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Abstract

Background

Idiopathic pulmonary fibrosis is a progressive condition with limited treatment options and
median survival of 3-5 years. Gastro-oesophageal reflux (GOR) has been described in up to
90% of patients. Pulmonary aspiration has been suggested to contribute to IPF, with calls for
aggressive antireflux therapy. Whilst medical therapy can usually control acid reflux, surgery
may be required to control non-acid refluxate, which may also be harmful if aspirated into
the lung. The risks of surgery in the IPF population are significant. There is no validated
technique with which to measure aspiration in this group and furthermore, patient attitudes
towards the treatment of reflux and aspiration in IPF are unknown. As a result, the
population that might benefit from antireflux therapy has yet to be defined. The current
study comprised two main aims. The first was to characterise reflux and aspiration in an IPF
cohort. The second was to evaluate patient attitudes towards the burden of IPF disease as

compared to the burden of antireflux therapy.
Methods

Symptoms of reflux and lung health were assessed using a panel of structured
guestionnaires. Oesophageal function and gastro-oesophageal reflux were objectively
assessed using manometry and pH-impedance monitoring. A standardised bronchoscopy
and bronchoalveolar lavage, with biochemical and cytological analysis, was used to assess

pulmonary aspiration.

A separate group of individuals with IPF participated in an interview study. Respondents’
own health was evaluated using a visual analogue scale, the EuroQOL-5D -3L survey and a
standard gamble utility analysis. Vignettes were constructed to describe mild- and
moderate-severity IPF health states and adverse outcomes from medical and surgical
antireflux therapy. Patient attitudes towards these four health states were assessed with a

ranking exercise and a series of standard gambles.
Results

pH-impedance monitoring demonstrated supranormal levels of gastro-oesophageal reflux in

22 of 36 study subjects (61%). Eleven subjects had pre-existing evidence of gastro-



oesophageal reflux and questionnaire assessment suggested GORD in 29% of subjects.

Oesophageal manometry identified abnormal oesophageal function in 56%.

Supranormal levels of pepsin were detected in bronchoalveolar lavage fluid in 16 subjects.
The combination of pepsin quantification and oesophageal monitoring identified a subgroup
of subjects with evidence of reflux and aspiration, but there was no correlation between
levels of reflux and pepsin concentrations. Cytological staining results correlated poorly with
gastro-oesophageal reflux. After formal multidisciplinary review, two patients who
participated in the current study have undergone fundoplication. Both have enjoyed a stable

disease course since surgery.

In the interview study, respondents recorded mean utilities of 0.611 to 0.798 for their own
health. Amongst 59 respondents, 38 regarded both IPF health states as preferable to the
outcomes of either antireflux therapy outcome; the remainder disagreed. An adverse

outcome from antireflux surgery was generally regarded as the worst of the health states.
Discussion

Oesophageal physiology and BAL fluid analysis may be combined to investigate reflux and
aspiration in IPF. The current data suggest that reflux is common and frequently
asymptomatic. Aspiration may only be significant in the minority of patients. Oesophageal
dysmotility, a relative contra-indication to fundoplication, was evident in the majority of

subjects.

This is the first report of health state utilities for IPF and demonstrates a disease burden
comparable to advanced lung cancer. Opinion was divided as to the relative burden

associated with IPF disease and the potential outcomes of antireflux therapy.

In conclusion, it remains difficult to identify the IPF patients for whom antireflux surgery
might be most beneficial. For a proportion, the risks of such treatment will be prohibitive.
The complexity of surgical decisions in this group suggests a requirement for a standard of
care that includes a multidisciplinary team, informed by objective aerodigestive physiology

and imaging.
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Chapter 1. Introduction

1.1 Idiopathic pulmonary fibrosis

1.1.1 Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive, scarring lung condition of unknown
aetiology. It is the commonest of the interstitial lung diseases and, in contrast to several
others, has well-defined clinical, radiological and histopathological features. The aetiology
and pathogenesis of the condition are not well understood and treatment options are

limited. Transplantation offers the only definitive treatment but few patients are eligible.

1.1.1 Epidemiology

The epidemiology of IPF has proved challenging for two main reasons. Clinically, the early
features of IPF are often non-specific, which can lead to diagnostic uncertainty (Fell et al.,
2010). From a research perspective, the nomenclature and disease classification of

interstitial lung disease has evolved over the last 30 years, with significant inconsistencies

between studies (Bradley et al., 2008).

Table 1-1 summarises the major studies of IPF incidence and prevalence from Europe and
North America. The best estimates come from disease-specific registries and national
datasets. Other studies have relied on clinic surveys which generate lower estimates and are
more likely to underestimate disease occurrence (Karakatsani et al., 2009; Musellim et al.,

2014).

Two consistent findings from these studies are that IPF is more common amongst men and
that the incidence of the disease appears to be increasing. In the UK, Navaratnam et al
analysed the Office of National Statistics mortality data in combination with a large primary
care database over the period 1968-2008 (Navaratnam et al., 2011). Annual death certificate
reporting rose six-fold (0.92-5.1 per 100 000) over the period and the incidence of IPF
reported by General Practitioners rose from 5.8 to 8.0 per 100 000 between 2000 and 2008.
The authors could find no firm evidence of improving survival rates, which makes
ascertainment bias less likely. If milder cases were increasingly recognised over the study

period then the survival rate be expected to increase over time.



Table 1-1. Epidemiological studies of IPF from Europe and North America.

First author Country Methodology Incidence Prevalence
and study /100,000 /100,000
period person

years

Europe

Thomeer (Thomeer | Belgium Population-based ILD registry 1.25 0.22

et al., 2001) 1992-1996

Hodgson (Hodgson Finland Nationwide survey of respiratory clinics - 16-18

et al., 2002) 1997-98 and hospital databases (accuracy of

coding validated within a sample and
extrapolated to the study group)

Von Plessen (von Norway Hospital registry 4.3 234
Plessen et al., 2003) | 1984-98

Gribbin (Gribbin et UK Primary care database and ONS mortality 4.6 -
al., 2006) 1991-2003 | records

Navaratnam UK Primary care database and ONS mortality 7.44 -
(Navaratnam et al.,, | 2000-09 records

2011)

North America

Coultas (Coultas et us Medical records, pathology reports, 7.4 (F) 13.2 (F)
al., 1994) 1988-90 death certificates and autopsy reports 10.7 (M) 20.2 (M)
Raghu (Raghuetal., | US Insurance claims database 6.8-16.3 14-42.7
2006b) 1996-2000

Fernandez-Perez us County-wide medical record linkage 17.4 47
(Fernandez Perez et | 1997-2005 system

al., 2010)

1.1.2 Clinical course

Patients generally present with worsening breathlessness between 50 and 70 years of age
(Navaratnam et al., 2011). Symptoms have often been present for many months or years by
the time of specialist evaluation and diagnosis (du Bois, 2012). In time, the cardinal features
of exertional dyspnoea and a non-productive cough develop. Eventually, patients will
experience dyspnoea at rest as respiratory function declines. In the UK, the median survival

from diagnosis is three to five years (NICE, 2013a).

The trajectory of disease progression in IPF remains a matter of debate. In a proportion of

patients at least, periods of stability are punctuated by unpredictable exacerbations, with a
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resultant loss of pulmonary function, Figure 1-1 (Collard et al., 2007). Acute exacerbations in
IPF are defined as idiopathic, but risk factors have been identified. Functional and
radiological markers of severity put patients at higher risk (Ryerson et al., 2015). Several
triggers have also been suggested: exacerbations appear more common in the winter
months, during periods of immunosuppression, and following infection (Wootton et al.,
2011; Raghu et al., 2012; Collard et al., 2013b). Both thoracic and non-thoracic surgical

procedures have also been cited (Yuksel et al., 2006; Ghatol et al., 2012).

Although the progression seen in IPF is often rapid, the chronic and variable nature of the
disease course complicates research into pathogenesis. As a result, the significance of
suspected aetiological factors and the potential benefits of therapeutic intervention are

difficult to prove.

Figure 1-1. The disease trajectory that has been postulated in IPF comprises a series of unpredictable
exacerbations, separated by periods of stability
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1.1.3 Assessment and diagnosis

Plain chest radiograph most commonly reveals diffuse, reticular opacities over the lower
lung zones. High resolution computed tomography (HRCT) scanning is increasingly used to
evaluate parenchymal lung disease. HRCT can detect early changes in the context of a
normal plain film and is better able to determine disease severity and differentiate between
different lung pathology (Grenier et al., 1991). On HRCT, the changes of IPF appear as

patchy, subpleural densities with a basal preponderance. Contiguous areas of reticulation
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and normal lung give rise to a “geographical” pattern. In more advanced disease the typical
pattern of honeycombing is seen as cystic air spaces develop between thickened interlobular
septa. The accuracy of HRCT for diagnosing IPF is operator dependent but appears to be

around 90% (Grenier et al., 1991).

In cases where the clinico-radiological diagnosis remains uncertain and confirmation will
affect management, tissue may be sampled by means of a transbronchial or surgical lung
biopsy. Histologically, IPF presents as usual interstitial pneumonia with a “patchwork
pattern”, honeycombing and characteristic lesions known as fibroblastic foci (Katzenstein et
al., 2008). As with HRCT, the patchy appearance arises from the temporal heterogeneity of
fibrotic changes in adjacent sections of lung. Katzenstein and Myers coined the term
“fibroblastic foci” to describe the hyperplastic reparative epithelium overlying aggregates of
myofibroblasts (Katzenstein and Myers, 1998). Myofibroblasts are differentiated
mesenchymal cells which contribute to the deposition of extracellular matrix and scar
formation in both physiological and pathological states (Hinz et al., 2007). These are the cells

mainly responsible for the excessive deposition of extracellular matrix seen in the IPF lung.

1.1.4 Treatment options in IPF

Until relatively recently, lung transplantation was considered to be the only effective
treatment for IPF. Recent guidelines incorporate some new options, but the range of

treatment options available remains extremely limited (NICE, 2013a).

Non-pharmacological options

Lung transplantation

Whilst the evidence base is weak, lung transplantation does appear to improve survival in
IPF (Thabut et al., 2003). Long-term survival after transplantation for IPF is favourable
compared to survival after transplantation for other indications (Keating et al., 2009). IPF is a
disease of the elderly and age is a relative contraindication in lung transplantation. The
proportion of patients who are eligible for transplantation and for whom a window of
opportunity arises is small. The data from the latest survey of the International Society of
Heart and Lung Transplantation suggest that 14.5% of adult sequential bilateral lung

transplants are performed for IPF (Christie et al., 2009).



Oxygen therapy

Indirect evidence from studies of unselected patients with hypoxaemia suggests that long-
term oxygen therapy improves exercise capacity. In obstructive lung disease, a survival
benefit has been demonstrated (Nocturnal Oxygen Therapy Trial Group, 1980). There is no
direct evidence of benefit in IPF but the use of long-term oxygen therapy has been

recommended nonetheless (Raghu et al., 2011).

Pulmonary rehabilitation

Pulmonary rehabilitation combines physical conditioning, education and psychosocial
support. In a controlled trial which randomised 57 ILD patients (34 IPF) to receive either
supervised exercise training or weekly telephone support, those in the exercise group had a
short term benefit in terms of function and symptomatology (Holland et al., 2008). The

benefit was not sustained at six months.

Pharmacological options

Corticosteroids

Prednisolone has immunosuppressive and anti-inflammatory effects. There is some evidence
to support short-term use in a minority of IPF patients (Neuner et al., 2001; Richeldi et al.,
2003). Overall, the response to corticosteroid therapy in IPF is almost universally poor. In
clinical practice short-term trials are often used, but the side effect profile and limited
evidence base led international guidelines to recommend against their use as monotherapy

(Raghu et al., 2011).

Combination therapy

Azathioprine is an immunosuppressant that inhibits synthesis of the purine framework of the
DNA bases adenine and guanine. N-acetyl cysteine (NAC), a precursor of the antioxidant
glutathione, has also been used in the treatment of IPF. The combination was studied in a
randomised controlled trial published in 2005 (Demedts et al.). The Idiopathic Pulmonary
Fibrosis International Group Exploring N-Acetylcysteine | Annual (IFIGENIA) study
randomised 182 patients to receive either high-dose NAC or placebo in addition to “standard

therapy” with prednisolone and azathioprine. Those in the NAC group had a slower



deterioration of vital capacity (VC) and carbon monoxide diffusing capacity (DLCO).

Limitations of the study include the lack of a placebo arm and a 30% dropout rate.

The same combination (NAC, azathioprine and prednisolone) was compared to placebo and
NAC monotherapy in PANTHER-IPF (Prednisone, Azathioprine, and N-Acetylcysteine: A Study
That Evaluates Response in Idiopathic Pulmonary Fibrosis) (The Idiopathic Pulmonary
Fibrosis Clinical Research Network, 2012). This trial was terminated after interim analysis
revealed an excess of hospitalisation and mortality in those receiving triple therapy. The
placebo and NAC arms were continued but there was no difference in the primary endpoint

of change in FVC over a 60-week period.
Pirfenidone

Pirfenidone is a small, orally available molecule that demonstrates anti-inflammatory and
antifibrotic effects in vitro and in vivo (Schaefer et al., 2011). Early mechanistic studies in
hamsters demonstrated reduced expression of several profibrotic factors in lung tissue and
or bronchoalveolar lavage (BAL) fluid. Pirfenidone has been shown to prevent the
accumulation of hydroxyproline, procollagen | and lll, inflammatory cells and transforming
growth factor-beta (TGF-b) (lyer et al., 1995; lyer et al., 2000). Many of these findings have
since been reproduced in different species and in human lung fibroblast cells in vitro

(Kakugawa et al., 2004; Nakayama et al., 2008; Oku et al., 2008; Conte et al., 2014).

In a series of Japanese studies looking at the role of pirfenidone in IPF, patients in the
treatment group exhibited better disease stability than those in the placebo arm (Taniguchi
et al., 2010). Two multinational RCTs were subsequently reported in concert (Noble et al.,
2011). Both CAPACITY (Clinical Studies Assessing Pirfenidone in idiopathic pulmonary
fibrosis: Research of Efficacy and Safety Outcomes) trials used the same primary end-point
of change in percentage predicted forced vital capacity (FVC). Initial analysis suggested that
patients in the pirfenidone group had a significantly lower decline in FVC in only one of the
two studies (CAPACITY 004). In the second study, patients in the placebo group had a lower
than expected rate of decline, which may account for the negative findings (CAPACITY 006).
A recent Cochrane meta-analysis evaluated the progression-free survival data reported as
secondary endpoints in all three trials. In this analysis, pirfenidone reduced the risk of

disease progression by 30% (Spagnolo et al., 2010).



The US Food and Drug Administration ruled against pirfenidone approval in 2010. The
ASCEND trial was then initiated (Assessment of Pirfenidone to Confirm Efficacy and Safety in
Idiopathic Pulmonary Fibrosis) and randomised 555 IPF patients to receive either pirfenidone
or placebo (King et al., 2014). In this study, the pirfenidone group had a better outcome with
respect to the primary endpoint of change in FVC or death at week 52. This work adds to the
body of evidence in favour of pirfenidone in selected cases of IPF, but the endpoints are of
guestionable clinical significance. The best study parameters have been described as those
which measure how well patients feel, function or survive (Richeldi, 2013). To date,

progression-free survival has not been properly validated as a marker of survival in IPF.

The National Institute for Health and Care Excellence approved the use of pirfenidone in a
specified subset of IPF patients and the FDA followed suit in 2014 (NICE, 2013b; U.S. Food
and Drug Administration, 2014).

Nintedanib

Several other novel agents are currently under investigation for the treatment of IPF
(Woodcock and Maher, 2014). Amongst these, the drug most likely to feature in clinical
practice in the near future is nintedanib, a tyrosine kinase inhibitor. Nintedanib has
inhibitory effects on platelet-derived growth factor receptors, fibroblast proliferation and

fibroblast-myofibroblast transformation (Wollin et al., 2014).

In the phase 2, double-blinded TOMORROW (To imprOve pulMOnaRy fibROsis With BIBF
1120) study, nintedanib was compared with placebo in a total of 432 patients with IPF
(Richeldi et al., 2011). The patients in the treatment arm received one of four escalating
doses. Compared with placebo, the difference in the primary endpoint of change in FVC
failed to reach statistical significance for any of the treatment arms; p=0.06 for the highest
dose (150mg twice daily) group. Treatment with nintedanib was associated with improved

quality-of-life scores and fewer acute exacerbations.

Two replicate phase 3 trials of nintedanib have also been reported (Richeldi et al., 2014). The
INPULSIS-I and -2 (Efficacy And Safety Of Nintedanib In Patients With Idiopathic Pulmonary
Fibrosis) studies randomised a total of 1066 patients to nintedanib or placebo and recorded
annual rate of decline in FVC as the primary endpoint. The patients in the treatment arms
both had a significantly lower decline in FVC. In INPULSIS-2 alone, the patients in the

treatment group had a longer time to first exacerbation and a lower decline in health-related



quality of life. There was no significant difference in survival but the treatment groups
tended to better outcomes. The proportion of patients who died from any cause was 5.5% in
the nintedanib group and 7.8% in the placebo group. Following publication of these data,

nintedanib has been widely approved for clinical use in IPF (Raghu et al., 2015b).

Since its recognition as a distinct disease entity, drug development in IPF has been slow.
These recent publications represent modest progress in the field, but meaningful advances
remain elusive. Significant improvements in treatment for IPF rely on an improved

understanding of the factors driving the fibrotic process.

1.1.5 Aetiopathogenesis

IPF results in a morphology of lung disease known as usual interstitial pneumonia (UIP)
which is characteristic and well described. In contrast the causative agents resulting in IPF

are unknown and the cellular pathogenesis is not well understood.

IPF was originally thought to be a disease of inflammation (Keogh and Crystal, 1982).
Alveolitis was reported as a consistent feature of IPF lungs and was considered to provide a
unifying pathogenic explanation for IPF and a range of other interstitial lung diseases
(Carrington and Gaensler, 1978; Keogh and Crystal, 1982). After fibrotic foci became
recognised in IPF, the evidence for alveolitis as the primary disorder came into question:
inflammation is not a prominent finding in UIP and anti-inflammatory and

immunosuppressive therapy fails to improve disease outcome (Selman et al., 2001).

Genetic studies

In 2001, Nogee et al reported the association of a mutation in SFPC, the gene encoding
surfactant protein C, with interstitial lung disease in a mother and her child (Nogee et al.,
2001). Other groups have since identified mutations in SFPA2 (encoding surfactant protein
A2) and further mutations in SFPC. These surfactant proteins are expressed solely by type 2

alveolar epithelial cells (AEClIIs).

In 2007, two independent groups studying familial pulmonary fibrosis identified mutations in
TERT (encoding telomerase reverse transcriptase) and TERC (encoding the RNA component
of the telomerase complex). Telomerase repairs damage that occurs as telomeres are
shortened with each round of mitosis. Interestingly, short telomeres have been

demonstrated in AEClIs in a high proportion of individuals with sporadic IPF, suggesting a
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role for telomerase dysfunction in non-familial forms of the disease. The link between IPF
and telomerase dysfunction may help to explain why the disease is predominantly a disease

of older people (Tsakiri et al., 2007).

More recently, a whole genome linkage study of IPF identified a common polymorphism in
the promoter of the mucin gene MUC5B (Seibold et al., 2011). This mutation was found in
34% of cases of familial pulmonary fibrosis, 38% of cases of sporadic IPF and 9% of healthy

controls.

Alveolar epithelial cells in the pathogenesis of IPF

A common theme amongst all the mutations identified to date is that they affect genes that
are expressed in type 2 epithelial cells (e.g. SFPC, SFPA, MUC5B) or lead to identifiable
changes within them (TERT, TERC)(Wolters et al., 2014). AEClls make up 60% of all alveolar
epithelial cells (Crapo et al., 1982). In addition to their role in surfactant production, they
contribute to immune defences and fluid balance in the lung (Pison et al., 1994; Fehrenbach,

2001). AECIIs have become a focus of research into IPF pathogenesis.

Within all cells, the endoplasmic reticulum (ER) is the site of newly synthesised secretory and
membrane proteins. After translation, proteins must be appropriately folded and modified
before they can be transported. These processes rely on chaperone proteins and a
conducive environment within the endoplasmic reticulum. If the functional capacity of the
ER is overwhelmed, an unfolded protein response (UPR) is initiated in an attempt to restore
homeostasis (Zhang and Kaufman, 2004). Markers of the UPR include over-expression of BiP
(binding immunoglobulin protein, an ER-associated chaperone protein) and the transcription
factor X-box-protein 1 (XBP-1). A persistent state of stress will result in apoptotic cell death,

which is mediated by the signalling proteins CHOP and ATF-6 (Zhang and Kaufman, 2004).

The SP-C mutation originally described by Nogee results in a failure of normal truncation of
surfactant, prior to its release from the ER (Beers et al., 1998). In a human lung epithelial cell
line, SFPC mutations led to increased expression of BiP and XBP-1. Cells expressing mutant
SFPC also had increased activation of caspase-4, an ER-specific caspase that triggers
apoptosis in the setting of overwhelming ER stress (Mulugeta et al., 2005). Expression of
these markers of ER stress has subsequently been demonstrated in AECIIs in both familial
and sporadic IPF (Lawson et al., 2008). Furthermore, in stained sections of IPF lungs, 70-80%

of AECIIs demonstrated ongoing signs of apoptosis (Korfei et al., 2008).



TGF-f activation

Transforming growth factor B (TGF-B) is a highly conserved, pro-fibrotic cytokine. It is
released in an inactive form, bound to the latency-associated peptide (LAP) and latent TGF-

B-binding proteins. Levels of active TGF-B are increased in IPF (Krein and Winston, 2002).

As lung fibrosis develops, AECs express increased levels of the integrin a,Bs, which can bind
to LAP and activate TGF-B (Munger et al., 1999; Jenkins et al., 2006; Horan et al., 2008).
Active TGF-B does not appear to be released in a soluble form, so the resultant signalling is
localised within the lung. Given the spatial heterogeneity of usual interstitial pneumonia, this
property makes for an attractive pathogenic candidate in IPF. Possible pro-fibrotic processes
associated with TGF-f activation include differentiation of fibroblasts to myofibroblasts and
activation of programming that promotes mesenchymal transition of epithelial cells (Kim et

al., 2006; Scotton and Chambers, 2007).

Epithelial to mesenchymal transition

Epithelial cells are derived from the embryological endoderm. They are anchored on a
basement membrane and have a polarity, with basal and apical surfaces contributing to
function. Mesenchymal cells originate in the embryological mesoderm. Mesenchymal tissue
is characterised by loosely associated cells surrounded by an extracellular matrix. They lack

polarity and can migrate easily (Kalluri and Neilson, 2003; Lee et al., 2006).

Epithelial-mesenchymal transition (EMT) is a process by which epithelial cells
transdifferentiate into mesenchymal stem cells. EMT is not required for normal tissue
haemostasis but it does play a role in normal development and wound healing. In disease,

EMT can result in fibrosis and malignancy.

In IPF lungs, immunohistochemical and RNA quantitation techniques have been used to
demonstrate co-localisation of proteins associated with epithelial and mesenchymal cells.
Thyroid transcription factor 1 and pro-surfactant protein B (AECI markers) were seen in
association with a-smooth muscle actin (a mesenchymal protein) in the majority of AECs in
IPF lungs; there was no co-localisation in normal lungs (Willis et al., 2005; Marmai et al.,

2011).

Despite these reports, the role of EMT in IPF remains unproven. It is not clear whether

epithelial cells acquire sufficient mesenchymal characteristics that they can be classified as
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fibroblasts (Kage and Borok, 2012). It is also possible that cells undergo mesenchymal-to-
epithelial transition. This alternative process of transformation may also give rise to similar

patterns of co-localisation (Li et al., 2010).

From epithelial cell injury to fibrosis

The existence of fibroblastic foci in the IPF lung indicates a potential, much needed and
logical pathophysiological mechanism in the aetiology of IPF. It also emphasises the
significance of the lung epithelium. The links between genetic predisposition, epithelial cell
injury, ER stress and fibrosis remain unclear. In mice, lung fibrosis can be induced using
bleomycin, an antibiotic and chemotherapeutic produced by Streptomyces verticillus. This
model has been used extensively in IPF research but does not correlate perfectly with
human pathogenesis. Pulmonary fibrosis develops in the bleomycin mouse model over
weeks and months rather than years, as is the case in humans (Wolters et al., 2014). In
addition, the pattern of disease that is induced is airway-centric, in contrast to the sub-

pleural predominance seen in the IPF lung (Baron et al., 2012).

Mutated forms of surfactant proteins A and C have been associated with up-regulation of
the unfolded protein response and EMT in murine models (Bridges et al., 2006; Lawson et
al., 2011; Tanjore et al., 2011). Increased levels of active TGF( have also been demonstrated
(Maitra et al., 2012). Furthermore, there is some evidence that ER stress can result in EMT

(Zhong et al., 2011).

Whilst these links between genetic predisposition and EMT are intriguing, the end result of
fibrosis has yet to be demonstrated in the mouse model. This may relate to the short murine
life span but alternatively, it may indicate a role for external factors in the pathogenesis of
IPF (Wolters et al., 2014). Indeed, the fibrotic response to bleomycin was accentuated in
mice in which ER stress had been induced (Lawson et al., 2011). Similarly, the effect of
herpes virus infection was more pronounced in aged mice, in which ER stress would be

induced more easily (Sueblinvong et al., 2012).

Additional mechanisms have been proposed to explain how the initiation and propagation of
fibrosis in IPF relate to the interaction between the epithelial cells and the mesenchyme.
TGFB, released by epithelial cells, can signal to fibroblasts and convert them to aSMA-

producing myofibroblasts (Xu et al., 2003). AECs also produce higher than normal levels of
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the cytokine platelet-derived growth factor (PDGF) in IPF (Bergeron et al., 2003). PDGF has

been shown to promote fibroblast proliferation (Hetzel et al., 2005).

The dysregulated IPF epithelium may also play a role in cellular recruitment from the
circulation. Fibrocytes are a unique population of blood-borne cells that display a specific
cell-surface phenotype. They are thought to migrate to tissues to support wound healing and
fibrotic tissue repair (Quan et al., 2006). Alveolar epithelial cells express ligands with
corresponding receptors on fibrocytes, the levels of which are increased in IPF lungs

(Mehrad et al., 2007; Andersson-Sjoland et al., 2008; Strieter et al., 2009).

Wnt proteins are also over-expressed in IPF lungs. These soluble glycoproteins are produced
by epithelial cells and deposited locally in an insoluble form after release (Nusse, 2003). A
series of studies led to the identification of Wnt3a as a stimulator of type | collagen
production (Wolters et al., 2014). The related downstream signalling molecule has been

localised in nuclei of fibroblastic foci (Chilosi et al., 2003; Kim et al., 2009).

Several other lines of investigation are currently underway. The matrix in IPF is grossly
modified and it has been shown that the increased stiffness may contribute to increased
levels of pro-fibrotic cytokines, with the potential for a feed-forward auto-amplified loop
mediated by aSMA and COX2 expression (Liu et al., 2010; Booth et al., 2012; Marinkovic et
al., 2012). There are also numerous parallels between the pathogenicity of IPF and cancer,
with CD44 and hyaluronan synthase proposed as mediators of the invasive activated
myofibroblast phenotype seen in IPF (Li et al., 2011). Lastly, a number of recent epigenetic
studies may help to explain the durable phenotypic changes seen in IPF lungs (Pandit et al.,

2010; Rabinovich et al., 2012).

In summary, some important observations regarding the pathogenesis of IPF have been
made. The role of the alveolar epithelial cells and the complex interactions between AEClIIs
and the mesenchymal cells are better understood but the relative importance of the various
molecular mechanisms remains unclear. The current paradigm holds that in a susceptible
individual, a series of subclinical insults damages the alveoli over time. An aberrant repair
response, with excess matrix deposition and architectural remodelling, gives rise to the
typical clinical, radiological and pathological features (Selman et al., 2001; Murray and

Nadel, 2005).
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Much of the current research in IPF is aimed at modifying this aberrant response within the
lungs. Relatively little work has been done to identify the factors responsible for the initial

damage.
Aetiological factors

The role of several environmental agents has been explored. Cigarette smoking is associated
with the development of IPF. In one study the odds ratio for ever smoking was 1.6 (95% Cl:
1.1 to 2.4) but no clear exposure-response pattern has been demonstrated (Baumgartner et
al., 1997). Epidemiological data also suggests an increased odds ratios for developing IPF
after exposure to birds, livestock and several dusts (Kottmann et al., 2009). Viruses have also
been implicated in the pathogenesis of IPF, including Epstein-Barr virus, human herpes
viruses 7 and 8 and cytomegalovirus (Yonemaru et al., 1997; Tang et al., 2003). To date, no

causative role has been demonstrated for any of these agents.

Over the last forty years a body of evidence has emerged in support of an association
between IPF and gastro-oesophageal reflux disease (GORD). Whilst the data to support a
contributory role for GORD remains at an early stage, evidence for the link between the two
conditions is increasingly persuasive (section 1.3). GORD is common and amenable to
treatment and as a result, it has been identified as a research priority in IPF (NICE, 2013a).
The following sections cover the assessment and treatment of gastro-oesophageal reflux and

aspiration, and explore the link that has been suggested between these conditions and IPF.
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1.2 Gastro-oesophageal reflux and aspiration

Aspiration occurs when oesophageal or oropharyngeal contents penetrate the larynx and
then cross the glottis into the trachea, Figure 1-2. Aspiration from the oesophagus is the
result of gastro-oesophageal reflux of material originating from the stomach and/or
duodenum. The possibility that reflux might contribute to the pathogenesis of interstitial
lung disease has been considered for over forty years (Pearson and Wilson, 1971).

Figure 1-2. Schematic anatomy of the mouth, pharynx and upper aerodigestive tracts. Adapted from Cranial
Nerves, 3" edition. (Reproduced from (Pauwells et al., 1998)).
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1.2.1 Gastro-oesophageal reflux disease

Gastro-oesophageal reflux disease (GORD) is defined as reflux that causes troublesome
symptoms, mucosal injury in the oesophagus, or both (Vakil et al., 2006). It is one of the
commonest triggers for medical consultation in the developed world and its treatment
accounts for the biggest single drug expenditure in the NHS. Prevalence estimates vary
widely due to differing disease definitions, but the best estimates lie between 10 and 20% in

the developed world (Dent et al., 2005; El-Serag et al., 2009).

The cardinal symptoms of GORD are heartburn and regurgitation. Heartburn is generally
described as a burning retrosternal pain. It is the result of distal oesophageal acid exposure
(Bredenoord et al., 2013). Regurgitation is defined as the backflow of gastric contents into
the mouth, often with an acidic or bitter taste. Volume regurgitation, vomiting and
dysphagia may also be experienced. Symptoms of extra-oesophageal reflux can arise from
laryngopharyngeal reflux (LPR) or microaspiration. Voice change, pharyngitis, dental decay

and chronic cough can all occur. In a large cohort study of reflux oesophagitis, elderly
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patients had less typical and more-nonspecific symptoms than younger groups (Pilotto et al.,

2006).

Accurate diagnosis can be challenging, as a significant proportion of symptomatic cases are

associated with a normal endoscopy, a condition described as non-erosive reflux disease.

Conversely, up to 20% of patients with endoscopic oesophagitis and/or Barrett’s oesophagus

never experience heartburn (Sloan et al., 1992). Over the years, the concept of the disease

has evolved in light of emerging diagnostic tools, each with their own strengths and

limitations (Table 1-2).

Table 1-2. Evolving techniques with which GORD has been investigated

Era Modality of investigation Abnormality identified Limitation

1940s- Plain radiography Hiatus hernia GORD can occur without
hiatus hernia; hiatus hernia
can exist without GORD

1960s- Upper gastro-intestinal Mucosal inflammation and Non-erosive reflux disease

endoscopy disruption not detected
1970s- Ambulatory pH monitoring Supranormal distal Non-acid and weakly acid
oesophageal acid exposure refluxate not detected

The antireflux barrier

Retrograde flow of gastric contents into the oesophagus is a physiological event that helps to
vent the stomach. The symptoms and signs of GORD can occur when the frequency or
volume of reflux is excessive, or the oesophageal mucosa is hypersensitive or frankly injured.
The balance of factors that predispose to or protect against reflux are essentially
mechanical. On the one hand the oesophagus is largely exposed to the negative pressure of
the chest, whilst the stomach is normally exposed to the positive pressure of the abdomen.
This is the only site within the gastrointestinal tract where a segment of the gut is in
continuity with a distal region at higher pressure. Continuous gastro-oesophageal reflux is
prevented by the structure and function of the gastro-oesophageal junction and the

diaphragm. In addition, peristalsis is a barrier as it returns refluxate to the stomach.
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Extra-oesophageal factors

The diaphragmatic crura are tendinous structures that attach inferiorly to the anterior
aspect of the vertebral column. The right crus forms a sling that surrounds the distal
oesophagus, creating a teardrop-shaped canal known as the oesophageal hiatus. This

structure serves as an extrinsic sphincter.

In normal anatomy, the terminal oesophagus and the proximal stomach are orientated at an
acute angle (Figure 1-3). This configuration is jointly maintained by the orientation of certain
fibres within the wall of the stomach and also by the phreno-oesophageal ligament, running
between the under-surface of the diaphragm and the oesophagus (Atkinson and Sumerling,

1959; Bombeck et al., 1966).

As a result, the terminal portion of the oesophagus is intra-abdominal. Pressure spikes are
therefore transmitted to the oesophageal lumen, preventing a net gastro-oesophageal
pressure gradient and protecting against reflux. In addition, the angle between the
oesophagus and stomach creates a flap-valve mechanism that also prevents reflux (Figure
1-3).

Figure 1-3. The gastro-oesophageal junction. Left: 3D reconstruction, illustrating the intra-abdominal portion

of the terminal oesophagus and its acute angle of entry into the stomach. An endoscope is seen in the
retroflexed position. Right: Endoscopic view in retroflexion. Taken from Hill et al. (1996).
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Lower-oesophageal sphincter

In addition to the external elements, there is a length of tonically contracted circular muscle
within the terminal oesophagus that acts as an intrinsic barrier to reflux. Although the lower
oesophageal sphincter cannot be defined anatomically, manometry reveals a high-pressure
zone of around 1-4cm that behaves as a physiological sphincter (Fox and Bredenoord, 2008).
Relaxation is observed with swallowing and a hypertonic response is seen due to abdominal
compression (bending, straining, coughing) or a drop in intrathoracic pressure (deep
inspiration, sniffing)(Bredenoord et al., 2013). With the development of oesophageal
manometry, the concept of a Transient Lower Oesophageal Sphincter Relaxation (TLOSRs)
was introduced (Mittal et al., 1995). The resting tone of the crural diaphragm is inhibited
due to a vagally mediated reflex triggered by gastric distension (Mittal and Fisher, 1990).

TLOSRs serve to vent gas from the stomach.
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Pathophysiology of GORD

The pathogenesis of GORD relates to the thoraco-abdominal pressure gradient and the

constituents of the antireflux barrier.

With respect to the lower oesophageal sphincter, TLOSRs represent the most important
cause of reflux. In healthy individuals, physiological reflux occurs almost exclusively as the
result of TLOSRs, rather than from defective basal LOS pressure (Dent et al., 1980). In
subjects with GORD, spontaneous reflux across a hypotonic LOS accounts for a greater

proportion of reflux events, but TLOSRs remain the dominant mechanism (Dent et al., 1988).

Historically, the presence of a hiatus hernia was regarded as crucial to the pathogenesis of
GORD. It is now understood that the majority of patients with a hiatus hernia are
asymptomatic(Kahrilas et al., 1999). This may be explained by the action of a strong layer of
endo-abdominal fascia known as the phreno-oesophageal ligament (Cohen and Harris,
1971). Whilst a portion of the stomach can be seen above the diaphragm on an x-ray, its
encasement within this layer maintains the pressure gradient across the gastro-oesophageal

junction.

The presence of a hiatus hernia is, nonetheless, a significant risk factor for GORD. As more of
the stomach moves up into the chest, the flap-valve mechanism is lost. The length of the
sphincter exposed to intra-abdominal pressure is also significant: DeMeester demonstrated
that a low basal LOS pressure and/or a short intra-abdominal sphincter length resulted in a

90% incidence of abnormal GOR (Joelsson et al., 1982).

Post-prandially, an unbuffered “acid pocket” may be demonstrated within the proximal
stomach, sitting above the meal (Beaumont et al., 2010). This results from the absence of
peristaltic contractions in the proximal stomach. In the presence of a hiatus hernia, this

acidic reservoir sits above the diaphragmatic crura, ready to reflux back into the oesophagus.

Above the gastro-oesophageal junction, dysfunction of the oesophageal body may also
predispose to GORD. Prolonged acid clearance correlates with both the severity of
oesophagitis and the presence of Barrett’s metaplasia (Gillen et al., 1987; Singh et al., 1992).
Failed peristalsis and hypotensive contractions can both result in incomplete oesophageal
emptying and prolonged mucosal exposure to refluxate (Kahrilas et al., 1988). Any condition

that chronically increases intra-abdominal pressure will also amplify GOR. Pregnancy is a
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physiological example. The association of obesity has also been proven (Derakhshan et al.,

2012).

Diagnosis of GORD

Given that gastro-oesophageal reflux (GOR) is a physiological occurrence, it is not surprising
that many people regard the milder symptoms of GORD as normal. Self-medication with
over-the-counter treatments is common. For those patients who present to primary care

with symptoms that respond to acid-suppressive medications, no further tests are required.

Patients who present with “alarm” symptoms such as dysphagia, weight loss and
haematemesis require investigation with flexible upper gastro-intestinal video-endoscopy.
The test serves to rule out alternative pathology such as infection, eosinophilic oesophagitis

and malignancy and also to identify oesophagitis and metaplastic change.

Ambulatory monitoring

GORD is routinely diagnosed using 24-hour oesophageal pH monitoring. Stationary
oesophageal manometry is used to accurately locate the lower oesophageal sphincter and
the pH probe is then inserted. The number and duration of pH drops are recorded using an
electronic recording box and compared with values recorded from studies of healthy
volunteers (Zerbib et al., 2005). The patient is asked to record symptom episodes by button-

press so that symptom-event correlation may be calculated.

The major limitation of stand-alone pH monitoring is that weakly acid and non-acid reflux
are missed. The solution to this problem came in the form of combined pH-impedance
monitoring. The addition of 8 metal rings to the catheter allows measurement of the
electrical resistance across 6 oesophageal segments. The resting impedance is that of the
oesophageal mucosa and the passage of liquid and gas can be detected based on their
impedance properties, Figure 1-4. In this way, the timing and proximal extent of any

refluxate may be recorded be it acid, weakly acid or non-acid.
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Figure 1-4. The configuration of impedance and pH catheters within an intraluminal probe. The impedance
drop illustrated is first detected distally before ascending to the most proximal channel. The pH trace,
measured 5cm proximal to the LOS, remains above 4. This recording therefore demonstrates proximal,
weakly acid reflux. [Oesophageal schematic taken from software licensed to MMS International (Enschede,
The Netherlands)].
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1.2.2 Treatment of GORD

The treatment of GORD may be thought of as a ladder, ranging from lifestyle modifications

through to surgery.
Lifestyle

Due to the mechanical nature of GORD, simple measures to address thoraco-abdominal
pressure imbalance are often effective. Weight loss and the avoidance of tight clothing are
advised as appropriate. Late meals should be avoided as oesophagogastric peristalsis is
diminished overnight and the antireflux effect of gravity is also lost. For patients affected by
nocturnal symptoms, elevating the head of the bed may help. Smoking and excessive alcohol
consumption are associated with an increased risk of GORD but there is no evidence that
cessation is helpful in controlling symptoms (Nilsson et al., 2004; Kaltenbach et al., 2006).

Antireflux diets have been marketed but there is no strong evidence to support their use.
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Pharmacological

Non-prescription treatments for GORD include simple antacids (e.g. Rennies) and alginate
raft therapies (e.g. Gaviscon). Simple antacids work to buffer gastric acid, whilst raft
therapies are designed to form a layer on top of gastric contents and provide a mechanical
barrier to reflux. They may also protect the mucus and cells in the oesophagus (Mandel et

al., 2000) .

Acid-suppression therapies provide effective relief from GORD in the majority of patients.
The introduction of histamine type 2 receptor blockers (H2RBs) in the 1970s revolutionised
the treatment of duodenal ulcer disease, but are less effective for GORD. Proton-pump
inhibitors (e.g. Omeprazole) were introduced into clinical practice in the late 1980s and are
far more effective for both symptom control and for the healing of oesophagitis. A
proportion of patients have symptoms refractory to maximum dose PPI, commonly those
with worse oesophagitis (Hetzel et al., 1988). Despite initial treatment success, some
patients will go on to develop breakthrough symptoms, often requiring higher doses to
maintain symptom control. Inadequate acid suppression or the injurious effects of non-acid

components may be responsible (Kauer et al., 1995).

Prokinetics are often used in the treatment of GORD, albeit in the absence of robust clinical
evidence. Cisapride, which accelerates oesophagogastric emptying through increased
acetylcholine release, was proven to be effective as a treatment for GORD (McCallum et al.,
1988). Concerns regarding its cardiac safety profile have since led to its withdrawal in the UK
and elsewhere (Committee on Safety of Medicines, 2000). Domperidone is an
antidopaminergic prokinetic that is also used in GORD, but there is limited evidence to

support its use (Halter et al., 1997; Veldhuyzen van Zanten et al., 2001).

Surgery

Patients with volume reflux and symptoms refractory to maximal medical therapy may be
considered for antireflux surgery. Those reluctant to use PPl therapy lifelong will also be
considered by some surgeons. The majority of procedures are now undertaken
laparoscopically as faster recovery times and lower rates of incisional hernia have been

demonstrated (Peters et al., 2009).

The original antireflux procedure was described in 1956 by Rudolf Nissen and the principles
he set out are still respected today (Nissen, 1956). The gastric fundus is mobilised and
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wrapped around the gastro-oesophageal junction so as to tighten it and anchor it within the
abdomen. In a randomised controlled trial in which 372 patients were followed up for five
years, the remission rates for laparoscopic antireflux surgery and esomeprazole PPI
treatment were equivalent. By the end of the study period, acid regurgitation was more
common in the PPl cohort and dysphagia, bloating and flatulence were more common in the

fundoplication group (Galmiche et al., 2011).

The operation that Nissen originally described is a 360° posterior fundoplication but tailored
wraps have also been used in an attempt to reduce the risk of dysphagia and gas-related
symptoms. Over the last five years, several meta-analyses have compared the outcomes of
anterior partial, posterior partial and total fundoplication. The results are conflicting. Partial
fundoplication may carry a lesser risk of side-effects but the relative treatment efficacy

remains unclear (Ramos et al., 2011; Ma et al., 2012; Broeders et al., 2013).
Novel techniques

A range of innovative techniques has been developed for the treatment of GORD.
Endoscopic options include suturing devices, transmural staplers, and radiofrequency
ablation. Surgical developments include the placement of a flexible band of magnetic beads
and implantation of an electrical stimulator. Initial studies of the surgical techniques have
demonstrated encouraging results but high quality trials with extended follow-up will be

required before uptake is more widespread (Bonavina et al., 2010; Rodriguez et al., 2012).
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1.3 The association of reflux and IPF

Reflux and aspiration have been recognised as precipitants of acute lung injury since early in
the 20™ century but the relevance to chronic lung disease has only been recognised more
recently (Mendelson, 1946). In 1971, Pearson reported six cases of chronic pulmonary
fibrosis within a series of 143 patients with hiatus hernia (Pearson and Wilson, 1971). Mays
later reported that 26 of 48 patients with idiopathic fibrosis had fluoroscopic evidence of
pathological gastro-oesophageal reflux, in comparison with 23 of 270 age-matched controls

(Mays et al., 1976).

El-Serag referred to endoscopic records to provide more robust evidence of the association:
in an analysis of population data, the odds ratio for pulmonary fibrosis in 100,000 patients

with erosive oesophagitis was 1.36 (95% C.l. 1.25-1.48 )(El-Serag and Sonnenberg, 1997).

In a retrospective study, the spatial and temporal patterns of fibrosis were analysed in a
group of patients with IPF. A group of 32 patients was found to have asymmetrical disease
across the right and left lungs. When compared to a control group with more symmetrical
disease, these individuals had high levels of GOR and numerous acute exacerbations. The
authors concluded that asymmetrical IPF may be related to locoregional factors including

reflux (Tcherakian et al., 2011).

Tobin made the first use of ambulatory pH monitoring to compare the rate of GOR in IPF and
other interstitial lung diseases (Tobin et al., 1998). This important study reported that 16 of
17 patients with IPF had abnormal distal and/or proximal acid exposure compared with four
of eight controls. Significantly, only four of the IPF patients with GORD had typical reflux
symptoms such as reflux and heartburn. This finding has been reproduced consistently in
subsequent studies (Raghu et al., 2006a). In addition, Tobin’s report demonstrated proximal
supine reflux to be commonplace. This may have clinical relevance as the resting upper
oesophageal sphincter pressure is lower at night, so transit of refluxate into the oropharynx
would occur more easily (Kahrilas et al., 1987). The significance of the findings was limited
by the sample size and the technique used to site the pH probe; the lower oesophageal
sphincter was identified according to the increase in pH from the stomach to the
oesophagus. In cases of hiatus hernia, this technique can be unreliable (Mattox et al., 1992).
More recent ambulatory pH studies have made use of oesophageal manometry, improving
localisation of the lower oesophageal sphincter and providing data on oesophageal motility
(Savarino et al., 2013).
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Only two of these studies included comparison groups. Raghu et al studied 133 asthmatics
with symptoms of reflux and Soares included 28 connective tissue disease-related ILD
patients (Raghu et al., 2006a; Soares et al., 2011). There was objective evidence of GORD in

68% and 82% of these groups, respectively.

More recently, the concentration of gastroduodenal biomarkers have been analysed in BAL
samples in an attempt to quantify microaspiration. The stomach contains a mixture of
substances including food, acid and bile salts. The physiological origin of these potential
aspirates is illustrated in Figure 1-5.

Figure 1-5. Schematic diagram to illustrate the anatomy of duodeno-gastric and gastro-oesophageal reflux
(Modified from (UPMC, 2015))
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In one study, 40 IPF patients had more gastro-oesophageal reflux and higher levels of BAL
pepsin and bile salts than non-IPF ILD patients and healthy volunteers. Specific
methodological issues limit the significance of these findings. Bile salts were measured using
a commercially available spectrophotometric assay, for which the quoted lower detection
limit was significantly higher than the bile salt concentrations reported in the paper

(Savarino et al., 2013).
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In another recent publication, BAL pepsin concentrations were measured with a
commercially available ELISA and correlated with clinical follow-up data in 54 IPF patients.
The measured pepsin levels in the patients who suffered acute exacerbations during the
study period were significantly higher than the levels seen in the stable group (Lee et al.,

2012).

Cause and effect in reflux and fibrosis

The studies discussed above provide preliminary evidence of an association between GOR
and IPF, but the nature of the relationship remains unclear. GOR may contribute to IPF, but
the possibility that fibrosis causes GORD in people with IPF must also be considered. There
are several mechanisms that could account for this latter relationship: More negative intra-
thoracic pressures are required for inspiration in fibrotic lungs and this amplifies the normal
gastro-oesophageal pressure gradient. Significant intra-thoracic fibrosis may contribute to
the oesophageal dysmotility seen in IPF. This would result in slower oesophageal bolus
clearance and prolonged oesophageal volume exposure, in turn worsening reflux symptoms
and ambulatory pH results. Finally, lung fibrosis may disrupt the relationship of the crural

diaphragm and the lower oesophageal sphincter, weakening the antireflux barrier.

Given the mechanical nature of these effects it may be assumed that more advanced fibrosis

would be associated with more severe reflux. Such a link has never been demonstrated.

Noth studied the link between hiatus hernia and IPF using multidetector CT scanning (Noth
et al.). The study population included 100 patients with IPF, in whom hiatus hernia was
identified more commonly than in control patients. There was no correlation between hiatus

hernia and disease severity, as assessed by lung function tests.

In an important study describing the link between anti-reflux therapy and IPF survival
outcomes, Lee et al also considered radiological disease severity and physiological measures
of thoracic restriction (Lee et al., 2011). GOR medication use was associated with less
radiologic fibrosis and there was no correlation between GOR medication use and thoracic

restriction.

Lastly, studies of ambulatory pH monitoring have failed to correlate IPF disease severity with

objective evidence of reflux (Tobin et al., 1998; Patti et al., 2005; Raghu et al., 2006a).

25



The results of these studies are contrary to the hypothesis that pulmonary fibrosis and
mediastinal distortion significantly exacerbate gastro-oesophageal reflux but the evidence is

scarce and indirect. Further study is required to clarify this issue.

Experimental models of microaspiration

The link between gastro-oesophageal reflux, aspiration and lung disease has also been
explored through animal models and in vitro. Early work originated in anaesthetics with the
observation that single large-volume aspiration events were associated with significant
mortality (Mendelson, 1946). Early studies outlined the acute phase pathophysiology
observed in aspiration pneumonitis: in small and medium-size animal models, intra-tracheal
instillation of large volumes of acidic gastric juice resulted in endothelial cell damage,
increased capillary permeability, and scattered intra-alveolar haemorrhage (Teabeaut, 1952;
Greenfield et al., 1969). Several hours later, an acute inflammatory response follows,
comprised primarily of alveolar neutrophils and macrophages. These observations provide a
useful blueprint as to the effects of gastric aspiration into the lungs, but the volumes instilled

limit their relevance to chronic microaspiration.

In a pig model, Popper et al described the longer term effects of aspiration in addition to the
administration of putative treatments (Popper et al., 1986). Twelve pigs had gastric juice
instilled into the right main bronchus and a further nine were given either hydrochloric acid,
pepsin (either dissolved or neutralised) or bicarbonate-buffered gastric juice. In the

IH

“experimental” arm of the study, a further 25 animals were treated with acid suppression

therapy, antacids or kallikrein inhibitor before or after gastric juice aspiration.

The initial insult involved necrosis of pneumocytes and bronchial epithelial cells.
Inflammation was propagated via the complement cascade and arachidonic acid
metabolites. Macrophages predominated in the early cell response and later, fibroblasts and
myofibroblasts were seen. The neutralisation of gastric juice did not prevent the
development of lung fibrosis and aspiration of both hydrochloric acid and pepsin also
resulted in lung fibrosis. Consistent with the findings of a previous experiment in dogs
(Schwartz et al., 1980), the work by Popper was one of the earliest reports to suggest that
acidity may not be critical to the lung damage observed in aspiration syndromes. The same
conclusion has been reached in studies employing models of chronic aspiration and

alloimmunity (Hartwig et al., 2006; Downing et al., 2008).
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The link with aspiration has been supported by the findings of more recent studies. Amigoni
et al developed a low mortality mouse model in which repeated small volume aspirates
resulted in scar formation that was histologically evident at 2 weeks post injury (Amigoni et
al., 2008). More recently, Samareh Fekri et al used another mouse model to demonstrate
that repetitive acid aspiration resulted in an increase in TGF-B1 in the bronchoalveolar
lavage fluid, with associated increases in fibronectin and type Il and IV collagen (Samareh

Fekri et al., 2014).

The mechanisms driving this fibrosis were partially elucidated by Appel et al (2007). 48 rats
underwent weekly instillation of either gastric juice or normal saline for up to 16 weeks. In
this study, gastric juice resulted in giant cells, fibrosis and lymphocytic bronchiolitis. There
were higher macrophage and T cell concentrations, an increased CD4:CD8 T cell ratio and
higher concentrations of IL-1a, IL-1B, IL-2, TNFa and TGFpB, suggesting a TH1 cytokine-
dominated profile. The authors propose that the resultant lymphocyte trafficking and
activation could make for an inflammatory milieu, with the individual’s response influencing
the phenotypic response in the lung. Most patients would respond with a normal reparative

response whereas others may be more prone to persistent fibrosis.

Interestingly, the inflammatory responses reported in these animal models appear to be
largely localised to the affected lungs. Downing et al subjected rats to weekly aspiration of
isolated components of gastric juice or normal saline (Downing et al., 2008). In addition to
histological evaluation, serum cytokine analysis was reported, which suggested that the

effects of aspiration in the model were localised.

A number of studies have been designed to clarify the effect of specific components of
gastric juice. Particulate food matter has consistently been shown to be harmful and is
generally associated with an intense granulomatous response. The earliest animal studies
concluded that the acidity of gastric juice is a significant factor but more recent studies
provide compelling evidence that the effects of gastric juice aspiration are acid-independent.
Pepsin, even in isolation, appears harmful; a recent report of a rat model of chronic
aspiration suggested that pepsin aspiration resulted in more marked inflammation and
fibrosis than comparable quantities of gastric juice or hydrochloric acid but these findings
have not been widely replicated. The available data on the role of bile acids from rodent
models of aspiration is also conflicting. Some investigators have reported a toxicity profile

that exceeds comparable quantities of gastric juice and provided early descriptions of the
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cytokine pathways that may be responsible (Porembka et al., 1993; Su et al., 2013), whilst
others report a pulmonary response equivalent to the aspiration of normal saline (Downing

et al., 2008).

In a canine model, use of a balloon-catheter to induce upper airways obstruction
demonstrated a significant positive correlation between negative intrathoracic pressures
and acid reflux (Boesch et al., 2005). This small study (n=4) may provide evidence as to how

long-term pressure changes affect gastric aspiration.

Perhaps the most likely explanation to account for these various strands of evidence is that
reflux and fibrosis may both contribute to each other (Brownlee et al., 2010). Ultimately,

clinical trials of the effectiveness of antireflux therapy in IPF are required.
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1.3.1 Pharmacological treatment of GORD in IPF

Published data on the treatment of GORD in IPF come from retrospective studies reporting
on heterogeneous patient groups. To date, two have focused on the medical management of

reflux disease.

In 2006, Raghu reported a series of four patients with IPF who declined conventional medical
therapy with steroids or immunomodulation (Raghu et al., 200