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Abstract: Bosentan is the first endothelin (ET) receptor antagonist
approved by the Food and Drug Administration for the management
of pulmonary arterial hypertension (PAH). In patients with World
Health Organization Class III and IV PAH, bosentan has demon-
strated improvement in dyspnea and exercise tolerance. ET also
plays an important role in the pathophysiology of different vascular
diseases. Therefore, bosentan also may have the potential to alter the
outcome of many other diseases, such as heart failure, hypertension,
ischemic heart disease, and renal disease, as well as cerebrovascular
disorders. Because of the rarity and the poor prognosis of patients
with PAH, as well as the requirement of close monitoring of
bosentan (due to its potential of causing liver dysfunction and its
teratogenic effects), bosentan is currently available only through a
special access program and is distributed by certain selected phar-
macies. Patients who are receiving bosentan should be taught to
recognize early signs and symptoms of liver dysfunction and pos-
sible pregnancy. In addition, bosentan is not only a substrate but also
an inducer of CYP3A4 and CYP2C9. Therefore, it is anticipated that
numerous drug interactions may occur. Patients should be advised to
consult their physicians or pharmacists should they need to consume
other prescription or nonprescription medications.
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Bosentan (Tracleer™, Actelion Pharmaceuticals) is the
first endothelin (ET) receptor antagonist approved for

clinical use by the US Food and Drug Administration (FDA).
The ET neurohormonal system is activated in several cardiovas-
cular conditions including pulmonary arterial hypertension
(PAH), congestive heart failure (CHF), essential hypertension,
acute myocardial infarction (MI) and atherosclerosis.1

By antagonizing the effect of ET, ET receptor blockers
may have the potential to augment the outcome of different
cardiovascular diseases. Currently, bosentan is officially ap-
proved for PAH only. This article however, will review
pertinent clinical trials related to the drug’s approved and
nonapproved indications, in addition to reviewing its clinical
pharmacology, adverse effects, drug interactions, and contra-
indications.

THE ET NEUROHORMONAL SYSTEM
The ET family consists of a group of three 21-amino

acid peptides with similar structures: ET-1, ET-2 and ET-3.
ET-1 is the principal isoform in disease states. It is synthe-
sized and secreted predominantly from the vascular endothe-
lium in response to multiple stimuli, including hypoxia,
ischemia, shear stress, growth factors, and other neurohor-
mones, such as angiotensin II and norepinephrine.2 The
development of specific ET receptor agonists and antagonists
has led to the identification of 2 receptor subtypes in mam-
malian cells, ETA and ETB. ETA receptors are present on
smooth muscle cells and are responsible for the contractile
response to ET-1. The vasoconstrictor effect persists even
after ET-1 is removed from the receptor, probably because of
sustained elevation of intracellular calcium concentration.
Nitric oxide (NO) shortens the duration of vasoconstriction
by accelerating the decrease of intracellular calcium to its
basal concentration.2 ETB receptors were first described on
endothelial cells. They bind to ET-1 and ET-3 with similar
affinity, and their stimulation leads to transient vasodilation,
probably caused by increased production of NO and prosta-
cyclin. However, ETB receptors are also present on vascular
smooth muscle cells, where their activation produces vaso-
constriction.2

ET-1 is the most potent endogenous vasoconstrictor
identified to-date, with its effects persisting for several
hours.3,4 On a molar basis, it is 100 times more potent than
norepinephrine and 10 times more potent than angiotensin
II.2,5 Vasoconstrictive activity of ET-1 has been demon-
strated in the pulmonary, coronary, renal and systemic vas-
culature. In addition, there are clinical and preclinical data
available suggesting that ET-1 displays motigenic, pro-in-
flammatory and pro-fibrotic activity at the vasculature and the
myocardium.6–10 ET-1 also acts as a potent modulator of the
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sympathetic nervous and renin-angiotensin-aldosterone sys-
tems.2 These latter actions of ET-1 could have further dele-
terious effects in cardiopulmonary disease because of the
hypertrophic effect of norepinephrine and angiotensin II and
the potential profibrotic properties of aldosterone at both the
myocardium and in the vasculature.7,11,12 The plasma level of
ET-1 is also elevated in CHF, with the magnitude of the
elevation associated with disease severity and prognosis.2,13

The vascular effect of ET-1 in healthy humans has been
investigated by local infusion of the peptide into the brachial
artery. ET-1 administration causes a dose-dependent vaso-
constriction that is slow in onset and may be prevented by
verapamil or nifedipine through blockade of voltage-operated
calcium channels. Because of its potent vasoconstrictive
effect and long-lasting action, the continuous release of small
amounts of ET could contribute to the maintenance of ele-
vated vascular tone. One postulated mechanism for the main-
tenance of basal tone is the production of vasoactive sub-
stances by endothelial cells. ET-induced vascular contraction
is effectively antagonized by endothelium-derived vasorelax-
ant substances, such as prostacyclin and the potent endoge-
nous vasodilator NO. An imbalance between the production
of ET and NO could lead to a pathologically elevated vascu-
lar tone. Moreover, the vasoconstricting property of ET-1 is
greatly enhanced in atherosclerotic vessels in which the
opposing biologic effect of NO is lost. A role of the ET
system has been postulated in various conditions of disturbed
vascular homeostasis, such as hypertension, coronary artery
disease, and CHF.2,13

ET of either local or circulatory origin significantly
contributes to the increased vascular resistance in the renal
vasculature. The kidney is considered a major site of ET
production and an important target organ of this peptide. The
highest immunoreactive levels of ET in mammalian cells
exist in the renal medulla. However, ET has also been
localized in the renal cortex. The renal vasculature is prefer-
entially sensitive to the vasoconstrictive effects of ET com-
pared with other arteries or veins.14 In contrast to the consis-
tent effects of ET on the renal hemodynamics, its effects on
the excretion of sodium and water are variable. Systemic
infusions of high doses of ET result in antinatriuretic and
antidiuretic effects, probably as a result of the decrease in the
renal blood flow and glomerular filtration rate. In contrast,
administration of low doses of the peptide induces natriuresis
and diuresis. Also, administration of big ET, the precursor of
ET, has been shown to cause similar effects to low doses of
ET. This finding supports the hypothesis that local ET acts in
an autocrine/paracrine manner on the tubular epithelial cells
where it inhibits sodium reabsorption, thereby enhancing salt
and water excretion.14,15

In PAH patients, the expression of ET-1 is substantially
increased in the vascular endothelial cells, particularly in the
endothelium of elastic and muscular pulmonary arteries

where medial hypertrophy and intimal fibrosis are present.16

The expression of ET-1 in patients is relatively low in the
pulmonary capillaries, veins and bronchial arteries, and is not
observed in the systemic vessels of the myocardium or
kidneys, suggesting that much of the ET-1 synthesis is local-
ized at the primary site of the disease pathology in these
patients. In other studies, plasma ET-1 levels and selective
up-regulation of ETB-receptor gene expression are highly
correlated with elevated right atrial pressure in patients with
primary PAH.17,18

PHARMACOLOGY/TOXICOLOGY
Bosentan is a specific and competitive antagonist of

ET-1 receptors (ETA and ETB). The affinity of bosentan for
the ETA receptor is about 100 times greater than for the ETB

receptor in cultured cells. Thus, administration of bosentan
causes vascular smooth muscle relaxation and vasodilation.

Bosentan has been given as a single dose of up to 2400
mg in normal volunteers, or up to 2000 mg/d for 2 months in
patients, without major adverse events.19 The most common
side effect in these situations was headache of mild to
moderate intensity. In the cyclosporin A interaction study, in
which doses of 500 and 1000 mg twice daily of bosentan
were given concomitantly with cyclosporine A, trough
plasma concentrations of bosentan increased by 30-fold,
resulting in severe headache, nausea, and vomiting, but no
other serious adverse events.20 A mild decrease in blood
pressure and increases in heart rate were observed. There is
currently no other experience of overdose with bosentan
beyond these incidences. Because bosentan is a vasodilator, it
is anticipated that massive overdose may result in pronounced
hypotension requiring active cardiovascular support.19

BIOPHARMACEUTICS, PHARMACOKINETICS,
PHARMACODYNAMICS

Biopharmaceutics
Bosentan is a highly substituted pyrimidine derivative,

with no chiral centers (Figure 1). It has molecular weight of

FIGURE 1.
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569.64. Bosentan is stable in solid state and poorly soluble in
water (1 mg/100 mL). It is not hygroscopic and not light
sensitive.19

Pharmacokinetics
After oral administration, the maximum plasma drug

concentration is achieved within 3-5 hours. The oral bioavail-
ability in healthy subjects is about 50% and is unchanged at
steady-state.21–23 The bioavailability is unaffected by food.24

Volume of distribution of bosentan is about 18 L after a
single dose and 30 L after multiple dosing. Bosentan is also
highly bound to plasma protein (98%), mainly to albumin.

In the liver, bosentan is metabolized by the cytochrome
P-450 (CYP) isoenzymes, CYP3A4 and CYP2C9 to 3 me-
tabolites, one of which is pharmacologically active. Although
plasma levels of these metabolites are low, relative to the
parent compound, the active metabolite may contribute up to
20% of the pharmacological effect. Steady-state drug levels
are achieved within 3-5 days after multiple dosing, at which
time plasma levels are approximately 50% lower than those
observed after a single dose. This is caused by a 2-fold
increase in clearance, which may be because of an induction
of CYP3A4 and CYP2C9 isoenzymes. Bosentan is primarily
eliminated by biliary excretion after metabolism in the liver,
with less then 3% of an administered oral dose recovered in
the urine. The terminal elimination half-life of bosentan is
approximately 5 hours.21–23

The influence of liver dysfunction on the pharmacoki-
netics of bosentan has not been evaluated. However, because
bosentan is extensively metabolized by the liver, liver func-
tion impairment can significantly increase the systemic ex-
posure of bosentan.25 Caution should be exercised during the
use of bosentan in patients with mild liver dysfunction. It
should be avoided in patients with moderate or severe liver
abnormalities and/or elevated aminotransferases of greater
then 3 times the upper limit of normal range.

In patients with severe renal impairment (creatinine
clearance 15 to 30 mL/min), plasma concentrations of bosen-
tan were essentially unchanged, and plasma concentrations of
the 3 metabolites were increased about 2-fold compared with
people with normal renal function. Although one of the
metabolites is active, the accumulation of the metabolite does
not appear to produce clinically important differences in
patient response or incidence of side effects.19

To date, it is not known if bosentan’s pharmacokinetics
are influenced by gender, body weight, race or age.

Pharmacodynamics
In healthy human subjects, the administration of a

single oral dose of 600 mg or an intravenous dose of 250 mg
of bosentan caused plasma ET-1 concentrations to increase
maximally by 2-fold (oral) and 3-fold (intravenous). This
increase with ET-1 was caused by the release of ET-1 from

the receptor sites and was directly related to bosentan plasma
concentrations, according to an Emax model. Bosentan re-
versed the vasoconstrictor effect of ET-1 measured in skin
microcirculation. There was a tendency toward decreased
blood pressure (approximately 5 mm Hg) and increased pulse
rate (approximately 5 beats/min). However, these changes did
not appear to be dose-dependent. Bosentan is well tolerated
orally. Its intravenous use, however, is limited because of
local vein irritability.23 The intravenous form of the drug did
not receive FDA approval. Additional pharmacodynamics
data in patients with different disease states are discussed in
the clinical studies section.

CLINICAL STUDIES

Pulmonary Arterial Hypertension
Primary PAH is a rare condition, with an estimated

prevalence of 1-2 per million people.26 Because the symp-
toms of PAH are nonspecific, and the physical findings can be
subtle, the disease is often diagnosed in its later stages. The
natural history of PAH is usually progressive and fatal.
Current medical therapy for PAH include calcium channel
blockers; however, only up to 20% of patients will respond.26

Inotropic agents, such as milrinone, have also been used.
However, there is a lack of data on the use of chronic
inotropic therapy in patients with PAH, and the experience of
increased mortality in patients with left heart failure is of
concern.27 Prostaglandins such as continuous intravenous
prostacyclin have been evaluated and have been demon-
strated to improve exercise tolerance, hemodynamics, and
survival in patients who are in World Health Organization
(WHO) Functional Class III and IV.28,29 However, its incon-
venient delivery system (continuous IV infusion) and its
severe rebound reaction that is observed if it is abruptly
discontinued make it difficult to use clinically. Although
there is considerable experience in the use of NO as a
short-term treatment of PAH, the role of NO as a chronic
therapy remains investigational.30 Therefore, major efforts
have been undertaken to explore new therapeutic agents for
the management of this disease state, ET receptor antagonists
being one of them. Two randomized, double-blind, multi-
center, placebo-controlled trials were conducted to examine
the effects of bosentan in PAH.

Channick and colleagues recruited 32 patients who had
symptomatic, severe, primary PAH or PAH caused by sclero-
derma (WHO classes III and IV).31 Patients were double-
blind randomized to 62.5 mg of bosentan twice daily (admin-
istered orally) for the first 4 weeks, followed by the target
dose of 125 mg orally twice daily unless drug-related adverse
events occurred (eg, hypotension), or matching doses of
placebo. Patients were allowed to receive other treatment of
PAH including digoxin, anticoagulants, diuretics and vasodi-
lators (calcium channel blockers, angiotensin-converting en-
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zyme inhibitors [ACEI]) but not epoprostenol (prostacyclin).
The primary end point of the study was a change in exercise
capacity, and the secondary endpoints included changes in
cardiopulmonary hemodynamics, dyspnea index, WHO func-
tional class, and withdrawal due to clinical worsening of
symptoms. In patients who received bosentan, the 6-minute
walk distance improved by 70 meters at 12 weeks as com-
pared with base line, whereas in patients receiving placebo, it
worsened by 6 meters (difference � 76 meters, 95% confi-
dent interval [CI], 12-139; P � 0.021). This improvement
was maintained for 20 weeks. The cardiac index in patients
receiving bosentan was higher than the placebo group by 1
L/min/m2 (95% CI, 0.6-1.4; P � 0.0001). Pulmonary vascu-
lar resistance decreased by 223 dyns/cm5 with bosentan, but
increased by 191 dyns/cm5 in patients receiving placebo
(difference � �415; [95% CI: �608 to �221]; P � 0.0002).
Patients given bosentan also have a reduced Borg dyspnea
index32 (1.6 lower then placebo; 95% CI, 0-3.1; P � 0.05)
and an improved WHO functional class compared with those
who received placebo. At base line, all patients were in
functional class III (P � 0.019 between bosentan and place-
bo). At the end of 12 weeks, 9/21 (43%) patients in the
bosentan group improved to class II, and none deteriorated to
class IV (P � 0.0039 compared with base line within group).
With placebo, only 1 of 11 patients (9%) improved to class II,
and 2 (18%) deteriorated to class IV (P � 1.00 compared
with base line within group). All 3 patients withdrawn from
the study because of clinical worsening were in the placebo
group (P � 0.033 withdraw rate between bosentan and
placebo). The number and nature of adverse events did not
differ between the 2 groups. No hypotension or clinically
significant changes in hematological or biochemical measures
were seen in either group. Increases in the concentration of
hepatic aminotransferases were seen in 10 patients assigned
to bosentan. But, these increases were not associated with
symptoms, and the concentrations returned to normal without
discontinuation or change of dose.

In the Bosentan Randomized Trial of Endothelin An-
tagonist Therapy Study Group (BREATH-1), 213 patients
with PAH (primary or associated with connective tissue
disease) were randomly assigned to receive bosentan 62.5 mg
orally twice daily for 4 weeks, followed by 1 of 2 doses of
bosentan (125 mg or 250 mg orally twice daily) for a
minimum of 12 weeks, or placebo. The primary end point
was the degree of change in exercise capacity. Secondary
endpoints included change in WHO functional class, Borg
dyspnea index, and increased in time to clinical worsening.33

At week 16, patients treated with bosentan (both doses) had
an improved 6-minute walking distance, 44 meters more than
the placebo group (95% CI, 21 to 67; P � 0.001), whereas a
deterioration of 8 meters occurred in the placebo group.
Although both bosentan doses produced a significant treat-
ment effect, the placebo-corrected improvement was more

pronounced for the dose of 250 mg twice daily than for the
dose of 125 mg twice daily. However, no dose-response
relation for efficacy could be confirmed. Bosentan also im-
proved the Borg dyspnea index (�0.6 in favor of bosentan;
95% CI, �1.2 to �0.1). The placebo-corrected improvement
was greater for patients receiving 250 mg twice daily (-0.9,
P � 0.012) than for those receiving 125 mg (-0.4, P � 0.42).
At base line, more than 90% of the patients were in WHO
functional class III. At the end of the treatment period, in the
groups receiving 125 mg and 250 mg twice daily of bosentan,
38% and 34% respectively of patients had improved to class
II, and 3% and 1% had improved to class I, respectively. In
contrast, in patients receiving placebo, only 28% improved to
class II and none improved to class I. This resulted in a mean
treatment effect of 12% in favor of bosentan (95% CI, �3 to
25%).

Another small open-label, dose-ranging study was per-
formed in 7 female patients with primary PAH (n � 5) or
PAH associated with scleroderma (n � 2).34 Four of these
patients were resistant to inhaled-NO therapy. Infusions of
50, 150 and 300 mg of bosentan were administered at 2-hour
intervals, and the hemodynamic responses were measured.
Bosentan induced dose-dependent reduction in total pulmo-
nary resistance (�20 � 11%, P � 0.01) and mean pulmonary
arterial pressure (�10.6 � 11%, P � 0.05) compared with
base line. Systemic vascular resistance was also reduced
(�26.2 � 12.8%, P � 0.005) as well as mean arterial
pressure (�19.8 � 14.4%, P � 0.001). There was a slight but
nonsignificant increase in cardiac index (15 � 12%, P �
0.05) and a dose-dependent increase in ET-1 level. This study
demonstrated that intravenous bosentan is a potent pulmonary
vasodilator at the doses tested, even in patients resistant to
inhaled NO. However, systemic hypotension and local ve-
nous irritation may limit its intravenous use.

Currently, there is no direct comparative trial of bosen-
tan to epoprostenol therapy.

Heart Failure
In the United States, prevalence of heart failure is

increasing as the population continues to age. Mortality
during the first 5 years from the time of diagnosis of CHF
continues to be high, even among patients on the best avail-
able treatments (digoxin, diuretics, ACEI and �-blockers).35

The last few years have brought significant advances in the
understanding of the pathogenesis of heart failure. Increasing
evidence suggests a potential role of the ET system in the
pathophysiology of heart failure. The clinical potential of
therapeutic agents that target the ET system is being actively
evaluated. Five clinical studies using bosentan have been
reported to date, including patients with moderate to severe
chronic heart failure.

In the study performed by Kiowski and colleagues,36

there were 24 patients with CHF (New York Heart Associa-
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tion [NYHA] functional class III), in whom therapy for heart
failure had been discontinued. Patients were randomized to
placebo or bosentan intravenously (100 mg, followed by 200
mg 1 hour later). Cardiac, pulmonary, and systemic hemody-
namic parameters were measured repeatedly for 2 hours.
Infusion of bosentan resulted in pronounced systemic, pul-
monary, and venous vasodilation accompanied by an im-
provement in cardiac performance without reflex tachycardia.
These effects were submaximal at the first 100-mg dose.
Plasma concentrations of norepinephrine, angiotensin II, and
renin remained unchanged, suggesting an absence of neuro-
hormonal stimulation.

The second study in patients with heart failure was
conducted in 2 phases. In Phase I, 7 patients with CHF
NYHA functional class III received bosentan 500 mg twice
daily for 14 days in an open-label fashion.37 Hemodynamic
and neurohormonal parameters were measured repeatedly
after the first dose and after 14 days of therapy. All patients
continued to receive their pre-study heart failure medications
(digoxin, diuretics, and ACEI in all patients). Bosentan ther-
apy was well tolerated and was associated with a marked
improvement in cardiac performance, decreased pulmonary
resistance and systemic vascular resistance. Heart rate in-
creased slightly at the initiation of therapy but was difficult to
evaluate because of the absence of a control group. In Phase
II,38 the same protocol was followed as in Phase I, but 24
patients received 1000 mg bosentan twice daily, and 12
patients received placebo twice daily for 14 days in a double-
blind fashion. The administration of the ACEI was delayed
by 3 hours on the days of repeated hemodynamic assess-
ments. Hemodynamic and hormonal measurements were ob-
tained before and repeatedly for 24 hours after administration
of bosentan on days 1 and 14. Bosentan was discontinued in
1 patient because of symptomatic hypotension. Compared
with placebo, bosentan on day 1 significantly decreased mean
arterial pressure, pulmonary artery mean and capillary wedge
pressures. Cardiac output increased, but heart rate was un-
changed. Both systemic and pulmonary vascular resistance
were reduced. After 2 weeks, cardiac output had increased
further by 15.2%, and systemic and pulmonary vascular
resistance decreased further compared with day 1. Plasma
ET-1 levels increased after bosentan, but levels of the other
hormones were unchanged.

The next trial using bosentan in patients with CHF was
the Research on Endothelin Antagonism in Chronic Heart
Failure (REACH-1) trial.39 Three hundred and seventy pa-
tients with NYHA Class III and IV heart failure were ran-
domized to receive placebo or bosentan, given in 1 of 2
dosing regimens (125 mg twice daily or 250 mg twice daily),
in addition to full conventional therapy. The primary end
point was clinical status at 6 months. The study was stopped
early after the decision to conduct future trials at a lower dose
(because of elevations in hepatic transaminases at the higher

dose group); only 50% of patients had reached the intended
end point of 6 months. In the proportion of patients who
received bosentan for 6 months, there was a significant
clinical improvement (19 versus 27%, bosentan versus pla-
cebo; P � 0.045). This study led to the launching of a larger
scale study using the lower dose regimen.

The latest study, Endothelin Antagonist Bosentan for
Lowering Cardiac Events (ENABLE) trial was a phase 3
investigation that included 2 trials (ENABLE 2 in North
America and ENABLE 1 in Europe and Australia).40 A total
of 1613 patients with NYHA Class III or IV (mean left
ventricular ejection fraction was about 25%; 2/3 of patients
had ischemic heart failure, whereas the remaining 1/3 had
nonischemic heart failure) were randomized to receive bosen-
tan at a dose of 125 mg twice a day or placebo, in addition to
optimal therapy with diuretics, �-blockers and ACE inhibi-
tors. The primary end point was the combined risk of death
and hospitalization for heart failure, with a secondary end
point of all-cause mortality. The primary end point was
observed in 321 of 808 patients receiving bosentan and 312 of
805 patients receiving placebo (hazard ratio 1.01, P � 0.9).
Similarly, the hazard ratio was one for all-cause mortality.
Kaplan–Meier curves indicated that the initiation of bosentan
was associated with early risk of an event within the first 2-4
weeks of the start of treatment that persisted for over 1 year.
This was primarily related to an increase in the risk of
hospitalizations for heart failure.

Hypertension
Endothelin is a potent vasoconstrictor. Therefore, an

ET-1 receptor antagonist may be used as a potential alterna-
tive class of agent for hypertension management. In a study
by Krum and colleagues,41 293 patients with mild to moder-
ate hypertension were randomized to receive treatment with
placebo, enalapril 20 mg once daily, or bosentan (100, 500, or
1000 mg once daily, or 1000 mg twice daily). Patients
receiving bosentan exhibited blood pressure reductions sim-
ilar to those receiving enalapril. Heart rate, angiotensin II,
renin, norepinephrine, and epinephrine plasma concentrations
remained unchanged during therapy with bosentan, whereas
ET-1 plasma levels increased by approximately 50% from
base line. Bosentan was well tolerated overall, with only a
few reports of adverse effects. These adverse effects were
those commonly seen with other vasodilators and included
headache, leg edema, and dizziness. Fewer than 5% of the
patients receiving bosentan developed increases in hepatic
transaminases that were asymptomatic and reversible.

Ischemic Heart Disease
High plasma ET levels have been reported in an exper-

imental ischemia model, and ET-1 concentrations in plasma
have been demonstrated to predict 1-year mortality.13,42 The
use of ET-1 receptor antagonists, therefore, may have the
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potential to alter patient outcomes. In a double-blind, ran-
domized controlled study, Wenzel and colleagues examined
the effects of bosentan on systemic and coronary hemody-
namics in 28 patients with angiographically documented
stable coronary artery disease.43 Bosentan 200 mg or placebo
was administered intravenously over 15 minutes. Forty min-
utes after the infusion, hemodynamic measurements were
repeated, and an angiogram was performed. All other medi-
cations consumed by the patients were discontinued for at
least 3 to 4 half-lives prior to the study. Bosentan signifi-
cantly reduced patients’ systolic blood pressure (�10 mm
Hg; P � 0.05) and slightly increased their heart rate (�2
beats per minute; P � 0.05). Coronary diameter also in-
creased, particularly in vessels with minimal angiographic
changes (P � 0.01). Nitrates did not dilate these segments
further. In contrast, nitrates increased coronary diameter sig-
nificantly in the placebo patients (P � 0.01). Bosentan was
well tolerated in this study.

ADVERSE EFFECTS, DRUG INTERACTION,
PRECAUTION AND CONTRAINDICATIONS

Adverse effects
Safety data on bosentan were obtained from 777 pa-

tients in various clinical studies. Doses up to 8 times the FDA
approved doses were administered for a variety of durations.
The use of bosentan in these trials ranged from 1 day to 4.1
years.19 In patients using bosentan for PAH, common adverse
events that occurred in �3% of patients were headache,
nasopharyngitis, flushing, liver function abnormality, lower
limb edema, hypotension, palpitation, dyspnea, edema, fa-
tigue and pruritis. In patients using bosentan in clinical trials
other then PAH (primarily chronic heart failure), the adverse
events that occurred in �3% of patients were headache,
flushing, abnormal hepatic function, leg edema and anemia.19

Of these reported side effects, it is particularly important to
pay close attention to hepatic function abnormalities. In
clinical studies, the use of bosentan has caused at least a
3-fold upper limit of normal elevation of liver aminotrans-
ferases in approximately 11% of patients, accompanied by
elevated bilirubin in a small number of cases. The manufac-
turer currently recommends measurement of liver function
test prior to initiation of therapy, and then monthly thereafter.
To-date, in clinical trial settings, where close monitoring
occurs, elevations of liver function tests have all been revers-
ible, within a few days to 9 weeks, either spontaneously or
after dose reduction or discontinuation, and without sequel-
ae.19 Bosentan should be avoided in patients with base line
abnormal liver function tests.

Drug Interactions
Bosentan is highly bound to albumin (�98%, mainly to

albumin). In vitro displacement studies were undertaken with

digoxin,44 glyburide,45 phenytoin, tobutamide and warfarin.46

No relevant interactions between bosentan and these agents
were observed at the level of protein binding.19

Bosentan is extensively metabolized by CYP2C9 and
CYP3A4. Inhibition of these isoenzymes may increase the
plasma concentration of bosentan. Ketoconazole, a potent
inhibitor of CYP3A4, increases maximum concentration and
area under the curve of bosentan by 1.6- and 1.8-fold,
respectively.47 No drug interaction study has been performed
to date with a pure CYP2C9 inhibitor. In addition, medica-
tions that are also metabolized by CYP2C9 and CYP3A4 may
compete with bosentan for the isoenzymes and alter each
other’s plasma concentration. In a study looking at interaction
between bosentan and cyclosporin A, trough concentrations
of bosentan were increased by about 30-fold. Steady-state
bosentan plasma concentrations were 3- to 4-fold higher than
in the absence of cyclosporin A.20 On the other hand, the
concentration of cyclosporin A is decreased by approximately
50%. The manufacturer currently states the coadministration
of bosentan and cyclosporin as a contraindication. Bosentan
is also an inducer of CYP3A4 and CYP2C9. Therefore,
plasma concentrations of drugs metabolized by these 2 isoen-
zymes will be decreased when bosentan is coadministered.
For example, coadministration of bosentan and glyburide
decreased the plasma concentrations of glyburide by approx-
imately 40%.45 The bosentan concentrations were also de-
creased by approximately 30%. In addition, an increased risk
of elevated liver aminotransferases was observed. Therefore,
the manufacturer also states that the use of bosentan and
glyburide is contraindicated.19

Warfarin is extensively metabolized by the liver. In
addition, patients with PAH or chronic severe heart failure
oftentimes receive warfarin for anticoagulation purpose.
Therefore, it is anticipated that bosentan and warfarin may be
commonly coadministered in clinical practice. In a drug
interaction study between bosentan and warfarin, coadminis-
tration of bosentan 500 mg twice daily for 6 days decreased
the plasma concentrations of both S-warfarin (a CYP2C9
substrate) and R-warfarin (a CYP3A4 substrate) by 29-38%,
respectively.46 Clinical experience with concomitant admin-
istration of bosentan and warfarin in patients with PAH,
however, did not show any clinically important changes in
the International Normalized Ratio or the warfarin dose
used.19

Coadministration of bosentan has also been observed to
decrease the plasma concentration of simvastatin (a CYP3A
substrate) by approximately 50%.48 The plasma concentra-
tions of bosentan were not affected. It is also anticipated that
similar interactions will exist with other statins that have
significant metabolism by CYP3A4, such as lovastatin and
atorvastatin.

The manufacturer has also studied the interactions be-
tween bosentan and digoxin, nimodipine (a CYP3A4 sub-
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strate), and losartan (a CYP2C9 substrate). No significant
interactions have been observed.19

Precaution and Contraindications
Bosentan is contraindicated in pregnancy. Animal data

suggest that bosentan is likely to produce major birth de-
fects.49 Bosentan was teratogenic in rats given oral doses
�60 mg/kg/d (twice the maximum recommended for human
use in mg/kg basis). Teratogenic effects observed included
malformations of the head, mouth, face and large blood
vessels. Bosentan also increased stillbirths and pup mortality.
Pregnancy must be excluded before the initiation of bosentan
therapy and prevented after the beginning of therapy. Hor-
monal contraceptives, including oral, injectable, and implant-
able contraceptives, may not be reliable in the presence of
bosentan. Although there is no drug interaction study to date
between bosentan and hormonal contraceptives, there is a
possibility of reduction of plasma concentration with the
coadministration of bosentan, because many of these drugs
are metabolized by CYP3A4. Therefore, hormonal contracep-
tives should not be used as the sole contraceptive method in
patients receiving bosentan. Follow-up urine or serum preg-
nancy tests should be obtained monthly in women of child-
bearing age receiving bosentan. It is not known whether
bosentan is excreted in human breast milk; therefore, the use
of bosentan while breastfeeding is not recommended.

Coadministration of cyclosporin A and bosentan re-
sulted in markedly increased plasma concentrations of bosen-
tan. Therefore, concomitant use of bosentan and cyclosporin
A is contraindicated. An increased risk of liver enzyme
elevations was observed in patients receiving glyburide con-
comitantly with bosentan. Therefore, concurrent use of these
2 drugs is also contraindicated. Bosentan is also contraindi-
cated in patients who are hypersensitive to bosentan or any
component of the medications.

Treatment with bosentan has been observed to cause a
dose-related decrease in hemoglobin and hematocrit. In clin-
ical studies, marked decreased in hemoglobin (�15% de-
crease from base line resulting in values �11 g/dL) were
observed in 6% of bosentan-treated patients and 3% of
placebo-treated patients. Most of these decreases were de-
tected during the first few weeks of bosentan treatment and
stabilized at 4-12 weeks of treatment.19 The explanation for
the change in hemoglobin is not known, but it does not appear
to be related to hemorrhage or hemolysis. The manufacturer
recommends that hemoglobin be checked at base line, 1 and
3 months, and every 3 months post initiation of therapy.

PEDIATRICS AND GERIATRICS
CONSIDERATION

The efficacy and safety of bosentan use in pediatric
patients have not been established. Experience with bosentan

in subjects older then 65 is not adequate to identify a differ-
ence in response between elderly and younger patients.

THERAPEUTIC AND ECONOMIC ISSUES AND
CONTROVERSIES

The average wholesale price of bosentan in the US is
$49.50 per tablet, without regard to dosage strength. This
translates to a monthly cost of US $2,970.00 and annual cost
of US $35,640.00 for patients. This is considerably less than
epoprostenol therapy, another treatment of patients in WHO
Class III and IV PAH (up to US $75,000 per year). To-date,
pharmacoeconomic studies have not been performed with
bosentan in PAH. Bosentan has also not been studied for its
impact on PAH mortality. However, in view of the rarity of
the disease, the poor prognosis of PAH, the less than optimal
response to other therapy (only approximately 20% of pa-
tients with PAH will respond to oral calcium channel block-
ers) and the inconvenience of other therapeutic alternatives
(epoprostenol therapy requires continuous infusion, and
abrupt withdrawal causes severe rebound; NO is a continuous
inhalation therapy), bosentan represents a convenient (oral
dosing) and effective alternative form of treatment.

APPROVED LABELING AND POSSIBLE
OFF-LABEL USES

Bosentan is approved by the FDA for the treatment of
PAH in patients with WHO Class III or IV symptoms, to
improve exercise ability and decrease the rate of clinical
worsening. In recent years, significant progress has been
made in our understanding of ET receptors and their role in
the pathophysiology of many vascular disease states (cardio-
vascular, cerebrovascular and renal vascular).15 Therefore,
ET receptor antagonists may have a potential role in the
management of these different disease states as well. In
addition to PAH, bosentan has been tested for other clinical
conditions including heart failure, hypertension and ischemic
heart disease. The results of clinical trials of heart failure are
not conclusive at this point, in terms of both morbidity and
mortality. The one study done for the treatment of hyperten-
sion demonstrated that bosentan is as effective as ACEI in
reducing blood pressure, which makes bosentan a potential
new class of antihypertensive agent. However, its risk of
causing liver dysfunction needs to be investigated further
before it can be used long term. Similarly, bosentan has been
demonstrated in a small sample of patients to dilate the
coronary artery, which may make it potentially useful in
patients with ischemic heart disease. Long-term studies look-
ing at its effect on morbidity and mortality in patients with
ischemic heart disease, especially those with acute coronary
syndromes, need to be investigated before it can be recom-
mended for routine use.

Heart Disease • Volume 5, Number 2, March/April 2003 Bosentan

© 2003 Lippincott Williams & Wilkins 167
UNITED THERAPEUTICS CORP., EX1038, page 7 

UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS 
U.S. PATENT 8,268,847



DOSAGE AND ADMINISTRATION
Bosentan is available for clinical use in tablet form. The

intravenous formulation in premarketing clinical trials have
demonstrated excessive local venous irritation and hypoten-
sion, and therefore it is not suitable for clinical use.23,34 For
the treatment of PAH, bosentan should be initiated at a dose
of 62.5 mg orally twice daily for 4 weeks and then increased
to the maintenance dose of 125 mg twice daily. Doses above
125 mg twice daily do not appear to confer additional benefit.
In patients with a body weight below 40 kg but who are over
12 years of age, the recommended initial and maintenance
dose is 62.5 mg orally twice daily. Tablets should be admin-
istered in the morning and evening with or without food.19

Liver function tests should be performed at base line, 1
month, 3 month, and every 3 months afterward. If at any
point aminotransferase is �3 but �5 times of upper limit of
normal, daily dose should be reduced or treatment should be
interrupted. A liver function test should be repeated at least
every 2 weeks. If liver function tests return to normal, one
may consider continuing or reintroducing the treatment as
appropriate. If aminotransferase is �5 to �8 times the upper
limit of normal, treatment should be stopped, and a liver
function test should be performed at least every 2 weeks.
Once the liver function test returns to normal, one may
consider reintroducing treatment. If aminotransferase is �8
times the upper limit of normal, treatment should be stopped
and reintroduction of treatment should not be considered.

No dosage adjustment is required in renally impaired
patients. There is no specific data to guide dosing in hepati-
cally impaired patients. Because bosentan may cause liver
injury, caution should be exercised in patients with mildly
impaired liver function and generally should be avoided in
patients with moderate or severe liver impairment.

There is limited experience with abrupt discontinuation
of bosentan. No evidence for acute rebound has been ob-
served. However, to avoid the potential for clinical deterio-
ration, a gradual dose reduction (from 125 mg twice daily to
62.5 mg twice daily for 3 to 7 days before total discontinu-
ation) should be considered.

PATIENT COUNSELING
Patients receiving bosentan therapy should be coun-

seled to follow up with their physicians for regular liver
function test monitoring every 3 months (all patients) and
pregnancy test monthly (for female patients). In addition,
patients should be educated to watch out for signs and
symptoms of potential liver injury (right upper quadrant
discomfort, jaundice) and pregnancy (late menses). If these
symptoms occur, they should contact their physicians imme-
diately. To prevent pregnancy, women of childbearing age
should also be counseled to use additional means of contra-
ception in addition to hormonal contraceptive. Because

bosentan may have potential drug interaction with any other
medications that are substrates, inhibitors or inducers of
CYP3A4 and CYP2C9, patients should be advised to consult
their physicians or pharmacists if they are taking any other
prescription or nonprescription medications.

SUMMARY
Bosentan (Tracleer™, Actelion) is the first ET receptor

antagonist approved by the FDA for the management of
PAH. In patients with WHO Class III and IV PAH, bosentan
has demonstrated improvement of dyspnea and exercise tol-
erance. ET is a neurohormone that plays an important role in
the pathophysiology of different vascular diseases. Although
bosentan is currently approved for use in only one disease
state, its has the potential to alter the outcome of many other
diseases such as heart failure, hypertension, ischemic heart
disease and renal disease, as well as cerebrovascular disor-
ders. Because of the rarity and poor prognosis of PAH, as
well as the requirement of close monitoring of bosentan
(because of its potential of causing liver dysfunction and its
teratogenic effects), bosentan is currently available only
through a special access program and distributed by certain
selected pharmacies. Patients who are receiving bosentan
should be encouraged to recognize early signs and symptoms
of liver dysfunction and possible pregnancy. In addition,
bosentan is not only a substrate but also an inducer of
CYP3A4 and CYP2C9. Therefore, it is anticipated that nu-
merous drug interactions may occur. Patients should be
advised to consult their physicians or pharmacists should they
require other prescription or nonprescription medications.
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