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Role of antifibrotics in the management
of idiopathic inflammatory myopathy
associated interstitial lung disease

Erin M. Wilfong"* and Rohit Aggarwal

Abstract: The antifibrotic therapies nintedanib and pirfenidone were first approved by the
United States for the treatment of idiopathic pulmonary fibrosis in 2014. In 2020, nintedanib
received U.S. Food and Drug Administration (FDA) approval for the treatment of all
progressive fibrosing interstitial lung disease (ILD). Given that a major cause of mortality

and morbidity in the idiopathic inflammatory myopathies (IIM) is progressive interstitial lung
disease and respiratory failure, antifibrotic therapies may be useful as adjuvant to traditional
immunosuppression. However, randomized controlled trials of antifibrotic therapies in |IM are
lacking. The purpose of this review is to (1) summarize the mechanism of action of nintedanib

and pirfenidone in ILD with possible role in IIM-ILD, (2) review the clinical data supporting
their use in interstitial lung disease in general, and more specifically in connective tissue
disease associated ILD, and (3] discuss the evidence and remaining challenges for using

antifibrotic therapies in [IM-ILD.
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Introduction

Introduction to idiopathic inflammatory
myopathies [lIM]-associated interstitial lung
disease (ILD)]

The idiopathic inflammatory myopathies encom-
pass a group of heterogeneous systemic autoim-
mune disorders, including dermatomyositis
(DM), polymyositis (PM), connective tissue dis-
ease associated myositis (overlap myositis), and
the anti-tRNA synthetase syndrome (ARS),
which affect the skin, muscle, and lungs in varia-
ble combinations. These disorders are uncom-
mon, although the prevalence does vary by
geographic region. In the United States and
Sweden, the prevalence has been estimated to be
10-20 per 100,000 persons.’»? A Korean study
reported a slightly lower incidence of 2.3-4.0 per
100,000 persons.?> Several myositis-specific and
associated autoantibodies have been identified,

and each of these autoantibodies is associated
with unique clinical phenotype and prognosis.*

Interstitial lung disease (ILD) is a prevalent end-
organ manifestation of IIM (30-40%) and is sero-
logically strongly associated with two types of
myositis-specific antibodies—anti-synthetase anti-
bodies (Jo-1, PL-7, PL-12, EJ, O]) and anti-mela-
noma-associated protein 5 (MDA5)—as well as
various myositis-associated autoantibodies such as
anti-PmScl, anti-Ku, anti-SSA52, and anti-
U1RNP.4+°¢ IIM-ILD is associated with a high mor-
tality rate.”° One study estimated that 71% of the
mortality in clinically amyopathic dermatomyositis
and 60% of mortality in primary dermatomyositis
was attributable to ILD.10-14 Historically, immuno-
suppressive agents such as azathioprine (AZA),!5
intravenous immunoglobulin,!®!” mycophenolate
mofetil (MMF),!5 rituximab, 1819 and tacrolimus2%-22
have been used to treat IIM-ILD with variable
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efficacy. For MDAS5 disease, rapidly progressive
ILD is a feared and often fatal manifestation.??
Both tofacitinib?* and calcineurin inhibitors20:25,26
have been reported to improve outcomes in MDA5-
associated RP-ILLD. Nonetheless, some patients
still have progressive disease despite immunosup-
pression leading to hypoxic respiratory failure and
death.

The antifibrotic therapies nintedanib and pirfeni-
done were approved in the United States for the
treatment of idiopathic pulmonary fibrosis (IPF) in
2014, and these medications improved survival for
IPF patients.?”26 In March 2020, the FDA
approved nintedanib to treat all patients with pro-
gressive fibrosing interstitial lung disease (PF-ILD).
This approval was based on the phase III double-
blind, randomized controlled INBUILD  trial,
which defined PF-ILD as (1) having a forced vital
capacity (FVC) decline of >10% predicted, (2) an
FVC decline of 5-10% plus either worsening symp-
toms or radiographic progression, or (3) worsening
symptoms with  radiographic  progression.2?
Notably, nearly 25% of INBUILD participants
carried a connective tissue disease (CTD) ILD
diagnosis, including 13.4% rheumatoid arthritis
(RA) ILD and 5.9% systemic sclerosis (SSc) ILD.
Until this approval, patients with CTD-ILD were
managed with immunosuppression alone,30-3¢ and
patients with idiopathic pulmonary fibrosis (IPF)
were managed with the antifibrotic therapies pirfe-
nidone3” and nintedanib.3® The question then
arose, what is the role for combining antifibrotic
therapies with immunosuppression in CTD-ILD.
Nintedanib was proven to be safe and efficacious in
SSc-associated ILD in the phase III double-blind,
randomized controlled, SENSCIS trial, leading to
FDA approval for this indication.?® In addition,
nintedanib seems to have an additive benefit to
mycophenolate mofetil in patients with systemic
sclerosis-associated ILD.%0 However, the role of
antifibrotic in IIM-ILD remains unclear due to lack
of clinical trials. It is also unclear when in the dis-
ease course antifibrotics should be initiated. The
purpose of this narrative review is to summarize the
mechanism of action, clinical trials supporting use
of antifibrotics in ILD, and discuss the potential
role for antifibrotics in IIM-ILD.

Mechanisms of action
Pirfenidone

Pirfenidone was initially developed as an immu-
nomodulatory agent with anti-inflammatory effects,

but its antifibrotic effects strongly contribute to the
efficacy in ILD. In animal models, pirfenidone
reduces T cell activation by dendritic cells,*! sup-
presses macrophage-mediated inflammation,*? and
reduces neutrophil influx.43-** Pirfenidone also sup-
presses inflammatory cytokine production®> to
restore the Th1/Th2 balance through reduction of
interferon-y. Through cytokine modulation, pirfe-
nidone could impact the JAK-STAT% and
NF-kB*7 pathways that are activated in IIM. The
mechanistic effects of pirfenidone are reviewed in
detail by Ruwanpura ez al.48 (Figure 1).

The antifibrotic effects of pirfenidone have also
been investigated using human lung fibroblasts.
Pirfenidone decreased human lung fibroblasts
proliferation and reduced mRNA and protein lev-
els of a-smooth muscle actin and procollagen B.
Transforming growth factor (TGF)-f-mediated
myofibroblast differentiation was also suppressed
by inhibiting Smad3, Akt, and p38 phosphoryla-
tion.* TGF-B induced expression of Hsp47, a
key chaperone for collagen secretion, is also
inhibited by pirfenidone.>° Pirfenidone inhibited
the proliferation, invasion, and migration of
RA-ILD fibroblasts derived from patient lung
biopsies as well as myofibroblast differentiation.>!
As myofibroblasts are commonly observed in
CTD-ILD,>?54 inhibition of myofibroblast differ-
entiation is likely also important in IIM-ILD.

Nintedanib

Nintedanib is a promiscuous tyrosine Kkinase
inhibitor that inhibits Lck, Lyn, and other Src
family kinases in addition to its well-recognized
inhibition of platelet-derived growth factor recep-
tor (PDGFR), fibroblast growth factor receptor
(FGFR), and vascular endothelial growth factor
receptor (VEGFR).55 The oft overlooked Lyn
and Lck inhibition may give nintedanib impor-
tant immunomodulatory effects (Figure 2). Lyn
activates B cells stimulated through the BCR and
provides negative feedback to prevent B cell over-
activation.>% I.ck is critically involved in T cell
activation. When an antigen binds the T cell
receptor (TCR), Lck phosphorylates the cyto-
plasmic tail of the TCR allowing ZAP70 to bind.
Lck then also phosphorylates ZAP70, which trig-
gers further T cell activation. Lck inhibition by
calcineurin inhibitors is beneficial in the treat-
ment of graft wversus host disease.’” Pre-clinical
data also support nintedanib as a potential immu-
nomodulatory agent. Treatment of healthy T
cells with nintedanib inhibited Lck-Y394
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Figure 1. Proposed mechanisms of action for pirfenidone. Pirfenidone’s most recognized mechanism of action

is the reduction of transforming growth factor (TGF)-B1, which leads to a subsequent reduction in TGF-B1-
mediated fibroblast proliferation, myofibroblast differentiation, TGFBR1 signaling/SMAD3 phosphorylation,
and extracellular matrix production. Pirfenidone has also been proposed to (1) reduce platelet derived
growth factor (PDGF) and fibroblast growth factor (FGF) thereby decreasing PDGF/FGF signaling; (2) inhibit
redox reactions to relieve oxidative stress from hydroxyl radicals and mitochondrial dysfunction; (3) reduce
expression of cytokines tumor necrosis factor alpha (TNF-a), interleukin-é, interleukin-8 (IL-8), interleukin
10 (IL-10), interleukin 12 subunit p40 (IL12p40), interferon gamma (IFN-y), and monocyte chemoattractant
protein-1 (MCP1]; and (4) modulate the cellular immune system by reducing macrophage cytokine secretion,
reducing dendritic cell mediated T cell activation, and inhibiting Th1/Th2 polarization.4®

phosphorylation to reduce anti-CD3/anti-CD28
activation and secretion of IFN-y, IL-2, IL-4,
IL-5, IL-10, and IL-12. Interestingly, prolifera-
tion was unaffected.’®5° Additional work is
needed to understand whether nintedanib is
immunomodulatory iz vivo.

The antifibrotic mechanisms of nintedanib are
more clearly elucidated. Wollin ez al9% have
reviewed how nintedanib modulates platelet-
derived growth factor (PDGF), fibroblast growth
factor (FGF), and vascular endothelial growth
factor (VEGF) signaling in IPF to ameliorate pul-
monary fibrosis (Figure 3). Both VEGF and
PDGTF are important in IIM pathogenesis. Higher
levels of PDGF have been linked to lower lung
volumes in juvenile dermatomyositis,®® and
VEGF is upregulated in the muscle of IIM

patients.%2:63 While no i vitro studies of IIM
fibroblasts have been reported, the effects of nin-
tedanib on SSc fibroblasts have been described.
Nintedanib inhibited SSc-lung fibroblasts prolif-
eration and migration in a dose-dependent man-
ner and reduced secretion of type I collagen and
fibronectin. Nintedanib also decreased the con-
tractility of SSc-lung fibroblasts. Interestingly,
nintedanib’s cross-inhibition of other tyrosine
kinases may improve its antifibrotic effects. In a
study of human dermal fibroblasts from healthy
controls and SSc patients, selective inhibitors of
PDGFR, FGFR, and VEGEFR were less effective
than nintedanib at inhibiting fibroblast migra-
tion.%* Given the clinical and pathogenic similari-
ties between SSc-ILD and IIM-ILD, the effects
of antifibrotics on IIM-fibroblasts are likely simi-
lar to those on SSc-fibroblasts.
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Figure 2. Possible immunomodulatory effects of nintedanib. (a) Nintedanib inhibits Lyn, which is involved in
both activation and inhibition of B cell signaling after B cell receptor (BCR) ligation. (b] Nintedanib inhibits Lck,
which phosphorylates ZAP70 and leads to T cell activation.
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Figure 3. Nintedanib inhibits platelet-derived growth factor receptor (PDGFR], fibroblast growth factor
receptor (FGFR), and vascular endothelial growth factor receptor (VEGFR]-2 to impair pulmonary fibrosis. (a)
Nintedanib directly antagonizes PDGFR signaling, which is triggered by binding of PDGF or possibly to a lesser
extent FGF. Nintedanib inhibits FGFR directly and inhibits its signaling molecule, Src. Inhibition of PDGFR and
FGFR decreases proliferation and migration of fibroblasts and myofibroblasts and subsequent extracellular
matrix (ECM) deposition. (b] Nintedanib inhibits both VEGFR2 directly and its signaling molecule, Src, to
mitigate alveolar hypervascularization and angiogenesis.®0
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Clinical evidence for the use of

antifibrotics in IPF

The first evidence of the use of antifibrotics in
interstitial lung disease is from IPF. IPF is a specific
form of chronic progressive fibrosing interstitial
lung disease that predominantly affects older
adults. IPF is histologically characterized by tem-
poral heterogeneity, fibroblastic foci, and honey-
comb scarin the absence of interstitial inflammation,
commonly refers to as usual interstitial pneumonia
(UIP).% After the PANTHER-IPF trial that dem-
onstrated the clear harm of immunosuppression in
IPF,% there were no pharmacologic treatments for
IPF until the approval of the antifibrotic agents pir-
fenidone and nintedanib. The only potential option
was lung transplantation.

Pirfenidone

Initial data for pirfenidone were mixed, which led
to a delay in regulatory approval. Pirfenidone was
first shown to slow IPF in 2010,%7 but the
CAPACITY study of two paired phase III trials of
779 patients had heterogeneous results. While one
trial demonstrated that pirfenidone reduced the
rate of FVC decline at all timepoints beyond 24
weeks, the other showed an initial decline that was
lost at weeks 60 and 72.%8 This discrepancy neces-
sitated the ASCEND study of 555 patients, where
pirfenidone was associated with a reduced decline
in FVC (=164 mL versus —280 mL) and improved
progression-free survival. Pooled data from
CAPACITY and ASCEND showed an overall
mortality benefit of pirfenidone in IPF,37 and pirfe-
nidone was approved by the FDA for IPF in 2014.

Nintedanib
The efficacy for nintedanib in IPF was demon-
strated in the paired INPULSIS-1 and

INPULSIS-2 trials containing 1066 patients.
Patients on nintedanib had a slower rate of FVC
decline compared to placebo in both trials (=115
mL versus —240 mL and —114 mL versus —207
mL), and patients on nintedanib were less likely
to have a >5% decline in FVC.3® While mortality
was not evaluated as part of the initial trial, a sub-
sequent analysis of six pooled clinical trials did
show improved survival with nintedanib.?”
Nintedanib was also found to have a decreased
frequency of acute exacerbations in INPULSIS-2
and a pre-specified pooled analysis, but
INPULSIS-1 did not show a decrease in acute
exacerbations in the initial report.3® The discrep-
ancy in reduced acute exacerbations between

INPULSIS-1 and INPULSIS-2 was subsequently
found to be related to how acute exacerbations
were being reported and analyzed. The initial
analysis used investigator reported acute exacer-
bations rather than adjudicated acute exacerba-
tions. When only adjudicated acute exacerbations
were analyzed, both INPULSIS studies had a
reduced frequency of acute exacerbations on nin-
tedanib.®® Thus, nintedanib reduces both the rate
of FVC decline and frequency of acute exacerba-
tions in IPF. It was FDA approved for this indica-
tion in 2014.

Combination therapy

Given mechanistic differences in pirfenidone and
nintedanib (Table 1), there has been some
thought that these medicines could work syner-
gistically to slow fibrosis. Two small studies have
been conducted to evaluate the safety and efficacy
of combination pirfenidone and nintedanib in
IPF. In a phase IV study evaluating the safety and
tolerability of nintedanib added to background
pirfenidone, 82% of patients completed 24 weeks
of combination treatment. The most common
causes for early discontinuation of combination
therapy were nausea (4.5%), diarrhea (4.5%),
fatigue (2.2%), and weight loss (2.2%). Two
patients had a serious treatment-related adverse
events. While efficacy data are difficult to inter-
pret given the lack of a control group, a prelimi-
nary efficacy analysis found an FVC decline of
0.4% and diffusion capacity of the lung for car-
bon dioxide (DLCO) decline of 1.9% over the
24-week study period.”®

The INJOURNEY study evaluated the effects of
pirfenidone added to background nintedanib. In
this study, 35.8% of patients were unable to toler-
ate combination therapy. While a similar number
of patients reported any adverse event in the com-
bination and nintedanib-only groups (88.7% ver-
sus 88.2%), combination therapy was associated
with more nausea (41.5% wversus 11.8%), vomit-
ing (28.3% wversus 11.8%), upper abdominal pain
(13.2% wversus 7.8%), fatigue (18.9% versus
11.8%), and elevated transaminases to three
times the upper limit of normal (5.7% wversus
0%).7! This study did find, however, that combi-
nation therapy was associated with a smaller
decline in FVC at 12 weeks compared to nint-
edanib alone (—13.3 mL versus —41 mL). While
promising, additional work is required to evaluate
the long-term tolerance and efficacy of combined
antifibrotic therapy.
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Table 1. Proposed mechanisms of action for pirfenidone and nintedanib.

Pirfenidone“8

Nintedanib¢?

TGF-B1
FGF/FGFR
PDGF/PDGFR
VEGF/VEGFR

Modulation of cellular
immunity

ECM deposition

Cytokine modulation

Antioxidant effects

Reduces protein production and mRNA expression
Regulation of FGF expression

Regulation of PDGF expression

None

Reduction of macrophage cytokine secretion
Reduction of T cell activation by dendritic cells
Inhibition of Th1/Th2 polarization

Decreased due to lower levels of TGF-B1

Reduced IL-6, IL-8, IL-10, IL-12p40, IFN-y, TNFa, and MCP1

Reduction of hydroxyl radical oxidative stress
Improved mitochondrial function

None

Inhibits FGFR signaling

Inhibits PDGFR signaling

Inhibits VEGFR signaling

Modulation of BCR signaling via Lyn
inhibition

Inhibition of T cell activation via Lck
inhibition

Decreased due to PDGFR/FGFR inhibition

None

None

BCR, B cell receptor; ECM, extra cellular matrix; FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor; IFN, interferon; IL,
interleukin; MCP1, monocyte chemoattractant protein; PDGF, platelet-derived growth factor; PDGFR, platelet-derived growth factor receptor; VEGF,
vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor; TGFB1, transforming growth factor 1.

Evidence for antifibrotics in all chronic
progressive ILD

Even if the underlying cause of fibrosis varies in
IIM-ILD and IPF, lung scaring and fibrosis may
occur through shared pathways. As reviewed by
Distler er al.,’? the core pathways of fibrosis are
TGF-B, WNT, hedgehog, and PDGF signaling
pathways. Once triggered, these pathways lead to
increased extracellular matrix deposition, myofi-
broblast differentiation, and scar. This concept of
shared fibrotic pathway is further supported by a
study of lung explants, which found no differ-
ences in the levels of PDGF, FGF-2, and VEGF
in IPF, SSc-ILD, or other PF-ILD patients. We
will now review the data from the two major trials
of antifibrotics in non-IPF progressive ILD.73

Pirfenidone

A phase II clinical trial outside the United States
evaluated the benefit of pirfenidone in chronic
progressive unclassifiable interstitial lung dis-
ease.’ Thirteen percent of these patients met
classification criteria for interstitial pneumonia
with autoimmune features,’> and approximately
half of the patients were on mycophenolate
mofetil during the trial. This study found that
patients receiving pirfenidone had a smaller
decrease in FVC; the between group difference
was 95.3 mL (95% CI: 35.9-154.6 mL,

p»=0.002). Patients on pirfenidone were less
likely to have a 10% decline in FVC (OR: 0.42,
95% CI: 0.23—0.84, p=10.01) or 15% decline in
DLCO (OR: 0.25, 95% CI: 0.07-0.93, p = 0.04).
As seen in previous studies, 13% of patients dis-
continued pirfenidone due to treatment-related
adverse events.”* There has been no phase III
clinical trial of pirfenidone in PF-ILD.

Nintedanib

The efficacy of nintedanib in chronic progressive
interstitial lung disease was assessed in the phase III
INBUILD trial, which included 663 patients in 15
countries. Patients were stratified during randomi-
zation for the presence of usual interstitial pneumo-
nia, and most patients had a UIP-like fibrotic
pattern. A significant number of patients did have
CTD-ILD (13.4% RA, 5.9% SSc, 2.9% mixed
connective tissue disease, 3.4% other), but immu-
nosuppression was not permitted. A 4-week wash-
out was required for AZA, cyclosporin A, MMF,
tacrolimus, prednisone >20 mg/day. Nintedanib
was beneficial for both UIP-like and other PF-ILD.
The overall between group difference was 107 mL
(95% CI: 65.4-148.5, p<<0.001). While there was a
trend toward decreased acute exacerbations in the
nintedanib group, this did not reach statistical sig-
nificance (HR: 0.68, 95% CI: 0.46-1.01).2° A sub-
sequent subgroup analysis specifically evaluated the
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Table 2. Safety and tolerability of antifibrotic agents in selective clinical trials.

ASCEND37 INBUILD?? SENCIS40 INJOURNEY”!

Pl Pi Pl Ni Pl MMF Ni Ni+MMF Ni Ni + Pi
Any AET n.r. n.r. 89.4%  95.5% 95%  96% 99% 98% 88.2% 88.7%
Nausea 13.4% 36.0% 9.4% 28.9% M%  16% 32% 31% 11.8% 41.5%
Vomiting 8.7% 12.9% 5.1% 18.4% 9% 12% 26% 23% 11.8% 28.3%
Diarrhea 21.7% 22.3% 23.9% 66.9% 29%  34% 75% 76% 31.4% 37.7%
Abdominal pain n.r. n.r. 2.6% 10.2% 10% 4% 13% 10% 7.8% 13.2%
Fatigue 17.3% 20.9% n.r. n.r. 4% 10% 8% 14% 11.8% 18.9%
Headache 23.1% 25.9% 6.9% 10.5% 6% 1% 7% 12% 2.0% 13.2%
Weight loss 7.9% 12.6% 3.3% 12.3% 5% 3% 16% 7% n.r. n.r.
SAE 24.9% 19.8% 32.2% 32.2% 27%  13% 22% 26% 9.8% 3.8%
Transaminitist 0.9% 2.7% 3.6% 13.0% n.r. n.r. n.r. n.r. 0 5.7%
Treatment discontinuation  10.8% 14.4% 10.3% 19.6% M% 6% 21% 1% 21.4% 35.8%8

AE, adverse event; MMF, mycophenolate mofetil; Ni, nintedanib; n.r,, not reported; Pi, Pirfenidone; PL, placebo; SAE, serious adverse event.
fAdverse events were attributed by adjudicators to being due to pirfenidone, nintedanib, or combination therapy.

*Greater than three-fold the upper limit of normal.
8Unable to tolerate combination therapy.

effect of nintedanib in autoimmune-ILD. This sub-
group analysis found the for 170 autoimmune-ILD
patients, the between group difference in FVC
decline was 104.0 mL, 95% CI: 21.1-186.9. For
patients with idiopathic nonspecific interstitial
pneumonia, some of whom may have had a myosi-
tis-spectrum disease, the between-group difference
was even larger at 141.6 mL, 95% CI: 46.0-237.2
mL.7¢ Based on above results, FDA granted an
approval for use of nintedanib in chronic progres-
sive interstitial lung disease, which is applicable to
many CTD-ILD patients including IIM-ILD.

Evidence for antifibrotic therapies

MMF, AZA, or methotrexate.”” A phase II safety
and tolerability study in SSc-ILD reported stable
FVC and DLCO at 16 weeks, but interpretation
is limited due to the lack of a control group and
short follow-up interval.”®

Nintedanib

The safety and efficacy of nintedanib in SSc-ILD
was demonstrated by the SENSCIS trial. This
phase III trial of 576 patients with SSc-ILD did
allow for concomitant use of methotrexate or
mycophenolate mofetil provided the dose was sta-
ble for the antecedent 6 months. Nintedanib was
associated with slower rate of FVC decline and

in SSc-ILD between group difference of 41.0 mL/year (95%
CI: 2.9-79, p = 0.04). Patients on nintedanib were
Pirfenidone less likely to suffer a >5% change in percent pre-

Pending results of two large randomized con-
trolled trials evaluating pirfenidone in RA-ILD
(NCT02808871) and SSc-ILD (NCT03221257),
data supporting the use of pirfenidone in CTD-
ILD are sparse. A small single-center randomized
trial of 34 patients with SSc-ILD did not detect a
difference in either the % predicted FVC or 6-min
walk test, and the majority of patients were taking

dicted FVC (20.6% wversus 28.5%, OR: 0.65, 95%
CI: 0.44-0.96). While 75% of patients receiving
nintedanib reported diarrhea, only 16% of patients
discontinued therapy compared to 9% in the pla-
cebo group.3® There was no increase in adverse
events when nintedanib was combined with other
immunosuppressive agents or glucocorticoids.”®
Approximately half of the patients in both groups
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were on MMF, and a subgroup analysis found
that patients on combination of MMF and nint-
edanib were less likely to have an absolute decline
in FVC >5% at 52 weeks compared to those on
MMF alone (15% wersus 26%, OR: 0.52, 95% CI:
0.29-0.95). Furthermore, patients on combina-
tion therapy had an absolute annual rate of FVC
decline comparable to the absolute annual rate of
FVC decline in healthy adults.#? While these stud-
ies support the use of combination therapy in SSc-
ILD, they could not assess whether initial
combination therapy or step-up therapy was pre-
ferred. Nevertheless, the study led to FDA
approval of nintedanib in SSc-ILD.

Evidence supporting the use of

antifibrotics in 1IM-ILD

While no large, randomized trials have assessed
the efficacy of antifibrotics in IIM-ILD, smaller
series do exist and imply that antifibrotics may
have benefit in IIM-ILD.

Pirfenidone

The efficacy of pirfenidone in addition to immu-
nosuppression was assessed in one open-label
study of 27 patients with rapidly progressive IIM-
ILD compared to historical controls. While pirfe-
nidone did not improve overall survival, a
subgroup analyses revealed that patients with
subacute ILD (3-6 months duration) had
improved survival compared to historical controls
(44% wersus 90%, p = 0.045). Patients with acute
ILD of less than 3 months duration did not have
a survival benefit. No radiographic differences
were observed among survivors treated with pirfe-
nidone versus immunosuppression alone, and the
authors were unable to assess changes in FVC
due to missing data and patient acuity at time of
enrollment. Notably, three of the survivors did
have to discontinue pirfenidone due to rash, ele-
vated LFTs, and diarrhea, but pirfenidone was
otherwise reasonably well tolerated.8?

Nintedanib

Nintedanib was evaluated in a retrospective study
of IIM-ILD comparing 36 patients treated with
nintedanib plus immunosuppression to 115
patients (historical controls) managed with immu-
nosuppression alone. Included patients had a wide
range of  positive  serologies  including
25.0% + MDAS5, 13.9% +Jol, 25.0% + non-Jol
ARS, and+58.3% Ro-52. After propensity

matching to adjust for age and sex, there were no
differences in the baseline FVC or DLCO between
the treatment groups. Nintedanib was protective
for the development of rapidly progressive (RP)-
ILD (OR: 0.09, 95% CI: 0.15-0.55) and was
associated with improved survival (HR: 0.26, 95%
CI: 0.09-0.75).81

Safety and tolerability of

antifibrotic therapies

Both pirfenidone and nintedanib are taken orally.
Pirfenidone is available in both 267 and 801 mg
tablets. Typically, patients are started on one 267
mg tablet three times daily with food. The dose is
titrated up every week to 534 mg three times daily
during the second week and 801 mg three times
daily during the third week, if tolerated. Nintedanib
is available in both 100 and 150 mg tablets. Most
patients are started at 150 mg twice daily with
food, and the dose can be reduced to 100 mg twice
daily for intolerance. Pirfenidone and nintedanib
require monthly liver function test monitoring for
the first 3 months and every 3 months thereafter.

While adverse events are common with both pirfe-
nidone and nintedanib, only 10-20% of patients
discontinue these medications due to adverse
events. Table 2 summarizes the frequency of
adverse events in several representative clinical tri-
als of both pirfenidone and nintedanib. The most
common adverse events for both agents are nau-
sea, vomiting, and diarrhea. In many causes, tak-
ing these medications with food can improve GI
tolerance. Mild to moderate diarrhea can fre-
quently be improved with antidiarrheal medica-
tions such as loperamide. Should moderate
diarrhea persist despite antidiarrheal medicines
(>4 bowel movements per day), dose reduction
can be considered. Significant elevation of
transaminases does occur in a minority of patients,
so routine monitoring with liver function tests is
important. While diarrhea is common with both
mycophenolate mofetili and nintedanib, the
SENSCIS trial showed a similar frequency of diar-
rhea treated with either combination or nintedanib
monotherapy. Given these data, safety and tolera-
bility of these agents seem reasonable, especially as
a treatment for life-threatening progressive ILD.

Remaining challenges and

unanswered questions

The antifibrotic agents pirfenidone and nintedanib
have proven efficacy in idiopathic pulmonary
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Diagnosis of IIM-ILD

.

Mild to Moderate Disease
(not requiring oxygen or
inpatient admission)

v

Severe Disease
(New oxygen requirement)

.

.

Life-threatening
(Inpatient admission for
hypoxic respiratory failure)

1 mg/kg/day prednisone (up to 60 mg)
+ AZA or MMF*

1 mg/kg/day prednisone (up to 60 mg)
or IV pulse methylprenisolone
+ MMF or rituximab*
+ Consider IVIG

Monitor PFTs
and ambulatory
oximetry every

3 months

No Aworsening

High risk
features for
progression?

IV pulse methylprednisolone
+ Rituximab +/- tacrolimus* +/- CYC
+ Strongly consider IVIG
+ Consider lung transplantation
? Consider nintedanib for RP-ILD

! }

}

hSignificant MDAS5 Miqimal.
oneycomb Disease physiologic|
changes reserve

v

? Consider early anti-fibrotics to
improve patient outcomes

Continue Escalate Immunosuppression +
Immunouppression | | ? Consider antifibrotic therapy
Alone for possible additive benefit

Figure 4. Possible role of antifibrotics in the management of IIM-ILD. Schematic of how antifibrotics might be employed in the
management of IIM-ILD. Key outstanding questions are (1) efficacy of upfront antifibrotic therapy in all patients both in the mild-
moderate category to improve outcomes, (2) efficacy of early initiation of antifibrotics to prevent ILD in high-risk patients (e.qg.
+MDADb5 or Ro52), (3) efficacy in severe/rapidly progressing ILD to improve survival, and (4] at failure of induction or maintenance

therapy for additive benefit and to slow progression.

*Tacrolimus could be considered as a first-line agent for the management of MDAS + dermatomyositis with ILD in the outpatient setting; tofacitinib
could be considered as early therapy in life-threatening MDA5+ disease.

fibrosis,37:3® and nintedanib is safe and effective in
chronic progressive ILD and specifically in SSc-
ILD.?® In addition, subgroup analyses demon-
strated that nintedanib had additive benefit to
MMF in SSc-ILD.# Given the evidence for shared
fibrotic pathways in progressive interstitial lung
disease irrespective of the disease type,’?73 antifi-
brotic therapies are promising therapeutic adjuncts
in IIM-ILD, but several considerations remain.

First, the mechanisms of action are different for
pirfenidone and nintedanib, and these medica-
tions may not be interchangeable. We should gain
additional insight into the efficacy of pirfenidone
in CTD-ILD once the trials in RA-ILD
(NCT02808871) and SSc-ILD (NCT03221257)
are reported. Nintedanib has shown efficacy in a
dedicated randomized trial in systemic sclerosis

and in a subset of CTD-ILD patients taking part
in a larger study on chronic progressive ILD.

Second, and most importantly, immunosuppres-
sion can improve lung function in IIM-
ILD15:17-20.22 gnd should remain first-line therapy.
In clinical trials, antifibrotic agents slow the
decline of FVC loss, but have not demonstrated
any significant improvement in pulmonary func-
tion. For this reason, patients with IIM should
currently be treated aggressively with immuno-
suppression regardless of the initiation of antifi-
brotic agents. A key unanswered question is
whether early antifibrotic therapy would benefit
any subsets of IIM-ILD or should antifibrotic be
reserved in IIM-ILD patients with progressive
disease despite aggressive immunosuppression.
For example, patients with honeycomb changes
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on CT scan at presentation may benefit from up-
front antifibrotic therapy in addition to immuno-
suppressive therapies. Would patients with
MDA-5 who are prone to RP-ILD benefit from
concomitant therapy with nintedanib since this
agent may reduce the risk of RP-ILD? Should
patients presenting with chronic respiratory fail-
ure requiring supplemental oxygen be simultane-
ously treated with immunosuppression and
antifibrotics given advanced fibrosis and lack of
pulmonary reserve? While Figure 4 shows poten-
tial roles of antifibrotics in IIM-ILD, additional
studies are needed to determine how antifibrotics
should be employed in clinical practice and
whether a particular antifibrotic is best for certain
clinical scenario.

Conclusion

Pirfenidone and nintedanib have proven efficacy
in IPF, and nintedanib has proven efficacy in
chronic progressive ILD and specifically in SSc-
ILD. While antifibrotics are promising adjuvants
in IIM-ILD, additional studies are needed to elu-
cidate the timing and ideal patient population for
these medications.
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