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Abstract Systemic sclerosis (scleroderma, SSc) is a multisys-
tem disease characterized by vasculopathy, autoimmunity, and
fibrosis. SSc has the highest disease-related mortality rate
among the rheumatologic illnesses. In the USA, there remains
no FDA-approved therapy. As our understanding of SSc path-
ogenesis improves, targeted therapies interrupting key path-
ways and mediators will be studied in clinical trials. However,
clinical trials in SSc are fraught with challenges. Validated
clinical outcome measures do not exist for all disease mani-
festations. It can be difficult to discern disease activity from
damage. SSc is highly heterogeneous, with multiple different
phenotypes, and predicting who will have progressive disease
is not currently well understood. Biomarkers are in early
stages of development and do not represent surrogate out-
comes at this time. Given that SSc is uncommon, studies of
similar disease aspects or populations can lead to competition
for patients. This review will focus on current issues in SSc
clinical trial design.
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Introduction

Systemic sclerosis (scleroderma, SSc) is a disease character-
ized the complex interplay of vascular injury, immune system
activation, and fibrosis. Of the autoimmune connective tissue
diseases, SSc has the highest case specific mortality rate, with
half of patients dying as a result of pulmonary or cardiac
causes [1, 2]. SSc is heterogeneous. Some patients experience
rapidly progressive, fatal disease, and others have a benign
course. SScis divided into two subtypes: (1) diffuse cutaneous
(dc)SSc characterized by rapidly progressive widespread
(diffuse) skin thickening and early internal organ involve-
ment, and (2) limited cutaneous (Ic)SSc with slow accumula-
tion of organ manifestations. Diffuse patients have a higher
risk of death, but both subtypes experience internal organ
manifestations and morbidity from the disease. Although there
have been substantial advances in our understanding of path-
ogenesis, the cause (or causes) of SSc is incompletely under-
stood at this time.

The study of treatment of patients with SSc is challenging
for multiple reasons. SSc is an uncommon disease with a
prevalence rate of 276 cases per million adults [3]. It is het-
erogeneous with different clinical phenotypes and rates of
progression, and clinicians are limited in their ability to predict
risk of future organ system complications and prognosis.
While clinical outcome measurements for specific disease
manifestations such as the degree and extent of skin involve-
ment as assessed by the modified Rodnan skin score (mRSS)
have been validated and are accepted by the research commu-
nity [4], outcome measures for different aspects of the disease
are not as accepted. Manifestations of SSc may improve or
worsen slowly and in some systems stabilization compared to
clinical worsening may be a desirable outcome. To distinguish
these outcomes, clinical trials of long duration may be neces-
sary. Finally, although a focus of some researchers has been
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the development of biomarkers to be used as surrogate end-
points to decrease the duration of trials, such surrogate
markers are not presently accepted as substitutes for clinical
endpoints. The objective of this paper is to review challenges
that clinical investigators face as they attempt to design and
conduct studies of targeted therapy in SSc.

Clinical Trial Design

Awell-designed, randomized clinical trial provides the highest
level of evidence for the management of patients and the de-
velopment of practice guidelines. However, there are potential
pitfalls in designing clinical trials. (See Table 1) These include
patient selection, choice of primary and secondary outcomes
(Table 2), the intervention or therapy, randomization or
blinding method, and power calculations to determine sample
size.

Patient Selection

The choice of eligibility criteria is fundamentally important in
defining the patient population to be studied. This involves a
balance between identifying patient groups likely to demon-
strate an effect of the intervention and patient recruitment. In
SSc it can be difficult to identify the at risk population for
disease worsening, particularly with respect to trials where
skin or interstitial lung disease (ILD) parameters are the pri-
mary outcome. While there are externally validated models to
predict mortality in early diffuse SSc [5e, 6], there are no
externally validated models to predict those likely to have
progression of skin thickening or clinical worsening from
ILD.

The low incidence of SSc also creates a significant hurdle
to designing clinical trials. This necessitates a multicenter or
multinational approach to achieve sufficient power.
Complicating this is that SSc patient phenotypes, even with
disease subtype, differ between different geographic regions,
particularly with respect to autoantibody profile, which varies
greatly across continents [7, 8, 9¢]. It is recognized that there
are clear associations between autoantibodies and both cuta-
neous subtype and internal organ involvement, such as anti-

Table 1  Challenges to clinical trials in SSc

RNA polymerase III with diffuse disease and scleroderma
renal crisis (SRC) [10], and anti-Scl70 with diffuse SSc and
ILD [11]. It is our opinion that all clinical trials collect infor-
mation on autoantibody profile using gold standard testing.
We predict that stratification by autoantibody will be neces-
sary in dcSSc clinical trials.

Clinical Outcome Measures
Skin Disease

The mRSS is an assessment of skin thickness which is used
standardly as the primary efficacy outcome in skin-focused
trials in SSc. It is calculated by adding skin thickness assess-
ments (0=normal, 1 =mild thickening, 2 =moderate thicken-
ing, 3 =severe thickening) in 17 different anatomic surface
(maximum 51) and has been shown to correlate with histolog-
ic evidence of dermal thickening [12]. The mRSS is also used
as a secondary outcome measure in many SSc trials. The
MRSS has been shown to be a reliable outcome measure
based on inter and intra-observer reliability [13]. Moreover,
higher mRSS has been associated with worse outcome and
increased risk for cardiac involvement and SRC.
Improvement in MRSS is associated with improvement in
hand function, inflammatory indices, joint contractures, arthri-
tis signs, and overall functional ability [13]. The rate of skin
thickness progression has also been shown to predict short-
term mortality [6¢]. Certain body sites (hands, forearms, and
chest) have been observed to be more sensitive to change
compared with other body sites (lower extremities, face, ab-
domen, and fingers) [14]. It is possible that excluding relative-
ly static areas of skin thickness would further increase the
sensitivity of the mRSS to change over time.

Pulmonary Disease

Interstitial lung disease (ILD) is a major cause of morbidity
and mortality in SSc [15]. The reported prevalence of ILD is
variable since there is no standard definition or method of
detection of ILD in SSc [16]. When pulmonary function tests
(PFT) are used as the primary definition of ILD, there is a risk
of underestimating the frequency of SSc-related ILD.

Challenge Approach

Uncommon disease

Heterogeneity of disease

Collaboration and multicenter studies
Trials to address specific manifestations of disease, attention to clinical phenotyping

including disease duration, disease manifestations, and autoantibody status

Limited outcome measures which do not
address all disease manifestations
Slow progression of disease manifestations

Development of new outcome measures, Increased use of composite indices, further research

Requires trials of long duration, further development of biomarkers
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Table 2 Outcome measures in

systemic sclerosis trials

Disease manifestation

Currently used outcome
measures

Background and future considerations

Skin

Interstitial lung disease

Raynaud and digital
ulcer

Gastrointestinal

Pulmonary
hypertension

MRSS

FvC
DLCO
HRCT
PROs

RCS

VAS

Raynaud diary
Digital ulcer counts
Thermography

Laser Doppler
UCLA GIT 2.0

6MWT
Hemodynamic parameters

Time to clinical failure

Well-validated; consider further modification
to improve sensitivity to change.

Clinically significant changes in FVC and DLCO
for CTD-ILD not clearly established

HRCT—further development needed

PROs—further development needed, feasible
with high face and criterion validity

Further development needed

Laser speckle contrast

Feasible, valid, reliable, discriminates severity of
disease

May be affected by other SSc complications
May vary from measurement to measurement

Composite Measures CRISS

Will require large trials of long duration
Further study needed

Radiologic evidence of ILD should be included in the defini-
tion. In the assessment of ILD treatment, PFT test parameters
including the forced vital capacity (FVC) and the diffusion
capacity (DLCO) are frequently assessed. A clinically signif-
icant change in SSc-ILD has not yet been defined. Stability in
these parameters can be interpreted as a treatment effect. This
leads to difficulty in defining a meaningful PFT outcome mea-
sure in SSc-ILD trials. More recently, changes in quantitative
HRCT measures of ILD have been shown to provide a sensi-
tive indication of disease progression and response to treat-
ment, and this will likely be used increasingly as an objective
outcome in clinical trials. The importance of patient-reported
dyspnea for assessing prognosis and disease progression in
ILD is well recognized. According to recent recommendations
from the OMERACT CTD-ILD group the Dyspnea 12 [17]
and the Medical Research Council Dyspnea Scale [18] are the
“best currently available instruments in CTD-ILD” [19]. Both
have been demonstrated to have truth (face and criterion va-
lidity) and feasibility. The clinical course of patients with SSc-
ILD is variable. The variability of progression in SSc-ILD
means that large randomized trials are necessary, and is im-
portant to consider in power calculations for SSc-ILD clinical
trials.

Vascular: Raynaud Phenomenon and Digital Ulcers

Raynaud is the most common symptom directly attributable to
SSc and demonstrated to have the second highest impact on
daily life [20]. Raynaud has been assessed in clinical trials
with a combination of patient-reported and objective

outcomes. In 2002, the Scleroderma Clinical Trials
Consortium (SCTC) proposed a core set of measures for use
in clinical trials of RP in SSc patients including the Raynaud
condition score (RCS), patient and physician visual analog
scales (VAS) ratings of RP activity, a digital ulcer/infarct mea-
sure, measures of disability and pain (HAQ), and measures of
psychological function (AIMS2). This was further reviewed
by OMERACT in 2003 and endorsed by the SCTC in a
Delphi exercise [21]. However, these measures have been
used to different degrees in clinical trials. The most frequently
used have been the RCS and Raynaud VAS. The RCS is a self-
assessment tool using a 0—10 ordinal scale to examine daily
frequency, severity, impact, and duration of Raynaud attacks.
The Raynaud VAS asks the patient is asked how severe
Raynaud symptoms were in the last week. The reliability
and validity of both the RCS and the Raynaud VAS scale have
been previously demonstrated [22]. Another commonly used
outcome measure has been the daily diary, which consists of
daily logs assessing the number of attacks, duration of attacks,
patient pain, patient numbness, patient tingling, and RCS. The
diary has been favored by some as it is patient-reported and
can be used to assess symptoms over a longer period of time
(for example, up to 14 days). More recently, a key paper [23¢]
analyzed the outcome measures in the placebo groups of 3
RCTs investigating Raynaud drugs. They observed a high
placebo response rate in the individual components, with low-
er variability and placebo responses when several core mea-
sures were used. This led them to suggest a composite score of
Raynaud measures, but this remains in need of further assess-
ment of potential discriminatory characteristics.
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Several methods of digital blood flow have been evaluated
and applied to proof-of-concept studies. Mainly, these have
included thermography and laser Doppler perfusion imaging
(LDPI). Thermography is expensive and requires tightly con-
trolled environmental conditions, which poses a practical bar-
rier for clinical trials. LDPI has been successfully used for
proof-of-concept and open-label studies with several medica-
tions with positive results [24]. Two recently published
placebo-controlled RCT showed improvement with
ambrisentan based on RCS [25] or frequency and severity of
Raynaud attacks [26], but no change in digital blood flow in
short-term studies. Conversely there are proof-of-concept
studies demonstrating improvement in LDPI imaging but no
change in pain, tingling, or numbness scores [27]. Taking this
real-world clinical trial experience in aggregate, we believe
that the current subjective and objective assessments do not
correlate well and that further investigation is needed. Of note,
more novel imaging includes the use of laser speckle contrast
analysis (LSCA) which assesses cutaneous microcirculation.
An advantage of LSCA imaging compared to LDPI in SSc
patients is that LSCA is not dependent on capillary density.
LSCA has been studied in SSc patients, who demonstrate a
unique pattern compared to healthy controls [5e, 28, 29].
Pauling et al [30] demonstrated moderate to good correlation
between LSCA and infrared thermography (»=0.58-0.84)
[30]. This is a promising new technique with application to
SSc-associated microvascular clinical outcomes, but is in need
of further development.

Gastrointestinal

Approximately 90 % of patients with SSc have gastrointesti-
nal involvement, and these problems contribute significantly
to morbidity [31, 32]. The earliest and most common GI man-
ifestation in SSc is esophageal disease including reflux and
dysmotility, but any part of the GI tract may be involved in
SSc. Severe GI involvement including malabsorption and in-
testinal pseudo-obstruction is seen in less than 10 % of SSc
patients, but is associated with increased mortality [33].
Although small SSc-specific clinical trials have been per-
formed for various aspects of SSc-GI disease, much of the
therapy literature includes case-reports or small case series.
The relative paucity of high quality literature in this area re-
lates to the heterogeneity of SSc-GI manifestations in addition
to the uncommon nature of SSc. Multiple objective outcome
measures are possible in GI disease, depending on the in-
volved section of the gut. Examples include impedance mon-
itoring, manometry, or pH monitoring for esophageal motility.
However, the number of studies looking at these outcomes is
small, and these measures need to be validated in SSc to be
considered for use in a large-scale clinical trial [34¢].PROs
which assess SSc-GI involvement have been developed. The
UCLA Scleroderma Clinical Trial Consortium (SCTC) GIT
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2.0 includes 34 items and 7 multi-item scales (reflux, disten-
tion/bloating, diarrhea, fecal soilage, constipation, emotional
well-being, and social functioning) and a total GIT score to
assess HRQOL and GI symptom severity. The GIT 2.0 has
been shown to be feasible, valid and reliable, and discrimi-
nates between mild, moderate, and severe disease [35]. It has
been used both in observational studies [36], in small clinical
trials [37] and in clinical trials with non-GI primary outcomes,
as a way to test for GI side effects [38]. The GIT 2.0 is a well-
developed patient-reported outcome measurement primed for
use in Gl-specific clinical trials.

Pulmonary Hypertension

Pulmonary hypertension studies in SSc have used outcome
measures similar to those in non-SSc pulmonary arterial hy-
pertension trials. The primary endpoints in PH trials are usu-
ally surrogate measures, with the 6-min walk test (6MWT)
being the most common [39]. One criticism of the 6MWT in
SSc patients is that the result can be affected by other SSc
complications, such as lower extremity musculoskeletal dis-
ease which limits ambulation. Although hemodynamic mea-
surements have been proposed as an outcome, and may be an
informative secondary outcome measure, the baseline vari-
ability of these measurements in small studies (such as in
SSc-PAH) has made it difficult for them to be used as primary
outcome. More recent studies in PAH have used combination
endpoints, such as time to clinical failure (hospitalization,
death, or worsening PH) [40, 41] as the primary outcomes. It
seems likely that this practice will be adopted in future SSc-
associated PH trials.

Other SSc Manifestations

There are several aspects of SSc that are less frequently stud-
ied. These include calcinosis, myopathy, arthritis, and cardiac
disease (excluding pulmonary hypertension.) There are differ-
ent reasons for less frequent study of these disease manifesta-
tions, and again, figuring importantly is rarity and heteroge-
neity as well as paucity of validated outcome measures. The
SCTC has devoted working groups to address these clinical
problems and to develop outcome measures [42].

Composite Measures

A composite response index in SSc (CRISS) has been devel-
oped for use in clinical trials using expert consensus and data
driven approaches [43¢¢]. The CRISS can discriminate be-
tween dcSSc patients who have improved and those who have
not over one year, validated against SSc expert opinion of 150
patient profiles. The CRISS is composed of change in MRSS
over 1 year, FVC, the Health Assessment Questionnaire dis-
ability index, and patient and physician global assessments.
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The CRISS is currently considered provisional, and is planned
to be validated in RCTs of diffuse SSc. It may prove to be a
valuable diffuse SSc outcome measure. Under development is
a scleroderma damage index through the SCTC, which may
help to quantify permanent disease burden in the future [44].

Biomarkers in SSc

Biomarkers are characteristics that are objectively measured
which can be used to detect disease, provide prognosis of
disease course, or evaluate response to treatment [45].
Serologic biomarkers are used in SSc in varying contexts
[46°]. The use of biomarkers in clinical trials in SSc is a topic
of great interest, but their utility is not clearly defined at
present.

Autoantibodies are used in both diagnoses cutaneous
subtyping and assessing risk of internal organ involvement.
There are ten confirmed SSc-associated autoantibodies. Three
antibodies—anti-centromere (ACA), anti-topoisomerase |
(TOPO, anti-Scl-70), and anti-RNA polymerase 11l (RNAP),
are part of the 2013 ACR/EULAR classification criteria for
SSc and are widely clinically available [47]. They also provide
information regarding prognosis with respect to the develop-
ment of specific clinical features as well as mortality [48].
RNAP and TOPO are associated with a diffuse cutaneous
involvement. Patients with TOPO are at high risk of develop-
ing clinically important ILD, and those with RNAP are at
specific risk for developing severe skin disease and SRC.
ACA is associated with limited cutaneous involvement as well
as with an increased risk of the development of PAH [10].
Description of autoantibodies in SSc has been reviewed in
depth in other publications [5¢, 49]. From the perspective of
their use as biomarkers, they are useful in diagnosis and in risk
stratification. At present, these autoantibodies do not have a
role as a measure of disease activity or response to therapy.

C-reactive protein (CRP) is a general inflammatory marker
used in the context of multiple rheumatic diseases. A high
CRP in patients with SSc has been associated with the diffuse
cutaneous subtype as well as more severe skin and lung in-
volvement. Higher CRP has been associated with progression
of ILD and decreased survival, and thus CRP may also be
biomarker of prognosis [50]. The utility of CRP as a second-
ary endpoint or as a way to enrich for disease activity in
clinical trials is under evaluation.

Newer, investigational biomarkers include gene-
expression profiles derived from the skin or peripheral blood.
Gene-expression profiling on whole blood has shown that
patients with SSc have a type 1 interferon signature that cor-
relates with the severity of skin, lung, and muscle involvement
[51, 52]. In SSc skin, there are distinct gene-expression pro-
files dubbed “intrinsic subsets” which may associate with dif-
ferential response to treatment [53, 54]. Gene-expression pro-
files [55] apart from intrinsic subsets of genes as assessed by

whole genome microarray may change with treatment and
subset assignment may change over time. It is possible that
patients with an inflammatory signature in the blood may have
a better response to immunosuppression, but more work is
needed before these profiles can be used in clinical trials as
more than an exploratory outcome [56, 57].

Gene expression can also be measured by quantitative PCR
or custom nanostring with expression levels of THBSI,
MS4A4A, CTGF, CD163, CCL2, and WIF1 correlating
strongly with MRSS in independent studies [58¢]. This con-
cept was used successfully in the context of a recent clinical
trial where treatment with fresolimumab, an anti-TGFf3
monoclonal antibody, led to a rapid decline in the expression
of thrombospondinl (THBS1), a TGF3-regulated gene [59e¢].
Other TGF 3-regulated genes such as cartilage oligomeric pro-
tein (COMP), SERPINE1, and CTGF declined as well. This
decline in gene-expression correlated with MRSS, and may
prove to be an objective read out in future clinical trials.

Proof-of Concept and Early-Phase Clinical Studies

Early-phase clinical studies in SSc need to demonstrate safety
as well as to provide enough preliminary data to justify larger
and more expensive trials. Open-label trials are easy to recruit
because the patient is certain to receive active treatment. Such
trials can provide important safety data as well as biological
samples from which target engagement of the interventional
therapy can be determined. Open-label studies provide infor-
mation on potential effect size if further drug development is
pursued, but do not answer the question of efficacy. Placebo-
controlled studies are necessary for this, even as they can be
hard to gauge efficacy with small numbers.

Engaging Patients in Placebo-Controlled Studies

Studies with a placebo control can be difficult to recruit, par-
ticularly as an ideal trial design for SSc skin involves patients
with very early disease. Patients may prefer to try more con-
ventional therapies, entering a placebo-controlled clinical trial
of an investigational drug only if they experience worsening
or no improvement with first-line therapies. In small pilot
studies, the presence of a background therapy or actively treat-
ed control may dampen changes in clinical or biological effect
and thus to truly learn from these studies, a placebo control is
needed.

The ethical use of placebo treatment in SSc is important to
consider and differs depending on the organ systems involved.
For example, there have been two randomized, placebo-con-
trolled, double blind trials studying the efficacy of methotrex-
ate for the treatment of skin disease. Neither trial demonstrated
a statistically significant improvement in skin score, although
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trend toward improvement in the treatment group was ob-
served [60, 61]. Based upon these and other data, The
European League Against Rheumatism (EULAR) endorses
the use of MTX for skin involvement in early SSc [62].
Mycophenolate has been used increasingly in the treatment
of skin disease, and its benefit has been shown in small obser-
vational studies [63—65] mostly with a larger effect size than
reported with MTX. However, no placebo-controlled RCT
has been performed, and it is unlikely to be performed in the
future. Given this lack of clear evidence, a placebo control arm
in a clinical study for the treatment of skin disease is ethical
because no clearly proven effective intervention exists.
However, clinicians are accustomed to offering immunosup-
pressive treatment for patients with SSc, and patients may
expect such treatment. This can lead to a complex shared
decision-making process when a placebo-controlled trial is
considered.

Approaches to improve patient acceptance of placebo con-
trol studies include an escape plan for treatment of those with
progressive disease, a placebo period followed by open-label
extension, and a cross-over design (appropriate only for cer-
tain manifestations of SSc, such as RP). Another approach is
to allow active background therapy. However, this may make
it more difficult to read biological signals. For other SSc man-
ifestations, e.g., ILD, benefit of immunosuppressive treatment
over placebo has been shown, and trial design with placebo
control would not always be necessary. Although ambivalence
regarding the degree of treatment effect versus side effects still
exists, and so a placebo-controlled trial, even in ILD, may be
considered in some scenarios.

Conclusions

In 1995, White et al. published guidelines to improve the
design of clinical trials of disease modifying agents in SSc
[66]. Recommendations included recruitment of patients with
less than a 24-month duration of disease from first symptom
attributable to SSc, preference for double blinded RCTs, and
need for trials of sufficient duration. They urged that response
measures accurately reflect disease activity and be sensitive to
change, and that surrogate responses be desirable but not nec-
essarily validated. The recommendations of that group still
hold true. Despite considerable progress in the last two de-
cades, work is still needed on response measures and in de-
velopment of surrogate responses. In the last several years, our
understanding of cellular and molecular mediators of the path-
ogenesis of SSc has improved greatly, and the number of
options for targeted therapies has increased. This has been
greatest for patients with early diffuse cutaneous disease.
This has brought about a new but important challenge—com-
petition for early stage diffuse SSc patients, as there are sev-
eral trial options for each individual patient. This heightens the
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importance of designing and executing clinical trials well as
an imperative to the scleroderma research community.

Acknowledgments The authors would like to thank Thomas Medsger
for his review of this manuscript.

Compliance with Ethical Standards

Conflicts of Interest JKG declares that she has no conflicts of interest.
RTD reports personal fees from and research activities and consultancy
for Biogen-Idec, and personal fees from and research activities and con-
sultancy for Bayer Healthcare, during the conduct of the study.

Human and Animal Rights and Informed Consent All reported
studies/experiments with human or animal subjects performed by the
authors have been previously published and were in compliance with
all applicable ethical standards (including the Helsinki declaration and
its amendments, institutional/national research committee standards, and
international/national/institutional guidelines).

Funding JKG reports grant funding from the Kellen Foundation -
Hospital for Special Surgery Clinician Scientist Development
Award. RTD reports grant funding from the NIH-NIAMS (R21
AR066405-01) during the conduct of the study.

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

*+ Of major importance

1. Bryan C, Howard Y, Brennan P, Black C, Silman A. Survival fol-
lowing the onset of scleroderma: results from a retrospective incep-
tion cohort study of the UK patient population. Br J Rheumatol.
1996;35:1122-6.

2. Rubio-Rivas M, Royo C, Simeon CP, Corbella X, Fonollosa V.
Mortality and survival in systemic sclerosis: systematic review
and meta-analysis. Semin Arthritis Rheum. 2014;44:208-19.

3. Mayes MD, Lacey Jr JV, Beebe-Dimmer J, et al. Prevalanece, in-
cidence, survival, and disease characteristics of systemic sclerosiss
in a large US population. Arthritis Rheum. 2003;48:2246-55.

4. Clements PJ, Hurwitz EL, Wong WK, et al. Skin thickness score as
a predictor and correlate of outcome in systemic sclerosis: high-
dose versus low-dose penicillamine trial. Arthritis Rheum.
2000;43:2445-54.

5.« Domsic RT. Scleroderma: the role of serum autoantibodies in de-
fining specific clinical phenotypes and organ system involvement.
Curr Opin Rheumatol. 2015;26:646—52. This paper summarizes
recent advances in serologic testing for SSc-associated antibod-
ies and the role of auto-antibodies in diagnosis and prognosis of
SSc.

6. Domsic RT, Nihtyanova SI, Wisniewski SR, et al. Derivation and
validation of a prediction ruule for two-year mortality in early dif-
fuse cutaneous systemic sclerosis. Arthritis Rheumatol. 2014;66:
1616-24. This paper describes four independent predictors of
mortality in early diffuse: age, skin thickness progression rate,
gastrointestinal tract severity, and anemia.



Curr Rheumatol Rep (2016) 18: 38

Page 7 of 8§ 38

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23..

Meyer OC et al. Disease subsets, antinuclear antibody profile and
clinical features in 127 French and 247 US adult patients with
systemic sclerosis. J Rheumatol. 2007;34:104-9.
Kuwana M et al. Racial differences in the distribution of systemic
sclerosis-related serum antinuclear antibodies. Arthritis Rheum.
1994;37:902.
Nihtyanova SI, Schreiber BE, Ong VH. Prediction of pulmonary
complications and long-term survival in systemic sclerosis. Arthritis
Rheum. 2014;66:1625-35. This study provides outcome data
based on up to a 15-year follow-up of SSc and derives predictive
models which could be used as clinical tools for patient risk
stratification and cohort enrichment in clinical trials.
Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis
Rheum. 2005;35:35.
Perera A, Fertig N, Lucas M, Rodriguez-Reyna TS, Hu P, Steen
VD, et al. Clinical subsets, skin thickness progression rate, and
serum antibody levels in systemic sclerosis patients with anti-
topoisomerase I antibody. Arthritis Rheum. 2007;56:2740-6.
Furst DE, Clements PJ, Steen VD, et al. The modified Rodnan skin
score is an accurate reflection of skin biopsy thickness in systemic
sclerosis. ] Rheumatol. 1998;25:84-8.
Clements P, Lachenbruch P, Siebold JR, et al. Inter and
intraobserver variability of total skin thickness score (modified
Rodnan TSS) in systemic sclerosis. ] Rheumatol. 1995;22:1281-5.
Kaldas M, Khanna PP, Furst DE, et al. Sensitivity to change of the
modified Rodnan skin score in diffuse systemic sclerosis—assess-
ment of individual body sites in two large randomized controlled
trials. Rheumatology (Oxford). 2009;48:1143—6.
Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F. Causes and risk
factors for death in systemic sclerosis: a study from the EULAR
Scleroderma Trials and Research (EUSTAR) database. Ann Rheum
Dis. 2010;69:1809-15.
Steele R, Hudson M, Lo E, Baron M, sclerosis
ObotCSRGCdrtptpoildis. Clinical decision rule to predict the pres-
ence of interstitial lung disease in systemic sclerosis. Arthritis Care
Res (Hoboken). 2012;64:519-24.
Yorke J, Swigris J, Russell AM, et al. Dyspnea-12 is a valid and
reliable measure of breathlessness in patients with interstitial lung
disease. Chest. 2011;139:159-64.
Nishiyama O, Taniguchi H, Kondoh Y, et al. A simple assessment
of dyspnoea as a prognostic indicator in idiopathic pulmonary fi-
brosis. Eur Respir J. 2010;36:1067-72.
Saketkoo LA, Mittoo S, Huscher D, et al. Connective tissue disease
related interstitial lung diseases and idiopathic pulmonary fibrosis:
provisional core sets of domains and instruments for use in clinical
trials. Thorax. 2014;69:428-36.
Bassel M, Hudson M, Taillefer SS, Schieir O, Baron M, Thombs
BD. Frequency and impact of symptoms experienced by patients
with systemic sclerosis: results from a Canadian National Survey.
Rheumatology (Oxford). 2011;50:762—7.
Khanna D, Lovell DJ, Giannini E, et al. Development of a provi-
sional core set of response measures for clinical trials of systemic
sclerosis. Annals Rheumatic Dis. 2008;67:703-9.
Merkel PA, Herlyn K, Martin RW, et al. Measuring disease activity
and functional status in patients with scleroderma and Raynaud’s
phenomenon. Arthritis and rheumatism Arthritis and Rheumatism.
2002;46:2410-20.
Gladue H, Maranian P, Paulus HE, Khanna D. Evaluation of test
characteristics for outcome measures used in Raynaud’s phenome-
non clinical trials. Arthritis Care Res. 2013;65:630—6. This study
analyzed core set measures from 249 patients in the placebo-
treated groups from three RP RCTs including the RCS and
other measures and found that outcome measures used in
RCTs of RP are associated with marked variability but that a
combination of outcome measures is associated with lower pla-
cebo responses. This provides a rationale to perform future

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34..

3s.

36.

37.

38.

39.

40.

studies to assess whether a composite score would perform
better.

Rosato E, Molinaro I, Borghese F, Rossi C, Pisarri S, Salsano F.
Bosentan improves skin perfusion of hands in patients with system-
ic sclerosis with pulmonary artery hypertension. J Rheumatol.
2010;37:2531-9.

Bose N, Bena J, Chatterjee S. Evaluation of the effect of
ambrisentan on digital microvascular flow in patients with systemic
sclerosis using laser Doppler perfusion imaging: a 12-week ran-
domized double-blind placebo controlled trial. Arthritis Res Ther.
2015;5:44.

Correa MJ, Mariz HA, Andrade LE, Kayser C. Oral N-
acetylcysteine in the treatment of Raynaud’s phenomenon second-
ary to systemic sclerosis: a randomized, double-blind, placebo-
controlled clinical trial. Rev Bras Rheumatol. 2014;54:452-8.
Hummers LK, Dugowson CE, Dechow FJ, et al. A multi-centre,
blinded, randomised, placebo-controlled, laboratory-based study of
MQX-503, a novel topical gel formulation of nitroglycerine, in
patients with Raynaud phenomenon. Ann Rheum. 2013;72:1962—
7.

Della Rossa A, Cazzato M, d-Ascanio A, et al. Alteration of micro-
circulation is a hallmark of very early systemic sclerosis patients: a
slaser speckle contrast analysis. Clin Exp Rheumatol. 2013;31:
109-14.

Gaillard-Bigot F, Roustit M, Blaise S, et al. Abnormal amplitude
and kinetics of digital postocclusive reactive hyperemia in systemic
sclerosis. Microvas Res. 2014;94:90-5.

Pauling JD, Shipley JA, Hart DJ, McGrogan A, McHugh NJ. Use
of laser speckle contrast imaging to assess digital microvascular
function in primary raynuad phenomenon and syustemic sclerosis:
a comparison using the Raynaud condition score diary. J
Rheumatol. 2015;42:1163-68.

Akesson A. Organ manifestations in 100 patients with progressive
systemic sclerosis: a comparison between the CREST syndrome
and diffuse scleroderma. Br J Rheumatol. 1989;28:281.

Thoua NM, Bunce C, Brough G, Forbes A, Emmanuel AV, Denton
CP. Assessment of gastrointestinal symptoms in patients with sys-
temic sclerosis in a UK tertiary referral centre. Rheumatology
(Oxford). 2010;49:1770.

Steen VD, Medsger Jr TA. Severe organ involvement in systemic
sclerosis with diffuse scleroderma. Arthritis Rheum. 2000;43:
2437-44.

Khanna D, Nagaraja V, Gladue H, Chey W, Pimentel M, Frech T.
Measuring response in the gastrointestinal tract in systemic sclero-
sis. Curr Opin Rheumatol. 2013;25:700—6. This review discusses
the outcome measures to assess gastrointestinal tract involve-
ment in SSc.

Khanna D, Hays RD, Maranian P, et al. Reliability and validity of
the University of California, Los Angeles Scleroderma Clinical
Trial Consortium gastrointestinal tract instrument. Arthritis
Rheum. 2009;61:1257.

Khanna D, Furst DE, Hays RD, et al. Minimally important differ-
ence in diffuse systemic sclerosis: results from the D-penicillamine
study. Ann Rheum Dis. 2006;65:1325-9.

Frech TM, Khanna D, Maranian P, Frech EJ, Sawitzke AD,
Murtaugh MA. Probiotics for the treatment of systemic sclerosis-
associated gastrointestinal bloating/distention. Clin Exp
Rheumatol. 2011;38:1920-24.

Safety and tolerability of pirfenidone in patients with systemic
sclerosis-associated interstitial lung disease—the LOTUSS study.
Am J Respir Crit Care Med 2015;191:A1175

Barst RJ. A comparison of continuous intravenous epoprostenol
(prostacyclin) with conventional therapy for primary pulmonary
hypertension. N Engl J Med. 1996;334:296-301.

Galie et al. Initial use of ambrisentan plus tadalafil in pulmonary
arterial hypertension. N Engl ] Med. 2015;373:834-44.

@ Springer



38 Page8of8

Curr Rheumatol Rep (2016) 18: 38

41.

42,
430

44,

45.

46.¢

47.

48.

49.

50.

51.

52.

53.

54.

Pulido et al. Macitentan and morbidity and mortality in pulmonary
arterial hypertension. N Engl J Med. 2013;369:809—18.
http://sites.bu.edu/sctc_activities/.

Khanna D, Berrocal VJ, Giannini EH, et al. The American College
of Rheumatology provisional composite response index for clinical
trials in early diffuse cutaneous systemic sclerosis. Arthritis
Rheumatol. 2016;68:299-311. This study describes the develop-
ment of the composite response index in deSSc (CRISS) for use
in randomized controlled trials (RCTs).

Ferdowsi N, Huq M, Burchell J, Mancuso S, Tay T, Stevens W,
Rabusa C, Hudson M, Sundararajan V, Prior D, Proudman S, Baron
M, Nikpour M. Development of a disease damage index in systemic
sclerosis using consensus and data driven methods [abstract].
Arthritis Rheumatol. 2015; 67 (suppl 10). http://acrabstracts.org/
abstract/development-of-a-disease-damage-index-in-systemic-
sclerosis-using-consensus-and-data-driven-methods/. Accessed
February 19, 2016

Group BDW. Biomarkers and surrogate endpoints: preferred defi-
nitions and conceptual framework. Clin Pharmacol Ther. 2001;69:
89-95.

Mohan C, Assassi S. Biomarkers in rheumatic diseases: how can
they facilitate diagnosis and assessment of disease activity? Brit
Medical J. 2015;351:h5079. This review describes the bio-
marKers in various rheumatic diseases earlier including SSec.
van den Hoogen F, Khanna D, Fransen J, et al. 2013 classification
criteria for systemic sclerosis: an American College of
Rheumatology/European League Against Rheumatism collabora-
tive initiative. Ann Rheum Dis. 2013;72:1747-55.

IToannidis JP, Vlachoyiannopoulos PG, Haidich AB. Mortality in
systemic sclerosis: an international meta-analysis of individual pa-
tient data. Am J Med. 2005;118:2—-10.

Nihtyanova SI, Denton CP. Autoantibodies as predictive tools in
systemic sclerosis. Nat Rev Rheumatol. 2010;5:112-6.
Muangchan C, Harding S, Khimdas S, et al. Association of C-
reactive protein with high disease activity in systemic sclerosis:
results from the Canadian Scleroderma Research Group. Arthritis
Care Res (Hoboken). 2012;6:1405-14.

Tan FK, Zhou X, Mayes MD, et al. Signatures of differentially
regulated interferon gene expression and vasculotrophism in the
peripheral blood cells of systemic sclerosis patients.
Rheumatology (Oxford). 2006;45:694—702.

Assassi S, Mayes MD, Arnett FC, et al. Systemic sclerosis and
lupus: points in an interferon-mediated continuum. Arthritis
Rheum. 2010;62:589-98.

Whitfield ML, Finlay DR, Murray JI, et al. Systemic and cell type-
specific gene expression patterns in scleroderma skin. Proc Natl
Acad Sci U S A. 2003;100:12319-24.

Hinchliff M, Huang CC, Wood TA, et al. Molecular signatures in
skin associated with clinical improvement during mycophenolate
treatment in systemic sclerosis. J Invest Dermatol. 2013;133:1979—
89.

@ Springer

55.

56.

57.

58.¢

590,00

60.

61.

62.

63.

64.

65.

66.

Milano A, Pendergrass SA, Sargent JL, et al. Molecular subsets in
the gene expression signatures of scleroderma skin. PLoS One.
2008;3:¢2696.

Chakravarty EF, Martyanov V, Fiorentino D, et al. Gene expression
changes reflect clinical response in a placebo-controlled random-
ized trial of abatacept in patients with diffuse cutaneous systemic
sclerosis. Arthritis Res Ther. 2015;17:159.

Gordon JK, Martyanov V, Magro C, et al. Nilotinib (Tasigna™) in
the treatment of early diffuse systemic sclerosis: an open-label, pilot
clinical trial. Arthritis Res Ther. 2015;17:213.

Rice LM, Ziemek J, Stratton EA, et al. A longitudinal biomarker for
the extent of skin disease in patients with diffuse cutaneous systemic
sclerosis. Arthritis Rheumatol. 2015;67:3004—15. This group de-
fines a pharmacodynamic biomarker based on skin-gene ex-
pression performed reproducibly on a NanoString platform
that correlates with the MRSS in clinical trials.

Rice LM, Padilla CM, McLaughlin SR, et al. Fresolimumab treat-
ment decreases biomarkers and improves clinical symptoms in sys-
temic sclerosis patients. J Clin Invest 2015 125. This paper reports
the results of a trial of fresolimumab in SSc. This was an open-
label trial which showed both clinical effect and rapid decrease
of TGF-f3-regulated biomarker genes thrombospondin-1
(THBS1) and cartilage oligomeric protein (COMP).

van den Hoogen FH, Boerbooms AM, Swaak AJ, Rasker JJ, van
Lier HJ, van de Putte LB. Comparison of methotrexate with placebo
in the treatment of systemic sclerosis: a 24 week randomized
double-blind trial, followed by a 24 week observational trial. Br J
Rheumatol 1996;35

Pope JE, Bellamy N, Seibold JR, et al. A randomized, controlled
trial of methotrexate versus placebo in early diffuse scleroderma.
Arthritis Rheum. 2001;44:1351.

Kowal-Bielecka O, Landewe R, Avouac J, et al. EULAR recom-
mendations for the treatment of systemic sclerosis: a report from the
EULAR Scleroderma Trials and Research group (EUSTAR). Ann
Rheum Dis. 2009;68:620.

Le EN, Wigley FM, Shah AA, Boin F, Hummers LK. Long-term
experience of mycophenolate mofetil for treatment of diffuse cuta-
neous systemic sclerosis. Ann Rheum Dis. 2011;70:1104.
Mendoza FA, Nagle SJ, Lee JB, Jimenez SA. A prospective obser-
vational study of mycophenolate mofetil treatment in progressive
diffuse cutaneous systemic sclerosis of recent onset. ] Rheumatol.
2012;39:1241-7.

Derk CT, Grace E, Shenin M, Naik M, Schulz S, Xiong W. A
prospective open-label study of mycophenolate mofetil for the
treatment of diffuse systemic sclerosis. Rheumatology (Oxford).
2009;48:1595.

White B, Bauer EA, Goldsmith LA, et al. Guidelines for clinical
trials in systemic sclerosis (scleroderma). 1. Disease-modifying in-
terventions. The American College of Rheumatology Committee
on Design and Outcomes in Clinical Trials in Systemic Sclerosis.
Arthritis Rheum. 1995;38:351-60.


http://sites.bu.edu/sctc_activities/
http://acrabstracts.org/abstract/development-of-a-disease-damage-index-in-systemic-sclerosis-using-consensus-and-data-driven-methods/
http://acrabstracts.org/abstract/development-of-a-disease-damage-index-in-systemic-sclerosis-using-consensus-and-data-driven-methods/
http://acrabstracts.org/abstract/development-of-a-disease-damage-index-in-systemic-sclerosis-using-consensus-and-data-driven-methods/

	Clinical Trial Design Issues in Systemic Sclerosis: an Update
	Abstract
	Introduction
	Clinical Trial Design
	Patient Selection
	Clinical Outcome Measures
	Skin Disease
	Pulmonary Disease
	Vascular: Raynaud Phenomenon and Digital Ulcers
	Gastrointestinal
	Pulmonary Hypertension
	Other SSc Manifestations
	Composite Measures

	Biomarkers in SSc

	Proof-of Concept and Early-Phase Clinical Studies
	Engaging Patients in Placebo-Controlled Studies
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



