Advances in disease-specific treatment of systemic sclerosis

Systemic sclerosis is a heterogeneous autoimmune connective tissue disorder characterized by humoral
and cellular immune dysregulation, vascular dysfunction and a prominent cutaneous and visceral organ
fibrosis. While there have been great strides in managing organ-specific involvement, disease-specific
therapy has remained elusive. Small open-label pilot studies have typically given good results, while the
more uncommon randomized, double-blind, placebo-controlled trials have not. We review the disease-
specific therapies studied to date, with an eye to future therapies.
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Scleroderma is a disease characterized by excess-
ive collagen deposition in the skin, blood ves-
sels and visceral organs. Derived from the Greek
words ‘skleros’ (meaning hard or indurated) and
‘derma’ (skin), Hippocrates is credited with the
first depiction of this condition in approximately
400 BC. Physically debilitating, scleroderma
is associated with a five- to eight-fold increase
in mortality over that of the general popula-
tion [1]. Despite significant disease burden, no
single therapeutic agent has ever been proven
to be universally efficacious. This is due to the
complex nature of the disease, which includes
interplay between various immune cells as well
as dysfunction at the vascular endothelial level.
The net effect is uncontrolled inflammation
along with abundant collagen production and
deposition. The following article is intended to
provide a brief review of the underlying pathol-
ogy of scleroderma, and to discuss current, as
well as potential future targets of treatment.

Background

Scleroderma is characterized mainly by the fol-
lowing cellular events: a humoral response with
autoantibody production, activation of cellular
immunity with inflammation and subsequent
excess collagen production and deposition [2.3].
Molecular changes in the vascular endothelium
precede the development of clinical symptoms,
and may represent the earliest step in the sclero-
derma disease cascade. Carvalho ez /. discov-
ered the presence of IgG anti-endothelial cell
autoantibodies in scleroderma patients [4].
In vitro, anti-endothelial cell autoantibodies
have subsequently been shown to result in endo-
thelial cell apoptosis and upregulated production

10.2217/17584272.4.1.67 © 2009 Future Medicine Ltd

of vascular endothelial cell surface adhesion
molecules, such as intercellular adhesion mol-
ecule-1, vascular cell adhesion molecule and
selectins. High levels of these and other adhe-
sion molecules cause leukocyte activation, and
have been found in the tissues of organs affected
with systemic sclerosis (SSc) [5-7].

As mentioned previously, immune cell
interplay is central in scleroderma, particularly
TGE-B. This cytokine is released by many dif-
ferent cell types including macrophages, and
plays an important role in fibroblast activation
8]. Presently, there are three known isoforms
of TGF-f that bind to corresponding TGF-3
receptors on the fibroblast cell surface, which
in turn, stimulate the SMAD protein cascade,
resulting in collagen gene transcription [9.10].
Furthermore, there is evidence that TGF-f
receptors are present in greater numbers on
fibroblasts collected from SSc patients, a find-
ing that yields more credence to the significant
role of TGF-f in scleroderma [11].

Other proteins that have received a lot of
attention in scleroderma research include endo-
thelin-1, connective tissue growth factor and
PDGF. Endothelins produced by endothelial
cells act as potent vasoconstrictors. They also
possess the ability to upregulate myofibro-
blast activity and have significant profibrotic
effects [12,13]. An intriguing finding is that
TGEF-B is a potent inducer of endothelin-1 gene
transcription, possibly linking both cytokines
in scleroderma pathogenesis [1415]. TGF-8
also promotes production of connective tissue
growth factor, which in turn activates fibroblasts
to secrete excess collagen characteristic of SSc
[16]. SSc patients may possess other antibodies

Int. J. Clin. Rheumatol. (2009) 4(1), 67-73

part of

future o
Meaicine

ISSN 1758-4272

fsg

67



68

Shenin, Naik & Derk

that are capable of stimulating PDGF receptors,
inducing tyrosine kinase phosphorylation and
subsequent Type 1 collagen production [17].

No therapeutic consensus exists in scleroderma
treatment, given the complexity of known cellu-
lar interactions in addition to the many molecu-
lar pathways yet to be uncovered. To date, SSc
disease-specific management can be subdivided
into three categories: disease-modifying agents,
targeted therapy and antifibrotic drugs.

Disease-specific management
Disease-modifying therapy

The largest category of therapy primarily con-
sists of nonspecific immunosuppressive agents.
A cytotoxic alkylating agent, cyclophosphamide
(CYC), has been the mainstay treatment for
active interstitial lung disease (ILD) in a variety
of collagen vascular disorders. Since 1993, the
efficacy of CYC in scleroderma ILD has been
evaluated, in retrospective and subsequent rand-
omized, controlled trials. The Scleroderma Lung
Study consisted of 158 patients treated with oral
CYC for at least 6 months. At 1 year, there was a
statistically significant, though clinically modest,
improvement in the primary end point — forced
vital capacity (FVC). These findings persisted
at 24 months in 113 patients [18]. Yiannopoulos
et al. demonstrated stabilization rather than
improvement of ILD with intravenous CYC
treatment in 13 patients, with the least response
observed in the subgroup of patients with the
more compromised pulmonary function stud-
ies (19]. By contrast, in the Fibrosing Alveolitis
in Scleroderma Trial, 45 scleroderma patients
treated with prednisolone and CYC infusions
showed no statistically significant improvement
in ILD [20,21]. Other clinical areas examined
have included CYC effect on SSc skin. The
Scleroderma Lung Study showed significant
improvement in skin scores of diffuse systemic
sclerosis (d-SSc) patients at 12 months [21]. In
2003, Calguneri et al. treated 27 patients with
early d-SSc with an oral CYC and prednisolone
combination. Again, a significant effect was
observed in terms of skin scores in addition to
improvement in FVC and diffusing lung capac-
ity (DLCO) [22]. Most recently, in an open-label,
uncontrolled trial with six early d-SSc patients,
high-dose intravenous CYC (50 mg/kg) admin-
istered over a 4-day period resulted in clinically
significant skin score improvement. The same
trial also had one death, perhaps illustrating
the inherent danger of such an aggressive regi-
men [23]. However, other data, including a trial
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by Pakas et al., indicated a conflicting lack of
CYC efficacy in the treatment of skin fibrosis
[24]. A more recent meta-analysis included three
randomized, controlled trials and six prospective
observational studies. Main outcomes consisted
of DLCO and FVC. While modest improve-
ments in DLCO and FVC were obtained, no
clinically significant effect was seen, as defined by
an improvement of at least 10% of the predicted
value of each measure [25].

One treatment that appears promising in the
treatment of scleroderma is an inosine mono-
phosphate dehydrogenase inhibitor, myco-
phenolate mofetil (MMF). MMF interferes with
lymphocyte proliferation and causes apoptosis of
clonal T cells [26]. In one open-label trial, after
receiving a combination of antithymocyte globu-
lin for 5 daysand MMEF for 1 year, 13 scleroderma
patients demonstrated benefit in skin scores [27].
The study was limited by small patient numbers
and lack of a placebo arm; however, it paved the
way to further clinical research into the utility of
this agent. A retrospective analysis of 172 sclero-
derma patients examined morbidity and mortal-
ity as the primary end points. Secondary param-
eters included the therapeutic effect of MMF
on cardiac, pulmonary, renal, gastrointestinal
and musculoskeletal manifestations. At 5 years
of treatment, there was a 10% survival benefit
with MMF. No skin score improvement was
observed [28]. Several other clinical studies have
demonstrated MMF efficacy specifically in the
treatment of ILD, especially in terms of DLCO,
total lung capacity (TLC) and FVC [29.30].

Another commonly employed antirheumatic
agent is methotrexate (MTX). To date, there
are two randomized, controlled trials of MTX
utilized in SSc. In 1996, 29 SSc patients were
assigned to receive either MTX (n = 17) or placebo
(n=12). End points included improvements in:
total skin score by 30% or more, DLCO by 15%
or more, or visual analogue scale of general well-
being by 30% or more. There was a statistically
significant effect on total skin score and visual
analogue scale in the group receiving MTX [31].
A later multicenter study consisted of 71 patients
with d-SSc, where 35 were assigned MTX and
36 received placebo. End points included skin
scores, DLCO and physician global assessment.
At the conclusion of the study at 12 months, the
MTX group demonstrated a trend in skin scores
improvement, but not in DLCO or physician
global assessment. The investigators concluded
that there was no significant evidence for MTX
efficacy in early d-SSc [32).
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SSc treatment data with two other immuno-
suppressive agents, ciclosporin A and tacrolimus,
were provided by Clements e a/. and Morton
and Powell, respectively. Ciclosporin A efficacy
was evaluated in terms of skin thickening, pul-
monary and cardiac involvement. Despite mild
improvement in skin thickness, significant
nephrotoxicity and lack of therapeutic response
on visceral involvement precluded further use of
ciclosporin in SSc [33]. Tacrolimus showed similar
clinical effects, with fewer adverse events [34].

The same clinical investigators that studied the
utility of ciclosporin A in scleroderma conducted a
randomized, controlled trial, comparing the effi-
cacy of weekly 15 mg MTX with oral sirolimus in
the treatment of skin fibrosis. Sirolimus is believed
to inhibit IL-2 dependent T-cell proliferation.
Equal improvement was observed in both the
MTX and sirolimus groups in terms of the pri-
mary end point, which was the modified Rodnan
skin score (MRSS) scores. One must note that this
comparison trial may have been underpowered to
detect a between-group difference [3s].

Previous research has suggested that intra-
venous immunoglobulin therapy (IVIg) can be
an effective and relatively safe treatment for cer-
tain immune-mediated conditions. One of the
proposed mechanisms for IVIg utility is through
activation of the FcyRIIb receptor, which inhib-
its autoantibody-mediated inflammation [36]. In
a pilot study involving seven women with SSc,
IVIg was used to treat severe joint involvement
refractory to MTX and CYC [37). After 6 months
of therapy with IVIg at 2 mg/kg of body weight,
significant improvement was seen in the major-
ity of patients as measured by the visual ana-
logue scale, health assessment questionnaire
and Dreiser Algo-Functional Index evaluation
of hand joint function. Likewise, MRSS scores
also improved after IVIg treatment, suggesting
that this agent could be used in future studies
to counteract skin fibrosis.

More recently, two large trials were designed to
determine the effectiveness and safety of autologous
stem cell transplants in SSc, the Scleroderma
Cyclophosphamide Or Transplantation (SCOT)
trial and the Autologous Stem cell Transplantation
International Scleroderma trial (ASTIS). Subjects
enrolled in both the ASTIS and SCOT trials share
extensive skin disease (MRSS > 16), along with
significant visceral involvement [38,39]. Preliminary
data from the SCOT trial suggest that autologous
stem cell transplants may be very effective in the
treatment of skin fibrosis in SSc [40].
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Targeted immunotherapy
One of the first prototypes of targeted immuno-
therapy was a polyclonal IgG antibody derived
from animals immunized to human thymo-
cyte. Antithymocyte globulin causes T-cell
depletion. In one open-label trial, ten patients
with early d-SSc disease were treated with intra-
venous antithymocyte globulin at 10 mg/kg/day
for 5 days and followed for 12 months. Main
outcomes included change in the Rodnan skin
score (at least 25%) or improvement in DLCO
or FVC. No significant lung or skin improve-
ment was found [41]. Again, the previously
described combination of antithymocyte glob-
ulin followed by MMF did produce some skin
improvement [27].

McKown et al. postulated that, perhaps
through the introduction of a low dose of anti-
gen from affected tissues in SSc, T-cell auto-
immune activity may be suppressed. This idea
of ‘self-tolerance’ induction was tested through
oral administration of bovine Type 1 collagen
to 17 patients with SSc. All patients received
1 year of therapy with statistically significant
6- and 12-month improvements in all of the
outcomes including MRSS, pulmonary func-
tion tests and a modified health assessment
questionnaire [42]. More recently, in a placebo-
controlled trial of 168 patients, oral bovine col-
lagen was no better than placebo at 12 months
on the MRSS [43].

TNEF-a inhibition has been gaining popular-
ity in treatment of rheumatic diseases includ-
ing rheumatoid and psoriatic arthritis. In a
pilot study, etanercept was administered to ten
patients with d-SSc at 25 mg, twice weekly. At
6 months, there was improvement in digital
ulcers and skin scores, while pulmonary func-
tion remained unchanged [44]. In another open-
label study, 16 patients with early active skin
involvement were administered 5 mg/kg inflixi-
mab at 0, 2, 6, 14 and 22 weeks. Close to half of
the subjects developed infusion reactions, with
only 66% of patients completing the last infu-
sion, and the mean MRSS was not statistically
different at 26 weeks [45].

To date, aside from a few case reports, only
one trial has examined the efficacy of rituximab
in the treatment of SSc. Rituximab selectively
depletes CD-20 expressing B lymphocytes. In
an analysis of 13 patients with early SSc treated
with two 1000 mg infusions of rituximab on
consecutive weeks, minimal change in MRSS
was observed at 6 and 12 months [46,47].
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Anti-fibrotic therapy
The prototypical and still widely studied agent
in this category is D-penicillamine (D-pen).
D-pen has immunomodulatory properties and
interferes with intra- and inter-molecular col-
lagen crosslinks of newly formed collagen
[48,49]. A recent retrospective analysis conducted
at our institution evaluated 84 patients with
early, d-SSc, who received at least 3 months of
daily treatment with p-pen. Results, consistent
with many previous trials, indicated a statisti-
cally significant reduction in MRSS scores and
improvement of renal, cardiac and pulmonary
function [5051]. By contrast, an earlier rand-
omized, double-blind, controlled trial examined
the efficacy of high-dose versus low-dose p-pen.
At 24 months, no statistically significant ben-
efit in skin scores, renal crisis or mortality was
achieved, along with considerably more (80%)
adverse effects at higher doses [52].

Both IFN-o and IFN-y have been stud-
ied in the treatment of SSc. In a randomized
trial, IFN-a or placebo was administered to
35 patients with early scleroderma. Outcomes
included MRSS, pre- and post-treatment skin
biopsy, along with renal, lung and cardiac
function. No significant improvement was
observed in any of the above categories [s3).
Another randomized, controlled study involved
44 patients, with 27 patients receiving treatment
with IFN-y three-times weekly for 12 months,
while the remaining subjects were assigned to
the control group. A modest beneficial effect was
observed in terms of skin scores, but the study
did not reach statistical significance. Moreover,
treatment with this agent appeared to carry sig-
nificant morbidity, as evidenced by a high drop
out rate in the treatment group [54].

Relaxin, a protein secreted by the corpus
luteum during pregnancy, has been shown to
have antifibrotic effects in vitro, including inhi-
bition of new collagen formation. In a muldi-
center, randomized, placebo-controlled trial,
the efficacy of recombinant human relaxin was
examined on MRSS, the health assessment
questionnaire and pulmonary disease in SSc.
Relaxin doses consisted of 25 and 100 pg/kg of
body weight. After daily subcutaneous injections
over a 24-week period, the 25 pg/kg arm demon-
strated significant improvement in terms of the
MRSS, as well as in the functional status of the
patients. Interestingly, higher doses of relaxin
were not effective [5s]. A larger follow-up trial of
239 patients treated with low-dose relaxin versus

placebo showed no difference in MRSS [s6].
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The conversation about antifibrotic therapy
would not be complete without a discussion
concerning one additional treatment option
for SSc skin involvement — phototherapy with
ultraviolet irradiation. Ultraviolet irradiation is
believed to exert its activity through reduction of
procollagen synthesis and production of immu-
nosuppressive cytokines like IL-10 [57]. In a large
multicenter, placebo-controlled trial, 64 patients
with early SSc (less than 2 years in duration)
were randomly assigned to receive either active
or sham photophoresis. When compared with
baseline at 6 and 12 months, statistically sig-
nificant improvement in skin scores and joint
contractures was observed. However, no clinical
significance was observed in the treatment arm
when it was compared with placebo, and this is
likely to be a reflection of the study’s inadequate
statistical power [s8].

As mentioned previously, TGF-f and its role
in fibrosis has received a lot of recent atten-
tion in the SSc literature. CAT-192, a recom-
binant human monoclonal antibody against
active human TGF-B1, was evaluated in a
recent randomized, placebo-controlled trial of
45 patients with early active SSc. Despite a posi-
tive trend, no significant improvement in MRSS
scores was observed [59].

Future perspective

Future therapeutic options for SSc are con-
stantly expanding based on a better under-
standing of the pathogenesis of this disor-
der. Currently, trials are ongoing evaluating
the efficacy and safety of a tyrosine kinase
inhibitor, imatinib mesylate. We previously
mentioned that patients with scleroderma
have serum autoantibodies that stimulate
the platelet-derived growth factor receptor
(PDGEFR), activating collagen gene expres-
sion. In one study, Baroni ez a/. demonstrated
that PDGEFR autoantibodies were found in the
sera of all scleroderma subjects. Stimulation of
PDGER results in tyrosine phosphorylation
and reactive oxygen species accumulation [17].
In vitro, imatinib efficiently reduced PDGEF-
and TGF-fB-stimulated production of extracel-
lular molecules in SSc dermal fibroblasts [60].
Clinical efficacy and safety of imatinib in SSc
remain unknown. Other avenues of therapeu-
tic research being evaluated as disease-specific
treatment of scleroderma include antibodies to
connective tissue growth factor, phosphodieste-
rase inhibitors, endothelin receptor blockers
and gene targeting.
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Conclusion

Organ-specific therapy has, in the past three
decades, improved morbidity and mortality
from scleroderma renal crisis and has provided
options in the treatment of pulmonary arte-
rial hypertension and ILD. While there have
been great strides in managing organ-specific
involvement in SSc, disease-specific therapy has
remained elusive. Open-label pilot studies have
typically produced good results in the treat-
ment of SSc, while the more robust randomized,
double-blind, placebo control trials have not.
Unfortunately, while technically superior with
less scientific bias, randomized, placebo-con-
trolled trials are rare in scleroderma due to the
low prevalence of this condition. Furthermore,
the heterogeneity of the disease and the need to
recruit patients in these larger studies may have
caused the recruitment of a not-so-homogenous
group of patients, causing the results of these
studies to be diluted down. The need for a
clearly defined group of SSc patients who would
be considered for treatment studies has been

looked at and may help avoid nonsignificance
in therapeutic trials of SSc [61].

In summary, scleroderma treatment continues
to evolve as we learn more about the pathogenesis
of this unusual disease. As the field of pharmaco-
genomics continues to develop, in the future it
may be possible to predict exactly which patient
will respond to which treatment. This would
allow for the development of individually tai-
lored therapy that addresse the heterogeneity of
SSc clinical manifestations. Until that time, basic
and clinical research will continue to pursue the
elusive scleroderma ‘cure’.
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Executive summary

Systemic sclerosis is an autoimmune connective tissue disorder characterized by humoral and cellular dysregulation, vascular dysfunction

and organ fibrosis including skin.

Autoimmune-mediated vasculopathy may represent the earliest step in disease pathogenesis and, therefore, acts as a major target for

many disease-specific treatments.

Molecules of particular interest in scleroderma include TGF-B, endothelin-1, connective tissue growth factor and PDGF.
Treatment of systemic sclerosis is classically divided into disease-modifying therapy, targeted immunotherapy and antifibrotic agents.
Disease-modifying therapy consists of nonspecific immunosuppressive agents, including some of the following: cyclophosphamide,

mycophenolate mofetil and methotrexate.

Targeted immunotherapy utilized in systemic sclerosis contains antithymocyte globulin, and requires self-tolerance through oral
administration of bovine Type 1 collagen and various biologic agents.
p-penicillamine, interferon, relaxin and ultraviolet irradiation comprise the bulk of antifibrotic treatment options.

At present, some investigators are evaluating the efficacy and safety of bone marrow transplantation, tyrosine kinase inhibitors and
antibodies against TGF-B in the treatment of scleroderma.
Future therapeutic options are constantly expanding based on our understanding of pathophysiology.
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