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Abstract

Although interstitial lung disease accounts for the majority of
deaths of patients with systemic sclerosis, treatment options for
this manifestation of the disease are limited. Few high-quality,
randomized, controlled trials exist for systemic sclerosis–related
interstitial lung disease, and historically, studies have favored
the use of cyclophosphamide. However, the benefit of
cyclophosphamide for this disease is tempered by its complex
adverse event profile. More recent studies have demonstrated the
effectiveness of mycophenolate for systemic sclerosis–related
interstitial lung disease, including Scleroderma Lung Study II. This
review highlights the findings of this study, which was the first
randomized controlled trial to compare cyclophosphamide with
mycophenolate for the treatment of systemic sclerosis–related
interstitial lung disease. The results reported in this trial suggest that

there is no difference in treatment efficacy between mycophenolate
and cyclophosphamide; however, mycophenolate appears to be
safer and more tolerable than cyclophosphamide. In light of the
ongoing advances in our understanding of the pathogenic
mechanisms underlying interstitial lung disease in systemic
sclerosis, this review also summarizes novel treatment approaches,
presenting clinical and preclinical evidence for rituximab,
tocilizumab, pirfenidone, and nintedanib, as well as hematopoietic
stem cell transplantation and lung transplantation. This review
further explores how reaching a consensus on appropriate study
end points, as well as trial enrichment criteria, is central to
improving our ability to judiciously evaluate the safety and efficacy
of emerging experimental therapies for systemic sclerosis–related
interstitial lung disease.

Keywords: scleroderma; pulmonary fibrosis; therapeutics

(Received in original form June 3, 2016; accepted in final form August 9, 2016 )

Supported by the National Heart, Lung, and Blood Institute (R01 HL089758 and R01 HL 089901) (Scleroderma Lung Study II).

Author Disclaimer: The views expressed in this article do not communicate an official position of the NHLBI.

Correspondence and requests for reprints should be addressed to Donald P. Tashkin, M.D., Division of Pulmonary and Critical Care Medicine, UCLA School of
Medicine, 10833 Le Conte Avenue, Room 37-121, CHS, Los Angeles, CA 90095-1690. E-mail: dtashkin@mednet.ucla.edu

Ann Am Thorac Soc Vol 13, No 11, pp 2045–2056, Nov 2016
Copyright © 2016 by the American Thoracic Society
DOI: 10.1513/AnnalsATS.201606-426FR
Internet address: www.atsjournals.org

Systemic sclerosis (SSc) has the highest cause-
specific mortality of all of the connective
tissue diseases (1). Although SSc often affects
multiple organ systems, pulmonary
involvement, and in particular interstitial
lung disease (ILD), is the leading cause of
death (2). ILD is present on high-resolution
computed tomography (HRCT) in 55%
of patients with SSc on initial evaluation
(3), but the prevalence is higher (96%)
among patients with abnormal pulmonary
function test (PFT) results (4). The most
common form of ILD appreciated in SSc is
nonspecific interstitial pneumonitis
(NSIP); however, other histopathological
manifestations exist, including usual

interstitial pneumonitis, organizing
pneumonia, and diffuse alveolar
damage (5).

Despite the substantial disease
burden associated with SSc-ILD, there
are currently no U.S. Food and Drug
Administration (FDA)–approved
medications for treating this condition.
The present review describes an
evidence-based treatment approach
for managing SSc-ILD. This review
also describes novel treatment
strategies and opportunities for
further research in treating this
important clinical dimension of
SSc.

Clinical Presentation

The most common initial symptoms of
SSc-ILD are fatigue, exertional dyspnea, and
dry cough, although early SSc-ILD is often
asymptomatic. On physical examination,
bibasilar fine inspiratory crackles may be
appreciated by auscultation. Specific
laboratory findings can support a diagnosis
of SSc-ILD. For example, the presence of
anti–topoisomerase I antibody is associated
with an increased risk of SSc-ILD
(sensitivity, 45%; specificity, 81%) (6),
whereas anti-centromere antibodies rarely
exist in patients with SSc-ILD (7).
Demographic risk factors for SSc-ILD
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include African-American race (8). In
addition, male sex is associated with greater
severity of SSc-ILD (9). To affirm the
diagnosis of SSc-ILD, several diagnostic
studies may be employed, generally in
combination.

Pulmonary Function Testing
In SSc-ILD, pulmonary function tests (PFTs)
generally show a restrictive ventilatory defect
with a decreased FVC and/or TLC with a
relatively preserved FEV1 and a normal or
increased FEV1/FVC ratio. In addition, the
single-breath diffusing capacity of the lung
for carbon monoxide (DLCO) is generally
decreased, variably out of proportion or in
proportion to the reduction in the alveolar
volume (VA) with a decreased or normal
DLCO/VA ratio. Notably, patients with early
SSc-ILD may have normal PFT findings or
an isolated reduction in DLCO. Moreover,
multiple factors may affect PFT findings,
including pulmonary vascular disease (in
which typically the DLCO is substantially
reduced in relation to both the VA and
the FVC), an extrapulmonary restrictive
disorder (e.g., respiratory muscle weakness
due to an inflammatory myositis), as well
as smoking-related emphysema, thereby
limiting the interpretation of this testing
modality (10).

High-Resolution Computed
Tomographic Chest Imaging
Ground-glass attenuation and fine
reticulation, characteristic of NSIP, are the
most frequently observed features on high-
resolution computed tomographic (HRCT)
chest imaging (11), although coarse
reticulations with architectural distortion
are often present as well, consistent with a
fibrotic form of NSIP (NSIPF). HRCT
imaging is both sensitive and specific for
SSc-ILD and is particularly helpful in
discriminating between alternative causes
of dyspnea and PFT abnormalities in the
patients with SSc (10).

Bronchoalveolar Lavage
Although bronchoalveolar lavage (BAL) is
sometimes performed to exclude infection
during initial investigational efforts, this
procedure is seldom performed routinely to
diagnose SSc-ILD. Historically, some
authorities theorized that BAL may detect
early, subclinical SSc-ILD; however, studies
have demonstrated that BAL provides
limited prognostic information regarding

disease progression (12) and treatment
response (13).

Lung Biopsy
Like BAL, lung biopsy is not routinely
employed to diagnose SSc-ILD. However,
biopsy may be indicated in atypical
presentations of SSc-ILD or when signs of
granulomatous disease, malignancy, or
infection are present.

Natural History and Predictors
of Disease Progression

Early observational cohort studies of
patients with SSc illuminated important
features of SSc-ILD disease progression. One
large study of 890 patients with SSc found
that SSc-ILD progressed more rapidly in the

first 4 years of systemic disease (8),
indicating that lung injury and fibrosis are
early complications. Another study, by
Steen and Medsger (14), demonstrated that
among patients who ever reached an FVC
of less than 55% predicted, the majority
(62%) did so within the first 5 years after
the onset of the first SSc-related symptom.
These studies suggest that patients with
evidence of restrictive lung disease (by
PFTs or HRCT) within 4–5 years of
systemic disease onset are more likely to
exhibit progressive fibrotic lung disease.

In addition to the timing of ILD
detection, numerous studies have revealed
clinical and biological factors that predict
disease progression in SSc-ILD as
demonstrated in Table 1 (8, 15–28).
Identifying those patients with the highest
risk of developing severe SSc-ILD is central

Table 1. Clinical and biological factors associated with progression of systemic
sclerosis–associated interstitial lung disease

Factor Study Type (n)

Low baseline FVC
Morgan et al., 2003 (15) Single-center, prospective cohort (561)
Plastiras et al., 2006 (16) Single-center, retrospective cohort (78)
Nihtyanova et al., 2014 (17) Single-center, prospective cohort (398)
Steen et al., 1994 (8) Single-center, retrospective cohort (890)

Low baseline DLCO
Morgan et al., 2003 (15) Single-center, prospective cohort (561)
Nihtyanova et al., 2014 (17) Single-center, prospective cohort (398)

Extent of ILD on HRCT
Goh et al., 2008 (18) Single-center, prospective cohort (330)
Moore et al., 2013 (19) Multicenter, retrospective cohort (172)
Khanna et al., 2011 (20) Multicenter, randomized controlled trial (placebo

group, 79)
Anti-topoisomerase I antibodies
Assassi et al., 2010 (21) Single-center, prospective cohort (125)
Nihtyanova et al., 2014 (17) Single-center, prospective cohort (398)

Diffuse cutaneous sclerosis
Nihtyanova et al., 2014 (17) Single-center, prospective cohort (398)

IL-6
De Lauretis et al., 2013 (22) Single-center, exploratory (74) and test

cohorts (212)
C-reactive protein (CRP)
Liu et al., 2013 (23) Single-center, prospective cohort (266)

Monocyte chemoattractant protein-1
(MCP-1)

Wu et al., 2013 (24) Single-center, prospective cohort (266)
CC chemokine ligand 18 (CCL18)
Tiev et al., 2011 (25) Single-center, prospective cohort (83)
Schupp et al., 2014 (26) Single-center, prospective cohort (96)

CXCL4
van Bon et al., 2014 (27) Single-center prospective cohort (79)

Krebs von den Lungen-6 (KL-6)
Yanaba et al., 2004 (28) Single-center, retrospective cohort (42)

Surfactant protein D (SP-D)
Yanaba et al., 2004 (28) Single-center, retrospective cohort (42)

Definition of abbreviations: DLCO = diffusing capacity of the lung for carbon monoxide; HRCT = high-
resolution computed tomography; ILD = interstitial lung disease.
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to understanding which patients may derive
the greatest benefit from SSc-ILD–targeted
therapies. Conversely, in patients with
intrinsically stable SSc-ILD, the
introduction of SSc-ILD–targeted therapy
may pose more risk than benefit.

When to Introduce SSc-ILD–
Targeted Therapy

Although no consensus- or evidence-based
guidelines exist to instruct clinicians on the
appropriate timing of the introduction of
SSc-ILD–targeted therapy, most SSc experts
draw on their clinical experience and
consider the aforementioned risk factors for
SSc-ILD progression (i.e., greater extent of
ILD at baseline, the presence of anti–
topoisomerase I antibodies) to formulate
their decision to initiate therapy. At our
own institution, we weigh not only the
risk factors present for SSc-ILD
progression, but also the disease duration,
when deciding whether to initiate therapy.
For instance, patients who present with
early SSc (defined as the onset of the first
non-Raynaud’s symptoms attributable to
SSc in less than 3 yr) are more likely to
experience SSc-ILD progression compared
with a patient who has had SSc-ILD for
10 years.

Figure 1 provides a broad outline of
our rationale for initiating SSc-ILD–
targeted therapy. We screen all patients
with SSc for ILD by HRCT scanning at the
time of presentation because radiographic
signs of ILD can be found in the setting of a
normal FVC (29). Notably, our outline does
not apply an FVC threshold to guide
the introduction for SSc-ILD–targeted
therapy. The reason for this omission is
that not all patients with an FVC less
than 70%, for instance, may benefit
from immunosuppressive therapy. As
an example, the introduction of
immunosuppressive therapy in a patient
with an FVC of 67% may pose more harm
than risk if this patient was diagnosed with
SSc-ILD more than 5 years ago and has had
a stable FVC for 2 years. Conversely, the
introduction of immunosuppressive
therapy may be prudent in a patient with an
FVC of 80% if this patient was diagnosed
with SSc-ILD within the last 5 years and has
experienced a 15% reduction in FVC from
the time of diagnosis.

Pathogenesis

The pathogenic model for SSc-ILD has
rapidly evolved. Although no single pathway
underlies the development of this condition,

broadly speaking, the hallmark of SSc-ILD is
the progression from initial inflammation
and injury to an environment promoting a
profibrotic milieu (30, 31). Specifically, one
of the earliest pathogenic events in SSc-ILD
appears to be injury to alveolar epithelial
and endothelial cells (30). For example,
markers of epithelial damage, such as Krebs
von den Lungen-6 (KL-6) serum levels and
99mTc-diethylenetriaminepentaacetic acid
(DTPA) clearance, predict both progression
and severity of SSc-ILD (28, 32, 33).

Aberrant healing processes appear to
accompany persistent injury to alveolar
cells (30), leading to changes in epithelial
cell morphology (34) and function (35).
During this purported reparative phase,
T lymphocytes secrete helper T-cell type
2 (Th2) cytokines, such as IL-4, which have
direct profibrotic properties (36, 37).
Higher IL-4 levels in BAL cells are
associated with greater decline in
pulmonary function in patients with
SSc (38). In addition to Th2 cells, more
recent studies have implicated Th17 and
Th22 cells in the pathogenesis of SSc-ILD
(39, 40).

In addition to the aforementioned cell
mediators of fibrosis, transforming growth
factor (TGF)-b appears to play a central
role in the development and progression of
fibrosis in SSc-ILD (30). Gene expression

Consider treatment for SSc-ILD

Consider treatment if any of the following:
– Significant and sustained decline in FVC or DLCO*
– Radiographic progression of ILD if a follow up
HRCT is obtained
– Development of SSc-ILD symptoms that cannot be
explained by another cause

SSc-ILD symptoms present (i.e.
dyspnea, cough) that cannot be

explained by another cause

No symptoms attributable to SSc-ILD

Assess patient at least every 3 months
(history and physical, PFTs)

Radiographic Evidence of ILD

Figure 1. Proposed algorithm for the initiation of SSc-ILD (systemic sclerosis–associated interstitial lung disease)–targeted therapy. *We consider a
clinically significant decline in FVC as greater than 10% and a decline in DLCO (diffusing capacity of the lung for carbon monoxide) as greater than 15%, in
the absence of pulmonary hypertension. HRCT = high-resolution computed tomography; PFTs = pulmonary function tests.
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analyses have demonstrated that enhanced
expression of TFG-b–dependent signaling
pathways is associated with a higher
likelihood of ILD in SSc (41). Moreover,
SSc fibroblasts may be more resistant to the
fibrotic-inhibitory potential of cytokines,
such as IFN-g (42).

A number of articles have elegantly
reviewed the pathogenic components of
SSc-ILD as described in Table 2 (30, 31,
43–45). These mediators represent potential
targets for novel therapies of ILD in SSc.

Early Treatment Approaches

Historical regimens for SSc-ILD
predominantly targeted inflammatory
pathways. Low-dose glucocorticoids
administered in combination with another
immunosuppressant medication were
the mainstay of treatment for patients
with severe or progressive SSc-ILD (46).
However, the advent of randomized,
controlled clinical trials (RCTs) in
SSc-ILD near the turn of the century
helped to establish more evidence-based
treatment approaches. The results of
these trials did not substantiate the
continued use of agents, such as
D-penicillamine (47), chlorambucil (48),
and glucocorticoids (49), for the
treatment of SSc-ILD.

Cyclophosphamide
Cyclophosphamide was the first agent that
was found in RCTs to stabilize the
progression of SSc-ILD (50, 51). Two high-
quality studies demonstrated efficacy of
oral (51) and pulse (50) CYC compared
with placebo for SSc-ILD. These findings
were consistent with results from prior

uncontrolled studies assessing the efficacy
of CYC for treating SSc-ILD (52, 53).

In Scleroderma Lung Study (SLS)
I (51), treatment with oral CYC for
12 months was associated with a modest
improvement in the primary end point
of FVC % predicted (2.53%; P, 0.03)
compared with placebo in 158 patients
with SSc-ILD. This study also reported
improvements in several secondary end
points, including patient-reported dyspnea,
TLC % predicted, quality of life, and skin
thickness, as well as extent of both visually
assessed and computer-assisted quantitative
lung fibrosis (54, 55). However, the benefits
of CYC in SSc-ILD came at the expense
of a high degree of adverse effects (51),
including increased rates of leukopenia and
neutropenia in the CYC arm. Furthermore,
an analysis of SLS I data 1 year after
treatment cessation revealed the loss of a
significant CYC treatment effect (56).
Specifically, by 24 months, there was no
difference in the FVC or TLC between
patients randomized to CYC versus placebo
(56).

In the RCT investigating the efficacy of
pulse CYC (50), Hoyles and colleagues
randomized 45 patients with SSc-ILD to
receive low-dose prednisolone and 6
infusions (monthly) of intravenous CYC
followed by azathioprine versus placebo.
Although there were no statistically
significant between-treatment differences
noted after 1 year in any of the outcome
measures, there was a trend for a favorable
effect on FVC in the active treatment group
(P = 0.08). Notably, few adverse events were
appreciated in the patients treated with
intravenous CYC, and there were no
differences in the rates of serious adverse
effects between study arms. These findings

suggest an improved safety profile of
intravenous CYC compared with oral CYC,
and may explain why pulse CYC is used
more commonly in clinical practice.

Azathioprine
To our knowledge, no studies have
rigorously evaluated the efficacy of
azathioprine for induction therapy in
patients with SSc-ILD. As mentioned
previously, azathioprine was used after pulse
CYC therapy in patients with SSc-ILD (50);
however, no RCTs have compared
azathioprine with placebo in patients with
established SSc-ILD. Although azathioprine
is used not infrequently for the
management of connective tissue disease–
related ILD, there is little evidence
supporting the use of this agent for
managing SSc-ILD.

Current Treatment Approaches:
Mycophenolate
Because the benefit-to-risk ratio of CYC
for SSc-ILD is somewhat inconclusive,
researchers have been actively pursuing the
study of alternative agents for SSc-ILD.
Mycophenolate mofetil (MMF) is an
immunosuppressive agent with both
antifibrotic and immunomodulatory
effects and appears to be well tolerated in
SSc (57, 58).

A retrospective study of 172 patients
with SSc both with and without ILD found a
lower frequency of clinically significant
pulmonary fibrosis, as well as improved
survival, in the MMF-treated cohort
(n = 109), compared with patients with SSc
receiving other immunosuppressive
medications (n = 63) (57). An uncontrolled
prospective trial of 13 patients with
SSc-ILD, all of whom presented with a
significant decrease in FVC in the
12 months preceding trial entry, also
demonstrated a significant improvement in
FVC after 12 months (59). Additional
prospective, observational studies have
affirmed that MMF is safe, well tolerated,
and may prevent pulmonary function
deterioration in SSc-ILD (60–62).

Given the favorable effects of MMF in
observational SSc-ILD studies, Tashkin and
colleagues designed SLS II, the first RCT to
compare MMF and CYC for the treatment
of SSc-ILD (63). In this study, 142 patients
were randomized between September 2009
and January 2013 and assigned to receive
either MMF (titrated as tolerated to 3.0 g/d
in divided doses) for 2 years or oral CYC

Table 2. Clinically and experimentally affirmed mediators of fibrosis relevant to
pathogenesis of systemic sclerosis–associated interstitial lung disease*

Cytokines: TGF-b, IL-4, IL-6, IL-13, IL-17, IL-22, IL-33
Chemokines: CXCL12, CXCL4, MCP-1
Cells: Alveolar epithelial cells, fibroblasts, B cells
Growth factors: CTGF, PDGF, IGFBP-5
Signaling pathways: Wnt family/b-catenin
Peptides: Endothelin-1, adenosine receptor
Lipids: Lysophosphatidic acid, prostaglandin F
Autoantibodies: Anti–topoisomerase I, anti-fibroblast, anti-PDGF
Enzymes: Thrombin

Definition of abbreviations: CTGF = connective tissue growth factor; CXCL = chemokine (C-X-C motif)
ligand; IGFBP-5 = insulin-like growth factor binding protein 5; MCP-1 =monocyte chemotactic
protein 1; PDGF = platelet-derived growth factor; TGF = transforming growth factor.
*Data from References 30, 31, and 43–45.
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(titrated as tolerated to 2 mg/kg once daily)
for 1 year followed by an additional year on
placebo, using a double-dummy design to
maintain the blinding. The inclusion and
exclusion criteria were similar to those for
SLS I, and they are described in detail in the
main manuscript (63).

Among the 198 patients who
underwent screening for SLS II, 142 were
deemed eligible for participation. There
were no significant differences in key
baseline characteristics between patients
assigned to CYC (n = 73) and MMF
(n = 69). The primary end point of FVC %
predicted significantly improved at
6–24 months in the MMF arm and at

12–24 months in the CYC arm compared
with baseline (Table 3). However, there was
no significant difference in the course of
FVC % predicted over the 24-month trial
between treatment arms by a joint model
analysis, which controlled for baseline ILD
disease severity and for time to withdrawal
from treatment, deaths, and treatment
failure (Figure 2). Most participants in the
MMF (72%) and CYC (67%) arms showed
improvements in FVC % predicted, and
the majority of these participants had
improvements of FVC greater than 5%
predicted.

Similar to the FVC, both treatments
resulted in significant improvements in

dyspnea (as measured by the transitional
dyspnea index, or TDI) and skin thickness
scores (mRSS [modified Rodnan skin
score]) from 12 to 24 months after
randomization; however, there were no
significant between-treatment differences in
TDI and mRSS outcomes.

The DLCO % predicted and DLCO/VA %
predicted both declined in both treatment
arms, although the declines were
significantly greater in the CYC versus
MMF arms. The latter finding warrants
further attention as it could suggest a
potential role of MMF in preventing
deleterious vascular remodeling and/or the
development of pulmonary hypertension,

Table 3. Mean changes (in absolute value) from baseline, with 95% confidence intervals, at 6, 12, 18, and 24 months: FVC %
predicted, DLCO % predicted, DLCO/VA % predicted, TLC, mRSS, and TDI by treatment group*

CYC MMF DMMF – DCYC

Change 95% CI Change 95% CI D 95% CI

FVC % predicted
6 mo 0.40 20.9 to 1.7 0.94 20.4 to 2.3 0.54 21.3 to 2.4
12 mo 2.10 0.60 to 3.60† 2.31 0.84 to 3.78† 0.21 21.9 to 2.3
18 mo 3.16 1.69 to 4.64† 2.54 1.12 to 3.96† 20.62 22.7 to 1.4
24 mo 2.88 1.19 to 4.58† 2.19 0.53 to 3.84† 20.70 23.1 to 1.7

TLC % predicted
6 mo 0.11 21.34 to 1.56 1.37 20.16 to 2.85 1.26 20.9 to 3.4
12 mo 0.80 20.71 to 2.3 0.99 20.51 to 2.50 0.19 22.0 to 2.3
18 mo 1.49 20.30 to 3.29 0.62 21.16 to 2.39 20.87 23.4 to 1.6
24 mo 0.45 21.43 to 2.32 1.24 20.68 to 3.18 0.80 22.0 to 3.6

DLCO % predicted
6 mo 23.54 25.4 to –1.7† 0.12 21.7 to 2.0 3.67 1.1 to 6.3
12 mo 23.15 25.1 to –1.2† 1.84 20.08 to 3.76 4.99 2.2 to 7.8
18 mo 22.17 24.2 to –0.12† 1.09 20.88 to 3.06 3.26 0.41 to 6.1
24 mo 22.14 24.59 to 0.31 20.40 22.81 to 2.01 1.74 21.6 to 5.1

DLCO/VA % predicted
6 mo 25.90 27.6 to –4.2† 21.03 22.7 to 0.7 4.88 2.5 to 7.3†

12 mo 25.94 27.7 to –4.1† 20.03 21.8 to 1.8 5.90 3.4 to 8.4†

18 mo 24.62 26.5 to –2.7† 1.09 20.88 to 3.1 3.26 0.40 to 6.1†

24 mo 23.43 25.7 to –1.2† 22.46 24.7 to –0.2† 0.96 22.2 to 4.1
TDI
6 mo 0.32 20.4 to 1.1 0.87 0.13 to 1.60† 0.54 20.5 to 1.6
12 mo 0.89 0.12 to 1.67† 0.87 0.11 to 1.64† 20.02 21.1 to 1.1
18 mo 1.46 0.57 to 2.40† 0.88 20.03 to 1.8 20.58 21.9 to 1.0
24 mo 2.16 1.14 to 3.18† 1.77 0.75 to 2.79† 20.39 21.8 to 1.0

mRSS
6 mo 21.57 22.8 to 0.3 20.83 22.0 to 0.34 0.75 20.9 to 2.4
12 mo 23.57 24.9 to –2.† 23.33 24.7 to –2.0† 0.24 21.7 to 2.2
18 mo 24.49 25.8 to –3.2† 24.25 25.5 to –3.0† 0.25 21.6 to 2.1
24 mo 25.35 26.9 to –3.8† 24.90 26.4 to –3.4† 0.45 21.7 to 2.6

QLF-WL‡ 1.13 21.71 to 3.98 2.15 20.72 to 5.03 1.02 22.99 to 5.03
QLF-LM‡ 20.27 21.43 to 1.69 0.12 21.02 to 1.26 0.39 21.27 to 2.05
QILD-WL‡ 21.84 25.16 to 1.46 20.95 24.1 to 2.2 0.89 23.58 to 5.36
QILD-LM‡ 22.78 25.17 to –0.40† 22.51 24.9 to –0.15† 0.27 23.09 to 3.67

Definition of abbreviations: D = change; CI = confidence interval; CYC = cyclophosphamide; DLCO = diffusing capacity of the lung for carbon monoxide;
DLCO/VA = ratio of DLCO to alveolar volume; MMF =mycophenolate mofetil; mRSS =modified Rodnan skin (skin thickness) score; QILD-LM = quantitative
interstitial lung disease score-lobe of most involvement; QILD-WL = quantitative interstitial lung disease score-whole lung; QLF-LM = quantitative lung
fibrosis score-lobe of most involvement; QLF-WL = quantitative lung fibrosis score-whole lung; TDI = transitional dyspnea index.
*With between-treatment differences based on estimates from the joint model from Scleroderma Lung Study II (63).
†P, 0.05.
‡At 24 months.
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as suggested by observational studies (64)
and preclinical data (65).

One of the most striking observations
from SLS II was the relatively poor safety
and tolerability of CYC compared with
MMF. Specifically, a significantly larger
proportion of participants assigned to CYC
discontinued the drug prematurely, and
among participants who withdrew from
the study drug, the time interval for
withdrawing was significantly shorter in the
CYC arm compared with the MMF arm.
Furthermore, almost twice as many patients
in the CYC arm discontinued the study drug
prematurely because of an adverse event,
patient request, death, or protocol-defined
treatment failure compared with those
assigned to MMF. In addition, the only
deaths or treatment failures (which
transpired while taking the study drug)
occurred in patients assigned to CYC.
Finally, the serious adverse events judged
by the mortality and morbidity committee
to be attributable to drug toxicity occurred
more often in the patients receiving CYC
(n = 8) than among those receiving MMF
(n = 3). A limitation of this study was the
choice of oral CYC over intravenous CYC,
in view of evidence suggesting that
intravenous CYC might be safer and better
tolerated.

This pivotal trial supports the
continued use of CYC andMMF for patients
with SSc with clinically significant ILD in the

absence of pulmonary hypertension, based
on the noted improvements in the FVC,
TLC, dyspnea (TDI), and mRSS study end
points. However, the findings suggest that
SSc providers should closely monitor
patients receiving CYC for tolerability and
safety issues.

Investigational Therapeutic Targets
A number of investigational therapeutic
targets exist for SSc-ILD as summarized
below. Table 4 describes additional
experimental agents presently under study
in SSc-ILD therapeutic clinical trials.

B-cell depletion. Accumulating
evidence supports the possibility that B-cell
function may contribute to the pathogenesis
of SSc-ILD (66). B-cell infiltration was a
prominent finding in lung biopsies from
11 patients with SSc-associated ILD (67).
Moreover, in 73 patients with SSc-ILD, ILD
progression was associated with a higher
CD19 percentage in BAL fluid (68). Clinical
evidence exists supporting the therapeutic
use of B-cell depletion in SSc-ILD. Open-
label trials (69, 70), case reports (71), and
one RCT (72) have demonstrated a possible
role for rituximab, a chimeric monoclonal
antibody against CD20, in the management
of patients with SSc-ILD. In one
prospective, observational study, 20
patients with SSc with diffuse disease had
a significant increase in FVC and TLC at
12 months compared with baseline after

treatment with rituximab (8 of whom
received repeat infusions of rituximab at
undisclosed intervals over the course of the
12-mo trial) (70). A study comparing CYC
and rituximab as induction therapy for SSc-
ILD is currently underway in the United
Kingdom.

Endothelin-1 antagonists. Endothelin-1
stimulates the formation of smooth muscle
cells and the production of collagen in
fibroblasts (73), and levels of this
profibrotic cytokine are elevated in BAL
fluid of patients with SSc-ILD (74).
Although endothelin receptor antagonists
are now used routinely for the management
of pulmonary hypertension in SSc (75), the
data supporting the use of these agents for
SSc-ILD are not convincing (76, 77). A
large RCT (n = 163) of patients with
SSc-ILD found no difference in change
in exercise capacity, FVC, or DLCO in
patients receiving bosentan compared
with placebo (77).

IL-6 blockade. Serum IL-6 is elevated
in patients with SSc (78), especially among
patients with diffuse cutaneous SSc (79).
Moreover, higher levels of this cytokine
are associated with more severe skin
involvement and worse long-term survival
(79). Exploratory analyses of data from a
phase II trial comparing tocilizumab with
placebo in patients with SSc (with the
primary end point of change in skin score)
revealed that fewer patients assigned to
tocilizumab demonstrated a decline in FVC %
predicted compared with placebo (57 vs.
84%) at Week 48 (80). A phase III trial
has been initiated, the results of which
should provide further insights into the
effectiveness of tocilizumab in preventing
disease progression in SSc-ILD.

Tyrosine kinase inhibitors. Small-
molecule inhibitors of intracellular kinases
have shown some promise for treating SSc-
ILD. Preclinical studies demonstrated that
imatinib mesylate, which blocks the tyrosine
kinase activity of platelet-derived growth
factor (PDGF) receptors, inhibited lung
fibrosis in the bleomycin-induced mouse
model of pulmonary fibrosis (81). However,
a phase I/II open-label study of imatinib
mesylate for SSc-ILD yielded disappointing
findings and an unfavorable safety profile
(82). One of the criticisms of this study was
that the dose of imatinib mesylate may have
been too high. Additional studies have
yielded conflicting results regarding
treatment with imatinib in SSc, with some
studies demonstrating positive findings
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(83, 84) and others demonstrating negative
findings (85, 86). A more recent study
assessed the efficacy and safety of low-dose
imatinib in 30 patients with SSc and active
pulmonary involvement (classified as
HRCT-defined ILD or BAL-confirmed
alveolitis), unresponsive to CYC (87). This
study found that lung function improved or
stabilized in 73% of patients after 6 months
of treatment and that the lower dose
prescribed was well tolerated among the
patients. Taken together, the findings of
these studies suggest that low-dose imatinib
may be efficacious in selected patients with
SSc-ILD; however, future RCTs are needed.

Nintedanib is another tyrosine kinase
inhibitor, which inhibits several profibrotic
pathways and is less selective than imatinib
(88). The FDA has approved nintedanib for
the treatment of idiopathic pulmonary
fibrosis (IPF) (89). Preclinical data have
demonstrated that this agent improved
fibrosis in bleomycin-induced skin fibrosis,
in a chronic graft-versus-host disease
model, as well as in tight-skin-1 mice (90).
A phase III, double-blind RCT evaluating
the efficacy and safety of oral nintedanib in
patients with SSc-ILD has commenced.

Antifibrotic therapy. The antifibrotic
agent pirfenidone is a pyridine compound

approved for the treatment of IPF (91). The
antifibrotic properties of pirfenidone are
likely mediated through its effects on
TGF-b (92). This agent also possesses
antiinflammatory properties, which may
be attributable to its inhibitory effects on
IL-1b, IL-6, tumor necrosis factor-a, and
PDGF in animal models of pulmonary
fibrosis (92, 93). In a study of six patients
with diffuse cutaneous SSc, pirfenidone
curtailed collagen production via TGF-b1

and connective tissue growth factor
pathways in skin fibroblasts from patients
with SSc (94).

Early clinical data suggest that
pirfenidone may ameliorate SSc-ILD
(95, 96). A case series demonstrated an
improvement in FVC % predicted in five
patients treated with pirfenidone (95).
Furthermore, in a 16-week, open-label
trial of pirfenidone in SSc-ILD (n = 63),
10 patients had an increase (>5%) and
5 patients had a decrease (.5%) in FVC %
predicted (the median change from baseline
in FVC % predicted was 0.5%) (96). Of
note, 40% of the patients enrolled in this
trial were also taking mycophenolate. A
larger and longer randomized placebo-
controlled trial of pirfenidone on a
background of mycophenolate in patients

with SSc-ILD is currently in the planning
stage.

Hematopoietic Stem
Cell Transplantation

Hematopoietic stem cell transplantation
(HSCT) has emerged as a potentially
effective treatment option for carefully
selected patients with progressive diffuse
SSc with a poor prognosis (97). To date,
nearly all experience is with autologous
HSCT (98). Early trials demonstrated the
feasibility of autologous HSCT after intense
immunosuppression in diffuse SSc and found
a significant reduction in skin score, as well as
stabilization in pulmonary function (97).

The Autologous Stem Cell
Transplantation International Scleroderma
(ASTIS) trial was the first completed phase
III RCT comparing the efficacy and safety
of autologous HSCT versus monthly
intravenous CYC for 12 months (99). This
29-center study included 156 patients with
diffuse SSc (duration, ,4 yr) and without
serious comorbidities. In the first year,
mortality was higher in the HSCT group
(eight treatment-related deaths) compared
with the CYC group (no treatment-related

Table 4. Current active clinical trials investigating experimental therapeutic agents for systemic sclerosis–associated interstitial lung
disease*

Agent Mechanism of Action Primary End Point Design Phase

Pomalidomide Derivative of thalidomide
(antiangiogenic, immunomodulatory)

Change in FVC, mRSS at 52 wk Double-blind RCT II

Belimumab BAFF inhibitor Change in skin score (secondary
outcomes: change in FVC, DLCO)
at 48 wk

Double-blind RCT II

Tadalafil† PDE5 inhibitor Change in FVC over 6 mo Double-blind RCT III
Nilotinib Tyrosine kinase inhibitor Safety and tolerability (secondary

outcomes: change in skin score, PFT)
at 6 mo

Open-label pilot
study

IIa

Abatacept Selective T-cell costimulation
modulator

Safety and tolerability; change in skin
score (secondary outcomes: change in
FVC, joint count) at 12 mo

Double-blind RCT II

Nintedanib Tyrosine kinase inhibitor Annual rate of decline in FVC over 12 mo Double-blind RCT III
Abituzumab Monoclonal IgG2 antibody

targeting av-integrins
Safety and tolerability; change in FVC
at 12 mo

Double-blind RCT II

Bortezomib TGF-signaling inhibitor Safety and tolerability (secondary
outcomes: FVC,
skin score, HRQOL) at 48 wk

Double-blind RCT II

Dabigatran Thrombin inhibitor Safety (secondary outcomes: skin score,
lung fibroblasts) at 6 mo

Open-label single
group

I

Definition of abbreviations: BAFF = B-cell activating factor belonging to the tumor necrosis factor family; DLCO = diffusing capacity of the lung for carbon
monoxide; HRQOL = health-related quality of life; mRSS =modified Rodnan skin (skin thickness) score; PDE5 = phosphodiesterase-5; PFT = pulmonary
function test; RCT = randomized controlled trial; TGF = transforming growth factor.
*According to clinicaltrials.gov as of May 2016.
†Study has been completed; awaiting results.

FOCUSED REVIEW

Focused Review 2051

http://clinicaltrials.gov


deaths); however, over a median follow-up
time of 5.8 years, the HSCT group
experienced significantly better event-free
survival; events included the need for
dialysis and the need for oxygen (99).
Although no significant changes were seen
for DLCO, a modest yet statistically
significant increase in FVC was seen in the
HSCT group (99). Results of the North
American phase III RCT (the SCOT
[Scleroderma: Cyclophosphamide or
Transplantation] trial) are awaiting
publication. Future studies are needed to
evaluate long-term potential HSCT-related
complications (i.e., infertility, secondary
autoimmune disease, and malignancy) to
determine the appropriate timing of HSCT
and to optimize the patient selection
criteria to minimize early HSCT-related
mortality.

Lung Transplantation

Deemed a last-resort intervention for
patients with end-stage lung disease, lung
transplantation is presently performed at
select transplantation centers for patients
with SSc. The literature in this area is
evolving, and although a retrospective
cohort study found a 48% increase in the
1-year mortality rate among patients with
SSc undergoing lung transplantation in the
United States compared with those with
non–SSc-ILD (100), other studies have not
found any difference in survival after lung
transplantation between patients with SSc
and non-SSc patients with fibrotic lung
diseases (101–104).

Factors associated with higher
mortality in patients with SSc-ILD
undergoing lung transplantation include
older age (104) and elevated body mass
index (103). However, contrary to previous
thought, severity of esophageal dysfunction
by either morphometry or manometry
criteria was not associated with survival
in patients with SSc-ILD (n = 35) who
underwent lung transplantation at a single
center (104). These findings are consistent
with a prior single-center study, which
found no association with the presence of
esophageal dysfunction and survival (102).
These results should be interpreted with
caution, however, as the majority of studies
in this area are retrospective analyses and
relatively small, single-center experiences.
To adequately assess morbidity and
mortality outcomes in patients with

SSc-ILD undergoing lung transplantation,
larger, multicenter studies are needed.

Future Considerations

SSc-ILD Outcome Measures
As novel agents are increasingly introduced
into the SSc-ILD research arena, there is a
growing need to reach a consensus on the
optimal measure(s) of treatment response in
SSc-ILD trials (105). Although FVC has
traditionally served as the primary end
point in SSc-ILD clinical trials (50, 51),
treatment with CYC, for instance, has also
been associated with improvement in other
clinically relevant end points, including
TLC, self-reported quality of life, and
dyspnea (51), as well as improvement in
fibrosis on HRCT imaging (54, 55).
Moreover, the FVC is a less direct surrogate
measure of lung fibrosis compared with the
quantitative fibrosis score derived from
quantitative image analysis of HRCT scans
and, like other physiological variables such
as the TLC, may have diminished
reproducibility if certain quality criteria are
not met (106).

We created a composite outcome
measure composed of structural (HRCT),
physiological, and patient-reported end
points based on data from SLS I (107).
Although single study end points are useful
for measuring definitive outcomes such as
mortality, a single end point may not be the
best measure of overall treatment response
in SSc-ILD, based on the logical assumption
that clinical outcomes of SSc-ILD result
from a combination of patient-oriented
outcomes and physiological and anatomical
outcomes (108). The efforts of the Outcome
Measures in Rheumatology (OMERACT)
Connective Tissue Disease—Interstitial
Lung Diseases (CTD-ILD) Working Group
have underscored the importance of
including patient-oriented outcomes in
trials, as patients from this working group
identified cough and dyspnea as the most
important features of their experience with
ILD (105). Future studies are needed to
validate this composite outcome measure.

Predictors of Treatment Response
In addition to SSc-ILD trial end-point
measures, it is essential to reach agreement
on optimal predictors of treatment response.
Experts concur that future studies should
employ “cohort enrichment” paradigms
(109), in which patients with SSc-ILD

meeting certain criteria are selectively
enrolled to maximize response to therapy.
Although there is no uniform agreement on
how to predict treatment response, there is
early evidence from Silver and colleagues
(52) that patients with a significant decline
in FVC before trial entry may derive the
greatest benefit from therapy. Moreover, a
retrospective study of 122 patients with
SSc-ILD undergoing treatment found that
shorter disease duration was the only factor
that was associated with improvement in
FVC % predicted (110). Specifically,
patients with pulmonary symptoms less
than 1.9 years from the time therapy was
initiated had the best prognosis.

Post hoc analyses of SLS I data revealed
that specific baseline variables were
independently associated with treatment
response (111). For example, patients with
50% or more involvement of reticular
infiltrates (in any lung zone, defined as
upper, middle, and lower area–equivalent
zones in each lung) on HRCT, which is
more or less equivalent to approximately
25% involvement of the whole lung, and/or
an mRSS of at least 23 at baseline had the
best response to CYC therapy. Interestingly,
patients with less severe HRCT findings
and lower mRSS exhibited no improvement
with CYC therapy.

Additional analyses are needed to
determine specific enrichment criteria for
future SSc-ILD. Analyses are currently
underway using SLS II data to ascertain
whether baseline severity of quantitative
lung fibrosis and mRSS predict CYC- and/or
MMF-related treatment response.

Maintenance Therapy
The majority of trials in SSc-ILD have
evaluated induction therapy for SSc-ILD.
Although there is a general agreement
among SSc experts that maintenance
therapy is needed to preserve the benefits
achieved in the induction phase and to
prevent relapses (112), no studies have
compared maintenance treatment regimens
after an induction phase in SSc-ILD.
Furthermore, no studies have identified
which patients may derive the greatest
benefit from maintenance therapy. There is
limited evidence based on a retrospective
study of only 20 patients that azathioprine
(AZA) may have a role as maintenance
therapy in patients who have completed an
induction course of intravenous CYC (113).

A more recent study discovered that
patients who responded favorably to pulse
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CYC and were subsequently treated with
AZA had a higher incidence of
improvement or stabilization in lung
function compared with patients who did
not respond to pulse CYC and were
subsequently treated with MMF (114).
However, this study did not evaluate the
effectiveness of MMF maintenance therapy
in patients who demonstrated a response to
induction therapy.

Preliminary results of the ongoing
SLS II long-term morbidity and mortality
study suggest that mycophenolate appears
to be the current drug of choice for
maintenance therapy among SSc providers
in the United States. Of the patients who
have responded to our long-term follow-
up survey, approximately 70% started
MMF after stopping the study drug,
whereas only 3% started AZA. We are
collecting outcome data up to 5 years after
randomization for this study, and the
results may reveal important insights into

the role of MMF as maintenance therapy in
SSc-ILD.

In addition to selecting an optimal
maintenance treatment regimen, more
research is also needed to determine the
appropriate duration of maintenance
therapy. Our practice is to consider treating
patients who demonstrate therapy-related
improvement or stability in SSc-ILD with
maintenance medication for at least 2 years,
and in many cases, therapy is often
continued for a longer period if there are
signs of continued SSc-ILD disease
activity, as indicated by serial follow-up
spirometry demonstrating further
declines in FVC % predicted in
conjunction with progression of SSc-
ILD on HRCT imaging. Of note, some
patients with SSc-ILD will receive
immunosuppression for other
indications (i.e., progression of cutaneous
sclerosis) during and beyond the
maintenance phase.

Conclusions

Numerous research studies have propelled
advances in the treatment of SSc-ILD. Data
from high-quality RCTs substantiate the use
of CYC and MMF in patients with severe,
progressive SSc-ILD. Preclinical and early
clinical data have revealed a number of other
promising therapeutic agents on the horizon
for SSc-ILD, including rituximab,
tocilizumab, pirfenidone, nintedanib, and
HSCT. Future studies are needed to
determine how to select patients for trials
who may derive the greatest benefit from
SSc-ILD therapy, how to best measure
treatment response, how to manage patients
after induction therapy, and how long to
treat patients with maintenance medication
to optimize long-term outcomes among
patients with SSc-ILD. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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