'The effect of a comprehensive, intensive inpatient
treatment program on lung function and exercise capacity in patients
with cystic fibrosis', Physical Therapy, 74(6), pp. 583-3.

7. Comparison of biosimilar
Tigerase and Pulmozyme in long-term
symptomatic therapy of patients with
cystic fibrosis and severe pulmonary
impairment (subgroup analysis of a
Phase Ill randomized open-label clinical
trial

Ameling, E. L., Krasovsky, S. A., Akhtyamova-Givirovskaya, N. E.,
Kashirskaya, N. Y., Abdulganieva, D. |., Asherova, I. K., Zilber, I. E.,
Kozyreva, L. S., Kudelya, L. M., Ponomareva, N. D., Revel-Muroz, N. P.,
Reutskaya, E. M., Stepanenko, T. A., Seitova, G. N., Ukhanova, O. P.,
Magnitskaya, O. V., Kudlay, D. A., Markova, O. A. and Gapchenko, E. V.
(2021) 'Comparison of biosimilar Tigerase and Pulmozyme in long-term
symptomatic therapy of patients with cystic fibrosis and severe
pulmonary impairment (subgroup analysis of a Phase Il randomized
open-label clinical trial (NCT04468100))', PloS one, 16(12), pp. €0261410.

8. Routine spirometry in cystic
fibrosis patients: impact on pulmonary
exacerbation diagnosis and FEV1 decline

Aquino, C. S. B. d., Rodrigues, J. C. and Silva-Filho, L. V. R. F. d. (2022)
‘Routine spirometry in cystic fibrosis patients: impact on pulmonary
exacerbation diagnosis and FEV1 decline', Jornal brasileiro de
pneumologia : publicacao oficial da Sociedade Brasileira de Pneumologia
e Tisilogia, 48(3), pp. €20210237.

9. Comparison of cystic fibrosis
exacerbations requiring oral or
intravenous antibiotics.

Baker, E. H., Burgess, J. C., Bilton, D., Hodson, M. E., Gyi, K. M. and
Srivastava, S. A. (2010) 'Comparison of cystic fibrosis exacerbations
requiring oral or intravenous antibiotics', Pediatric pulmonology,
45(SUPPL. 33), pp. 376-377.
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10. Multicenter Randomized
Controlled Trial of Withdrawal of Inhaled
Corticosteroids in Cystic Fibrosis

Balfour-Lynn, I. M., Lees, B., Hall, P., Phillips, G., Khan, M., Flather, M. and
Elborn, J. S. (2006) 'Multicenter randomized controlled trial of withdrawal
of inhaled corticosteroids in cystic fibrosis', American Journal of
Respiratory & Critical Care Medicine, 173(12), pp. 1356-1362.

11. Body fat percentage is a risk
factor for exacerbations in adults with
cystic fibrosis

Baran, E., Butti, F., Hendriksen, B., Granero, N., D'Ascenzo, V., Pistorio, V.,
Volta, L., Menna, L. and Garcia, G. (2016) 'Body fat percentage is a risk
factor for exacerbations in adults with cystic fibrosis', Journal of Cystic
Fibrosis, 15(Supplement 1), pp. S102.

12. Quantification of MRI T2-
weighted High Signal Volume in Cystic
Fibrosis: A Pilot Study

Benlala, I., Hocke, F., Macey, J., Bui, S., Berger, P., Laurent, F. and
Dournes, G. (2020) 'Quantification of MRI T2-weighted High Signal
Volume in Cystic Fibrosis: A Pilot Study', Radiology, 294(1), pp. 186-196.

13. Volumetric quantification of
lung MR signal intensities using
ultrashort TE as an automated score in
cystic fibrosis

Benlala, I, Point, S., Leung, C., Berger, P., Woods, J. C., Raherison, C.,
Laurent, F., Macey, J. and Dournes, G. (2020) 'Volumetric quantification of
lung MR signal intensities using ultrashort TE as an automated score in
cystic fibrosis', European Radiology, 30(10), pp. 5479-5488.

14. Inhaled dry powder mannitol
in cystic fibrosis: an efficacy and safety
study

Bilton, D., Robinson, P., Cooper, P., Gallagher, C. G., Kolbe, J., Fox, H.,
Jaques, A. and Charlton, B. (2011) 'Inhaled dry powder mannitol in cystic
fibrosis: an efficacy and safety study’, The European respiratory journal,
38(5), pp. 1071-80.

15. Predictors of pulmonary
exacerbations in patients with cystic
fibrosis infected with multi-resistant
bacteria

Block, J. K., Vandemheen, K. L., Tullis, E., Fergusson, D., Doucette, S.,
Haase, D., Berthiaume, Y., Brown, N., Wilcox, P., Bye, P., Bell, S.,
Noseworthy, M., Pedder, L., Freitag, A., Paterson, N. and Aaron, S. D.
(2006) 'Predictors of pulmonary exacerbations in patients with cystic
fibrosis infected with multi-resistant bacteria', Thorax, 61(11), pp. 969-74.

16. Quality of life in clinically
stable adult cystic fibrosis out-patients:
Associations with daytime sleepiness and
sleep quality

Bouka, A., Tiede, H., Liebich, L., Dumitrascu, R., Hecker, C., Reichenberger,
F., Mayer, K., Seeger, W. and Schulz, R. (2012) 'Quality of life in clinically
stable adult cystic fibrosis out-patients: associations with daytime
sleepiness and sleep quality', Respiratory medicine, 106(9), pp. 1244-9.

17. Reliability, Repeatability, and Bradley, J., Howard, J., Wallace, E., Elborn, S., Bradley, J., Howard, J.,

Sensitivity Wallace, E. and Elborn, S. (2000) 'Reliability, repeatability, and sensitivity
of the modified shuttle test in adult cystic fibrosis', CHEST, 117(6), pp.
1666-1671.

18. Quality of life and healthcare Bradley, J. M., Blume, S. W., Balp, M.-M., Honeybourne, D. and Elborn, J.

utilisation in cystic fibrosis: A multicentre
study

S. (2013) 'Quality of life and healthcare utilisation in cystic fibrosis: a
multicentre study', The European respiratory journal, 41(3), pp. 571-7.

19. Impact of recent pulmonary
exacerbations on quality of life in
patients with cystic fibrosis

Britto, M. T., Kotagal, U. R., Hornung, R. W., Atherton, H. D., Tsevat, J.,
Wilmott, R. W., Britto, M. T., Kotagal, U. R., Hornung, R. W., Atherton, H.
D., Tsevat, J. and Wilmott, R. W. (2002) 'Impact of recent pulmonary
exacerbations on quality of life in patients with cystic fibrosis', CHEST,
121(1), pp. 64-72.

20. Computed Tomography
Correlates with Pulmonary Exacerbations
in Children with Cystic Fibrosis

Brody, A. S., Sucharew, H., Campbell, J. D., Millard, S. P., Molina, P. L.,
Klein, J. S., Quan, J., Brody, A. S., Sucharew, H., Campbell, J. D., Millard, S.
P., Molina, P. L., Klein, J. S. and Quan, J. (2005) 'Computed tomography
correlates with pulmonary exacerbations in children with cystic fibrosis',
American Journal of Respiratory & Critical Care Medicine, 172(9), pp.
1128-1132.

21. Lack of efficacy of Lactobacillus
GG in reducing pulmonary exacerbations
and hospital admissions in children with
cystic fibrosis: A randomised placebo
controlled trial

Bruzzese, E., Raia, V., Ruberto, E., Scotto, R., Giannattasio, A., Bruzzese,
D., Cavicchi, M. C., Francalanci, M., Colombo, C., Faelli, N., Dacco, V.,
Magazzu, G., Costa, S., Lucidi, V., Majo, F. and Guarino, A. (2018) 'Lack of
efficacy of Lactobacillus GG in reducing pulmonary exacerbations and
hospital admissions in children with cystic fibrosis: A randomised placebo
controlled trial', Journal of cystic fibrosis : official journal of the European
Cystic Fibrosis Society, 17(3), pp. 375-382.

22. Effect of Lactobacillus GG
supplementation on pulmonary
exacerbations in patients with cystic
fibrosis: A pilot study

Bruzzese, E., Raia, V., Spagnuolo, M. 1., Volpicelli, M., De Marco, G.,
Maiuri, L. and Guarino, A. (2007) 'Effect of Lactobacillus GG
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supplementation on pulmonary exacerbations in patients with cystic
fibrosis: a pilot study', Clinical Nutrition, 26(3), pp. 322-328.

23. a patient-reported outcome
measure

Button, B. M., Wilson, L. M., Burge, A. T., Kimmel, L., Finlayson, F.,
Williams, E., Talbot, A., Tierney, A., King, S., Holland, A. E., Keating, D.,
Kotsimbos, T. and Wilson, J. W. (2021) 'The AWESCORE, a patient-
reported outcome measure: Development, feasibility, reliability, validity
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24, Prospective evaluation of
respiratory exacerbations in children
with cystic fibrosis from newborn
screening to 5 years of age

Byrnes, C. A., Vidmar, S., Cheney, J. L., Carlin, J. B., Armstrong, D. S.,
Cooper, P. J., Grimwood, K., Moodie, M., Robertson, C. F., Rosenfeld, M.,
Tiddens, H. A. and Wainwright, C. E. (2013) 'Prospective evaluation of
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25. Clinical outcomes of digital
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Carnovale, V., lacotucci, P., Qiao, D., Ferrillo, L., Somma, J., Buonaurio, S.,
Marcella, d. I., Celardo, A. and Savi, D. (2022) 'Clinical outcomes of digital
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26. Factors predicting 6-min
walking test indexes in adults with cystic
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Carpio, C., Lerin, M., Torres, I., Fernandez-Velilla, M., Garcia Rio, F.,
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Carson, S. W., Psoter, K., Koehler, K., Siklosi, K. R., Montemayor, K.,
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