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Abstract

Purpose of review Systemic sclerosis (SSc) has the highest cause-specific mortality of all
the connective tissue diseases, and interstitial lung disease (ILD) is the number one cause
of death among patients with SSc.

Recent findings Historically, therapeutic agents with widespread immunosuppressive
effects have been used to treat SSc-ILD. However, data from recent landmark clinical
trials in SSc-ILD have affirmed the prior observation that SSc-ILD is a uniquely
heterogenous disease with marked variations in rates of response to immunosuppres-
sive therapy. In the last few years, innovative research studies have advanced our
understanding of the pathophysiology of SSc-ILD and stimulated interest in the
development of novel candidate therapeutics with potential disease-modifying prop-
erties for SSc-ILD. Anti-fibrotics are a new class of drugs that may change our approach
to the treatment of SSc-ILD similar to the paradigm shift that occurred for the
treatment of idiopathic pulmonary fibrosis (IPF). The present review describes the
most recent advances in our understanding of SSc-ILD in the context of lessons learned
from the study of IPF.

Summary The article concludes with an outline of the most important unanswered
questions in SSc-ILD research that could help inform future research efforts in this area.
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Introduction

Interstitial lung disease (ILD), or pulmonary fibrosis,
occurs in the majority of patients with systemic sclerosis
(SSc). Despite being the leading cause of mortality in SSc
[1], ILD as a clinical entity is poorly understood, both
from a pathogenesis perspective and from a treatment
standpoint. The disease course of ILD is heterogeneous
and progression and treatment response rates vary con-
siderably. Current treatments for SSc-ILD non-selectively
target inflammatory pathways and do not consistently
yield disease-modifying effects. Moreover, none of the
existing treatments is curative, yet all possess undesirable
adverse effects.

Advancing the field of SSc-ILD will require new ideas,
research, and innovation, as well as thoughtful reflection
on past treatment failures. Understanding ILD in the
context of diseases other than SSc may provide a unique

Epidemiology

framework to direct future research efforts. In particular,
understanding lessons learned from idiopathic pulmo-
nary fibrosis (IPF) research could help inform the design
of future preclinical and clinical studies in SSc-ILD. IPF is
a progressive fibrotic lung disease with high morbidity
and mortality rates [2].

The present review summarizes the epidemiology,
pathogenesis, disease course, and treatment of both
SSc-ILD and IPF. While highlighting notable similarities
and differences between these two conditions, this re-
view will focus on the emergence of anti-fibrotic agents
as novel therapies with potential disease-modifying ca-
pabilities for both SSc-ILD and IPF. The review will
conclude with an overview of the most important un-
answered questions in SSc-ILD to help stimulate and
energize future research efforts in this area.

The prevalence of ILD in SSc varies across studies. This variation is likely due to
the screening/diagnostic method employed to detect ILD (e.g., pulmonary
function testing [PFT], high-resolution chest tomography [HRCT], pathology,
chest x-ray). Using PFT testing to screen for ILD consistently underestimates the
prevalence of ILD in SSc and pathological diagnosis is seldom performed if the
patient has the characteristic extra-pulmonary signs of SSc (e.g., Raynaud’s
phenomenon, sclerodactyly, positive anti-nuclear antibody) [3, 4]. In a retro-
spective study of 90 patients with SSc followed for an average of 5 years, 62%
developed signs of ILD on HRCT during the course of the study [5]. The
prevalence of ILD based on HRCT is even higher among patients with abnormal
PFTs as demonstrated by one study, in which over 90% of patients with
abnormal PFTs were found to have HRCT-defined fibrosis [6].

Clinical characteristics may enhance the likelihood of developing ILD in SSc.
Factors associated with an increased propensity for ILD in SSc include the presence
of diffuse cutaneous disease and anti-topoisomerase I antibody [7, 8]. However,
the absence of these factors should not preclude proper screening for ILD, as ILD
can occur in a sizable percentage of patients with limited cutaneous disease and in
patients who do not possess an anti-topoisomerase I antibody [7, 9].

The average age of onset for SSc is between 20 and 50 years of age [10]. A large
study of over 1000 SSc patients from Spain found that the mean age of disease
onset was 45 + 15 years [11]. As with most autoimmune disease, there is a female
predominance with a female to male ratio ranging from 3 to 14:1 [12]. This
contrasts with IPF where the majority of patients are male [13, 14]. Among older
patients, IPF is the most common idiopathic interstitial pneumonia [14, 15].

Both SSc (1 in 50-300 million) and IPF are rare diseases [16]. The preva-
lence of IPF varies by region with studies reporting prevalence rates ranging
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from 0.7 to 63 per 10,000 [17]. In a frequently cited American study using the
Medicare database, the incidence of IPF was reported to be 93.7 per 100,000
person-years [18]. Epidemiological studies have demonstrated that the preva-
lence of SSc varies according to ethnicity [19]. The highest prevalence rates have
been reported in the Choctaw Native Americans; whereas the lowest prevalence
rates have been observed in Japanese individuals [19]. ILD itself may occur
more frequently in African-American SSc patients compared with White and
Hispanic SSc patients based on observational studies [20, 21]. It is unclear
whether the prevalence of IPF varies according to ethnicity. Studies suggest that
the prevalence of IPF is highest in America, followed by Europe, and then Asia;
however, methodological differences in study design may account for these
observations [22].

Presenting features

As outlined in Table 1, the presenting signs and symptoms of ILD in SSc and
IPF are strikingly similar. Fatigue, dyspnea, and cough are the three most
common symptoms. Eliciting a history of dyspnea can be challenging in
clinical practice as patients often modify their activities to avoid experienc-
ing breathlessness. On examination, bibasilar crackles can be appreciated,
although early in the course of the disease, these physical examination
findings may not be apparent even to the most experienced practitioner.

The evolution of symptoms varies widely among patients with both SSc-ILD
and IPF. For example, patients with limited cutaneous SSc may not develop
signs and symptoms of ILD for several years after the onset of Raynaud’s
phenomenon. In contrast, patients with diffuse cutaneous SSc typically develop
signs and symptoms of ILD within the first 1 to 2 years after the onset of
Raynaud’s phenomenon.

The symptomatology of IPF can also progress at different rates depending on
when the diagnosis is made. For instance, a chest x-ray obtained as part of pre-
operative evaluation in a patient without pulmonary symptoms may inciden-
tally reveals signs of ILD. When these patients are referred for pulmonary
evaluation, the progression rate may be substantially slower than a patient, for
example, who is referred for pulmonary evaluation when symptoms have
already commenced [23].

Along with a thorough history and examination, a careful review of chest
imaging is essential in the evaluation of any patient with ILD. Reticulation,
traction bronchiectasis, and volume loss are the hallmarks of ILD. On HRCT,
the most common radiographic features of SSc-ILD are subpleural, ground-
glass opacities with linear reticulation and architectural distortion.
Honeycombing is a relatively rare finding in SSc-ILD. In contrast, in IPF,
honeycombing occurs more commonly and the defining imaging features
include peripheral, subpleural, and basilar predominant reticular opacities with
architectural distortion and traction bronchiectasis.

If pathology is available, usual interstitial pneumonia (UIP) is the most
common pattern observed in patients with IPF, while nonspecific interstitial
pneumonia (NSIP) is generally observed in patients with SSc-ILD. Specific
findings on HRCT (e.g., presence and extent of ground-glass opacity) can help
discriminate ILD due to SSc from IPF in the absence of pathology [24].
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Table 1. The presenting signs and symptoms of ILD in SSc and IPF

Presenting features IPF SSc-ILD
Common symptoms Fatigue; dyspnea; cough Fatigue; dyspnea; cough

GERD; Raynaud’s phenomenon;
joint pain; skin tightening

Frequent physical examination Bibasilar crackles; clubbing Bibasilar crackles; sclerodactyly;
findings cutaneous sclerosis; synovitis;
digital ulcers; telangiectasias
Demographic features Male predominance Female predominance
Average age > 65 years Average age 30-60 years
HRCT imaging findings Peripheral, subpleural, basilar Peripheral, subpleural, basilar,
predominance; reticular opacities; symmetrical distribution;
honeycombing; traction bronchiectasis; ground-glass attenuation;
architectural distortion lower lobe volume loss
Histopathological characteristics Usual interstitial pneumonia pattern Nonspecific interstitial pneumonia
pattern
Pulmonary function changes Decline in FVC, DLCO Early on, a decline in DLCO may

occur prior to a change in FVC

GERD gastrointestinal reflux disease, FVC forced vital capacity, DLCO diffusing capacity for carbon monoxide

Delineating the cause of the underlying ILD is based on all of the aforemen-
tioned factors (i.e., radiography, signs, symptoms, demographics, disease
course, pathology). For this reason, multidisciplinary discussion (MDD) can
improve the accuracy of the ILD diagnosis, particularly when the referring
physician’s initial diagnosis is uncertain [25-29]. A recent study found that
MDD generated a diagnosis in 80% of cases referred by a provider who was
unclear about the underlying diagnosis [30]. Moreover, the same study found
that MDD led to a change in the diagnosis in 41% of cases [30].

Common pathogenic features of IPF and SSc-ILD
- 0000000000000/}

Immune, inflammatory, vascular, and fibrotic pathways have been im-
plicated in the pathogenesis of ILD in both SSc and IPF. How these
various pathways converge to perpetuate fibrosis in these two diseases is
still unclear.

Parenchymal fibrosis leads to excessive deposition of extracellular matrix
(ECM) comprised predominantly by fibrillar collagens. Compared with normal
tissue, fibrotic tissue is mechanically stiff, avascular, and when present in the
lungs, impairs pulmonary function due to restrictive physiology. Studies have
identified key fibrotic mediators in SSc-ILD, including TGF- [31]. TGF-f3
promotes ECM expansion and promotes fibroblast survival and senescence
[32]. The integrin o 4 is an in vivo activator of latent TGF-p1 and 3 and plays a
critical regulatory role in fibrinogenesis [33, 34]. Partial inhibition of TGF-p
with antibodies to a3 integrin blocked murine pulmonary fibrosis without
exacerbating inflammation [35]. A phase 2 study recently evaluated the safety



Interstitial Lung Disease in Systemic Sclerosis: Lessons learned from Idiopathic Pulmonary Fibrosis  Chung et al. 131

and tolerability of a humanized monoclonal antibody against o34 integrin in
IPF, and the results are pending,

Multiple tyrosine kinase receptors (TKRs) are also involved in moderat-
ing TGF-B activity, and these include epidermal growth factor receptor
(EGFR), fibroblast growth factor receptor (FGFR), vascular endothelial
growth factor receptor (VEGFR), and platelet-derived growth factor receptor
(PDGFR) [36]. Higher expression of specific TKRs, such as PDGFR and
FGFR, have been found on fibroblasts from patients with IPF compared
with healthy controls [37]. Moreover, serum VEGF levels correlated with
extent of radiographic fibrosis and predicted a decline in lung function in a
small study of patients with IPF [38].

Although fibrosis is a unifying feature of SSc-ILD and IPF, how this patho-
logical process unfolds remains unclear. In terms of IPF, an early hypothesis
suggested that fibrosis was an abnormal reaction, or perhaps an over-reaction,
to chronic injuries such as exposure to cigarette smoking or other fumes,
infections, or other physical damage to the lung [39]. That paradigm had
previously replaced an older idea that inflammation was the main driving force
behind fibrogenesis [40].

In the prior inflammation model of IPF, fibrosis was thought to occur when
inflammatory and immune effector cells accumulated in the alveoli. Broncho-
alveolar lavage (BAL) samples from patients with IPF showed an increased
numbers of neutrophils, as well as macrophages lymphocytes [41]. Similarly,
patients with ILD associated with connective tissue disease also had increased
numbers of neutrophils in BAL samples [42].

In the alveolar epithelial injury model of IPF, abnormal wound healing is
thought to lead to the formation of the fibroblastic foci characteristic of the UIP
pattern [39]. Inflammation was unlikely to be the driving force because histo-
logically speaking, evidence of early inflammation was not present in tissue that
had yet to fibrose [43]. Moreover, it became clear that anti-inflammatory
treatment with steroids and other immunosuppressive agents, as discussed in
the treatment section, was not effective.

Currently, there is less emphasis on exogenous injuries, and many consider
loss of epithelial integrity a key player in the pathogenesis of IPF, without any
prompting from exogenous sources [44]. Some view IPF as an unchecked
proliferative process similar to cancer [45, 46]. For instance, myofibroblasts can
become resistant to apoptosis when they are recruited to the injured lung, which
would be a trait they share with cancer cells [47]. In another similarity to cancer
biology, epigenetic changes of aging are thought to play a role in the patho-
genesis of IPF [48]. Regardless of the conceptual framework regarding the
dysregulated proliferation of fibroblasts, we know that the excess fibroblasts lay
down an excess of collagen [49]. In fact, fibroblastic foci, the aforementioned
characteristic histologic feature of the UIP pattern, are proliferating
myofibroblasts that are actively synthesizing collagen [50].

In SSc-ILD, many consider inflammation to precede the development of
fibrosis in the lungs; however, the evidence for this is limited. In Scleroderma
Lung Study (SLS) I, 144 SSc-ILD patients underwent bronchoscopy, and the
results revealed BAL cellularity in some patients, but not in all patients [51].
Furthermore, some patients had evidence of ground-glass on HRCT in the
absence of positive BAL findings (defined in this study as > 3% neutrophils and/
or 2> 2% eosinophils) [51]. There is still much to be learned about how fibrosis
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starts and evolves in SSc-ILD, but the lessons learned from the study of IPF raise
thought-provoking future research questions in this area.

Progression of SSc-ILD
- 0000000000000

As mentioned above, progression of ILD in SSc varies markedly. In terms of
disease course, 4 main phenotypes of SSc-ILD exist: (1) patients with subclinical
disease who do not experience progression of ILD; (2) patients with progressive
ILD that improves in response to treatment; (3) patients with progressive ILD
that stabilizes in response to treatment; (4) patients with progressive ILD that
worsens despite treatment.

Our ability to predict ILD phenotypes in SSc at the time of diagnosis is
limited. Certain factors have been associated with a worse prognosis in SSc-ILD
based on observational studies, including the following: low baseline forced
vital capacity (FVC) [52] and/or diffusing capacity for carbon monoxide
(DLCO) [52, 53]; extent of ILD on HRCT [54]; male gender [10, 55, 56];
African-American race [57, 58]; diffuse cutaneous disease [52]. Additional
biological markers may portend a worse prognosis in SSc-ILD, and these
include the presence of the anti-topoisomerase 1 antibody, as well as higher
circulating levels of interleukin-6, C-reactive protein, monocyte
chemoattractant protein-1 (MCP-1), CCL-18, CXCL4, Krebs von den Lungen-6
(KL-6) and surfactant protein D [59].

Due to the variation in the ILD disease course, it is essential that the treating
provider monitors patients with SSc-ILD closely for progression. There are no
valid guidelines for monitoring progression or treatment response in SSc-I1LD;
however, many practitioners follow the same guidelines used to monitor
progression in IPF as described below.

Because ILD is likely to progress the most within the first 5 years from the
time of the SSc diagnosis, serial measurements of lung function (e.g., FVC,
DLCO) should be performed regularly (every 3-4 months) during this time
frame. A relatively large, single-center study demonstrated that within the first
5-6 years after diagnosis of SSc, the FVC dropped below 75% predicted in
approximately 40% of the patients; whereas only 10-15% lost at least half of
their FVC (i.e., to <50% predicted) in the first 5-10 years [57].

Trends in the FVC and DLCO are likely better indicators of progression
than single measurements. Several factors affect PFT parameter reliability
including technical factors (ill-fitting mouthpiece, inexperienced techni-
cian), patient-related factors (poor effort), and diurnal variability. Thus,
overall trends in these measurements, especially when performed at the
same center, are more clinically meaningful than single measurements. In
addition, recent studies have demonstrated that trends in the FVC and
DLCO during the first 1 to 2 years from the time of treatment onset are
important predictors of long-term mortality [60e, G1e].

HRCT is also a useful tool for monitoring progression of SSc-ILD, especially
in cases where the trends in pulmonary function are unclear or there is a decline
in symptoms in the absence of changes in pulmonary function. In addition,
HRCT can help determine whether a decline in DLCO is related to progression
of ILD versus the development of pulmonary hypertension (PH), another
common cause of dyspnea and fatigue in SSc. Figure 1 depicts a proposed
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New Diagnosis of SSc

/\

ILD Present on HRCT ILD Not Present on HRCT

|

|

Assess pulmonary function Assess pulmonary function
every 3-4 months every 12 months

|

|

Consider repeating HRCT if: Consider repeating HRCT if:
(1) Worsening respiratory (1) Worsening symptoms;
symptoms; AND/OR
(2) Decline in lung function; (2) Decline in lung function;
AND/OR

(3) Unclear whether patient is
responding to a particular

treatment

Fig. 1. Proposed algorithm for monitoring progression of ILD in a patient with a recent diagnosis of SSc: Focus on pulmonary
function testing and HRCT chest imaging.

Progression of IPF

algorithm for monitoring progression of ILD in a patient with a recent diagnosis
of SSc.

In patients with established SSc with a disease duration >5 years and
clinically stable ILD (i.e., no change in symptoms, stable PFT testing for
1 year), it is less clear how often the patient should be surveilled for progression
of ILD. Many practitioners obtain annual PFTs in such patients to evaluate for
ILD progression and screen for the development of PH. Given the non-invasive
nature of PFT and relatively low cost, one could also consider performing these
tests at 6-month intervals given that some patients may experience progression
in the absence of worsening symptoms (Tables 2 and 3).

Compared with the disease course of SSc-ILD, progression of ILD is consistently
more rapid in patients with IPF, with rare exceptions. A retrospective review
published in 1999 reported a median survival of about 3 years [63]. A more
recent review of the Medicare database from 2001 to 11 reported a median
survival of 3.8 years [18]. It should be noted that it is the experience of many
expert centers that some patients do outlive 5 years [23]. The best estimate of the
natural rate of decline in lung function for patients with IPF with the current
state of care is illustrated in the most recent phase 3 trials for the two currently
used anti-fibrotic agents, pirfenidone and nintedanib. The rates of decline in
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Table 2. Summary of ATS guidelines for monitoring disease progression in IPF?

Measure Assessment timing
Dyspnea (objectively assessed using a valid questionnaire) Every 3-6 months
FVC decline of 10% (sustained changes are most clinically meaningful) Every 3-6 months
DLCO decline of 15% (sustained changes are most clinically meaningful) Every 3-6 months

Extent of fibrosis on HRCT
Acute exacerbation

Consider performing every 2 to 3 years
Continuously monitor

“Adapted from American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thorax Society joint
recommendations on management of IPF [62]
FVC forced vital capacity, DLCO diffusing capacity for carbon monoxide, HRCT high-resolution computed tomography

forced vital capacity (FVC) in the 3 studies were — 458 mL, - 240 mL, and -
207 mL [64, 65].

Similar to SSc-ILD, the FVC is often used to monitor the clinical course of
ILD in IPF, along with the total lung capacity (TLC), forced expiratory volume in
1s (FEV1), and DLCO. A recent study found that the FVC was the best predictor
of survival in IPF [66]. In this study, when patients suffered a 10% decline in
FVC, their 5-year survival was only 17-22% [66]. The 6-min walk test (6MWT)
is also used to monitor ILD progression in IPF. During this test, technicians
record the walk distance and oxygen saturation. Not surprisingly, oxygen
desaturation during the 6MWT portends poorer prognosis in IPF [67]. This test
is less often employed in SSc patients where co-morbidities such as arthritis can
serve as confounding variables that limit the interpretability of the 6MWT.
Moreover, obtaining reliable oxygen saturation readings from the fingertips is
frequently problematic in patients with SSc (forehead pulse oximeters are
recommended in this scenario).

A multivariable staging index, termed the GAP index, for gender (G), age
(A), and 2 lung physiology measurements FVC and DLCO (P) was developed
for IPF risk assessment [62]. The group that developed the index retrospectively
reviewed many potential variables and found the 4 above variables as the most
important in predicting mortality. In the GAP index, based on the results of the

Table 3. Current treatment options for SSc-ILD and IPF

First-line therapy

Second-line therapy

Promising potential therapies

Last resort therapy

SSc-ILD IPF
Mycophenolate mofetil Nintedanib
Cyclophosphamide Pirfenidone
Rituximab

Hematopoietic stem cell therapy

Nintedanib

Pirfenidone

Combination therapy

Lung transplantation Lung transplantation
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Treatment SSc-ILD

above variable, a point total is assigned, and from the point total, a GAP stage
between 1 and 3. For example, to get the highest score, male sex gets 1 point,
age > 65 gets 2 points, FVC <50% of predicted gets 2 points, and DLCO unable
to perform gets 3 points, for a maximum total of 8 points. Those in stage 111
have a 61% 1-year survival and just a 23% 3-year survival [62]. The GAP index
has not been tested in SSc-ILD.

An IPF management consensus guideline written on behalf of the major
international pulmonary medicine societies recommended measuring the FVC
and DLCO at 3-6-month intervals, with more frequent monitoring in those
patients who may be suffering from a faster decline [68]. Alongside pulmonary
function testing, the authors also recommended monitoring clinical history for
worsening dyspnea and worsening oxygenation by pulse oximetry [69]. This
guideline is often applied to the monitoring of patients with SSc-ILD.

The decision to commence ILD-targeted therapy in patients with SSc-ILD is
often based on provider preferences. Because no currently approved targeted
therapies for the treatment of SSc exist, some providers may be reluctant to start
therapy unless there is a clear decline in lung function. The mortality prediction
algorithm developed by Goh and colleagues is often employed to make treat-
ment decisions [70]. In this algorithm, the presence of > 20% fibrosis on HRCT
or an FVC < 70% predicted in the presence of less extent of fibrosis has predicted
mortality in additional studies [71, 72]. However, some may consider starting
therapy in patients with minimal fibrosis and normal lung function if specific
poor prognostic indicators are present (e.g., rapidly worsening diffuse skin
disease, presence of anti-topoisomerase I antibody).

Immunosuppression for SSc-ILD

Once the decision to commence therapy is made, the first-line agent is often
mycophenolate mofetil (MMF). Although MMF did not receive a formal rec-
ommendation in the latest SSc EULAR treatment guidelines [72] (drafted prior
to the publication of Scleroderma Lung Study (SLS) II), recent clinical studies
support the use of this agent to treat SSc-ILD [59, 73e, 74, 75]. SLS Il compared
MMEF for 24 months versus oral cyclophosphamide (CYC) for 12 months
followed by 12 months of placebo [74]. The FVC improved to similar extent in
both treatment arms, along with the extent of radiographic fibrosis; however,
MMF was safer and better tolerated than CYC [74, 76]. Moreover, patients
randomized to MMF experienced significantly less of a decline in the DLCO
compared with the CYC [51].

While there have been no RCTs comparing MMF with placebo in SSc-1LD, a
study comparing the MMF arm of SLS 1I with the placebo arm of SLS I (RCT
comparing CYC with placebo in SSc-ILD) found that treatment with MMF was
associated with significant improvements in FVC and DLCO in the MMF arm
[59]. Because the entry criteria for SLS I and Il were nearly identical, the patients
in both cohorts were strikingly similar.

Intravenous CYC is still used to treat SSc-ILD; however, it usually initiated as
induction therapy for 6-12 months due to safety concerns about its prolonged
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use [77]. Azathioprine (AZA) and MMF are often used as maintenance therapies
in this setting. One study found that AZA therapy given for 18 months follow-
ing a 6-month induction course of intravenous CYC led to an improvement/
stabilization in the FVC in 70% of patients at 6 months and in 52% of patients
at 2 years [78]. However, this study lacked a control arm so this improvement/
stabilization could also represent the natural history of the disease course in
SSc-ILD. Another study compared intravenous CYC for 6 months followed by
AZA versus placebo [79]. This study did not find any significant improvements
in lung function in the active treatment arm compared with placebo at 1 year,
although it may have been underpowered to detect a significant difference (N =
45).

While the use of both CYC and MMF have been associated with short-
term improvements in lung function in SSc-ILD, it is unclear whether the
use of these agents leads to sustained benefits in lung function and/or
survival advantages [51, 74]. For example, a recent study found that there
was no difference in long-term survival in patients randomized to CYC
versus placebo in patients who participated in SLS I and who were followed
up to 12 years from the time of randomization [60e]. Nearly half (42%) of
all of the patients died during the follow-up period, and the majority died
of respiratory failure due to underlying SSc-ILD [60¢]. The same report
found no difference in long-term survival between patients randomized to
MMF versus CYC in SLS II; however, the follow-up time for this study was
shorter (median follow-up of 3.6 years from the time of randomization)
[60e¢]. Early on, there was a trend for an MMF survival advantage; however,
many patients in the CYC arm crossed over to MMF during/after the SLS II
study period [60e].

Both SLS I and IT have confirmed that some patients do experience improve-
ment in SSc-ILD with immunosuppression; however, the extent to which this
improvement is sustained or has any beneficial effect on long-term mortality is
uncertain. Clearly, there is still a need to develop, newer targeted therapies for
SSc-ILD as described further below.

Recent studies have demonstrated that alternate immunosuppressive agents
may play a role in the management in of SSc-ILD, particularly in patients with
treatment refractory disease. For example, treatment with rituximab, which
targets CD20-positive B cells, has been associated with improvement/
stabilization in lung function in open-label trials [80]. An RCT comparing
rituximab to CYC for connective tissue disease-related ILD is currently
underway.

Tocilizumab is another immunosuppressant agent, which could conceiv-
ably emerge as a treatment option for patients with SSc-ILD. In a phase 2
RCT, designed to evaluate the effects of tocilizumab on cutaneous sclerosis,
patients who received tocilizumab were less likely to experience a decline in
lung function compared with placebo [81]. We are waiting publication of
the phase 3 trial of this agent. Because the comparator arm in this study was
placebo, it is unclear whether tocilizumab would perform better than
existing therapies for SSc-ILD, such as MMF. Furthermore, since the primary
endpoint for this study was not an ILD-related outcome, the study may not
be adequately powered to detect effects of tocilizumab on lung function
and fibrosis in SSc.
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Anti-fibrotic therapy for SSc-ILD

Targeting anti-fibrotic pathways represents an alternative disease-modifying
treatment strategy in SSc. Interestingly, although anti-fibrotics are currently used
to treat IPF (discussed further below), immunosuppressive therapy was histor-
ically considered the mainstay of treatment for this condition [82]. The pivotal
Prednisone, Azathioprine, and N-Acetylcysteine (NAC): A Study That Evaluates
Response in Idiopathic Pulmonary Fibrosis (PANTHER-IPF) trial helped prop-
agate this paradigm shift in the treatment of IPF. The results of this study
demonstrated that patients on the combination of prednisone, azathioprine,
and NAC fared worse, with statistically significant increase mortality, than
patients on placebo [83].

Because tyrosine kinases moderate TGF-§ responses in SSc, blocking these
enzymes represents a potential approach for curtailing fibrosis. Early on, pre-
clinical studies generated enthusiasm for the c-Abl-selective tyrosine kinase
inhibitor, imatinib [84, 85]. However, clinical studies have failed to demon-
strate efficacy signals to drive future studies on this agent [86, 87]. Newer and
less selective tyrosine kinase inhibitors, such as nilotinib and dasatinib, are
understudied, but their benefit remains uncertain [88, 89].

Nintedanib is multi-kinase inhibitor that blocks the receptors’ several
growth factors. Approved for the treatment of IPF, nintedanib blocks the
receptors for FGF, VEGF, and PDGF [65]. In an SSc mouse model,
nintedanib curtailed myofibroblast differentiation and pulmonary fibrosis
[90]. In addition to mitigating fibrosis, this agent also acts on vascular
pathways. Accumulating evidence suggests that vascular injury and dys-
function is a pathological hallmark of SSc and may contribute to fibrosis
[69, 91]. Whether nintedanib improves lung function or cutaneous sclerosis
remains unclear. A phase 3, placebo-controlled randomized controlled trial
(RCT) evaluating the safety and efficacy of nintedanib in SSc-ILD has
recently concluded (SENSCIS™), and the anticipated publication date of this
study is in the Spring of 2019.

The efficacy of nintedanib in IPF was studied in two separately performed
twin trials known as the INPULSIS studies. Nintedanib was shown to reduce the
decline in FVC, although not improved, as compared to placebo in both trials.
In the primary end point of decline of FVC at 52 weeks, there was a 125-mL
reduction in the decline in the nintedanib arm as compared to placebo in one of
the studies, and a 94-mL reduction in the decline in the second study [65].

Like nintedanib, pirfenidone is another anti-fibrotic agent approved for the
treatment of IPF [64]. While our understanding of how pirfenidone ameliorate
fibrosis in IPF is evolving, recent studies have demonstrated that it decreased
Hedgehog pathway activity [92, 93]. Hedgehog is a development morphogen
involved in fibroblast activation. Normally, in healthy adult tissues, minimal
Hedgehog activity exists; however, SSc biopsies have demonstrated abnormal
Hedgehog signaling [94]. A 16-week, open-label trial of pirfenidone in SSc-ILD
(N'=63) demonstrated that 10 patients had an increase (= 5%) in FVC%-
predicted, while 5 patients had a decrease (> 5%) (median change from base-
line in FVC% predicted was 0.5%) [95]. Notably, 40% of patients were taking
background mycophenolate in this study. A phase I1I study (SLS III) is currently
underway, which compares mycophenolate against mycophenolate with
pirfenidone for the treatment of SSc-1LD.
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Pirfenidone was evaluated in IPF in the RCT, known as ASCEND. Seventeen
percent of patients in the pirfenidone arm suffered such an absolute decline of
10% in the FVC (primary endpoint), compared to 32% of patients in the
placebo arm [64]. Of note, this was the fourth phase three trial investigating the
medication in IPF. In a prior Japanese study, pirfenidone was shown to slow the
decline in FVC as compared to placebo [96]. In two separately run twin
multinational trials, published together in 2011 and known as CAPACITY, one
demonstrated a significant difference in the primary outcome of FVC change as
compared to placebo at 72 weeks, while the other trial did not [97]. Although
only one of two trials demonstrated a significant difference in the primary
outcome, in both trials, there were fewer deaths in the pirfenidone arms than in
the placebo arms [97].

Notably, neither the INPULSIS nor the ASCEND trials, each which lasted
52 weeks, demonstrated a mortality benefit. However, a pooled analysis of
the three global prospective pirfenidone trials (CAPACITY-1, CAPACITY-2,
and ASCEND) demonstrated a mortality benefit for pirfenidone (all-cause
mortality hazard ratio 0.52, 95% CI 0.31-0.87). Moreover, pooled analysis
of the INPULSIS trials and a phase two trial also demonstrated a mortality
benefit for nintedanib (mortality hazard ratio 0.57, 95% CI 0.34-0.97) for
deaths occurring between randomization and post-treatment follow-up [98,
99]. Whether nintedanib or pirfenidone affects mortality in SSc-ILD is
unknown.

Cannabinoids (CB) are gaining traction as novel anti-fibrotic mediators.
While CB1 receptors are expressed predominantly on neurons, CB2 receptors
are expressed on circulating immune cells and tissue-resident stromal cells.
Compounds that selectively target CB2 do not possess psychogenic effects and
may decrease fibrosis [100, 101]. A small, phase 2 study of lenabasum for SSc
showed promising clinical efficacy, particularly not only for improving the
extent of cutaneous sclerosis, but also for minimizing loss of lung function [86].
A phase 3 RCT of this agent is ongoing.

Whereas immunosuppressive therapy for SSc-ILD is deemed most
effective early in the course of the disease (based mostly on anecdotal
experience), it is conceivable that anti-fibrotic therapy could have
disease-modifying effects at later disease stages and could possibly lead
to improvements in lung function in patients with severe restriction
secondary to SSc-ILD. Furthermore, there may be less risk of infection
associated the use of anti-fibrotic therapy compared with agents such as
CYC and MMF. However, gastrointestinal toxicity remains an ongoing
concern, particularly for nintedanib and pirfenidone, in patients with
SSc who have underlying gastrointestinal tract dysfunction. Therefore,
careful attention must be paid to the safety analyses of the aforemen-
tioned RCTs.

Hematopoietic stem cell transplantation

Autologous hematopoietic stem cell transplantation (HSCT) has emerged as
an exciting therapeutic option for patients with relatively early, rapidly
progressive SSc-ILD. RCTs have demonstrated improvements in lung func-
tion in patients undergoing HSCT, as well as improvements in overall
survival [102-104]. This approach may lead to more radical and sustained
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effects on immune function as demonstrated by one study which found
alterations in adaptive immunity 1 year after transplantation [105]. Given
the risk of infection and mortality in the early post-transplant period,
careful selection of patients for HSCT is prudent. HSCT may represent an
ideal treatment strategy for SSc-ILD patients who experience a decline in
lung function despite treatment with immunosuppression and who have
minimal other co-morbidities that may heighten the risk of mortality in the
early post-transplant period (e.g., cardiac involvement).

Lung transplantation

Future directions

Both SSc-ILD and IPF can progress to end-stage lung disease. Lung transplan-
tation (LT) is presently performed in carefully selected patients with SSc-ILD
and IPF. Our experience and the experience of others is that post-LT survival
rates are similar for patients with SSc-ILD versus patients with ILD due to other
causes, such as IPF [106-110]. The median survival post-LT is about 5.8 years
[111]. Because both age and elevated BMI increase the risk of mortality post-LT,
these surgeries are offered primarily to non-obese patients under the age of

65 years [110]. While esophageal dysfunction in the past precluded patients
with SSc-ILD from undergoing LT, more recent studies have demonstrated that
the presence and severity of esophageal dysfunction is not associated with post-
LT survival in SSc-ILD patients [108, 110].

A recent analysis of the Medicare database showed that in the 12 months
following diagnosis, just 0.2% of IPF patients went on to receive LT [112].
Another study estimates that less than 1% of IPF patients receive LT in a given
year [111]. Although a paucity of patients with IPF received lung transplanta-
tion, among all patients who receive LT, IPF is the most common. Nearly half of
all patients listed for lung transplantation have IPF [111].

Over the past 5 years, advances in SSc-ILD research have energized efforts to
develop safer and more effective therapeutic options for managing this impor-
tant dimension of SSc. A burgeoning pipeline of novel medicines now exists for
SSc-ILD. Despite these efforts, ILD still remains the leading cause of death in SSc
and numerous unanswered questions remain.

Combination therapy

Combination therapy is a cornerstone to the treatment of complex rheumatic
diseases, including rheumatoid arthritis [113]. Studies assessing the efficacy and
safety of combination therapy in SSc are lacking. SLS III will explore whether
combining an anti-fibrotic (pirfenidone) with an immunosuppressive agent
(mycophenolate) will lead to improved outcomes compared with mycophe-
nolate alone. In addition, because the SENSCIS™ study allowed for background
mycophenolate per the treating physician’s discretion, a proportion of patients
in this study will have received both nintedanib and mycophenolate. While
combining therapies raises concerns about potential toxicity, these safety con-
cerns may be tempered by improved and sustained efficacy outcomes. If there is
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evidence that anti-fibrotic therapy improves lung function in SSc-ILD, future
RCTs are needed to determine whether adding an immunosuppressive agent to
an anti-fibrotic leads to a synergistic effect.

Duration of SSc-ILD therapy

There is a lack of consensus regarding the duration of ILD therapy in patients
with SSc. Many treat patients with immunosuppression for 5 years because this
is the period of time when the ILD is most likely to progress based on obser-
vational studies [57]. However, no one knows how long to continue therapy in
SSc-ILD and what the potential risks are of maintaining a patient on long-term
immunosuppression. Two years of MMF in patients who participated in SLS II
was not associated with long-term safety concerns, such as malignancy [60e].
No studies have assessed long-term safety in patients randomized to longer
durations of MMF therapy, although the majority of patients in SLS Il who
participated in the long-term follow-up study remained on MMF during the 5-
year follow-up period.

If anti-fibrotics are effective in curtailing fibrosis in SSc-ILD, studies are
needed to determine the optimal duration of therapy, as well as the optimal
timing of therapy initiation. In general, immunosuppression is deemed most
effective in SSc-ILD early in the disease course when inflammation predomi-
nates; however, it is conceivable that anti-fibrotics could potentially play a role
in the long-term treatment of this disease beyond what we traditionally viewed
as the optimal treatment window (e.g., within the first 5 years from the time of
diagnosis of SSc-ILD).

Personalized medicine

There is no doubt that patients with SSc-ILD have varying responses to medi-
cations. Some patients in SLS I experienced an improvement in lung function
with CYC, while others experienced a deterioration in lung function. Similarly,
some patients in SLS II responded to MMF, while others did not. As the
therapeutic armamentarium for SSc-ILD grows, so must our research efforts to
understand why some patients respond preferentially to certain medications
and not to others.

Biomarkers may play a key role in identifying patients who are more
likely to experience improvement with specific agents. Measuring bio-
markers early in the course of the disease may help identify patients with
rapidly progressive SSc-ILD phenotypes who necessitate a more aggressive
treatment approach. We have found that patients in SLS II who had higher
KL-6 levels at baseline experienced a greater decline in lung function,
despite treatment with CYC or MMF [114]. Biomarkers could also be
employed to determine whether a patient is responding to therapy at earlier
time points. For instance, changes in the levels of specific biomarkers early
on after treatment initiation (with the first 3 months) could help predict a
favorable therapeutic response prior to an appreciable change in lung
function (often not appreciated for 6-12 months after treatment com-
mences). Patients in SLS II who had the greatest decline in CXCL4 levels at
12 months had an improved course of lung function from 12 to 24 months
[115]. Ideally, candidate biomarkers should be measured at early time
points to help physicians make timely treat decisions.
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Conclusion

The future of SSc-ILD therapeutics is bright. The knowledge gained from prior
SSc-ILD and IPF clinical trials have tremendously helped to augment our un-
derstanding of these diseases and to inform the design of future studies in this
area. Future clinical trials that enrich enrollment for specific SSc-ILD phenotypes
and include biomarker discovery aims are likely to propel this field forward in
meaningful directions that will ultimately lead to improved patient outcomes.
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