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Objective. Endothelin is implicated as a partici-
patory pathway in systemic sclerosis (SSc). We tested
this hypothesis in a 12-month trial of bosentan, a
nonselective endothelin receptor antagonist, as a ther-
apy for SSc-related interstitial lung disease (ILD).

Method. Patients with SSc and significant ILD
were recruited to this prospective, double-blind, ran-
domized, placebo-controlled, parallel group study. The
inclusion criteria were designed to select a cohort
enriched for patients with active and progressive dis-
ease. Exclusion factors included significant pulmonary
hypertension. Patients with a diffusing capacity for
carbon monoxide of <80% predicted and a 6-minute
walk distance of 150-500 meters or a 6-minute walk
distance of =500 meters with a decrease in oxygen
saturation received bosentan or placebo. The primary
efficacy end point was a change in the 6-minute walk
distance from baseline up to month 12. Secondary end
points included time to death or worsening results of
pulmonary function tests (PFTs). The safety and toler-
ability of bosentan were also assessed.
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Results. Among the 163 patients, 77 were random-
ized to receive bosentan, and 86 were randomized to
receive placebo. No significant difference between treat-
ment groups was observed for change in the 6-minute
walk distance up to month 12. No deaths occurred in
this study group. Forced vital capacity and diffusing
capacity for carbon monoxide remained stable in the
majority of patients in both groups. Significant worsen-
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ing of PFT results occurred in 25.6% of patients receiv-
ing placebo and 22.5% of those receiving bosentan (P
not significant).

Conclusion. No improvement in exercise capacity
was observed in the bosentan-treated group compared
with the placebo group, and no significant treatment
effect was observed for the other end points. Although
many outcome variables were stable, bosentan did not
reduce the frequency of clinically important worsening.
These data do not support the use of endothelin recep-
tor antagonists as therapy for ILD secondary to SSc.

Systemic sclerosis (SSc) is a systemic fibrosing
connective tissue disease that affects the skin and inter-
nal organs and is associated with gastrointestinal, car-
diac, and musculoskeletal complications. Pulmonary
complications, including interstitial lung disease (ILD)
and/or pulmonary arterial hypertension (PAH), are the
leading causes of disease-related mortality in patients
with SSc (1).

There is a need for effective treatment of ILD
secondary to SSc (SSc-ILD). In contrast to idiopathic
pulmonary fibrosis (IPF), which is an aggressive and
rapidly progressive disease, SSc-ILD progresses more
slowly (2). A recent placebo-controlled, double-blind
study showed a statistically significant but modest
(2.53%) beneficial effect of oral cyclophosphamide on
lung function, as measured by forced vital capacity
(FVC) (3). This small effect was not persistent at 1 year
of followup (4), although the patients who had received
cyclophosphamide still demonstrated a benefit in the
dyspnea score.

As the understanding of SSc improves, the search
for treatment options has focused on the more specific
cellular and molecular mediators thought to play a role
in disease progression. One of these factors is endothelin
1 (ET-1), which is implicated in the pathophysiology of
lung fibrosis. ET-1 is known to induce fibroblast chemo-
taxis and proliferation (5), promote deposition of colla-
gen (6), decrease collagenase activity, and increase
levels of fibronectin. More specifically, ET-1 levels are
elevated in the plasma and bronchoalveolar lavage fluid
of patients with SSc-ILD (7). This raises the possibility
that drugs targeting ET-1 or its receptors may be
beneficial in the treatment of SSc-ILD.

Bosentan, a nonselective endothelin receptor an-
tagonist, is a licensed treatment of PAH, including PAH
associated with SSc (8,9). It was also shown to reduce the
number of new digital ulcers in patients with SSc in 2
randomized, placebo-controlled trials (10,11) and has a
favorable safety profile in patients with SSc. The current
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randomized, placebo-controlled trial was designed to
investigate the possibility that treatment with bosentan
for 12 months could alter the progression of SSc-ILD
and therefore stabilize or improve exercise capacity in
patients with SSc-ILD. Disease-related quality of life
was also investigated.

PATIENTS AND METHODS

Trial design. The trial was a prospective, double-blind,
randomized, placebo-controlled, parallel group study. Follow-
ing a maximum screening period of 4 weeks, patients were
randomized (1:1) to receive bosentan (62.5 mg twice daily,
increasing to 125 mg twice daily after 4 weeks) or placebo. The
double-blind period was fixed at 12 months, and patients were
evaluated at the time of screening and randomization and then
at the 3-month, 6-month, and 9-month visits and at month 12
or earlier in case of premature discontinuation (up to month
12).

All patients gave written informed consent to partici-
pate in the study, which was approved by the appropriate
independent ethics committee or institutional review board
and conducted in accordance with the principles of the Dec-
laration of Helsinki and local laws and guidelines for Good
Clinical Practice. The investigators who contributed patients to
the clinical trial are shown in Appendix A.

Inclusion and exclusion criteria. The study was de-
signed to select patients with active and progressive interstitial
pulmonary disease but without significant pulmonary hyper-
tension. Patients were considered for inclusion if they were
older than 18 years and had a diagnosis of diffuse or limited
SSc and significant ILD (as determined by the presence of
reticular or ground glass changes extending at least to the
venous confluence on high-resolution computed tomography
[HRCT]). Other main inclusion criteria were a diffusing
capacity for carbon monoxide (DLco) of <80% of that
predicted and a 6-minute walk distance of 150-500 meters or a
distance of =500 meters with a decrease in oxygen saturation
measured by pulse oximetry (SpO,) of =4%. SSc of <3 years
duration with dyspnea on exertion was required or SSc for =3
years with signs of active ILD, i.e., fulfillment of 2 of the
following 4 criteria within the previous 12 months: 1) worsen-
ing dyspnea, 2) worsening results of pulmonary function tests
(PFTs; i.e., worsening of FVC =7% and/or worsening of DLco
=10%), 3) new areas of ILD on HRCT scan (ground glass or
reticular abnormalities) in at least 5% of overall lung paren-
chyma (or 15% of a lobe) and extending to the level of the
pulmonary venous confluence or higher, and 4) neutrophilia
and/or eosinophilia in bronchoalveolar lavage fluid (i.e., neu-
trophil differential count =5%, eosinophil differential count
=4%) in the absence of infection.

The main exclusion criteria were the presence of ILD
unrelated to SSc; FVC <40% predicted or DLco <30%
predicted; Doppler echocardiographic evidence of pulmonary
hypertension, defined as a tricuspid regurgitation peak velocity
of >3.2 meters per second (estimated systolic arterial pressure
>50 mm Hg); SpO, <84% at rest; acute or chronic impair-
ment (other than dyspnea) limiting the ability to comply with
study requirements (e.g., intermittent claudication, angina
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Figure 1. Patient disposition. AEs = adverse events; PFT = pulmonary function test.

pectoris, myositis); alanine aminotransferase/aspartate amino-
transferase (ALT/AST) values =3-fold the upper limit of
normal; severe heart failure; and treatment with high-dose
corticosteroids, immunosuppressive agents, cytotoxic drugs, or
antifibrotic drugs. However, patients were allowed to receive
stable dosages of oral corticosteroids (=10 mg/day of pred-
nisone or equivalent).

End points. The primary end point for this study was a
change in the 6-minute walk distance from baseline up to
month 12. Secondary end points included time to death (all
causes) or worsening PFT results up to month 12 and improve-
ment or worsening of PFT scores at month 6 and up to month
12. Clinically significant worsening of PFT scores was defined
as a decrease from baseline of =10% in FVC or =15% in
DLco, with a decrease in FVC of =6%. Improving PFT scores
were defined by an increase from baseline of =10% in FVC or
=15% in DLco, with an increase in FVC of =6%.

The trial also incorporated several exploratory end
points, including a change from baseline to month 6 and up to
month 12 in the Borg Dyspnea Index and a change from
baseline in FVC, DLco, and SpO, (at rest and during exer-
cise). The modified Rodnan skin thickness score (12) and the
Medsger disease severity score (13) were investigated, as were
the Scleroderma Health Assessment Questionnaire (SHAQ)
(14) and its disability index and visual analog scales (VAS) as
measures of patient functional status at baseline, month 6, and
month 12. Adverse events (AEs) and concomitant medications
were recorded on an ongoing basis. Laboratory safety para-
meters were assessed monthly.

Statistical analysis. The study was designed to detect a
mean difference between the treatment groups of 45 meters in
the 6-minute walk distance, assuming normal distributions with
a common SD of 75 meters. A sample size of 132 patients (66

per treatment group) was required to demonstrate this treat-
ment effect with a 0.05 significance level and 90% power, using
the nonparametric Mann-Whitney 2-tailed U test. The non-
parametric test was used in the main analysis of the 6-minute
walk distance, because the replacement rules of missing data
lead to a skewed distribution.

The median placebo-corrected treatment effect and its
confidence interval were estimated using the Hodges-
Lehmann method (15,16). An approach similar to that of the
primary end point analysis was used for secondary and explor-
atory end points when they were on a continuous scale. The
comparison between the 2 treatment groups for the distribu-
tion of categorical ordinal data was performed using the

Table 1. Baseline demographics of the all-treated set of patients

Bosentan Placebo
Characteristic (n=171) (n = 81)
Female, no. (%) 53 (74.6) 59 (72.8)
Age, years
Mean * SD 50.4 = 12.0 544 = 11.1
Median 52.0 55.0
Range 15.0-74.0 21.0-80.0
Weight, kg
Mean * SD 68.3 = 14.3 72.9 £16.8
Median 68.0 71.0
Smoking status
Current smoker, no. (%) 2(2.8) 7 (8.6)
Nonsmoker, no. (%) 69 (97.2) 74 (91.4)
Race
Caucasian/white, no. (%) 55(77.5) 68 (84.0)
Other, no. (%) 16 (22.5) 13 (16.0)
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Table 2. Baseline disease characteristics of the all-treated set of
patients*

Bosentan Placebo
Characteristic (n="171) (n = 81)
Duration of ILD, years
Mean *= SD 29+38 2.6 +3.7
Median (95% CI) 1.2 (0.9, 2.1) 1.3 (0.9, 1.8)
Forced vital capacity, % predicted
Mean = SD 67.6 = 15.8 71.7 = 14.9

Median (95% CI)
DLco, % predicted

Mean *= SD

Median (95% CI)
Borg Dyspnea Index

67.7 (61.0,71.1) 70.5 (66.6, 73.7)

453 + 125 451+ 124
432(39.1,49.2) 433 (40.9, 48.8)

Mean * SD 29+20 2.7+20

Median (95% CI) 3.0 (2.0, 3.0) 3.0 (2.0,3.0)
SHAQ DI, overall derived

Mean + SD 1.00 = 0.70 0.89 = 0.67

Median (95% CI)
SHAQ VAS, overall
Mean = SD
Median (95% CI)
6-minute walk distance, meters

0.88 (0.75, 1.13) 0.88 (0.63, 1.00)

1.50 = 0.79 132+0.77
1.46 (120, 1.76) 1.37 (1.04, 1.50)

Mean = SD 393 = 84 404 = 86

Median (95% CI) 395 (370,425) 408 (394, 429)
MRSS

Mean *= SD 15.7 = 10.3 13.8 = 10.9

Median (95% CI) 12.5 (2, 48) 9.0 (0, 45)
Medsger disease severity score,

general
Mean *= SD 0.56 = 1.14 0.26 = 0.54
Median 0.0 0.0

*ILD = interstitial lung disease; 95% CI = 95% confidence interval;
DLco = diffusing capacity for carbon monoxide; SHAQ DI =
Scleroderma Health Assessment Questionnaire disability index;
VAS = visual analog scale; MRSS = Modified Rodnan skin thickness
score.

nonparametric Mann-Whitney U test. For dichotomous data,
the 95% confidence interval (95% CI) of a proportion was
based on the exact binomial distribution (Clopper-Pearson

Table 3. Summary of treatment effects in the all-treated set of patients*
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approximation), and the between-treatment comparison of
proportions was performed using Fisher’s exact test. Compar-
ison between treatments for time-to-event data was performed
using the log-rank test.

The all-treated set of patients was used for the main
analysis of efficacy end points. This set included randomized
patients who had received the study treatment at least once
and had at least 1 valid postbaseline value for the primary end
point. Sensitivity analyses were performed using the per-
protocol set of patients (i.e., those in the all-treated set who did
not have major protocol deviations) and the parametric
2-sample ¢-test. Missing postbaseline values for efficacy and
quality of life end points were imputed prior to unblinding by
carrying forward the last available value. Those patients who
were unable to perform the 6-minute walk distance test
because of death, worsening PFT results, or an SpO, value at
rest of =80% had their values substituted with the worst case
value (0 meters).

RESULTS

Patient characteristics. Of the 163 patients in the
study, 77 were randomized to receive bosentan, and 86
were randomized to receive placebo. The all-treated set
comprised 152 patients (71 assigned to bosentan and 81
assigned to placebo) (Figure 1). In total, 48 patients
discontinued participation in the study prematurely (Fig-
ure 1). Treatment groups were generally well matched
with regard to demographics (Table 1). However, some
imbalance was noted in disease characteristics, espe-
cially the Medsger disease severity score (Table 2).

Efficacy. No significant difference was observed
between the bosentan and placebo groups with respect
to the primary end point, a change in the 6-minute walk
distance up to month 12. The mean = SD change from
baseline in the bosentan group was —12 = 100 meters
compared with 9 = 84 meters in the placebo group. The

Bosentan Placebo Placebo-controlled
End point (n=171) (n = 81) treatment effect
Change in 6MWD
Median (95% CI), meters +16 (=2,21) +13 (3, 26) -8(-27,9)
P 0.4041

Worsening PFT scores
No. (%) [95% CI] 16 (22.5) [13.5, 34.0]
P

Improved PFT scores

No. (%) [95% CI] 6(8.5)[3.2,17.5]
P

20 (25.6) [16.5, 36.8] 0.88 (0.50, 1.56)

0.705%
11 (14.1) [7.3,23.8] 0.6 (0.23,1.54)
0.313%

* For worsening or improved pulmonary function test (PFT) score, the treatment effect is shown as the relative risk (95% confidence interval [95%
CI]). For change in the 6-minute walk distance (6MWD), the treatment effect is shown as the difference between the 2 groups (95% CI). None of
the treatment effects was statistically significant. Three patients in the placebo group could not be analyzed for worsening or improved PFT scores,
due to the lack of a PFT value at baseline. 6MWD = 6-minute walk distance.

T By Mann-Whitney U test.
% By Fisher’s exact test.
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mean placebo-corrected treatment effect (mean treat-
ment effect) was —20 meters (95% CI-50, 9 [P = 0.176]),
and the median placebo-corrected treatment effect (me-
dian treatment effect) was —8 meters (95% CI -27, 9
[P = 0.404]) (Table 3).

Bosentan had no effect on time to death or
worsening PFT scores (hazard ratio 1.10, 95% CI 0.56,
2.14 [P = 0.783]). PFT scores remained stable for the
majority of patients in both the bosentan (69.0%) and
placebo (60.3%) groups, whereas 22.5% and 25.6% of
patients in the bosentan and placebo groups, respec-
tively, experienced clinically significant worsening at
month 12 (relative risk 0.88, 95% CI 0.50, 1.56 [P =
0.705]) (Table 3). No deaths occurred during the con-
trolled phase of this study.

The change in the median FVC as a percentage
of predicted values was —1.6% up to month 12 for the
bosentan group and —1.2% for the placebo group, rep-
resenting a median treatment effect of —0.9% of the
predicted values (95% CI -3.4, 1.2 [P = 0.422]). The
median change in DLco as a percentage of the predicted
values was —1.3% up to month 12 in the bosentan group
and —0.9% in the placebo group, with a median treat-
ment effect of —-0.2% of predicted values (95% CI -2.7,
2.0 [P = 0.860]).

The median treatment effects for the disability
index of the SHAQ and the SHAQ VAS up to month 12
were 0.08 (95% CI -0.10, 0.25 [P = 0.226]) and 0.12
(95% CI -1.0, 0.35 [P = 0.294]), respectively. The
median treatment effect on the Borg Dyspnea Index was
0.0 up to month 12 (95% CI -0.5, 0.5 [P = 0.939]). The
median treatment effect on the general Medsger disease
severity score up to month 12 was 0.44 (95% CI —0.76,
0.97 [P = 0.212]), and the median treatment effect on
the total Rodnan skin thickness score up to month 12
was —0.3 (95% CI -1.9, 1.5 [P = 0.649)).

Safety. The mean exposure to study treatment
was 42.7 weeks (range 1.1-60.1 weeks) for patients
receiving bosentan and 46.8 weeks (range 4.0-66.1
weeks) for the placebo group. The overall incidence of
AEs was similar for both bosentan-treated (97.4%) and
placebo-treated (94.2%) patients. Skin ulcers, worsening
PFT scores, fatigue, upper respiratory tract infection,
cough, arthralgia, peripheral edema, diarrhea, bronchi-
tis, sinusitis, and anemia were the most commonly
reported AEs (each occurring in >10% of patients in the
bosentan arm). Elevated liver aminotransferase levels
(ALT/AST values >3-fold the upper limit of normal)
were observed in 11.3% of bosentan-treated patients
and 1.2% of patients receiving placebo.

The most common AE leading to discontinuation
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of treatment was worsening PFT results, which occurred
in 15.8% of bosentan-treated patients and 11.6% of
those receiving placebo. Pulmonary hypertension devel-
oped in 5 patients (5.8%) in the placebo group com-
pared with 1 patient (1.3%) in the bosentan group. The
proportion of patients with at least 1 serious adverse
event, including those considered unrelated to treat-
ment, was 21.1% in the bosentan group and 18.6% in the
placebo group.

One hundred patients with a mean = SD drug
exposure of 29.5 + 15.8 weeks entered the open-label
followup. During this period, 1 patient receiving bosen-
tan died of cardiac arrest, and 1 patient died of compli-
cations of diverticular disease occurring 60 days after
discontinuation of bosentan. The open-label followup
phase had been designed to permit bosentan treatment
during the interval from study completion to preliminary
analysis of efficacy from the blinded phase of treatment.
No analysis of efficacy measures was performed.

DISCUSSION

The majority of pulmonary complications associ-
ated with SSc are attributable to pulmonary hyperten-
sion or ILD (1). Although bosentan has been studied in
PAH secondary to SSc, no systematic investigations have
been carried out in SSc-ILD. This trial represents an
important study in the treatment of this patient popula-
tion; it is the first randomized clinical trial investigating
treatment with endothelin antagonists in SSc-ILD and is
one of the largest trials in this disease area to date.

A relatively slow rate of progression of SSc-ILD
was confirmed in this study. Little change in DLco and
FVC was seen in patients with SSc-ILD. Overall, FVC
scores were reduced by <2%, and PFT scores up to
month 12 remained stable in the majority of patients
across both groups. This contrasts with IPF, for example,
in which DLco has been shown to decrease by >7% in
~13 months (17).

However, some patients enrolled into the study
had clearly more progressive disease, and PFT values
worsened at a clinically meaningful level in ~25% of
patients in this trial. This is consistent with the frequency
of decline over a 1-year period described in the literature
(2) and confirms that the selected inclusion criteria did
in fact incorporate a cohort enriched for the risk of
worsening. This is in contrast to the US cyclo-
phosphamide study cohort (3), in which only 19 (13.1%)
of 145 patients lost at least 10% of FVC during 1 year of
treatment. Recent data have suggested that the progres-
sivity of ILD in SSc can be predicted by the extent of
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disease as measured by HRCT, and that the contribution
of ground glass changes offers no predictive value
(18,19). The results of the cyclophosphamide study
suggested a stronger treatment effect based on the level
of HRCT-defined parenchymal involvement, implying
that disease severity has a strong influence on the
clinical and physiologic course (3). The present trial
required HRCT evidence of either reticular or ground
glass change to the venous confluence, whereas the
cyclophosphamide trial protocol required only evidence
of any ground glass changes. Thus, the present study
reflected a cohort enriched for the progressivity of ILD,
and the lack of differences between bosentan and pla-
cebo in forestalling the event of major deterioration
provides strong evidence against an important role for
ET-1 in disease progression.

The overall slow disease progression may also
have contributed to the lack of a significant response in
exercise tests and quality of life measurements. The
selected tests and measurements for this trial may not be
suitable to detect a treatment effect on mechanistic
factors involved in fibrosis progression. In contrast,
other studies of corticosteroids and/or immunosuppres-
sants have shown limited effects on FVC and DLco in
patients with SSc-ILD (3,20-22).

No significant treatment effect was observed for
the 6-minute walk distance, which was the primary end
point of this study. However, this finding should be
interpreted with caution. The 6-minute walk distance
end point has been widely used and has been validated
as an indicator of disease progression in PAH (9) and
chronic heart failure (23). It has also been used in one
ILD study (24). However, a recent report on the analysis
of the baseline 6-minute walk distance in patients with
SSc-ILD indicated that the 6-minute walk distance may
not be the most appropriate measure of treatment effect
in this specific patient population (25). Whereas patients
with SSc-ILD performed the test with a high level of
consistency, no relationship was observed between the
6-minute walk distance and either FVC or DLco. This
lack of correlation suggests that the reduced exercise
capacity in patients with SSc-ILD may be the result of
SSc affecting multiple organ systems. This idea is sup-
ported by a recent study detailing the musculoskeletal
complications of SSc and suggesting they may be rate-
limiting on the walking capacity of this patient popula-
tion (26).

Exercise capacity is influenced by cardiac, pulmo-
nary, and locomotor systems as well as patient motiva-
tion. It is not surprising that the effect of therapies
directed at one component of exercise may be blunted by
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the effects of other factors. As such, the validity of the
6-minute walk distance as an end point in patients with
stable ILD is questionable. Furthermore, as was also
reported in recent studies of IPF, the 6-minute walk
distance exhibited major variability in both directions
over the period of study (27,28), as shown by an SD of
~85 meters for changes between the initial and final
tests. These observations suggest that factors other than
the severity of ILD are responsible for large changes in
the 6-minute walk distance, possibly including decondi-
tioning, variable levels of fatigue, and, in SSc, extrapul-
monary disease features. There may have been some
degree of imbalance in favor of patients in the placebo
group, in whom disease may have been less severe. This
possibility was supported by the general Medsger dis-
ease severity score (see Table 1), which also indicated
that patients randomized to receive placebo may have
had less severe disease. In any case, the present data do
not support use of the 6-minute walk distance as an
outcome measure in future studies of ILD secondary to
SSe.

The present data are interesting in the context of
a similar study of bosentan for the treatment of IPD
(27). Although that study also failed to show improve-
ment in the 6-minute walk distance, there were trends in
favor of bosentan in delayed time to death or disease
progression and improvement in measures of quality of
life.

The potential benefit of endothelin receptor an-
tagonists in SSc-ILD is particularly relevant in this
disease, because these agents have measurable benefits
in patients with PAH secondary to SSc (9,29). However,
available data suggest that patients with pulmonary
hypertension associated with ILD have a 5-fold in-
creased risk of death compared with patients with PAH
in spite of the use of endothelin receptor antagonists
(30).

Opverall, bosentan was safe and well tolerated in
this study. The incidences of peripheral edema, anemia,
and elevated liver aminotransferase levels in bosentan-
treated patients were similar to those reported in previ-
ous studies of bosentan (8,9). The safety profile was
consistent with that observed for bosentan in patients
with PAH and patients with SSc who have digital
ulcerations (10,11) and is also comparable with those
reported in other recent studies in the treatment of IPF
(27,31).

In conclusion, treatment with the nonselective
endothelin receptor antagonist bosentan did not show
any effect on exercise capacity in the target patient
population in this trial. There was also no effect on FVC,
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DLco, patient functional status, or the frequency of
clinically meaningful deterioration in pulmonary func-
tion.
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