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OVERVIEW

Introduction

Bosentan is an endothelin receptor antagonist used in the therapy of pulmonary arterial hypertension (PAH).
Bosentan has been associated with serum enzyme elevations during therapy and with rare instances of clinically
apparent acute liver injury.

Background

Bosentan (boe sen' tan) is an inhibitor of both the type A and B (ETA and ETB) endothelin receptors. Inhibition
of the ET receptors disrupts the intracellular pathways that lead to vasoconstriction thereby causing
vasodilation. Because these receptors are found in highest concentration in the lungs, the endothelin receptor
antagonists primarily cause vasodilation in the pulmonary vasculature and decrease pulmonary vascular
pressure with little effect on systemic blood presssure. In prospective, randomized controlled trials, bosentan was
effective in alleviating symptoms, improving exercise tolerance and prolonging the time to clinical worsening in
patients with idiopathic pulmonary artery hypertension (PAH). Bosentan was the first endothelin receptor
antagonist to be approved in the United States (2001) and it remains in active use. The current indications are for
symptomatic PAH, classified as WHO group 1 (primary or idiopathic). Use of bosentan in other forms of PAH
(due to heart failure, thromboembolic disease, or pulmonary disease) should be considered experimental as its
efficacy in these forms of PAH has not been adequately shown. Because of the potential for hepatotoxicity and
teratogenicity, bosentan is available only as a part of a monitoring program in which regular monthly
determination of serum enzymes levels and adequate methods for birth control are required. Bosentan is
available in tablets of 62.5 and 125 mg under the brand name Tracleer and the recommended dose is 62.5 to 125
mg twice daily. Common side effects include headaches, dizziness, flushing, hypotension, rhinitis and edema.

Hepatotoxicity

Bosentan is associated with elevations in serum aminotransferase levels above three times the upper limit of the
normal range (ULN) in 3% to 18% of patients, averaging 7.6% using currently recommended doses. The enzyme
elevations are usually self-limited and are rarely accompanied by symptoms, but can be more marked and persist
and require dose reduction or discontinuation (in 3% to 4% of patients). Monthly monitoring of serum
aminotransferase levels is recommended, with discontinuation for levels above 8 times the ULN or for values
above 5 times the ULN that persist. There have also been rare reports of clinically apparent liver injury with
jaundice associated with bosentan use. The onset of illness was usually within 1 to 6 months of starting bosentan,
but cases arising during chronic therapy have also been described (Case 1). The enzyme pattern has typically
been hepatocellular or mixed. Immunoallergic features are usually not present and autoantibodies are usually
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absent or present in low titer. Some cases have been severe and fatalities have been reported, but there have been
no published reports of chronic hepatitis or vanishing bile duct syndrome attributed to bosentan. Autoimmune
and immunoallergic features are usually not present.

Likelihood score: C (probable cause of clinically apparent liver injury).

Mechanism of Injury

The cause of liver injury due to bosentan is not known. Bosentan is metabolized by the cytochrome P450 system
(CYP 2C9 and 3A4) and can induce CYP activity that results in drug-drug interactions, particularly with
cyclosporine A and birth control pills.

Outcome and Management

Serum ALT or AST elevations are not uncommon during bosentan therapy. Elevations above 8 times the ULN
should trigger drug discontinuation and avoidance of restarting bosentan. Elevations of 5 to 8 times the ULN
should be confirmed with repeat testing and bosentan stopped if aminotransferase values persist at that level or
rise with possible restarting if values fall back into the normal range. Elevations between 3 to 5 times the ULN
should be confirmed on repeat testing and dose modification or interruption considered. The ALT elevations are
usually transient and asymptomatic and may resolve despite continuing the medication without dose
adjustment.

Most cases of acute liver injury due to bosentan have been self-limited and have not resulted in acute liver failure
or chronic injury. However, isolated cases of acute liver failure have been reported to the sponsor and have led to
a strict monitoring program for its use. Patients with acute liver injury who are retreated with bosentan usually
redevelop liver injury, for which reason rechallenge should be avoided. Switching patients to other endothelin
receptor antagonists has been reported to be safe, without return of the liver test abnormalities, but these studies
were done largely in patients with mild-to-moderate serum aminotransferase elevations without symptoms. In
cases of clinically apparent liver injury due to bosentan, use of other agents for PAH may be more appropriate
and switching to another endothelin receptor antagonist (such as ambrisentan) done with caution. Interestingly,
several cases of acute liver injury attributed to the endothelin receptor antagonists have had an apparent rapid
beneficial response to corticosteroid therapy, some but not all of which had autoimmune features. If
corticosteroids are used, the dose and duration of therapy should be kept to a minimum.

Drug Class: Pulmonary Arterial Hypertension Agents

Other Drugs in the Subclass Endothelin Receptor Antagonists: Ambrisentan, Macitentan

CASE REPORT

Case 1. Acute hepatitis during extended therapy with bosentan.

[Modified from: Eriksson C, Gustavsson A, Kronvall T, Tysk C. Hepatotoxicity by bosentan in a patient with
portopulmonary hypertension: a case-report and review of the literature. ] Gastrointestin Liver Dis 2011; 20:
77-80. PubMed Citation]

A 29 year old woman with portopulmonary hypertension due to portal vein thrombosis secondary to
splenectomy was treated with bosentan in increasing doses up to 125 mg twice daily. During regular monitoring,
her serum enzymes remained normal until 18 months after starting the endothelin receptor antagonist when she
developed fatigue, nausea and anorexia followed by jaundice. On admission to the hospital, she was jaundiced,
but had no fever, rash or adenopathy. Liver tests results showed a serum bilirubin of 10 mg/dL, ALT 600 U/L,
AST 840 U/L, alkaline phosphatase 480 U/L, and INR 1.52 (Table). Tests for hepatitis A, B and C were negative


https://www.ncbi.nlm.nih.gov/books/n/livertox/PulmonaryArterialHyp/
https://www.ncbi.nlm.nih.gov/books/n/livertox/EndothelinRcptAntag/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Ambrisentan/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Macitentan/
https://www.ncbi.nlm.nih.gov/pubmed/21451802

Bosentan 3

as were autoantibodies. Abdominal ultrasound and CT scans showed no evidence of biliary obstruction. During
the following week, serum bilirubin levels rose to 17.4 mg/dL and INR to 1.8, but she had no evidence of hepatic
encephalopathy or ascites. Prednisolone was started in a dose of 40 mg daily. She improved rapidly and was able
to be discharged one week later. Liver tests fell into the normal range within 6 weeks of the onset of illness. The
dose of prednisolone was reduced and was withdrawn after 8 weeks. She was treated for her pulmonary artery
hypertension with sildenafil and ambrisentan and serum enzymes remained normal.

Key Points

Medication: Bosentan (250 mg daily)

Pattern: Mixed (R=2.5)

Severity: 4+ (jaundice, hospitalization and prolongation of prothrombin time)
Latency: 18 months

Recovery: 6 weeks

Other medications: Unspecified diuretics

Laboratory Values

Time After Starting Time After Stopping AST* (U/L) Alk P* (U/L) Bilirubin (mg/dL) Other

Bosentan 125 mg twice daily started

0 Pre 42 1.2
1 month 36 1.0
6 months 24 1.1
12 months 30 1.3
16 months 42 1.3
18 months Admitted for jaundice; bosentan stopped
18 months 0 840 480 9.6 INR 1.52
3 days 870 12.0
6 days 900 14.6 INR 1.8
9 days 660 17.5 Prednisolone started
11 days 408 11.1
12 days 210 8.2
15 days 60 7.3 Discharged
22 days 24 3.5
19 months 4 weeks 42 2.6
6 weeks 24 14 Prednisolone stopped
20 months 2 months 24 0.8
Normal Values <55 <110 <1.2

* Some values estimated from Figure 1. ALT and Alk P converted from pkat to U/L (multiplying by 60) and
bilirubin from umol/L to mg/dL (dividing by 17.1).
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Comment

The latency to onset of liver injury was 18 months, which is longer than usual. Most cases of liver injury linked to
endothelin receptor antagonists have arisen within 2 to 6 months of starting. The injury had a mixed pattern, but
was severe and led to initiation of corticosteroid therapy, which was followed by a prompt improvement.
Interestingly, the patient later tolerated ambrisentan, another endothelin receptor antagonist without recurrence
of liver injury. The lack of cross sensitivity to liver injury between these two agents may relate to their different
chemical structures. Bosentan (like sitaxsentan) has a sulfonamide-like central moiety, whereas ambrisentan has
a propionic acid based structure.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Bosentan — Tracleer®

DRUG CLASS

Pulmonary Arterial Hypertension Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG  CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Bosentan 157212-55-0 C27-H29-N5-06-5.H2-O
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