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Aside from IPF, there are no proven therapies for other ILDs with a progressive-fibrosing phenotype
that are effective and have tolerable adverse effects. Clinical studies evaluating the benefits of
antifibrotic therapy in these populations are underway. http://ow.ly/40yL30mOs0q

Cite this article as: Richeldi L, Varone F, Bergna M, et al. Pharmacological management of progressive-
fibrosing interstitial lung diseases: a review of the current evidence. Eur Respir Rev 2018; 27: 180074
[https://doi.org/10.1183/16000617.0074-2018].

ABSTRACT A proportion of patients with interstitial lung diseases (ILDs) are at risk of developing a
progressive-fibrosing phenotype, which is associated with a deterioration in lung function and early
mortality. In addition to idiopathic pulmonary fibrosis (IPF), fibrosing ILDs that may present a progressive
phenotype include idiopathic nonspecific interstitial pneumonia, connective tissue disease-associated ILDs,
hypersensitivity pneumonitis, unclassifiable idiopathic interstitial pneumonia, ILDs related to other
occupational exposures and sarcoidosis. Corticosteroids and/or immunosuppressive therapies are
sometimes prescribed to patients with these diseases. However, this treatment regimen may not be
effective, adequate on its own or well tolerated, suggesting that there is a pressing need for efficacious and
better tolerated therapies. Currently, the only approved treatments to slow disease progression in patients
with IPF are nintedanib and pirfenidone. Similarities in pathobiological mechanisms leading to fibrosis
between IPF and other ILDs that may present a progressive-fibrosing phenotype provide a rationale to
suggest that nintedanib and pirfenidone may be therapeutic options for patients with the latter diseases.

This review provides an overview of the therapeutic options currently available for patients with
fibrosing ILDs, including fibrosing ILDs that may present a progressive phenotype, and explores the status
of the randomised controlled trials that are underway to determine the efficacy and safety of nintedanib
and pirfenidone.

Copyright ©ERS 2018. ERR articles are open access and distributed under the terms of the Creative Commons
Attribution Non-Commercial Licence 4.0.
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Introduction

Interstitial lung diseases (ILDs) are a group of rare respiratory, nonmalignant disorders, characterised by
varying degrees of damage to the lung parenchyma via inflammation and fibrosis [1, 2]. While idiopathic
pulmonary fibrosis (IPF) may be regarded as the prototype progressive-fibrosing ILD [3], a proportion of
patients with other ILDs develop a similar progressive-fibrosing phenotype. The pathophysiology in these
patients is characterised by self-sustaining fibrosis and a deterioration in lung function over time, with
worsening respiratory symptoms, resistance to immunomodulatory therapies and ultimately early mortality [1].
Terminology recently used to describe patients with fibrosing ILDs that may present a progressive
phenotype is “progressive-fibrosing ILD” (PE-ILD) [1]. For more information refer to the article by Cortin
et al. [4] in this issue of the European Respiratory Review. Treatment of these fibrotic lung diseases is
associated with a number of challenges including, but not limited to: difficulties in classification and/or
differential diagnosis, variability in the clinical course of the disease, and a need for biomarkers to help
predict disease progression [5]. Immunosuppressive agents are sometimes used off-label in patients with
ILDs, but they may potentially cause interstitial changes that worsen the disease. While corticosteroids
with or without immunosuppressive drugs were historically chosen as first-line treatment, they may not be
effective. Therefore, except for nintedanib and pirfenidone, which have been approved specifically for the
treatment of IPF, there is currently a lack of safe and effective pharmacological treatments to slow disease
progression in ILDs that may present a progressive-fibrosing phenotype [6-8].

Management of IPF

IPF is a fatal disease, its clinical course in the individual patient is variable and, therefore, unpredictable
[9, 10]. The current aims of patient care are to improve outcomes by slowing disease progression and
extending and improving quality of life (QoL) [11]. Antifibrotic treatments are usually prescribed with the
aim to slow down disease progression [12]. The most recent international evidence-based guidelines issued
by the American Thoracic Society, the European Respiratory Society, the Japanese Respiratory Society and
the Latin American Thoracic Association provide conditional recommendations for the use of two
antifibrotic treatments, nintedanib and pirfenidone, which have been shown to reduce the decline in lung
function in patients with IPF [6, 11, 13-15]. The same guidelines provide strong recommendations against
the use of ambrisentan, anticoagulants, the combination of prednisone, azathioprine and N-acetylcysteine
(NAC) and imatinib [6, 11]. The guidelines also make conditional recommendations against the use of
dual endothelial receptor antagonists, NAC monotherapy and sildenafil [6, 11].

Nintedanib

Nintedanib is a small, potent, oral intracellular tyrosine kinase inhibitor, which inhibits downstream signalling
pathways involved in fibrogenesis [16-18]. Nintedanib competitively binds to the adenosine triphosphate
binding pocket of these receptors inhibiting the activation of the platelet-derived growth factor receptor,
vascular endothelial growth factor receptor and fibroblast growth factor receptors signalling cascades, which
are critically involved in the proliferation, migration and differentiation of lung fibroblasts/myofibroblasts, the
hallmark cells in the pathology of IPF [7, 16-18]. In addition, nintedanib has also been shown to inhibit
nonreceptor tyrosine kinases of the Src family including Src, Lck and Lyn [16, 17]. Lek inhibition may reduce
downstream signalling of human T-cell receptors to reduce the release of immune-stimulating and profibrotic
mediators such as interferon-y and several other interleukins [19]. This inhibition may be particularly
important in the treatment of connective tissue disease-associated ILDs (CTD-ILDs) [19, 20].

Approval of nintedanib

In 2014, nintedanib was approved for the treatment of IPF in the USA by the Food and Drug
Administration, and in Japan and Europe in 2015 [7, 21, 22]. The conditional recommendation for the use
of nintedanib in international guidelines was based on the outcomes from three clinical studies,
TOMORROW, INPULSIS-1 and INPULSIS-2 [6, 13, 14]. The phase II TOMORROW trial showed that
nintedanib, 150 mg twice daily, effectively reduced the rate of decline in forced vital capacity (FVC) by
68.4% versus placebo (60 mL and 190 mL, respectively; p=0.01) (figure la) [12]. Outcomes from
INPULSIS-1 and INPULSIS-2 trials showed that the annual rate of decline in FVC was significantly
reduced in the nintedanib group compared with placebo (INPULSIS-1: 125.3 mL-year ' (—114.7 mL-year '
and —239.9 mL-year™', respectively; p<0.001); INPULSIS-2: 93.7 mL-year ' (—113.6 mL-year ' and
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FIGURE 1 Annual rate of change from baseline over time in forced vital capacity (FVC) in the a) phase || TOMORROW [12], b) phase IIl INPULSIS-1 [13]
and c) INPULSIS-2 [13] studies. #: p=0.01; ***: p<0.001.

-207.3 mL-year_l, respectively; p<0.001)) (figure 1b and c) [13]. All trials showed that nintedanib had a
reasonable safety profile, with gastrointestinal events, particularly diarrhoea, being the most commonly
reported adverse events (AEs).

A pooled and meta-analyses of the TOMORROW and INPULSIS studies demonstrated that nintedanib
150 mg twice daily consistently slowed disease progression and was also associated with a reduction in the
risk of acute IPF exacerbations, maintenance of health-related QoL and reduction in the risk of all-cause
mortality [19]. Diarrhoea was the most commonly reported AE in the nintedanib treatment group [10].
Based on the outcomes of these clinical studies, the recommended daily dose of nintedanib for patients
with IPF is 150 mg twice daily, administered every 12 h, with the option to reduce the dose to 100 mg
twice daily to manage side-effects [7].

Pirfenidone

Pirfenidone is an oral agent that has been shown to have anti-inflammatory, antioxidative and antiproliferative
properties in a number of cellular and animal models of inflammation and fibrosis [23]. In several models
of inflammation, pirfenidone has been shown to reduce secreted levels of bioactive and cell-associated
tumour necrosis factor (TNF)-o after stimulation with a lipopolysaccharide [23]. However, how
pirfenidone exerts its antifibrotic and anti-inflammatory properties has not yet been fully established [23].

Approval of pirfenidone

Pirfenidone was approved in Japan in 2008 (Pirespa; Shionogi & Co., Ltd, Japan) [24] for the treatment of
IPE, in Europe in 2011 (Esbriet; Roche Registration GmbH, Switzerland) for patients with mild-to-moderate
IPF and in the USA in 2014 (Esbriet; Roche, USA) [25] for patients with IPF [24, 26]. The conditional
recommendation in international guidelines for the use of pirfenidone in patients with IPF was based on the
outcomes of three phase III clinical studies, CAPACITY-004, CAPACITY-006 and ASCEND [6, 15, 27].

Results from the two concurrent phase III studies (CAPACITY-004 and CAPACITY-006) showed that the
mean decline in FVC % predicted at 72 weeks of treatment was significantly reduced with pirfenidone
versus placebo (CAPACITY-004: —8.0% versus —12.4; p=0.001; figure 2a) and the decline in FVC % pred

CAPACITY-004 CAPACITY-006 ASCEND
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FIGURE 2 Mean change from baseline in percentage El)redicted forced vital capacity (FVC) in the a) phase IlI
CAPACITY [27] and b) ASCEND [14] studies. #: n=174; : n=173 *: n=171; §: n=277; f: n=278. Reproduced from
[14] with permission.
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was —9.0% (pirfenidone) versus —9.6% (placebo) (CAPACITY-006: p=0.501; figure 2b) [27]. Pirfenidone
was generally well-tolerated, and no significant treatment group differences were reported in either study
in terms of acute exacerbations (worsening IPF) [27]. In the ASCEND study, at week 52, the proportion of
patients who experienced a decline of 10 percentage points or more in predicted FVC, or who died, was
reduced by 47.9% in the pirfenidone group compared with the placebo group (16.5% and 31.8%,
respectively) (figure 2b) [15]. Gastrointestinal and skin-related events were more common in the
pirfenidone group than the placebo group [15].

Based on findings from these trials, the recommended daily dose of pirfenidone in patients with IPF was
three 267 mg capsules three times daily with food for a total of 2403 mg-day™' [8]. The dose should be
titrated to the recommended daily dose of nine capsules per day over a 14-day period as follows: days 1-7:
one capsule three times daily (801 mg-day '); days 8-14: two capsules, three times daily (1602 mg-day ");
day 15 onward: three capsules, three times daily (2403 mg-day™") [8]. However, the dosing of pirfenidone in
Japan is 1800 mg-day™" lower than in other regions, to account for differences in predicted bodyweights [28].

Management of other ILDs at risk of a progressive-fibrosing phenotype

Idiopathic nonspecific interstitial pneumonia

The prognosis for patients with idiopathic nonspecific interstitial pneumonia (iNSIP) is variable [29, 30],
with 5-year survival rates being ~82.3% [31, 32]. Patients with the cellular subtype of the disease generally
respond to treatment with corticosteroids and immunosuppressive agents, and their prognosis is better
than that of patients with IPF [33]. However, patients with the fibrotic subtype (prominent reticular
changes and traction bronchiectasis according to high-resolution computed tomography (HRCT), evidence
of fibrosis on biopsy, and a lack of lymphocytosis on bronchoalveolar lavage (BAL)) usually fare worse
than those with cellular iNSIP (prominent lymphocytic inflammation evident from BAL and a mixed
NSIP/organising pneumonia pattern) [34]. A number of studies have demonstrated the beneficial effects of
corticosteroid therapy to help stabilise disease in patients with iNSIP. The Korean Interstitial Lung Disease
Study Group surveyed patients with iNSIP treated with or without corticosteroids from 2003 to 2007 to
compare the treatment response group (FVC improvement of >10% after 1 year) with the nonresponse
group (FVC improvement <10%) [35]. Corticosteroid treatment was associated with significant
improvements in lung function over 1 year (FVC 10%; forced expiratory volume (FEV1) 9.8%; diffusing
capacity of the lung for carbon monoxide (DLCO) 8.4%; p<0.001) suggesting that early treatment should be
considered in this patient population [35]. Immune-modulating drugs such as prednisone, azathioprine,
cyclophosphamide and mycophenolate have been used empirically; however, their doses are based on
clinical response as assessed by clinicians rather than evidence from randomised clinical trials [29, 36].

Unclassifiable idiopathic interstitial pneumonia

Between 10% and 38% of patients are believed to have unclassifiable idiopathic interstitial pneumonia [37,
38], which is unclassifiable, despite extensive clinical, radiological and/or pathological examination [5, 39].
Treatment for this patient population is based on the most probable diagnosis after detailed clinic
radiological-pathological case discussions, and considerations of the expected disease behaviour [5, 39].

CTD-ILDs

Rheumatoid arthritis-ILD

The management of patients with rheumatoid arthritis associated-ILD (RA-ILD) continues to be a
challenge, particularly as there are no international guidelines on the management of this specific disease
manifestation [40]. A number of therapeutic agents such as corticosteroids in combination with other
immunosuppressive agents have been suggested as being effective, but no large randomised controlled
trials have been undertaken to guide clinical management of this disease complication [40-42]. Treatment
options for RA-ILD are further complicated by commonly prescribed drugs of proven articular benefit
including methotrexate, leflunomide and anti-TNF-o. agents, being implicated in ex novo occurrence and
acceleration of existing ILDs [41]. Corticosteroids in combination with immunosuppressive agents such as
cyclosporine and cyclophosphamide may help with management of this disease; however, their efficacy in
RA-ILD is usually extrapolated from experience with other CTD-ILDs due to a lack of evidence from
controlled studies [41]. Rituximab and abatacept have been suggested as acceptable therapeutic choices for
patients with RA-ILD; however, randomised studies are warranted to confirm these findings [43, 44].
Pirfenidone, which has proven efficacy in patients with IPF, is currently under investigation as a
therapeutic option for patients with RA-ILD (ClinicalTrials.gov identifier: NCT02808871) [40, 45].

Systemic sclerosis associated-ILD
Over the past 25 years, immunosuppressive therapy has emerged as a treatment strategy for patients with
systemic sclerosis associated-ILD (SSc-ILD), with cyclophosphamide initially the only therapy to be tested
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in randomised controlled trials, the outcomes of which resulted in the European League Against
Rheumatism Scleroderma Trials and Research (EUSTAR) group recommending cyclophosphamide for the
treatment of SSc-ILD [46]. The Scleroderma Lung Study I was the first multicentre, double-blind,
placebo-controlled randomised trial evaluating the efficacy and safety of cyclophosphamide in patients
with symptomatic SSc-ILD to demonstrate that cyclophosphamide improved lung function over a 1-year
treatment period; however, a greater number of AEs were associated with cyclophosphamide than placebo
[47]. Outcomes from a second year of follow-up suggested that the beneficial effects of 1-year of
cyclophosphamide treatment on pulmonary function were no longer apparent at 24 months [48]. The
benefits of cyclophosphamide in managing patients with SSc-ILD were also shown in a long-term,
prospective, controlled study of patients with SSc-ILD randomised to receive cyclophosphamide or
cyclophosphamide plus prednisone for 12 months [49]. After 1year of treatment, FVC % pred was
comparable between both treatment groups. Interestingly in this study, 3 years after the end of treatment
the FVC % pred values were similar to those observed at 1 year, suggesting that cyclophosphamide may
effectively stabilise lung function for longer than 12 months [49].

One safer, less toxic, alternative to cyclophosphamide for the management of several immune-mediated
conditions is mycophenolate mofetil (MMF), with uncontrolled, prospective or retrospective case series
suggesting that it may be effective in stabilising or improving lung function in these patients [46, 50, 51].
In particular, the Scleroderma II study, which was a large, double-blind, randomised, parallel-group study
designed to evaluate the efficacy and safety of MMF compared with cyclophosphamide, which showed that
both treatments were associated with significant improvements in lung function over 24 months [52].
However, as with the Scleroderma Lung Study I, cyclophosphamide was associated with more AEs [52].

Rituximab, a monoclonal antibody directed against the B-cell CD20 antigen is currently under
investigation as a potential treatment option for SSc-ILD, with a number of small, nonrandomised studies
demonstrating its efficacy in these patients [46]. A small study of eight patients receiving rituximab
reported statistically significant improvements in FVC, DLCO and stabilisation of HRCT chest imaging
findings compared with a matched control group [53]. Outcomes from a EUSTAR nested case—controlled
study, in which nine patients had SSc-ILD, showed stable FVC and improved DLCO compared with
baseline at follow-up in patients treated with rituximab [46, 54]. Similar outcomes were reported in a small
retrospective analysis of patients with SSc-ILD receiving rituximab who had failed other
immunomodulatory treatments [55]. Recognising both the potential for rituximab to favourably impact
lung function over the longer term [56] and its acceptable safety profile, prospective, double-blinded,
randomised controlled trials to further assess its efficacy and safety in these patients are warranted [46].
One such randomised, double-blind controlled phase II/III trial is currently underway to investigate the
efficacy of rituximab compared with cyclophosphamide in 116 patients with CTD, including scleroderma,
over 48 weeks [57]. The primary outcome is change in FVC, with secondary outcomes including changes
from baseline in the following parameters: DLCO, QoL, progression-free survival and global disease activity
score [57]. The trial is due to complete in November 2020 [57].

Antifibrotic treatment is also being evaluated for use in SSc-ILD [58, 59]. Preliminary findings from a case
report study in five patients indicated that pirfenidone has shown improvements in FVC in patients with
SSc-ILD [60]. Other treatment options include autologous haematopoietic stem cell transplantation, which
has been designed to “reset” an auto-reactive immune system and ameliorate SSc [46]. Early success of a
number of small phase I and II studies [61-63] has led to the conception of phase II/III multicentre trials
comparing autologous haematopoietic stem cell transplantation to monthly cycles of intravenous
cyclophosphamide in patients with SSc-ILD, suggesting that this may be a viable treatment option for this
patient population [46, 64, 65]. Outcomes from the Autologous Stem Cell Transplantation International
Scleroderma study, a randomised phase III trial comparing the efficacy and safety of haematopoietic stem
cell transplantation (HSCT) and cyclophosphamide, showed a long-term survival benefit despite an early
treatment-related mortality rate and increase in serious AEs [66, 67]. Outcomes from a large phase III
US-based trial comparing myeloablative autologous stem cell transplantation with cyclophosphamide
treatment for severe scleroderma also demonstrated long-term benefits. Improved event-free and overall
survival was observed in patients undergoing HSCT compared with patients receiving cyclophosphamide.
However, toxicity was greater for the HSCT group versus the cyclophosphamide group [68].

Hypersensitivity pneumonitis

Chronic hypersensitivity pneumonitis can often be misdiagnosed as IPF [69]. Currently there are no
approved therapies for hypersensitivity pneumonitis. Management involves identifying and eradicating
the antigen from the patient’s environment [70, 71]. Corticosteroids may be administered for
acute symptomatic relief in those patients with subacute progressive and chronic disease [72]. While
the management of acute/subacute hypersensitivity pneumonitis may be straightforward, chronic
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hypersensitivity pneumonitis does not always respond to corticosteroid treatment [72]. Recent studies have
demonstrated some benefit with immunosuppressive therapy such as MMF or azathioprine with
prednisone. These treatments have been associated with reduced decline in FVC % pred, improved DLCO
and transplant-free survival and a reduction in treatment-related AEs. Prospective randomised studies are
needed to validate their effectiveness in these patients and to fully elucidate their role in the management
of this disease [73, 74].

Sarcoidosis

Systemic corticosteroids can be used to treat the symptoms of sarcoidosis or may be used empirically in
asymptomatic disease. No firm guidelines exist on if, when and how treatment should be initiated, but the
decision to treat is centred around three factors: risk of severe dysfunction or irreversible damage to major
organs, risk of death or the presence of incapacitating, constitutional symptoms [75]. In patients with mild
cough, inhaled corticosteroids may be beneficial, while in patients with parenchymal lung disease between
20 and 40 mg of prednisone daily is recommended for approximately 3 months before tapering to a lower
dose or maintenance therapy [76]. Those patients with persistent symptoms, or progressively worsening
disease may be eligible for additional immunosuppressive therapy [76], such as leflunomide [77, 78],
methotrexate [79] or MMF [80-82]. Each drug has demonstrated some effectiveness in patients with
sarcoidosis; however, these treatments require further investigation in randomised, controlled studies. One
phase II study of the TNF-o inhibitor infliximab in combination with stable background doses of
corticosteroid and/or immunosuppressive therapy, demonstrated statistically significant improvements in
lung function in patients with symptomatic pulmonary sarcoidosis [83]. However, as treatment benefit did
not translate to end-points such as improved QoL, 6-min walking distance or Borg’s CR10 dyspnoea score
on the overall study population, the clinical relevance of this treatment remains unclear [83]. Thus, further
investigations are needed to determine if this is an effective treatment for these patients. Despite the
differences between IPF and fibrotic pulmonary sarcoidosis, the potential exists for antifibrotic agents that
are used for the management of IPF to be evaluated in sarcoidosis [84].

ILDs related to other occupational exposures

Patients diagnosed with ILDs related to other occupational exposures are at risk of developing a
progressive phenotype. These diseases include Coal miner’s pneumoconiosis, asbestosis and silicosis, all of
which are associated with repeated exposure to mineral dust in the work environment [85]. To date, no
favourable interventions have been demonstrated to reverse fibrotic disease progression. Therefore,
management is limited to advising ILD patients to cease working in the environment in which they are
exposed to the mineral dust causing progressive fibrosis [86].

The importance of safe and effective treatments

A significant proportion of patients with fibrosing ILDs that may present a progressive phenotype do not
receive therapy as physicians may consider patients to have either mild or slowly progressing disease or
even end-stage lung disease, while some physicians do not feel that the currently available therapies are
effective or well tolerated [59]. In some countries, there may be no reimbursement for treatment.
Therefore, as there are no established treatment regimens for this patient population, there is an urgent
unmet need for effective, well-tolerated therapies for these patients.

There are a number of clinical and mechanistic parallels between IPF and other fibrosing ILDs that may
present a progressive phenotype [87-89]; for example, IPF and SSc-ILD have some overlapping pathogenic
mechanisms, including lung parenchymal injury and transforming growth factor-pB-mediated fibroblast
activation and myofibroblast accumulation [87-89]. The fibrotic pathways in hypersensitivity pneumonitis
are less well understood, although the fibroblast precursors trafficking to the injured lung and promoting
fibrosis is a mechanism common to both IPF and hypersensitivity pneumonitis [6, 87]. In addition, data
collected for a number of different fibrosing ILDs that may present a progressive phenotype, other than
IPF, indicate that it is the ILD injury pattern and severity of destruction to the lung architecture that have
the greatest impact on patient outcomes. The prognosis and clinical behaviour of ILDs that may present a
progressive-fibrosing phenotype, especially those with a usual interstitial pneumonia pattern are similar to
those seen in IPF [87]. Also, in a significant proportion of patients with progressive-fibrosing ILDs, the
natural history appears to follow a disease course similar to IPF (i.e. worsening symptoms, lung function
and health-related QoL), with variable rates of progression.

The mechanistic and clinical parallels between these pulmonary conditions suggest that the currently
available antifibrotic agents, nintedanib and pirfenidone, may be viable therapeutic options for patients
with progressive fibrosing ILDs other than IPF [1]. In IPF, antifibrotic treatments are usually prescribed
with the aim of slowing disease progression. In fibrosing ILDs with a progressive phenotype, PF-ILD, a
number of studies are underway to assess if antifibrotic treatments could improve outcomes and slow
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TABLE 1 Randomised controlled trials evaluating antifibrotic treatments in patients with interstitial lung disease (ILD)

Study identifier [ref.] Study/phase Patients n  Duration of study  Key primary outcomes  Key secondary outcomes
NCT02597933 [90, 911  Phase Ill SENSCIS (Safety 580 52 weeks Annual rate of decline Change in the mRSS;
and Efficacy of 150 mg in FVC change in SGRQ score;
nintedanib twice daily in change in FVC % pred
Systemic SCleroslS) study and DLco % pred; change
in patients with SSc-ILD in digital ulcer burden
NCT02999178 [1, 921 Phase Il (INBUILD) 663 52 weeks Annual rate of decline Change in K-BILD score;
efficacy and safety of in FVC time to first
150 mg nintedanib twice exacerbation; overall
daily in patients with survival
PF-ILD
NCT03283007 [93] Phase Il trial Not yet 6 months Efficacy in the reduction Efficacy on exercise
(INFINITYx-BOS) recruiting of the rate of decline tolerance; QoL; FEV1
investigating the efficacy of FEV1 decrease; progression of
of 150 mg nintedanib BOS; change in oxygen
twice daily in lung saturation; tolerance in
transplant patients with lung transplant recipients;
grade 1-2 BOS explanatory parameters of
fibrotic pathways
EudraCT 2014~ Phase Il (RELIEF) efficacy 374 48 weeks Absolute change in FVC Time to disease
000861-32 and safety of 2403 mg % pred worsening; changes in
DRKS00009822 oral pirfenidone daily as DiLco, 6MWT distance QoL
[941* add-on to existing scores (SGRQ and
treatment for progressive, EQ-5D); safety and
non-IPF lung fibrosis tolerability
(CTD-ILD; fNSIP;
cHP; ALF)
NCT02808871 [45] Phase Il study of Estimated 52 weeks Composite end-point: Relative decline in DLco
pirfenidone three times 270 (still PFS (>10% decline in (>15%]); FVC % pred
daily (2403 mg) as add-on  recruiting) FVC or death) (>10%]; incidence of
to existing treatment in acute exacerbations,
patients with RA-ILD dyspnoea scores; SGRQ
scores; safety and
tolerability
NCT02958917 [95] Phase Il study of efficacy Estimated 52 weeks Mean change in FVC PFS; >5% mean change
and safety of 2403 mg 40 (still % pred in FVC % pred; acute
pirfenidone daily in recruiting) exacerbations; decrease
patients with fHP in 6MWT distance
NCT02496182 [96] Phase II/Ill study of Estimated 52 weeks FVC at week 26 and Inflammation and fibrosis
pirfenidone 1800 mg or 60 week 52 grade on HRCT using
1200 mg daily as add-on (recruiting Kazerooni scale; 6MWT
to existing treatment in status distance
patients with cHP unknown)
NCT03099187 [97] Phase Il multicentre, 250 24 weeks Rate of decline in FVC Change in FVC % pred;
international, (mL) change in DLco % pred;
double-blind, two-arm, change in 6 MWT
randomised, distance; patient reported
placebo-controlled study outcomes (including
of 2403 mg pirfenidone SGRQ)J; safety and
daily in patients with tolerability
unclassifiable PF-ILD.
Some patients may
continue with MMF
NCT02821689 [98] Phase 4 study of 1800 mg Estimated 52 weeks oS Changes in HCRT
pirfenidone daily as 57 features; pulmonary
add-on to existing (recruiting function
treatment in progressive status
ILD associated with unknown)
CADM
Continued
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Study identifier [ref.] Study/phase Patients n  Duration of study  Key primary outcomes  Key secondary outcomes
NCT02262299 [99] Phase II/Ill European trial ~ Estimated 26 weeks Change in FEV1 Change in FVC; change in
of 2403 mg pirfenidone 80 (still DiLco % pred; change in
daily in patients with BOS,  recruiting) 6MWT distance; change
a European multicentre in BOS grade;
study (EPQS) hospitalisation, survival
and re-transplantation
rates
NCT03385668 [7] Phase Il trial Estimated 52 weeks Absolute change in FVC Treatment emergent
(PIRFENIVAS) of 2403 mg 15 (still % pred AEs; SAEs; cause of
pirfenidone daily in recruiting) death; vital signs; change
patients with pulmonary in absolute FVC % pred;
fibrosis with MPO relative change in FVC %
antibodies or with pred or a decline of FVC
anti-MPO associated <10%; 6MWT distance;
vasculitis percentage change in
Drco; PFS; dyspnoea;
change in chest CT scan
abnormalities; QoL
NCT03260556 [22] Phase IV trial (PirFS) of Estimated 2 years Time until clinical Change in FVC; change in
2403 mg pirfenidone daily 60 (still worsening composite physiologic
in patients with advanced recruiting) index
fibrotic sarcoidosis
NCT03221257 [100] Phase Il trial (SLSII) of 150 18 months Percent change in FVC Change in DLco % pred;

2403 mg pirfenidone plus
3000 mg MMF daily in
2-week intervals

% pred

change in mRSS; change
in transitional dyspnoea
index; change in health

assessment
questionnaire modified
for scleroderma (SHAQ),
SGRQ; change in chest
CT scan abnormalities

SSc-ILD: systemic sclerosis-associated ILD; FVC: forced vital capacity; mRSS: modified Rodnan skin score; SGRQ: St George's Respiratory
Questionnaire; DLco: diffusing capacity of the lung for carbon monoxide; PF-ILD: progressive-fibrosing ILD; K-BILD: King’s Brief Interstitial
Lung Disease questionnaire; BOS: bronchiolitis obliterans; FEV1: forced expiratory volume in 1's; QoL: quality of life; IPF: idiopathic pulmonary
fibrosis; CTD-ILD: connective tissue disease associated-ILD; fNSIP: fibrotic nonspecific interstitial pneumonia; cHP: chronic hypersensitivity
pneumonitis; ALF: asbestos-related lung fibrosis; EQ-5D: EuroQol 5-level questionnaire; RA-ILD: rheumatoid arthritis-associated ILD; PFS:
progression-free survival; fHP: fibrotic hypersensitivity pneumonitis; 6MWT: 6-min walk test; HRCT: high-resolution computed tomography;
MMF: mycophenolate mofetil; CADM: clinically amyopathic dermatomyositis; AE: adverse event; MPO: myeloperoxidase; SAE: serious adverse
event; CT: computed tomography. #: prematurely ended. Reproduced and modified from [87] with permission.

down disease progression. However, it is important to note that these treatments are not intended to
replace the use of drugs targeting the underlying condition, particularly the autoimmune components of
CTD-ILDs. Observational and uncontrolled studies investigating nintedanib or pirfenidone in patients
with these diseases have highlighted potential benefits, leading to initiation of a number of randomised
controlled trials to further investigate these therapeutic agents (table 1) [87].

Nintedanib for patients with ILDs
The mode of action of nintedanib is well established, with outcomes from various studies demonstrating
its consistent antifibrotic and anti-inflammatory activity in various animal models of lung fibrosis, thus
providing a strong rationale for its clinical efficacy in patients with IPF and, therefore, patients with other
progressive-fibrosing ILDs [17, 101].

Nintedanib for patients with fibrosing ILDs that may present a progressive phenotype other than IPF

A phase III, prospective, multicentre randomised, double-blind, placebo-controlled study (INBUILD;
ClinicalTrials.gov identifier: NCT02999178) has been designed to investigate the efficacy and safety of
nintedanib in patients with fibrosing ILDs that may present a progressive phenotype other than IPF over
52 weeks [1]. This study aims to randomise (1:1) 600 patients with PF-ILD other than IPF to receive

https://doi.org/10.1183/16000617.0074-2018 8
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nintedanib twice daily or placebo. The blinded trial will end once the final randomised patient reaches
week 52, and the benefit-risk profile of nintedanib during the study period has been assessed. Should the
benefit-risk be positive then all patients will be given the option to receive open-label nintedanib [1]. As
with the INPULSIS studies, the primary end-point is the annual rate of decline in FVC over 52 weeks. The
absolute change from baseline in the King’s Brief Interstitial Lung Disease questionnaire total score, time
to first acute ILD exacerbation or death, and time to death will also be assessed over 52 weeks [1]. The
estimated study completion date is August 2019 [92].

Nintedanib for patients with SSc-ILD

To date, nintedanib has been shown to effectively inhibit the endogenous and cytokine-induced activation
of SSc fibroblasts with potent antifibrotic effects in various complementary mouse models [102]. A phase
III, randomised, double-blind, placebo-controlled study evaluating the efficacy and safety of nintedanib in
patients with SSc-ILD over 52 weeks (maximum 100 weeks) (SENSCIS; ClinicalTrials.gov identifier:
NCT02597933) is currently ongoing [90]. An estimated 520 patients with a diagnosis of SSc (for <7 years
before screening; <5 years prior to a protocol amendment in January 2017) or ILD (>10% fibrosis of the
lungs on central review) with an FVC > 40% pred and DLCO 30-89% of predicted value receiving stable
background therapy including prednisone (<10 mg-day™') and/or stable therapy with mycophenolate or
methotrexate (=6 months) at the time of study entry will be randomised 1:1 to receive nintedanib 150 mg
twice daily or placebo [90]. The primary end-point is the annual rate of decline in FVC over the study
period, while key secondary end-points include absolute change from baseline in the modified Rodnan
Skin Score and St George’s Respiratory Questionnaire score at 52 weeks. The study will end when the last
patient has completed 52 weeks of treatment and a follow-up visit 28 days later [91].

Pirfenidone for patients with ILDs

While the mode of action of pirfenidone is not yet completely known, its antifibrotic and
anti-inflammatory activities have been well established in a number of IPF clinical trials, thus, making it
another potential candidate for the management of fibrosing ILDs that may present a progressive
phenotype other than IPF [15, 27, 94].

Pirfenidone for patients with fibrosing ILDs that may present a progressive phenotype other than IPF
A phase II, prospective, randomised, placebo-controlled study (RELIEF) had been designed to evaluate the
efficacy and safety of pirfenidone in patients with fibrosing ILDs that may present a progressive phenotype
other than IPF, including collagen-vascular disease-associated lung fibrosis, fibrotic iNSIP, chronic
hypersensitivity pneumonitis and asbestos-related lung fibrosis [94]. The key efficacy end-point was to be
the absolute change in FVC % pred from baseline to week 48, while key secondary end-points include
time to disease worsening, defined as time to clinical deterioration, lung fibrosis-related death, lung
transplant or respiratory hospitalisation, whichever comes first [94]. This study has prematurely ended and
no results are anticipated.

Pirfenidone for patients with SSc-ILD

The open-label, safety and tolerability LOTUSS trial is evaluating pirfenidone use in patients with SSc-ILD.
A total of 63 patients were randomised to receive pirfenidone (conventional up-titration from
801 mg-day”' to 2403 mg-day ') over 2 or 4 weeks [87]. Pirfenidone was associated with an acceptable
tolerability profile, and despite clinical outcomes not being the primary objective of this phase II study,
both the per cent predicted FVC and the DLCO values remained unchanged for the study duration
[58, 87]. The phase III, multicentre, double-blind, parallel-group, randomised and placebo-controlled
Scleroderma Lung Study IIT is evaluating the use of pirfenidone (titrated up to a target dose of 801 mg
taken three times daily) in combination with mycophenolate mofetil (MMF), (titrated up to a target dose
of 1500 mg taken twice daily) every 2 weeks for 18 months in 150 patients with SSc-ILD [100]. The results
of this trial will determine whether the antifibrotic effects of pirfenidone will complement the delayed
anti-inflammatory and immunosuppressive effects of MMF, to produce a significantly more rapid and/or
greater improvement in lung function over time.

Pirfenidone for patients with RA, SSc-ILD, hypersensitivity pneumonitis and unclassifiable fibrosing ILD
A number of phase II trials are also planned or ongoing to assess the efficacy and safety of pirfenidone
either alone or as add-on treatment (table 1). Outcomes from these trials will provide valuable data to help
define the role of this antifibrotic agent in the treatment of these fibrosing ILDs that may present a
progressive phenotype other than IPF [87].
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Conclusions

ILD encompasses a group of many different pulmonary conditions, of which IPF is the classic prototypic
progressive fibrosing form. Clinical data suggest that a significant proportion of patients with other ILDs
may develop an IPF-like progressive fibrosing phenotype. The current treatment regimens for these
patients involve off-label use of corticosteroids and/or immunosuppressive therapies; however, these
treatments are often associated with AEs leading to treatment discontinuation. In addition, these drugs
have an unknown efficacy in patients with ILDs other than IPF; therefore, targeted antifibrotic therapies
might be a valuable alternative. While not intended to replace the use of drugs targeting the underlying
condition, antifibrotic therapies have a promising potential in fibrosing ILDs with a progressive phenotype
(other than IPF), in improving outcomes and slowing disease progression. Both nintedanib and
pirfenidone have demonstrated effective antifibrotic and anti-inflammatory effects in vitro and slowed
disease progression in patients with IPF and are currently being evaluated as therapeutic treatment options
for patients with other fibrosing ILDs that may present a progressive phenotype in the hope of providing a
safe and effective treatment for this large group of patients.
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