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ABSTRACT

Background: Fibrotic hypersensitivity pneumonitis (f-HP) can exhibit a progressive course similar to
idiopathic pulmonary fibrosis (IPF). The lack of diagnostic guidelines and randomised controlled trials in
this population represent a significant unmet need.

Objectives: To describe our clinical experience with antifibrotics in patients with f-HP.

Material and methods: Retrospective study of 30 patients diagnosed with f-HP upon re-evaluation within
a multidisciplinary team discussion of 295 consecutive patients (January 2012 to December 2017) who
had been diagnosed initially with IPF at outside facilities and were referred to our centres.

Results: Pirfenidone was initially administered to 14 (46.7%) patients and nintedanib to 16 (53.3%)
patients. There were 26 (86.7%) males, with mean+sp age 70.2+8.4 years. The annual rate of decline in
forced vital capacity (FVC) % predicted over the 3-year treatment period adjusted for baseline FVC %
pred measurement was 4.2% (95% CI 1.9-6.6%, p=0.001) and 7.5% (95% CI 3.3-11.7%; p=0.001) in
imputation analysis. The annual rate of decline in diffusing capacity of the lung for carbon monoxide
(Drco) % predicted throughout the 3-year treatment period adjusted for baseline Dyco % pred was 5.7%
(95% CI 3.1-8.4%, p<0.001) and 5.8% (95% CI 3.4-8.1%, p<0.001) in imputation analysis. The nature of
adverse events was related to the type of antifibrotic agent administered.

Conclusion: In patients with f-HP receiving antifibrotics there is a statistically significant annual decline in
FVC % pred and Dyco % pred over a period of 3 years. Prospective randomised trials exceeding 1 year are
warranted to determine the long-term efficacy of antifibrotics.
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In patients with fibrotic hypersensitivity pneumonitis receiving antifibrotics, there is a
statistically significant annual decline in FVC % predicted and Dyco % predicted over a period
of 3 years. Prospective randomised trials exceeding 1 year are needed. https://bit.ly/3abhAL9
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Introduction

Currently, there are no guidelines for diagnosis and management of fibrotic hypersensitivity pneumonitis
(f-HP), and thus the management of patients with f-HP is deferred to the clinician’s best judgment. Even
among experienced multidisciplinary teams, agreement levels on diagnosis are variable [1]. HP
pathogenesis is considered to be based on an abnormal exaggerated immune response to persistent inhaled
antigens [2]. Therefore, current treatment consists of corticosteroids and immunosuppressants in addition
to avoidance of further antigen exposure, if identified. Other than recent perspectives, there are no clinical
practice guidelines to date for ascertaining the diagnosis or management of HP [3-7].

The presence of histopathological and/or radiological fibrosis in the context of HP has been robustly
correlated to poor survival in several studies [8-10]. Certain phenotypes of radiological fibrosis, such as
the presence of honeycombing, seem to correlate with even worse survival [11]. Indeed, despite antigen
avoidance and administration of immunosuppressants, some patients with f-HP exhibit a continuous
deteriorating course, resembling the relentless course of idiopathic pulmonary fibrosis (IPF). These
patients present a clear unmet need. IPF and f-HP seem to share common pathogenetic mechanisms
[12, 13]. Thus, the use of antifibrotics in f-HP appears to be a promising option, especially in light of a
recent study showing beneficial effects in patients with non-IPF progressive fibrotic interstitial lung
diseases (ILDs) [14].

The diagnosis of ILDs is a dynamic process requiring close interaction and discussion between
pulmonologist, radiologist and pathologist [15]. The change of diagnosis in light of new data is a
well-observed phenomenon in ILDs. A characteristic example is a change of diagnosis from IPF to HP
[16-18]. In this context we identified 30 patients with f-HP treated only with antifibrotics from a cohort of
295 patients with an initial diagnosis of IPF from the primary physicians, who were referred to our centres
for a second expert opinion. We aimed to describe our clinical experience with antifibrotics in these
patients with f-HP.

Materials and methods

Patients with f-HP receiving antifibrotics were identified retrospectively from a cohort of consecutive
patients referred to the ILD departments of the 1st Respiratory University Clinic of the National and
Kapodistrian University of Athens at the Chest Diseases Hospital Sotiria (Athens, Greece), and to the ILD
department of the Respiratory University Clinic of the University of Crete (Heraklion, Greece) between
January 2012 and December 2017. The study was approved by the institutional review board (27249-20/
11/19). Due to the retrospective nature of the study, no informed consent was required. From a total of
295 consecutive patients who had been diagnosed initially with IPF per 2011 criteria [19] at outside
facilities and were treated with antifibrotics, we identified 38 patients with a final diagnosis of f-HP.
Management solely with antifibrotics continued for 30 patients, while eight received a combination of
antifibrotics and immunosuppression and were excluded from the study (figure 1). Dosing for pirfenidone
was 801 mg three times daily and for nintedanib 150 mg twice daily. Diagnosis of f-HP was established in
the context of multidisciplinary team discussion and further evaluation including bronchoalveolar lavage
(BAL) lymphocytosis, surgical lung biopsy (SLB) and high-resolution computed tomography (HRCT). It
was based on the presence of at least two of the following criteria: identified exposure to a compatible
inciting antigen, presence of mosaic attenuation on HRCT, histological findings supporting the diagnosis
of HP (presence of giant cells, noncaseating granulomas, bridging fibrosis, airway-centred fibrosis) [2-4].
In all cases, where an inciting antigen was identified, successful interventions aiming at antigen removal
were verified. The presence of BAL lymphocytosis >20% was used as supportive of f-HP diagnosis in cases
with inconsistent with a usual interstitial pneumonia (UIP) pattern due to the presence of mosaic
attenuation [18]. The diagnosis of f-HP was established locally in each centre after discussion and integration
of the clinical, radiological and pathological findings in a multidisciplinary conference. Pulmonary
hypertension was defined as right-ventricle systolic pressure >35 mmHg — central venous pressure measured
by echocardiography.

Data analyses and statistical methods

The normality of distribution of continuous variables was examined using the Shapiro-Wilk test.
Continuous variables are presented as meantsp if data followed a normal distribution, or median
(interquartile range (IQR)) if not. Linear mixed models with forced vital capacity (FVC) % predicted
values as the dependent variable, and time (continuous) and baseline FVC % pred as independent
variables, using random intercept and slope with a variety of covariance structures, were fitted to estimate
the annual rate of decline in FVC % pred adjusted for baseline measurement. Information criteria (Akaike
information criterion, Akaike information criterion corrected and Bayesian information criterion) were
used in order to select the appropriate covariance structure of the models. The baseline-adjusted estimates
of FVC % pred at 1, 2 and 3 years are presented along with 95% confidence intervals. Similar analysis was
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FIGURE 1 Flowchart of the study. Multidisciplinary team discussion (MDD) was performed by two
pulmonologists experienced in interstitial lung disease (ILDs), a thoracic radiologist and a pathologist in cases
with available lung biopsy. There was one patient with a usual interstitial pneumonia (UIP) pattern (and
bronchoalveolar lavage (BAL) lymphocytosis >20%), five patients with possible UIP pattern (n=3 with BAL
lymphocytosis >20%) and 24 patients with mosaic attenuation, most (n=16) with “head and cheese sign” (n=6
with BAL lymphocytosis >20%). IPF: idiopathic pulmonary fibrosis; HP: hypersensitivity pneumonitis.

conducted for the estimation of the baseline-adjusted annual rate of decline in D;co % pred over the
3-year treatment period.

In addition, the aforementioned analyses were conducted using imputation for data missing owing to
death. The missing values of FVC % pred due to death were imputed with 30%, while the respective Dy co
% pred values were imputed with 15%. At 2 and 3 years post-baseline, two and four patients had died,
respectively, and their FVC and Djco measurements were imputed. All other missing data were not
imputed.

The statistical analysis was performed using the software package SAS (v9.4; SAS Institute, Cary, NC,
USA); p<0.05 was considered statistically significant.

Results

Demographic characteristics

Among the 30 patients with f-HP receiving antifibrotics, the majority were male (86.4%) with mean+sp
age 70.2+8.4 years; 63.3% were ex-smokers. The median (IQR) antifibrotic treatment duration over the
3-year observation period was 24.0 (12.0-36.0) months. The median (IQR) overall duration of exposure to
nintedanib (n=19) and pirfenidone (n=15) was 24.0 (12.0-36.0) months for each (including the exposure
to the respective treatment after switching from the one agent to the other among the switchers). The
median (IQR) time from treatment initiation until discontinuation/switch among patients initiated on
nintedanib (n=16) and those initiated on pirfenidone (n=14) was 18.0 (12.0-36.0) and 19.0 (12.0-36.0)
months, respectively.

Baseline mean+sp FVC was 74.2+18.3% pred and Djco was 46.9+16% pred. Initially, 14 (46.7%) patients
received pirfenidone and 16 (53.3%) patients received nintedanib. An inciting antigen was identified in 25
(83.3%) patients. SLB was performed in seven (23.3%) patients. The most commonly reported
comorbidities were arterial hypertension and gastro-oesophageal reflux disease, which were present in 13
(43.3%) and 12 (40%) patients, respectively. Coronary artery disease was present in six (20%) patients.
Pulmonary hypertension was identified in nine (30%) patients based on transthoracic echocardiography.
Long-term oxygen therapy was administered to 11 (36.7%) patients. Demographic characteristics of the
study population are summarised in table 1.

Outcome [pulmonary function tests)

The patients’ meantsp FVC % predicted at treatment initiation (baseline) and at the end of 1, 2 and
3 years are shown in figure 2a. The annual rate of decline in FVC % pred over the 3-year treatment period
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TABLE 1 Baseline characteristics of the study population (hypersensitivity pneumonitis

patients receiving antifibrotics)

Patients 30
Age years 70.2+8.4
Sex

Male 26 (86.7)

Female 4 (13.3)
Smoking status

Ex-smokers 19 (63.3)

Never-smokers 11 (36.7)
Antifibrotics

Pirfenidone 14 (46.7)

Nintedanib 16 (53.3)
Identification of inciting antigen 25" (83.3)
Surgical lung biopsy 7 (23.3)
Comorbidities

GORD 12 (40)

Pulmonary hypertension 9 (30)

Arterial hypertension 13 (43.3)

Diabetes 6 (20)

Coronary artery disease 6 (20)
Supplementary oxygen 11 (36.7)
FVC % pred 74.2 £18.3
Dy co % pred 46.9+16

Data are presented as n, meanssp or n (%). GORD: gastro-oesophageal reflux disease; FVC: forced vital
capacity; D co: diffusing capacity of the lung for carbon monoxide. #. avian n=21, house mould n=3,
isocyanate n=1.

adjusted for baseline FVC % pred measurement was 4.2% (95% CI 1.9-6.6%, p=0.001). The adjusted
estimates of FVC % pred at the end of 1, 2 and 3 years are shown in table 2.

The aforementioned analysis was also performed after imputing the missing FVC % pred data due to
death to a value of 30% (figure 2b). The annual rate of decline in FVC % pred over the 3-year treatment
period adjusted for baseline FVC % pred measurement was 7.5% (95% CI 3.3-11.7%; p=0.001). The
baseline-adjusted estimates of FVC % pred at the end of 1, 2 and 3 years are shown in table 2.

Regarding Dj co analysis, results are shown in figure 3a and b and table 2.
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FIGURE 2 Meanzsp forced vital capacity (FVC) % predicted values at 0 (baseline/treatment initiation), 1, 2 and 3 years following treatment with
antifibrotics. a) Analysis based on as-observed (nonimputed) data. Data for all patients were available at 0- and 1-year time points. At 2 years, we
had available data for 17 patients, as two patients had died, and 11 patients had either been lost to follow-up or had not reached this time point.
At 3 years, we had available data for 14 patients, as four patients had died and 12 patients had either been lost to follow-up or had not reached
this time point. FVC % pred values are normally distributed at all time points. b] Analysis after imputing measurements missing due to death.
Missing FVC % pred measurements for patients who died (n=2 at 2 years and n=4 at 3 years) were imputed at a value of 30% pred, considered the
lowest arbitrary value compatible with life. FVC % pred values are normally distributed at all time points.
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TABLE 2 Estimates of the annual rate of decline in forced vital capacity (FVC) % predicted and diffusing capacity of the lung for

carbon monoxide (D co) % pred derived from linear mixed models based on the initial treatment assignment

Patients  Estimated annual rate of decline Baseline-adjusted estimates
1 year 2 years 3 years
FVC % pred based on as-observed 30 4.2 72.4 68.2 64.0
(nonimputed) data® (1.9-6.6); (68.3-76.5)  (64.7-71.6)  (59.6-68.3)
p=0.001
FVC % pred including data imputed due to death” 30 7.5 72.0 64.5 57.0
(3.3-11.7); (68.1-75.9)  (59.4-69.7)  (48.3-65.7)
p=0.001
D\ co % pred based on as-observed 24 5.7 45.0 39.3 33.6
(nonimputed) data* (3.1-8.4); (40.9-49.2)  (34.5-44.2)  (26.9-40.3)
p<0.001
D\ co % pred including data imputed 24 5.8 45.0 39.3 33.5
due to death® (3.4-8.1]; (41.3-48.8)  (35.1-43.5) (27.8-39.3)
p<0.001

Data are presented as n or % (95% Cl), unless otherwise stated. *: linear mixed model using random intercept and slope with unstructured
covariance matrix; T: linear mixed model using random intercept and slope with compound symmetry covariance matrix; six measurements
(n=2 at 2 years and n=4 at 3 years) were imputed to 30% due to death; *: linear mixed model using random intercept and slope with Toeplitz

covariance matrix; &: linear mixed model using random intercept and slope with Toeplitz covariance matrix; n=1 measurement at 3 years was
imputed to 15% due to death.

Adverse events

Both pirfenidone and nintedanib exhibited an acceptable safety profile. The nature of adverse events was
greatly related to the type of antifibrotics administered. The most common adverse event was diarrhoea,
which was observed in nine (30%) out of 30 patients, exclusively in those receiving nintedanib (nine
(56.3%) out of 16). Gastrointestinal upset was observed in four (13.3%) patients: one (7.1%) receiving
pirfenidone and three (18.8%) receiving nintedanib. Photosensitivity was observed in three (10%) out of
30 patients, solely those receiving pirfenidone (three (21.4%) out of 14). Fatigue was reported by three
(10%) out of 30 patients: one (7.1%) out of 14 receiving pirfenidone and two (12.5%) out of 16 receiving
nintedanib. There were no cases of liver toxicity or bleeding. Adverse events were successfully managed in
five (16.7%) patients. In five (16.7%) patients, a dose reduction was required to control adverse events,

a) 100- 47.1£20.2¢ b)  100- 47.1420.2¢
44.6+19.5 41.5+20.6
g0 469%160 37.8+18.8 g0 46.916.0 32.7£19.11
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FIGURE 3 Meanzsp diffusing capacity of the lung for carbon monoxide (D co) % predicted values at 0 (baseline/treatment initiation), 1, 2 and
3years following treatment with antifibrotics. a) Analysis based on as-observed (nonimputed) data. Data for all patients were available at time
0. At 1 year, data were available for 24 patients, as for six patients D| co measurements were not available. At 2 years, we had available data for 17
patients, as two patients had died, and 11 patients had either been lost to follow-up or had not reached this time point. At 3 years, we had
available data for 14 patients, as four patients had died, and 12 patients had either been lost to follow-up or had not reached this time point. D co
% pred values at 0, 2, and 3 years are normally distributed, while values at 1 year do not follow a normal distribution. b} Analysis after imputing
measurements missing due to death. Missing data due to death (n=2 at 2 years; and n=4 at 3 years) were imputed at a D, co % predicted value of
15%, considered the lowest arbitrary value compatible with life. D\ co % predicted values at 0 and 2 years are normally distributed, while values at

1 and 3 years do not follow a normal distribution. #: median (interquartile range (IQR) 43.0 (31.0-58.0)% pred; T: median (IQR) 25.5 (15.0-45.0)%
pred.
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while in another five (16.7%) patients a permanent discontinuation of the drug was necessary. Most of the
patients who underwent drug discontinuation switched successfully to the alternative antifibrotic agent
(four (80%) out of five). In one patient receiving nintedanib, permanent discontinuation was required due
to diarrhoea. This patient did not consent to the initiation of pirfenidone. The incidence and management
of adverse events are summarised in table 3.

Discussion

This is an observational long-term study describing the clinical experience with antifibrotics in patients
with f-HP diagnosed in the context of multidisciplinary team discussion over a period of 3 years. Both
FVC % pred and D;co % pred exhibited a statistically significant annual decline over the course of our
3 year study. However, we must emphasise that the retrospective nature of the study and the absence of a
comparator arm prohibits the drawing of any conclusions over efficacy. We did not perform subgroup
statistical analysis between pirfenidone and nintedanib because of the small size of our cohort and also
due to the fact that four patients switched to the alternative antifibrotic as a result of adverse events.

Both pirfenidone and nintedanib exhibited an acceptable safety profile. The frequency and type of adverse
events are in line with those reported in the approval studies. Reflecting the difficulties in everyday clinical
practice it is worth highlighting that 20% of patients discontinued therapy due to adverse events. The
majority of these patients (80%) were successfully switched to the alternative antifibrotic agent. All patients
were referred to us within 1 month of treatment initiation. Thus, there were no cases of patients
discontinuing treatment early on that could lead to under-reporting of adverse events.

Currently, available empirical treatment for f-HP is limited to the combination of immunomodulating
agents based on small retrospective studies showing functional stabilisation with the use of low doses of
corticosteroids and mycophenolate mofetil or azathioprine [20, 21]. SuiBatA et al. [22] performed a
retrospective study and demonstrated that patients with f-HP (n=23) exhibited significantly improved rates
of decline at 6 months following treatment with pirfenidone compared to those 6 months prior to
treatment initiation (—292+77.8 versus 152+56.1 mL, p=0.047). In contrast to our study, none of the
patients had to discontinue treatment due to drug-related side-effects, yet this was a short-term study and
direct comparisons cannot be made. Matros-ToLEDO et al. [23] demonstrated superiority of pirfenidone as
add-on treatment to corticosteroids compared to azathioprine in quality-of-life parameters, but not in lung
function tests, in a small open-label trial of 1 year duration, involving 22 patients with f-HP.

The classification of idiopathic interstitial pneumonias according to their clinical behaviour can vary from
reversible and self-limited to progressive and irreversible despite therapy [15]. This scheme is applicable to
other ILDs besides idiopathic cases, and f-HP represents a characteristic example given the wide variability
of its pathology patterns and clinical behaviour. There are cases of f-HP with a relentless progression
comparable to the inexorable progression of IPF [11].

Management for patients with f-HP is challenging. While immunosuppression has been used successfully
in a number of patients [21], some patients exhibit a relentless progression. The clear unmet medical need

TABLE 3 Adverse events and their management recorded during the treatment period

Complete cohort Pirfenidone Nintedanib
Type of adverse events 30 14 16
Photosensitivity 3(10) 3(21.4) 0 (0)
Diarrhoea 7% (23.3) 0(0) 9% (56.3)
Liver toxicity 0 (0) 0 (0) 0 (0)
Bleeding 0 (0] 0(0) 0 (0]
Gastrointestinal upset 4 (13.3) 1(7.1) 3(18.8)
Fatigue 3(10) 1(7.1) 2(12.5)
Death 51 (16.7) 2 (14.3) 3(18.8)
Management of adverse events
Symptomatic management 3(12) 0 (0) 5(31.3)
Dose reduction 5 (20) 1(7.1) 4* (25)
Drug discontinuation 5 (20) 3(21.4) 2(12.5)
Switch to alternative antifibrotic 4 (16) 3(21.4) 1(6.3)

Data are presented as n or n (%). #: one patient switched from pirfenidone to nintedanib experienced

diarrhoea which was managed with dose reduction; : death occurred in one patient switched from
pirfenidone to nintedanib and in one patient switched from nintedanib to pirfenidone.
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to manage progressive fibrotic lung diseases led to the double-blind, placebo-controlled, INBUILD study [14].
This study included a heterogeneous population of 663 patients with progressive fibrotic lung disease.
However, a significant number of patients with f-HP participated; specifically 173 patients, 84 in the
nintedanib group and 89 in the placebo group. The study met its primary end-point, which was the annual
rate of decline in FVC as assessed over a 52-week period. The benefit was similar to that observed in the
approval studies of pirfenidone and nintedanib for IPF [24-26], irrespective of the underlying ILD diagnosis
[27]. Subgroup analysis of the INBUILD study did not show any meaningful differences in the effect of
nintedanib versus placebo across all five groups studied, including f-HP [27]. Our data suggest similar
findings, although our study is smaller and not placebo controlled. In the subgroup analysis of the INBUILD
study [27], in the f-HP group, diarrhoea was observed in 70%, abdominal pain in 17% and an adverse event
leading to permanent treatment discontinuation in 19% of patients, while in our study the respective rates
were 56.3%, 18.8% and 12.5%, respectively, in patients receiving nintedanib. In terms of adverse events,
nintedanib exhibited a similar safety profile to that observed in the IPF clinical trials [28].

Similar therapeutic benefits were observed with pirfenidone in 256 patients with progressive fibrotic
unclassifiable ILDs [29]. Finally, the SENSCIS trial of 576 patients with systemic sclerosis-associated ILD
treated with nintedanib [30] demonstrated significant reductions in disease progression with no major
safety concerns. More importantly, in all randomised controlled trials, treatment response rates were more
pronounced in patients with a UIP-like phenotype, extending previous observations indicating similar
prognosis in all UIP-like patterns, irrespective of disease aetiology [11]. These encouraging therapeutic
data underline the necessity to lump progressive fibrotic ILDs on the basis of common disease behaviours
and treatment responses [31].

We acknowledge limitations of our study. This is a retrospective, observational study of patients with f-HP
receiving antifibrotics and it lacks a comparator arm. In addition, our study included a limited number of
patients and therefore rigid conclusions on drug efficacy cannot be drawn. Additionally, considering that
patients with IPF were newly diagnosed and treatment naive, functional data prior to treatment initiation
are unavailable.

Despite the limitations, our study has several strengths. It included exclusively well-characterised patients
with f-HP who were diagnosed in the context of multidisciplinary team discussion in two reference
centres. Most notably, a significant number of patients were followed-up for a period of up to 3 years. This
long period is useful as it provides more solid, clinically relevant information regarding the clinical course
of patients with f-HP under antifibrotic treatment. In conclusion, both antifibrotics exhibited an acceptable
safety profile in patients with f-HP. Despite the administration of antifibrotics, there was a statistically
significant annual decline in FVC % pred and D;co % pred over a 3-year period. Long-term randomised
controlled trials, preferably beyond 1 year, are needed.
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