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Summary

BACKGROUND: Sarcoidosis is a disorder of unknown
aetiology. Most patients have steroid-responsive disease,
but side effects and steroid resistance may necessitate al-
ternative treatments. Endothelin has in-vitro fibrogenic ac-
tivity and the endothelin system is activated in sarcoidosis.

OBJECTIVES: We studied the efficacy and safety of the
endothelin receptor antagonist bosentan in sarcoidosis
patients.

METHODS: In a prospective 12-month, double-blind,
1:1-randomised, placebo-controlled phase II trial, we as-
sessed the effect of bosentan in patients with steroid-re-
sistant sarcoidosis and with impaired exercise capacity
and/or resting lung function. Primary endpoints were safe-
ty and overall response rate of total lung capacity, diffusion
capacity, peak oxygen uptake, 6-minute walking distance
and chest computed tomography score. Secondary end-
points included adverse events and quality of life.

MAIN RESULTS: Twenty patients were randomised.
Three patients discontinued the study medication prema-
turely. No serious drug-related adverse events occurred.
At 12 months no statistically significant differences were
observed in the primary endpoints including total lung ca-
pacity, diffusion capacity, 6-minute walking distance, peak
oxygen uptake, and computed tomography-score. Sixty-
three percent of the patients treated with bosentan
showed an increase of 10% in at least one of the primary
endpoints, compared with 67% in the placebo group (p =
1).

CONCLUSIONS: There is no evidence to support efficacy
of bosentan as an antifibrotic treatment for patients with
steroid-resistant pulmonary sarcoidosis. Bosentan was
well tolerated and no drug-related adverse effects were
observed within the study population.

Trial registration: ISRCTN registry, ISRCTN73579020.
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Introduction

Sarcoidosis is a systemic inflammatory disorder of un-
known origin occurring most commonly in young and mid-
dle-aged adults. Ninety percent of patients have thoracic
involvement, with typically bilateral hilar lymphadenopa-
thy and parenchymal lung involvement [1]. Spontaneous
resolution of the disease occurs in nearly 60% of patients
[2, 3], but chronic fibrotic disease with functional deficit
or organ failure may affect up to 30% of patients [4]. The
treatment of pulmonary sarcoidosis is mostly empirical,
with corticosteroids as the standard first choice therapy [5,
6]. However, in a minority of patients corticosteroids treat-
ment does not achieve full control of the disease and alter-
native strategies are required.

Endothelin-1 (ET-1) is a peptide that has several actions
such as vaso- and bronchoconstriction [7, 8]. In the normal
lung ET-1 is secreted by vascular endothelial cells, airway
epithelial cells and mesenchymal cells [9, 10], whereas in
fibrotic lung diseases ET-1 is also released by macrophages
[11]. ET-1 exerted mitogenic activity on mesenchymal
cells [12–14] and elevated levels of ET-1 has been shown
in animal models of pulmonary fibrosis [15–17]. Enhanced
expression of ET-1 has been demonstrated in the lung tis-
sue and serum derived from patients with idiopathic pul-
monary fibrosis, suggesting a role of ET-1 in fibrotic lung
diseases [18, 19]. Importantly, in patients with sarcoidosis
elevated levels of ET-1 were detected in the bronchoalveo-
lar lavage fluid as well as in the serum [20–22].

ET-1 mediates its effects by two specific receptors, ET-
A and ET-B [23]. Bosentan is an orally active ET-A and
ET-B receptor antagonist [24] and the pro-fibrotic effects
of ET-1 were attenuated by bosentan in an animal model
[15]. In a single case report, improvement of lung function
was reported in a patient with pulmonary sarcoidosis after
bosentan treatment [25] and in patients with sarcoidosis-
associated pulmonary hypertension bosentan had a sig-
nificant beneficial effect on pulmonary haemodynamics
[26]. Therefore, we conducted a double-blind, placebo-
controlled trial to determine whether bosentan was a valid
treatment alternative for patients with corticosteroid-resis-
tant pulmonary sarcoidosis.
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Subjects and methods

Adult patients were eligible if they had histology-proven
sarcoidosis, evidence of lung parenchymal disease on high
resolution computed tomography (HRCT) scan, an im-
paired exercise capacity (maximal oxygen uptake
[VO2max] <80% predicted) or impaired resting lung func-
tion (forced expiratory volume in 1 second [FEV1], forced
vital capacity [FVC], diffusion capacity of the lung for car-
bon monoxide [DLCO] <80% predicted). Patients had to
have had persistent impairment of lung function or exer-
cise capacity despite long-term treatment (5 mg/d pred-
nisone or equivalent and/or other immunosuppressive
agents for at least 2 months). Concurrent corticosteroids
and/or immunosuppressive agents were to remain stable
throughout the study. Major exclusion criteria were the
presence of a systemic illness other than sarcoidosis requir-
ing immunosuppressive therapy, honey combing of >10%
on HRCT scan, marked disturbance of liver enzymes at
baseline (>4-fold increase in serum glutamic-oxaloacetic
transaminase [SGOT] or serum glutamic-pyruvic transam-
inase [SGPT]), pregnancy, relevant psychiatric illness or
addictive disorder, previous or current treatment with
bosentan, and therapy with ciclosporin. In this placebo-
controlled phase II study patients were randomly assigned
in a 1:1 ratio to either bosentan 62.5 mg twice daily for
4 weeks followed by bosentan 125 mg twice daily for
11 months, or to placebo. A permutated block randomisa-
tion procedure was used. The allocation was concealed by
means of the following process: randomisation was cen-
tralised in a site remote from the trial location and the in-
vestigator received only coded numbers of drug containers
at the time of patient’s allocation. The total duration of pa-
tient follow-up was twelve months. The study agent was
provided by Actelion Pharma Schweiz AG.

Twenty patients from two centres in Switzerland were ran-
domised between November 2007 and July 2012. The
study was approved by the ethics committees at each site
and patients have given their written, informed consent.

Primary endpoints were safety and overall response rate
of total lung capacity (TLC), FVC, DLCO, VO2max,
6-minute walking distance (6MWD), and chest HRCT
score at month 12. Secondary endpoints included adverse
events and quality of life assessed with the Medical Out-
comes Study Short Form 36 (SF-36) questionnaire [27].
Pulmonary function tests (PFTs) and 6MWD tests were
performed at baseline and at months 3, 6 and 12. Pul-
monary function was measured using body plethysmog-
raphy and carbon monoxide diffusion capacity (Jaeger,
Wuerzburg, Germany). All testing was according to the
European Respiratory Society or American Thoracic So-
ciety standards [28, 29]. Cardiopulmonary exercise testing
with measurement of VO2max [30] were performed at
baseline and at month 12. The chest HRCT scoring system
[31, 32] compared the scans at baseline and at month 12
(maximal score of 18 points). Pulmonary hypertension was
excluded by echocardiography at baseline. Blood samples
were collected monthly for control of leukocytes, haemo-
globin, platelets, SGOT, SGPT, bilirubin, and alkaline
phosphatase.

The original per-protocol sample size of 36 patients pro-
vided the trial 80% power to detect a significant change
of 10% in at least one of the primary endpoints between

the treatment and placebo groups. The estimated sample
size was calculated based on the expected effect of bosen-
tan on TLC, assuming a baseline TLC of 70% percent pre-
dicted (standard deviation [SD] 5%) in both arms and a
clinically relevant increase of 10% (SD 3%) TLC in the
bosentan arm vs 0% in the placebo arm. The sample size
calculation was estimated through simulations, taking in-
to account the within-patient study design. Owing to im-
peded recruitment the trial had to be terminated before the
planned sample sized could be reached. Baseline patient
characteristics were reported using descriptive statistics
(median and inter-quartile-range [IQR], unless otherwise
specified). The changes from baseline of the primary and
secondary endpoints were analysed using linear mixed ef-
fect models. From the resulting models, p-values were re-
ported and model-based least-squares means were used to
test the between-group differences using post-hoc t-tests.
All analyses and graphical representations were done using
the R statistical software (v. 3.1.0) [33] including the ex-
tension packages lme4, multcomp and ggplot2.

Results

A total of 20 patients were randomised: 10 to placebo
and 10 to bosentan. Three patients discontinued the study
medication prematurely: one patient in the bosentan group
withdrew consent; in two patients (one from the placebo
group and one from the bosentan group) adverse events
occurred. Seventeen patients completed the study (fig. 1).
Baseline demographics, PFT, 6MWD, VO2max, HRCT
scores and concomitant medication of the 20 patients are
shown in table 1. Four patients (two from the placebo
group and two from the bosentan group) were receiving
corticosteroid monotherapy for sarcoidosis, five patients
(one from the placebo group and four from the bosentan
group) were on azathioprine monotherapy, three patients
(two from the placebo group and one from the bosentan
group) were receiving infliximab only, two patients (both
from the placebo group) were treated with a combination
therapy of corticosteroids and azathioprine, three patients
(all from the bosentan group) were on a combination ther-
apy with corticosteroids and infliximab, and three patients
(all from the placebo group) were receiving a combination
of infliximab and azathioprine.

Mean absolute values of TLC, FVC, DLCO, 6MWD, and
VO2max at baseline, and months 3, 6 and 12 are shown
in fig. 2. There was no statistically significant change for

Figure 1: Patient disposition.
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any of the primary endpoints (table 2). In addition, no sta-
tistically significant between-group differences were found
(table 2). Figure 3 depicts the percent change of mean
absolute values from baseline to month 12, and figure
4 demonstrates absolute values of TLC, FVC, DLCO,
6MWD and VO2max for all individuals at baseline, and at
months 3, 6 and 12. There was no statistically significant
change of FVC over time (decrease or increase) in either
the bosentan group or the placebo group, with also no sig-

nificant interaction. Five out of eight patients (63%) treat-
ed with bosentan showed an increase of 10% in at least one
of the primary endpoints, compared with six out of nine
(67%) in the placebo group (p = 1).

There was no significant difference in the HRCT score
between baseline and 12 months for either the bosentan
group or the placebo group (table 3). Similarly, there was
no significant difference with regard to change from base-
line to months 3, 6, 9 and 12 in SF-36 score (table 3).

Table 1: Baseline demographics, pulmonary function tests, high resolution computed tomography score and concomitant medication.

Characteristics Placebo
(n = 10)

Bosentan
(n = 10)

Age 42.8 (40.0–56.9) 47 (44.1–59.6)

Male/Female (n/n) 8 / 2 6 / 4

TLC (L) 5.6 (5.3–6.0) 5.3 (4.2–6.1)

FVC (L) 3.8 (2.9–4.3) 3.4 (2.9–4.2)

DLCO (mmol/min/kPa) 7.8 (6.2–9.9) 6.1 (5–10)

6MWD (m) 499.5 (412.0–540.0) 525 (480.0–568.0)

VO2max (ml/min) 1592.0 (1239.0–1866.0) 1413.5 (1334.0–1733.0)

HRCT score 7 (4–8) 6 (6–8)

Concomitant medication, n (%)

Corticosteroids only 2 (20.0) 2 (22.2)

Corticosteroid + immunomodulator 2 (20.0) 0 (0.0)

Corticosteroid + anti-TNFα therapy 0 (0.0) 2 (22.2)

Immunomodulator only 1 (10.0) 4 (44.4)

Anti-TNFα therapy only 2 (20.0) 1 (11.1)

Anti-TNFα therapy + immunomodulator 3 (30.0) 0 (0.0)

6MWD = 6-minute walking distance; DLCO = diffusion capacity of the lung for carbon monoxide; FVC = forced vital capacity; HRCT = high resolution computed tomography; TLC
= total lung capacity; TNF = tumour necrosis factor; VO2max = maximal oxygen uptake Values are presented as median (interquartile range) unless otherwise specified.

Figure 2: Evolution of mean (± SD) absolute values at baseline and months 3, 6 and 12 for total lung capacity (TLC), forced vital capacity
(FVC), diffusion capacity of the lung for carbon monoxide (DLCO), 6-minute walking distance (6MWD), and maximal oxygen uptake (VO2max).
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No statistically significant between-group differences were
found (table 3).

Nine patients from a total of ten receiving bosentan tolerat-
ed the 12 months of treatment without any clinically rele-
vant side effects. One patient from the bosentan group dis-
continued the study agent because of malaise. One patient
from the placebo group developed hyperthyroidism, which
proved to be Graves’ disease, after 3 months of treatment.
In both groups no liver function abnormalities were detect-
ed during the 12-month study and no other organ-specific
toxicities were noted.

Discussion

In this prospective trial we found that 12 months of treat-
ment with bosentan did not improve lung function,
6MWD, and exercise capacity in patients with steroid-re-

sistant pulmonary sarcoidosis. Bosentan was well tolerated
and no drug-related adverse effects were observed within
the study population.

Glucocorticoid therapy has been the standard treatment
for many years in patients with pulmonary sarcoidosis,
and there are no large, randomised, controlled studies that
show the superiority of other agents [34]. The majority of
patients improve under corticosteroid treatment; however,
long-term use of corticosteroids may cause considerable
side effects, and whether or not corticosteroids are able to
alter the long-term outcome of patients with sarcoidosis is
not clear [25]. Finally, in the case of refractory disease and/
or the development of pulmonary fibrosis, there is little ev-
idence to support corticosteroid treatment, and thus alter-
native agents are warranted.

Table 2: Change from baseline to 12 months in mean absolute total lung capacity (TLC), forced vital capacity (FVC), diffusion capacity of the lung for carbon monoxide (DLCO),
6-minute walking distance (6MWD), and maximal oxygen uptake (VO2max).

Placebo
(n = 9)

Bosentan
(n = 8)

Between-group differences

Baseline 12 months p-value Baseline 12 months p-value Δ placebo − Δ
bosentan

p-value

TLC (L) 5.4 ± 0.4 5.6 ± 0.4 0.402 5.2 ± 0.4 5.4 ± 0.4 0.570 0.0 ± 0.3 0.887

FVC (L) 3.6 ± 0.3 3.6 ± 0.3 0.996 3.4 ± 0.3 3.3 ± 0.3 0.594 0.1 ± 0.1 0.545

DLCO (mmol/min/kPa) 7.8 ± 0.8 7.8 ± 0.8 0.997 6.9 ± 0.9 6.7 ± 0.9 0.829 0.2 ± 0.5 0.725

6MWD (m) 502.7 ± 30.2 518.0 ± 31.6 0.740 542.7 ± 31.8 558.3 ± 33.6 0.758 −0.4 ± 32.4 0.991

VO2max (mL/min) 1648.4 ± 155.2 1731.9 ± 160.2 0.449 1508.0 ± 163.6 1528.8 ± 169.8 0.958 62.7 ± 108.6 0.563

6MWD = 6-minute walking distance; DLCO = diffusion capacity of the lung for carbon monoxide; FVC = forced vital capacity; TLC = total lung capacity; VO2max = maximal oxygen
uptake Values are mean estimates ± standard error.

Figure 3: Percent change at baseline and months 3, 6 and 12 for total lung capacity (TLC), forced vital capacity (FVC), diffusion capacity of
the lung for carbon monoxide (DLCO), 6-minute walking distance (6MWD), and maximal oxygen uptake (VO2max).
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In the present study we investigated the effect of bosentan
for patients with refractory pulmonary sarcoidosis, and we
observed no improvement of FVC, TLC, and DLCO in
the treatment group. Our findings are in line with data ob-
tained in patients with idiopathic pulmonary fibrosis [35].
In this large randomised controlled trial of bosentan in pa-
tients with idiopathic pulmonary fibrosis no significant dif-
ference in absolute FVC and DLCO was observed, but
the authors considered the criteria applied to assess treat-
ment response in their study as “challenging” [35]. Fur-
thermore, in a double-blind, placebo-controlled trial of 16
weeks bosentan for patients with sarcoidosis-associated
pulmonary hypertension, a significant improvement of pul-
monary haemodynamics was demonstrated in the bosentan
treated group, but no improvement of FVC was observed
[26]. The anti-tumour necrosis factor (TNF) agent inflix-
imab has been studied in patients with refractory, steroid-
resistant pulmonary sarcoidosis [36, 37]. However results

are somewhat contradictory. Whereas one trial showed a
statistically significant improvement in percentage predict-
ed FVC after 24 weeks of infliximab therapy [36], in an-
other randomised trial no difference in FVC between
placebo and infliximab-treated patients was observed [37].
In our own retrospective analysis of long-term infliximab
use in patients with chronic steroid-resistant sarcoidosis,
we pointed out that patients with predominantly extrapul-
monary sarcoidosis seemed to profit more than patients
with predominantly pulmonary disease [38]. In a recent
retrospective study, TNF antagonists were efficacious in
about two-thirds of patients but their use led to a high rate
of adverse events [39]. In a small, open-label study with
the humanised monoclonal anti-TNF antibody adalimum-
ab, an improvement in patients with refractory pulmonary
sarcoidosis was shown, but only in four out of ten pa-
tients FVC improved [40]. Studies with other agents such
as thalidomide, etanercept, ustekinumab, golimumab and

Figure 4: All individual values at baseline and months 3, 6 and 12 for total lung capacity (TLC), forced vital capacity (FVC), diffusion capacity
of the lung for carbon monoxide (DLCO), 6-minute walking distance (6MWD), and maximal oxygen uptake (VO2max).

Table 3: Within-patient change from baseline in high resolution computed tomography (HRCT) score and the Medical Outcomes Study Short Form 36 (SF-36) questionnaire
score.

Placebo (n = 9) Bosentan (n = 8) Between-group differences

Change from baseline p-value Change from baseline p-value Δ placebo − Δ bosentan p-value

HRCT score at 12 months −0.24 ± 0.25 0.571 −0.25 ± 0.25 0.534 0.01 ± 0.35 0.968

SF-36 scores

3-month −4.70 ± 4.05 0.843 3.17 ± 4.27 0.985 −7.86 ± 5.88 0.480

6-month −6.66 ± 4.21 0.546 2.65 ± 4.46 0.996 −9.31 ± 6.13 0.364

9-month −3.23 ± 4.21 0.982 −1.90 ± 4.46 1.000 −1.33 ± 6.13 0.999

12-month 1.44 ± 4.37 1.000 −0.71 ± 4.66 1.000 2.15 ± 6.39 0.992

Values are mean estimates ± standard error.
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rituximab failed to show a significant improvement of lung
volumes and DLCO [41–44]. Leflunomide was shown to
cause a significant gain in FVC in patients with pulmonary
sarcoidosis. However, this was a retrospective and uncon-
trolled trial [45]. A possible reason that the primary end-
point of our study was not met might be that we opted for a
change of 10% in FVC or TLC, which is in contrast to the
positive infliximab trial where efficacy was demonstrated
by a mean increase of FVC of 2.5% only [36]. Equally, an
improvement of only 5% in FVC was considered as suc-
cessful outcome in the adalimumab study [40].

Forced vital capacity is the most commonly used parame-
ter to assess treatment response in patients with pulmonary
sarcoidosis [5]. However, as recent data have demonstrated
that a considerable number of symptomatic patients with
normal DLCO at rest had pulmonary gas exchange im-
pairment during exercise [46], we additionally assessed ex-
ercise capacity by 6MWD and cardiopulmonary exercise
testing. The precise role of exercise capacity as part of
monitoring response to therapy has yet to be defined [47],
but it has been demonstrated recently that cardiopulmonary
exercise testing variables predict the decline of pulmonary
function in patients with pulmonary sarcoidosis [48]. In
the present study, we did not see any beneficial effect of
bosentan on either 6MWD or VO2max. Our findings are in
line with data from the infliximab trial, where no effect on
6MWD was observed [36]. Similarly, no positive effect on
6MWD was found in patients with sarcoidosis-associated
pulmonary hypertension when treated with bosentan for 16
weeks, even though pulmonary haemodynamics improved
significantly [26]. However, exercise tests need to be in-
terpreted with caution as musculoskeletal factors, cardiac
involvement, and deconditioning may influenced their per-
formance [49].

Although HRCT is a sensitive tool for the early diagnosis
of diffuse lung disease in sarcoidosis [31], it has not been
used to assess treatment response in any clinical sarcoido-
sis trial yet [5]. We used a HRCT scoring system which
has been evaluated before [31, 32] and which has demon-
strated a strong association between HRCT abnormalities
and functional parameters [32]. In accordance with the lack
of benefit in lung function parameters, DLOC and exercise
tests we found no beneficial effect of bosentan treatment
regarding the HRCT score. This is in agreement with da-
ta obtained in the rituximab trial where chest radiographic
stages remained unchanged in patients with refractory sar-
coidosis [43]. In contrast, the chest radiograph score im-
proved significantly in patients with refractory sarcoido-
sis treated with infliximab; however, only reticulonodular
opacities improved, not fibrosis [36]. An improvement in
pulmonary radiographic abnormalities was reported in 12
of 19 patients with advanced pulmonary sarcoidosis treated
with high-dose chloroquine; however, previous corticos-
teroid therapy was not a requirement for study entry [50]
and thus the study population was not comparable to ours.

We assessed health-related quality of life using the SF-36
questionnaire, which has been demonstrated earlier to be
a sensitive tool for assessing quality of life in patients
with interstitial lung diseases [27]. We found no significant
change in SF-36 scores, which is in line with the results ob-
tained from patients with chronic sarcoidosis treated with
infliximab [36].

We acknowledge that our study is limited by the small
population due to the impeded recruitment of patients, as
this reduced the power of our trial. However, even though
the risk of false negative findings was increased, there is
strong evidence that no statistically significant difference
between the two groups would have been found with the
planned sample size, as no trend in favour of the bosentan
group was detected for either primary or secondary study
endpoints. Eventually, we are the first to study the effect of
bosentan in patients with steroid-resistant pulmonary sar-
coidosis and data on larger populations is currently not
available,

In conclusion, we found that there is no evidence to sup-
port efficacy of bosentan as an antifibrotic treatment for
patients with steroid-resistant pulmonary sarcoidosis.
Bosentan was well tolerated and no drug-related adverse
effects were observed within the study population. It can
be speculated that anti-fibrotic drugs such as pirfenidone
or nintedanib might represent new therapeutic options for
patients with steroid-resistant pulmonary sarcoidosis.

An abstract of his study has been published in the European Respira-
tory Journal, Vol. 44, Suppl. 58.
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