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Raynaud's phenomenon (RP) and cutaneous fibrosis are the distinctive manifestations of scleroderma, in
which Endothelin-l plays a fundamental pathogenetic role. Bosentan, an Endothelin-l receptor antagonist
used for the treatment of pulmonary arterial hypertension, retards the beginning of new sclerodermic
digital ulcers (DU). This open-label, observational, retrospective study verified the effect of Bosentan on
RP and skin fibrosis in sclerodermic outpatients affected by pulmonary arterial hypertension without
DU. Fourteen subjects (13 women, 1 man; mean age 60 ± 7.5 years; ten with limited and four with diffuse
scleroderma) were observed at baseline (TO) and after four (Tl), twelve (T2), twenty-four (T3) and forty­
eight (T4) weeks during treatment with Bosentan. They were evaluated for daily quantity and duration
of RP attacks and skin thickness (using modified Rodnan total skin score, MRSS). Videocapillaroscopic
evaluation was performed at TO and T4. Bosentan decreased significantly the number and duration of RP
attacks, beginning at T2 (p<0.05). Videocapillaroscopy showed significant improvement of microcirculatory
patterns at T4 (p<0.05). MRSS decreased throughout the study, reaching the statistical significance at T3
and T4 (p<O.OI) in the whole cohort. The present data suggest that Bosentan is effective in stabili'dng the
microcirculation involvement and in improving skin fibrosis irrespective of scleroderma patterns.

Systemic sclerosis (SSc, also coined scleroderma)
is a rare systemic disease of autoimmune origin and
unknown aetiology, characterized by skin fibrosis,
Raynaud's phenomenon (RP) and a variable
involvement of the musculoskeletal, respiratory,
cardiovascular, renal, and gastrointestinal system
(l). More than 95% of patients suffering from SSc
show RP, which often represents the first disease
manifestation (2-4). Cutaneous fibrosis is the

distinctive trait of scleroderma and, when affecting
skin proximal to the metacarpophalangeal joints, is
considered the major criterion for the classification
of SSc (2). Histopathological abnormalities (e.g.,
vascular endothelial lesions, excessive collagen
deposition, etc.) found in SSc are common in
different organ tissues affected by the disease (5­
6); moreover, skin fibrosis strongly correlates with
the clinical course, internal organ involvement and
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prognosis of scleroderma (7). Endothelial cell and
capillary injury, collapse and obliteration by fibrosis
are the main histological microvascular features (8).
Endothelial cell dysfunction is a hallmark of SSc,
even if the underlying pathophysiologic basis of
the abnormal vascular responses is still unknown:
it includes deregulation of vascular tone (9-10),
increased capillary permeability (11-12) and high
serum markers of endothelial cell injury (von
Willebrand Factor, trombomodulin, soluble vascular
adhesion cell molecules and others) (I3-16). The
endothelial dysfunction in SSc is further worsened
by ischemia-reperfusion injury, through the release
of cytokines, such as Tumor Necrosis Factor Alfa
(TNFa), Interleukin-l (lL-l), Interleukin-8 (lL-8),
and Endothelin-l (ET-l) and through the recruitment
of platelets and neutrophils that generate superoxide
radicals (17). ET-l is a potent vasoconstrictor that
plays a fundamental role in the pathogenesis of
RP: increased blood levels of ET-l were found
in patients with primary and secondary RP, in
particular RP associated to SSc (I 8-21). Enhanced
expression of ET-l has also been demonstrated in
blood vessels, skin, lung, and kidney involved by
scleroderma and increased ET-l levels were found in
SSc patients affected by diffuse disease with respect
to the limited systemic form (22). In vitro studies
suggest that ET-l stimulates both lung fibroblasts
to produce and contract extracellular matrix (ECM)
and the capacity of Transforming Growth Factor
beta (TGF-~) in inducing profibrotic genes (23-24).
Furthermore ET-l activates Intracellular Adhesion
Molecule-l (ICAM-l) expression on both normal
and SSc fibroblasts (25) and interacts additively
and cooperatively with Transforming Growth Factor
beta (TGF~) and Connective Tissue Growth Factor
(CTGF, CCNN2) in inducing fibrosis (26). Of
relevance ET-l-dependent vasoconstrictor activity
is increased in SSc patients (27). So, ET-l can be
considered as a key mediator in this disease.

Bosentan, a dual (ETA and ETB) ET-l receptor
antagonist has been described to interact with several
of the above-mentioned biological patterns (23­
24). Bosentan is currently used for the treatment of
patients with IPAH or associated to SSc (pAH-SSc)
(28-29). Recently, Bosentan has also shown to be
effective in the management of SSc digital ulcers
(DU): in particular, this drug demonstrated efficacy in

decreasing the number ofnew DU in SSc patients (30).
While the clinical studies on Bosentan are substantial
in SSc-associated DU, only few studies have
investigated the potential activity of this drug on RP
secondary to SSc with or without peripheral vascular
ischemic lesions. In 2006, Selenko-Gebauer et al. (31),
and subsequently Hettema et al. (32), reported that
Bosentan reduces the impact of Raynaud's disease,
evaluated by clinical parameters. In particular, in
2007, Hettema et al. asserted that Bosentan treatment
results in an encouraging improvement in frequency,
duration and severity of RP attacks in SSc patients,
but without a demonstrated objective improvement in
blood flow (32). Sfikakis et al. affirmed that Bosentan
improved endothelial function without affecting
hemodynamic parameters or endothelial activation­
related processes, thus supporting a direct, reversible
effect of ET-l in SSc-associated vascular injury (33).
Other authors have demonstrated that Bosentan could
improve not only RP but also cutaneous fibrosis in
SSc patients (34-36).

However, contrasting data have been reported;
Bosentan did not induce significant changes in
vasodilator responses, capillary permeability,
capillary density and vascular healing (37). Recently,
Nguyen et al. showed that in seventeen SSc subjects
treated with the drug for four weeks, Bosentan was
not effective in SSc-related RP without pre-existing
digital ulcers, but that it might benefit functional
impairment in these patients (38). Moreover, Kuhn
et al. demonstrated that Bosentan was effective in
reducing skin fibrosis in ten SSc patients treated
with the drug for twenty weeks (39). On the basis
of these controversial opinions, we performed an
open-label, observational, retrospective, study on
patients affected by PAH-SSc who were on Bosentan
treatment, testing the potential activity of the drug
on RP without DU, and skin fibrosis, both distinctive
manifestations of scleroderma. In particular, the
primary aim of the study is the evaluation of RP
during the one-year treatment period. The secondary
aim includes cutaneous fibrosis evaluation and the
assessment of safety and tolerability of Bosentan.

MATERIALS AND METHODS

Fourteen SSc outpatients with RP, affected by dSSc
or ISSc, as defined by LeRoy et al. (2) who met the
preliminary American College ofRheumatology (formerly
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the American Rheumatism Association) classification
criteria for SSc, were included in the study. All patients
were consecutively recruited in the Department ofIntemal
Medicine of the University of Siena (from October 2007
to June 2009). Each subject gave fully informed voluntary
written consent. The study protocol followed the principles
of the Declaration of Helsinki and was approved by the
ethic committee of the Recruiting Center. All patients had
a diagnosis of SSc-PAH, suspected by clinical signs and
symptoms and confirmed by pulmonary function tests,
exercise capacity test (6-min walk test) and transthoracic
echocardiodoppler for the evaluation of pulmonary artery
systolic pressure (PASP) (n.v. ::;35 mmHg) as previously
described in details (40). No patient underwent right heart
catheterization because transthoracic echocardiodoppler
is able to accurately classify patients with chronic heart
failure with or without PAH (40), avoiding subjecting the
compromised patients to an invasive, potentially dangerous
procedure. The patients continued with prior medications,
including oral vasodilating drugs, ACE inhibitors, d­
penicillamine and corticosteroids (::;lOmg of prednisone
or equivalent per day). All the above-mentioned drugs had
been started more than twelve months before the beginning
of the study, without changes during the observational
period. No treatment with parenteral prostanoids within
the previous six months was allowed and no patient had
received previous treatment with Bosentan. Patients with
active renal crisis (abrupt onset of malignant hypertension
and rapidly progressive renal failure), advanced life­
threatening cardiopulmonary disease, severe liver disease
and severe anemia (hemoglobin concentration x 8 gr/dl)
were excluded. Other exclusion criteria were pregnancy
and current breast-feeding. The patients received
Bosentan 62.5 mg twice daily for four weeks and then
125 mg twice daily for more than one year (ranging from
forty-nine to seventy-two weeks, 60±9.2 weeks). Blood
chemistry, including liver function and total blood count,
was monitored every fourteen days during the first four
weeks followed by every four weeks until twenty-four
weeks, and subsequently at forty-eight weeks by standard
methods. Antinuclear antibodies (ANAs) by indirect
immunofluorescence assay (lmmuno Concepts) and
Antibodies to extractable nuclear antigens (ENAs) (FEIA,
Phadia) were evaluated at baseline, twenty-four and forty­
eight weeks. The patients were evaluated for PAH-SSc by
clinical aspects, pulmonary function and exercise capacity
(6-min walk test) tests, and echo-cardiographic parameters
at baseline (TO) and after four (Tl), twelve (T2), twenty­
four (T3) and forty-eight (T4) weeks. At TO the presence
or absence of RP per day and the duration of attacks were
investigated; subsequently (Tl, T2, T3, T4), the patients
had to keep a diary reporting the presence or absence
of RP per day and the duration of attacks. All patients

underwent nailfold videocapillaroscopy (VCP) at TO and
T4 because of its utility in systemic diseases (41).

VCP represents the most accurate technique to identify
the microvascular "scleroderma pattern", to evaluate
disease progression over time and responsiveness to
vasoactive drugs (42-43). In this study a VCP of last
generation Video Cap, MDS group, software release
8,9 was used. The images were taken by a videoprobe
connected to the instrument by an optical fiber cable which
allows a 200x magnification, as previously described (44).
The patients were examined in the same environmental
conditions in a temperature-controlled laboratory (21°C
to 24°C). Ifnecessary, room temperature was adjusted by
using fan heaters or air conditioning. Qualitative parameters
such as visibility, dystrophies, sludging, capillary
density alterations, numeric abnormalities, avascularised
zones, megacapillary presence, haemorrhages, oedema,
background pallor, capillary comb alteration, saw-toothed
aspect of microvessel and wall incisures, were evaluated
in the whole cohort. A modified version of the cited semi­
quantitative rating scales proposed for systemic sclerosis
was used in scoring microvascular changes in our patients:
in particular, a semi-quantitative scale was performed (as
O=normal, I=slight, 2=mild, 3=severe) to quantify all
described parameters (41). The enrolled patients were
tested by cold, as reported in the international literature
(45). Moreover, at TO, Tl, T2, T3 and T4, skin thickness
was assessed using the modified Rodnan total skin score
(MRSS) that represents the best clinical evaluation of
dermal thickness and is both accurate and reliable (46).
Skin thickening was assessed by palpation of the skin in
seventeen areas of the body (fingers, hands, forearms,
arms, feet, legs and thighs, face, chest and abdomen)
using a 0-3 scale, where O=normal, I=mild thickness,
2=moderate thickness, and 3=severe thickness. Total
skin score can range from 0 (no thickening) to 51 (severe
thickening in all 17 areas). We underline that the clinical
and instrumental (especially MRSS) evaluations were
performed by the same physician. Percentages and means
± sd were used to describe the cohort's demographics.

In order to evaluate the differences at different time­
points between each measured parameter, a statistical
analysis employing ANOVA for repeated measures and
correction by Bonferroni-Dunn method was applied to the
cohort of studied subjects. Baseline and in-study values
of categorized variables were evaluated by the Mann­
Whitney U test for differences among groups. A p< 0.05
was accepted as statistically significant. Each calculation
was made employing the SPSS version 16.0 package.

RESULTS

Demographic and clinical data of the studied
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Fig. 1. VCP qualitative score for the whole cohort of
SSc patients before and after Bosentan treatment. Mann­
Whitney U test, *p<O.05.

The present open-label, observational,
retrospective study shows that Bosentan is able
to reduce the number and duration of RP attacks
per day in SSc patients without DU. The evidence

ISSc patients and 37.39% in dSSc patients, from TO to
T4. The evaluation ofANAs and ENAs, at TO, T3 and
T4, did not change significantly in pattern and title
in ISSc patients nor in dSSc ones. Even if the aims
of our study are to assess the effect of Bosentan on
SSc RP and skin fibrosis, for the sake ofcompleteness
we briefly describe the outcome of PASP and change
of functional and therapeutic class [New York
Heart Association (NYHA) classification] (47). At
baseline, PASP (mmHg, n.v.~35), was 50.07±3.5
and decreased progressively, reaching statistical
significance at T2 (39.07±2.6), at T3 (35.61±3.2)
and at T4 (34.92±2.3) (p<0.01). Regarding NYHA
classification, a significant improvement was shown
of the NYHA classes in all the patients. In particular,
at TO no patient was in NYHA class I, 4 patients were
in NYHA class II (28.6%), 9 patients in NYHA class
III (64.3%) and 1patient in NYHAclass IV (7.1%).At
T1, 1 patient was in NYHA class I (7.1%), 5 patients
in class II (35.8%), 7 in class III (50%) and 1 in class
IV (7.1%). At T2, 4 patients were in class I (28.6%),
6 in class II (42.8%), 4 in class III (28.6%) and none
in class IV. At T3 and T4, 6 patients were in class I
(42.8%),6 in class II (42.8%), 2 in class III (14.4%)
and none in class IV.

population are shown in Table I. Only one patient
was male, aged 59 years and affected by ISSc for
about 74 months. All fourteen patients completed
the study. Bosentan was well tolerated from clinical
and laboratory standpoints. Only one patient showed
increased serum liver enzyme levels after three months
of treatment, but Bosentan reduction to 62.5 mg b.i.d.
allowed normalization within 1 month. Bosentan
treatment resulted in a significant reduction in number
and daily duration of RP attacks, as shown in Table
II. Briefly, the number of RP attacks per day was
3.4±1.8 in ISSc patients and 3.8±1.7 in dSSc patients
at baseline, without a statistical difference between
groups. The number of RP attacks per day started to
decrease at T1, even if the decrease reached statistical
significance at T2 (p<0.05) and remained stable at T3
and T4. The same outcome was highlighted in both
ISSc and dSSc patients, without a statistical difference
between groups. Duration (min) ofRP attacks per day
was 62.5±43.7 in ISSc patients and 61.0±38.9 in dSSc
patients at baseline, without a statistical difference
between groups. Similarly, the duration of RP
attacks per day decreased at T1, reached statistical
significance at T2 (p<0.05) and remained stable
at T3 and T4. The same outcome was highlighted
again in ISSc and dSSc patients, without a statistical
difference between the two groups. Each qualitative
parameter, evaluated by nailfold VCP, ranged from
0.22 to 1.42 score in a 0-3 scale at TO, depending
on slight-mild changes of microvasculature (Fig. 1).
Nailfold VCP (at least six recording for each patient
for each scenario) showed that visibility and sludging
improved significantly at T4 (p<0.05); capillary
density alteration, avascularised zone, oedema and
background pallor also improved, even if they did not
reach statistical significance; the remaining examined
parameters remained stable (Fig. 1). Qualitative
parameters were evaluated in all patients, without
differentiating ISSc patients and dSSc ones, because
of no statistical power between groups. The MRSS
was 18.5±7.3 in ISSc patients and 23.0±6.3 in dSSc
at baseline, without a statistical difference between
the groups. The average MRSS reduced during
Bosentan treatment: similar patterns of improvements
in the MRSS were found in both the ISSc and dSSc
patients' groups; the improvement reached statistical
significance at T3 (p<0.05) and remained stable at T4
(Fig. 2). In particular, MRSS decreased by 45.95% in
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of this activity on microcirculation was confirmed
by the data obtained by vep; we can therefore
affirm that Bosentan treatment was able to stabilize
microvasculature in all the treated patients, so that no
patient worsened. We believe that these last findings
are particularly interesting because, to the best of our
knowledge, they have not been previously reported
and they add data to the body of evidence concerning
positive vascular effects of Bosentan despite some
contrasting reports, as previously described (37-39).

However, the impact of Bosentan on SSc has been
evaluated by other authors mainly in terms of its effect
on DU, mostly because they are the major clinical
problem in SSc, occurring in about one-third of
patients, causing local pain and functional impairment
and having a negative effect on the quality of life for
patients with SSc (48). In this setting, RAPIDS-2 was
a large scale trial, including one-hundred-eighty-eight
SSc patients with at least one digital ulcer enrolled
from forty-one different referral centers in USA and
Europe (50). The study failed to detect an impact of
Bosentan on the healing of ulcers, but confirmed the
capability to prevent the development of new digital
ulcers, inducing an improvement in hand functionality
and reducing pain (49).

A further relevant difference between the present
and other studies is the longer duration of treatment
lasting more than I year compared to fourteen or

sixteen weeks. Such a relevant difference could
influence our findings because of increased exposure
to the drug without induction oftolerance. Moreover,
the long period of therapy assured the observation
of the patients in every season, and RP resulted
distributed across different periods for each subject
without a clear relation to climatic changes.

Previous data reported positive effects of
Bosentan in dermal sclerosis (34-36, 39); however,
limited evidence dealing with the limited or diffuse
form of SSc was available (36). Furthermore, MRSS
changes could be related to the natural evolution
of skin involvement in sse, and the absence of a
placebo group cannot exclude such an option in the
present results of improved MRSS. However,
we evaluated MRSS in order to verify putative
differences in Bosentan action according to the
forms of SSc, despite the small sample size, and we
found a similar improvement.

Such findings agree with previous observations
that Bosentan improves skin fibrosis (36-39). The
latter could be relevant because of the increased
number of evaluated subjects in different studies
and could suggest a new potential therapeutic
approach to SSc, the improvement of skin fibrosis
at the present time being observed mainly in patients
treated with immunosuppressants (metothrexate,
cyclophosphamide, cyclosporin A, chlorambucil),
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Fig. 2. Outcome ofModified Rodnan Total Skin score for ISSc and dSSc patients during Bosentan treatment. ANDVA for
repeated measures and Bonferroni-Dunn. *p<O.OI compared with baseline
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Table I. Demographic and clinical data ofSSc patients (N.14).

All patients, No. 14

Age, m±sd, yrs 60±7.5

Duration·ofSSc, m±sd, yrs 6±2.6

ISSc dSSc

No. % No. %

Male I 10% 0 0

Female 9 90% 4 100%

Ethnicity
10 100% 4 100%

Caucasian

Type ofSSc 10 71.43% 4 28.57%

Clinical characteristics

Raynaud Phenomenon 10 100% 4 100%

Sclerodactyly 10 100% 4 100%

Teleangectasia 7 70% 3 75%

Calcinosis 4 40% I 25%

Esophageal dismotility 6 60% 3 75%

Interstitial fibrosis lung disease I 10% 2 50%

Chest and/or limb skin fibrosis 0 0 4 100%

Oliguric renal failure 0 0 I 25%

Tendon friction rubs 0 0 I 25%

Laboratory

Anti-centromere antibodies 5 50% I 25%

Anti-DNA topoisomerase antibodies 2 20% 2 50%

Anti-RNA polimerasi antibodies 2 20% I 25%

Treatment

Penicillamine 10 100% 4 100%

6-methylprednisolone (:S10mg/die) I 10% 2 50%

Calcium channel blockers 10 100% 4 100%

Metoclopramide 6 60% 3 75%

ACE-inhibitors 0 0 3 75%

Table II. Outcome data ofthe Raynaud's phenomenon (RP) diary (§) in ISSc (no 4) and dSSc (N. 10) patients (pts) at
baseline and during Bosentan treatment.

TO TI T2 T3 T4

N. RP attacks/day ISSc 3.4±1.8 3.I±2.1 2.1±1.3* 2.0±1.l* 2.I±1.4*

N. RP attacks/day dSSc 3.8±1.7 3.3±1.8 2.4±1.9* 2.3±1.2* 2.I±1.8*

Duration (min) Rp attacks/day ISSc 62.5±43.7 58.3±36.5 32.0±9.I** 29.0±12.3** 22.1±13.8**

Duration (min) Rp attacks/day dSSc 61.0±38.9 57.3±35.0 30.0±1O.5** 31.1±11.3** 29.2±13.7**

RP: Raynaud's phenomenon
Data are presented as meanssd, ANOVA for repeated measures and Bonferroni-Dunn method,
*p<0.05 vs baseline, ** p< 0.01 vs baseline
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d-Penicillamine and prostacyclins in various
combinations especially in "early" dSSc (51-54).
Other most recent treatments targeting fibrosis, such
as interferons, seem to exert marginal effects on
skin involvement in SSc (54), while tyrosine kinase
inhibitors and recombinant human anti-TGF beta 1
antibody manifested anti-fibrotic effects in vitro and
in vivo both in animal studies and in a limited number
of unselected cases refractory to other treatments,
thus requiring further evidence (54).

In conclusion, our data suggest that Bosentan is
able to improve microcirculation and skin fibrosis
in SSc patients, probably reducing ET-l activity
in inflammation, tissue remodeling and fibrosis,
as previously stated. Further evidence should be
obtained to identify an assessment on any skin
histological changes to be used to objectively
evaluate the drug action on skin fibrosis. Longer­
term, larger, ad hoc, studies are warranted to update
the above-reported body of evidence in order to
confirm a putative role for Bosentan in SSc control.

Limitations ofthe study
The major limitation of this study is the

retrospective design, which does not include a
control group and a small sample size. However, the
setting of studied subjects did not allow ethically a
control group treated with placebo. Furthermore, the
small sample size was compatible with the rarity of
the condition.
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