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ABSTRACT We sought to assess whether laparoscopic anti-reflux surgery (LARS) is associated with
decreased rates of disease progression in patients with idiopathic pulmonary fibrosis (IPF).

The study was a retrospective single-centre study of IPF patients with worsening symptoms and
pulmonary function despite antacid treatment for abnormal acid gastro-oesophageal reflux. The period of
exposure to LARS was September 1998 to December 2012. The primary end-point was a longitudinal
change in forced vital capacity (FVC) % predicted in the pre- versus post-surgery periods.

27 patients with progressive IPF underwent LARS. At time of surgery, the mean age was 65 years and
mean FVC was 71.7% pred. Using a regression model, the estimated benefit of surgery in FVC % pred
over 1year was 5.7% (95% CI —0.9-12.2%, p=0.088) with estimated benefit in FVC of 0.22 L (95% CI
—0.06-0.49 L, p=0.12). Mean DeMeester scores decreased from 42 to 4 (p<0.01). There were no deaths in
the 90 days following surgery and 81.5% of participants were alive 2 years after surgery.

Patients with IPF tolerated the LARS well. There were no statistically significant differences in rates of
FVC decline pre- and post-LARS over 1 year; a possible trend toward stabilisation in observed FVC
warrants prospective studies. The ongoing prospective randomised controlled trial will hopefully provide
further insights regarding the safety and potential efficacy of LARS in IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic lung disease that usually leads to death within
5 years of diagnosis [1, 2]. While two drugs, pirfenidone and nintedanib, have recently been shown to
reduce disease progression as measured by changes in forced vital capacity (FVC) over 52 weeks,
additional treatment strategies to abort disease progression and enhance survival are needed [3, 4].

Prevention of recurrent insults to the lung epithelium may play a role in preserving lung function [5].
There is increasing evidence to support the concept of abnormal gastro-oesophageal reflux (GOR) and
micro-aspiration in the pathogenesis of IPF [6, 7]. Antacid treatment with proton pump inhibitors (PPIs)
and H2 receptor antagonists is known to suppress acidity of gastric contents, but does not suppress GOR.
Other components of gastric effluent in refluxate, including pepsin, may still reach the lung by
mircroaspiration and cause acute exacerbation of IPF [6-8]. Surgical correction of abnormal GOR may be
an appropriate treatment for patients with IPF to minimise further insults to the lung by refluxate. We
hypothesised that laparoscopic anti-reflux surgery (LARS) would result in a stabilisation or slower decline
of FVC compared to pre-LARS rates of decline among patients with IPF by “preventing” further insults to
the lung by GOR.

Methods

Study population

This was a retrospective cohort study of patients with IPF who were managed and subjected to LARS at
University of Washington Medical Center (UWMGC; Seattle, WA, USA) between September 1998 and
December 2012. Inclusion criteria were IPF patients meeting 2011-published criteria for diagnosis of IPF
who had worsening shortness of breath or cough and >5% decrease in FVC during the preceding year
despite antacid treatment and adoption of lifestyle modifications to reduce GOR, diagnosis of abnormal
acid GOR by 24 h pH study with DeMeester score >14.7 and post-operative pulmonary function tests
(PFTs) measured without an intervening lung transplant. All clinical data were assessed to ensure that
included patients met diagnostic criteria per the 2011 IPF guidelines; patients who entered the study
before publication of the 2011 guidelines were subsequently discussed in multidisciplinary meeting to
ensure that they met 2011 guideline criteria for IPF, and indeed, all did meet the criteria [1]. Exclusion
criteria were patients participating in clinical trials; severe pulmonary hypertension (defined as mean
pulmonary artery pressure >50 mmHg by right heart catheterisation), morbid obesity and other
contraindications to general anaesthesia.

Patient flow and disposition

All patients who met study criteria were evaluated for consideration for LARS at the Center for Esophageal
and Gastric Surgery at the University of Washington. 41 patients with IPF who had abnormal GOR
underwent LARS during the study time period; 14 of these patients underwent surgery as a requirement to
be listed for lung transplantation (in keeping with a policy at our programme to minimise risk of lung
allograft airway complications). Since lung transplant occurred prior to obtaining PFTs post-LARS, these
patients were excluded. Therefore, 27 patients with IPF who underwent LARS and underwent PFTs during
the year following LARS were included. Perioperative care and LARS were performed as per standard of
care for patients undergoing surgery at our centre.

Data collection

Patients were followed based on usual standard of care to monitor disease course. Data gathered for
clinically relevant purposes were analysed retrospectively in accordance with approval by the UWMC
human subjects review board.

End-points

Efficacy end-points were based on longitudinal assessments of FVC (L and % predicted), diffusing capacity
of the lung for carbon monoxide (DLcO) and DLCO % pred obtained pre- and post-LARS. Safety
end-points were perioperative mortality (death within 90 days of LARS) or morbidity with particular
attention to respiratory events. Acute respiratory decline was defined as worsened dyspnoea and
oxygenation requiring more supplemental oxygen than baseline within 90 days of LARS.

Statistical analysis

Baseline characteristics are presented using mean (minimum-maximum) for continuous variables and
counts with percentages for categorical variables. Baseline characteristics were determined at the visit
immediately preceding LARS. PFTs and pH measurements within each patient were compared between
the first assessment post-LARS and the last assessment pre-LARS using a paired t-test.
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The primary analysis was based on a comparison of changes in the trajectory between FVC % pred
measurements pre-LARS and FVC % pred measurements post-LARS. Only spirometry results within
2 years of LARS were included in data analysis. A mixed-effect model was built to estimate the change in
lung function 1 year after surgery compared to standard of care (without LARS). For each patient, there
were up to two measurements prior to surgery and up to three measurements after surgery. In the primary
analysis, a mixed model was used with FVC % pred as the outcome, and the predictor variables included
separate intercept and slope terms for the pre- and post-LARS periods. Time was modelled as the days
prior to or following LARS. Repeated measurements were modelled with a combination of compound
symmetry and autoregressive covariance structure. This model assumes that the correlation between
measurements decreases over time. An estimate statement was used to estimate the expected benefit of
LARS at 12 months following surgery.

Long-term survival was assessed using a Kaplan-Meier analysis. We censored data from all patients not
known to be deceased as of September 1, 2015. p-values <0.05 were considered statistically significant. All data
analyses were performed using SAS 9.3 (Cary, NC, USA) or R software (version 3.0.3; www.r-project.org).

Results

Cohort and baseline demographics

Mean age was 65 years, 55.6% were male and most were former smokers (table 1). Mean FVC and DLCO
(corrected to haemoglobin) were 71.7% pred and 43.7% pred, respectively. Mean#sp time interval between
IPF diagnosis and LARS was 1.7+1.6 years, excluding one outlier value of 13.3 years (the next greatest
value was 5.5 years).

Pattern on high-resolution computed tomography

On high-resolution computed tomography, 15 (55.6%) patients had definite usual interstitial pneumonia
(UIP), eight (29.6%) had possible UIP and four (14.8%) had a pattern inconsistent with UIP. Some of the
patients with UIP had a surgical lung biopsy prior to presentation to our centre. Patients with patterns of
possible UIP and inconsistent UIP were accepted to have IPF in the appropriate clinical setting if the
surgical lung biopsy had features of UIP pattern.

Assessment of GOR

All patients were subjected to 24 h pH monitoring and oesophageal manometry pre-operatively. Three of
the 27 patients who underwent the preoperative 24 h pH monitoring could not tolerate being off antacid
treatment during the 7 days preceding 24 h pH monitoring (required for acid GOR assessment) due to

TABLE 1 Baseline demographics

Subjects 27
Age at surgery years 65 (51-77)
Male 15 (55.6)
BMI kg-m 2 28.5(21.6-36)
Smoking status %

Never-smoker 11 (40.7)

Former smoker 16 (59.3)

Current smoker 0 (0)
Lung physiology features

FVC % pred 71.7 (45-116)

FEV1/FVC 0.78 (0.58-0.88)

Dico® % pred 43.7 (22-70)
Supplemental oxygen usage 13 (48.1)
Initial walk distance m 385.5 (79.2-562)
Surgical lung biopsy 15 (55.6)
IPF diagnosis to LARS yearsT 1.7£1.6
Pulmonary artery pressures mmHg

Pulmonary artery systolic pressure: echocardiogram 34.2 (23-45)

Mean pulmonary artery pressure: right heart catheterisation 21.8 (8-42)
DeMeester composite score 36.2 (1-112.7)

Data are presented as n, mean (minimum-maximum], n (%) or meantsp. BMI: body mass index; FVC:
forced vital capacity; FEV1: forced expiratory volume in 1's; Dico: diffusion capacity of the lung for carbon
monoxide; IPF: idiopathic pulmonary fibrosis; LARS: laparoscopic anti-reflux surgery. *: corrected to
haemoglobin; 1. for 26 patients, outlier value (13.3 years) excluded.
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severe GOR disease symptoms, and pH monitoring was performed while they were on PPI treatment;
these three patients had normal DeMeester scores, but had evidence of GOR by barium oesophagogram
and/or impedance. The other 24 patients had abnormal DeMeester scores >14.7, consistent with abnormal
acid GOR.

Assessment of pulmonary function

Individual patient-level measurements of FVC (L and % pred) are shown in figure 1. The mean time
between the last pre-surgery and first post-surgery FVC assessments was 185 days. Over that period of
time the mean+sp change in FVC (L and % pred) were 0.05+0.25 L (p=0.32) and 1.5£5.6% (p=0.15),
respectively.

Using a regression model, the estimated benefit of surgery in FVC at 1 year post-surgery was 5.7% pred
(95% CI —0.9-12.2%, p=0.088) and 0.22 L (95% CI —0.06-0.49 L, p=0.12). In both cases comparison is
based on the regression estimate of the pre-surgery slope (figure 1).

Perioperative safety

Average post-operative hospital stay was 2 days (range 1-6 days). There were no intra-operative
complications. Within 30 days following LARS four patients had complications: two had dysphagia
requiring readmission and endoscopic dilation; one had nausea requiring readmission; and one had
urinary retention. There were no deaths or acute exacerbations of IPF within the 90 days following LARS.
Two re-operations were noted during the follow-up period: one patient was converted to a Dor, a form of
partial fundoplication, 3 months post-operatively; and one repeat LARS was performed 12 years after the
initial LARS for recurrence of GOR and further deterioration in pulmonary function.

Reassessment of pH following LARS

At ~6 months post-LARS, 20 out of 27 patients underwent repeat pH probe testing. In 19 of these 20
patients, oesophageal pH had normalised with the mean DeMeester score decreasing from 42 to 4
(p<0.01).

Long-term survival
Among the 27 patients in the cohort, 11 died during follow-up. There were no deaths in the 90 days
following LARS and 81.5% of participants were alive at 2 years following LARS (figure 2).

Discussion

The exact pathogenesis of IPF is unclear, but probably involves recurrent injury to alveolar epithelial cells
(AEC) in genetically susceptible patients [5, 9, 10]. Sources of potential injury include chronic
microaspiration of gastro-oesphageal refluxate, cigarette smoking and viral infections [5, 11-14]. While
much investigation has been centred on causes of AEC injury in IPF, our study is the first to assess a
strategy to prevent further injury by surgical intervention. We hypothesised that microaspiration of both
acidic and alkaline GOR plays a role in AEC injury and that surgical intervention to reduce or halt this
process would slow the rate of decline in pulmonary function seen in patients with IPF. Our results
suggest a trend toward decreased rates of decline in FVC following LARS, but did not reach statistical
significance, and therefore are inconclusive. While patients with IPF are generally expected to be at higher
perioperative risk for surgery, in our experience at a single centre LARS was safe in these patients, with no
major adverse events observed.
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Time since surgery years Time since surgery years
FIGURE 1 Change in forced vital capacity (FVC] a) volume and b) % predicted over time pre- and post-

laparoscopic anti-reflux surgery for 27 patients with idiopathic pulmonary fibrosis. Locally weighted
scatterplot smoothing regression curves are shown in in red.
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Up to 90% of patients with IPF have abnormal acid GOR, which is often clinically silent [15, 16]. Analysis
of data from three randomised controlled trials of IPF patients demonstrated that antacid therapy was
associated with a reduced rate of decline in pulmonary function and fewer acute exacerbations of IPF [17].
Stabilisation of pulmonary function with treatment of GOR and longer survival among IPF patients
treated with antacid medications or Nissen fundoplication has been observed in case series and
retrospective studies [18-20]. Acknowledging the low quality of evidence from these and other studies, the
2011 and 2015 guidelines for treatment of IPF made a conditional recommendation for antacid treatment
in all IPF patients [1, 2]. Given that nonacidic components of gastric juice (e.g. pepsin) have been found in
bronchoalveolar lavage fluid of patients with IPF and acute exacerbation of IPF, it is possible that
controlling the presence and volume of any refluxate reaching the alveoli may be preferable to merely
controlling acidity [7, 21].

Among patients with IPF in recent phase III clinical trials, the decline in FVC per year has varied from
190 mL over 60 weeks (PANTHER) to 240 mL per year (INPULSIS) to 280 mL per year (ASCEND) in
patients randomised to the placebo arms [3, 4, 22]. The estimated rate of decline in FVC prior to LARS in
our cohort of patients with IPF was 319 mL per year, worse than that in patients enrolled in recent clinical
trials. By comparison, the estimated decline in FVC over the first year following LARS was 102 mL, a
relatively lesser (but not statistically significant) decline than the observed declines of 114.7 mL and 235 mL
over 1 year of nintedanib and pirfenidone therapy, respectively. Since the rate of decline in FVC among
patients with IPF over the disease course is not linear, our results may simply a represent natural variation
in disease course [3, 4]. While the observed trend warrants further prospective studies in well-designed
studies with controls, we cannot conclude from our study that LARS is effective treatment for IPF.

Patients in our study were, on average, relatively young (mean age 65 years), although this is similar to the
mean age in recent randomised controlled trials of patients with IPF [3, 4, 23]. Mean FVC was relatively
preserved, which is again similar to that seen in recent clinical trials [3, 4, 23]. Similar to findings of these
clinical trials, our results may only be applicable to IPF patients who are similar in age, demographics and
baseline pulmonary function to those in our study, not to all IPF patients. While median survival from
time of diagnosis in IPF is 2-3 years, 81.5% of the patients in our cohort were alive at 2 years following
LARS [1]. Mean time from IPF diagnosis to LARS among patients in our study was 1.7 years. Therefore,
after two additional years of follow-up, our expectation would be that <50% of our cohort would have
survived. However, from our findings we cannot determine whether or to what extent LARS may have
contributed to this survival rate.

Patients with IPF, who are often older and may have comorbid pulmonary hypertension, are at increased
risk of peri- and post-operative complications [24, 25]. While patients with severe pulmonary hypertension
were not subjected to LARS in our study, we did not observe any intra-operative complications, deaths or
acute exacerbations of IPF among patients in our cohort in the 90 days following LARS. This may have
been due in part to our small sample size. Post-operative complications were minimal, and lead to
re-operation in two patients. While LARS was well tolerated among patients with IPF in our study, some
of whom had severe disease, we emphasise that our observations are from a single centre experienced in
management of IPF and LARS. Results of prospective studies in multiple centres are needed to determine
the safety and efficacy of LARS in similar patients with IPF.
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Our study has limitations, including those inherent to retrospective studies without controls. Although our
centre is known to evaluate and manage a large number of patients with IPF, the small number of subjects
in this study can be explained by several factors: 1) selection bias in our sample based on strict inclusion
and exclusion criteria; 2) all patients were required to have a decline in pulmonary function prior to
receiving LARS (any benefit may have been the result of regression to the mean); 3) LARS is not an
approved treatment for IPF, so was performed only in patients willing to undergo LARS based on
documented abnormal GOR and progressive IPF despite treatment with antacids; and 4) the study was
designed specifically to assess disease progression following LARS and to attribute findings to LARS alone,
we eliminated all other patients with confounding factors including concomitant treatment regimens/
participation in clinical trials that could potentially modulate disease progression and changes in PFTs
[26]. Additionally, PFTs were not collected at set time intervals, as would be the case in a prospective
study. That acknowledged, there were no other changes in treatment regimen among patients in our study
population over the time period of interest. None of the patients in our cohort were participating in the
PANTHER study or in any other clinical trials; none were taking prednisone >10 mg-day™' or
azathioprine. Since at the time of the study, patients were aware of the potential beneficial effects of
N-acetylcysteine (NAC), we allowed them to take over-the-counter NAC as a supplement, although NAC
has since not been shown to universally affect FVC in IPF [23]. Despite the limitations, some aspects of
our study design may be regarded as relative strengths allowing for consistency in procedures. Regardless,
results from our small sample raise the possibility that LARS could be a treatment strategy for patients
with IPF and abnormal acid GOR. This needs to be investigated further in prospective studies.

Conclusion

We describe a novel treatment strategy to prevent further injury to the fibrotic lung in well-defined
patients with progressive IPF and GORD. Treatment with LARS resulted in normalisation of acid exposure
in the distal oesophagus and was safe and well tolerated in our patient population. We observed a
non-significant trend toward a slower rate of decline in pulmonary function over 1 year post-LARS
compared to the pre-LARS period than that typically seen in patients with progressive IPF, which warrants
further prospective study. It is hoped that the ongoing phase 2 multicentre clinical trial WRAP-IPF (NCT
01982968) will provide additional, necessary insights regarding the efficacy and safety of LARS and
enhance understanding of the management of GOR among patients with IPF.
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