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Background: In registration trials, zafirlukast, an asthma medi-
cation, caused asymptomatic elevated aminotransferase levels in
up to 5% of participants. Until now, however, no cases of severe
hepatitis attributed to zafirlukast have been reported.

Objective: To report the clinical characteristics of three patients
with severe hepatitis due to zafirlukast.

Design: Case report.

Setting: One community hospital and two university hospitals.

Patients: Three middle-aged women taking zafirlukast, 20 mg
twice per day.

Intervention: Discontinuation of zafirlukast therapy in three
patients, steroid therapy in two patients, and orthotopic liver
transplantation in one patient.

Measurements: Serum aminotransferase and bilirubin levels,

standard blood tests for causes of hepatitis other than drug tox-
icity, and liver biopsy in two patients.

Results: Patient 1 recovered spontaneously, had a severe relapse
after inadvertent rechallenge with the medication, and ultimately
made a complete recovery. Patient 2 developed subfulminant he-
patic failure and required liver transplantation. Patient 3 developed
severe hepatitis that improved after treatment with corticosteroids.
Liver tissue was available from two patients and showed histo-
logic changes commonly associated with drug reactions.

Conclusion: Patients receiving zafirlukast may develop severe
liver injury and should be observed for signs and symptoms of
hepatitis.
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Cysteinyl leukotrienes (LTC4, LTD4, and LTE4) are
endogenously produced arachidonic acid metabo-

lites that play an important role in the development of
pulmonary inflammation and bronchoconstriction in
persons with reactive airway disease. Members of a new
class of drugs, leukotriene receptor antagonists, decrease
airway edema and smooth-muscle constriction in per-
sons with asthma (1–3). Zafirlukast (Accolate, Zeneca
Pharmaceuticals, Wilmington, Delaware) is currently
the most widely prescribed leukotriene receptor antago-
nist approved for the treatment of asthma.

Few toxic side effects have been reported in patients
treated with zafirlukast or other leukotriene receptor an-
tagonists. Asymptomatic increases in serum liver enzyme
levels of two to three times the upper limit of normal
were seen in 1.5% of 4058 patients taking zafirlukast
during premarketing trials; no severe hepatotoxicity was
noted (4). We describe three patients who developed
severe hepatitis while taking zafirlukast.

PATIENT 1
A 42-year-old woman was referred for evaluation of

hepatitis. The patient had a 10-year history of chronic
sinusitis and asthma requiring intermittent prednisone

therapy. Eighteen months before presentation, treat-
ment was begun with zafirlukast, 20 mg twice per day.
Results of baseline liver tests were normal. Nine months
after the patient began taking zafirlukast, however, se-
rum aspartate aminotransferase and alanine aminotrans-
ferase levels were 2.63 mkat/L and 4933 nkat/L, respec-
tively. The patient was asymptomatic, but therapy was
discontinued and a different leukotriene receptor antag-
onist, montelukast, was prescribed instead. Follow-up
serum aminotransferase levels were normal 4 months
later, and treatment with zafirlukast was resumed in
place of montelukast. Two months later, the patient
developed flu-like symptoms and jaundice and stopped
taking zafirlukast. After 1 month of worsening symp-
toms, she sought medical attention. Her other medica-
tions were salmeterol xinafoate inhalation aerosol (Ser-
event, Glaxo Wellcome, Inc., Research Triangle Park,
North Carolina), fluticasone propionate inhalation aero-
sol (Flovent, Glaxo Wellcome, Inc.), and fluticasone
propionate nasal spray (Flonase, Glaxo Wellcome, Inc.).
She did not drink alcohol, had no other known expo-
sure to hepatotoxins, and had no risk factors for expo-
sure to parenterally transmitted viruses. There was no
family history of liver disease. On physical examination,
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she was icteric but had no cutaneous stigmata of chronic
liver disease. Her abdomen was not tender, and she had
no hepatosplenomegaly or ascites. Serum aspartate ami-
notransferase and alanine aminotransferase levels were
markedly abnormal; laboratory evaluation did not reveal
evidence of viral, metabolic, or autoimmune liver disease
(Table, Figure). Her symptoms gradually resolved, and
after stopping zafirlukast treatment a second time, her
serum enzyme levels returned to normal over a 6-month
period.

PATIENT 2
A 49-year-old woman with chronic asthma pre-

sented with vomiting, fatigue, and a pruritic rash. She
had been taking zafirlukast, 20 mg twice per day, for
approximately 5 months, in addition to theophylline
and albuterol sulfate tablets (Volmax, Muro Pharmaceu-
tical, Inc., Tewksbury, Massachusetts) and ipratropium
bromide (Atrovent, Boehringer Ingelheim, Ridgefield,
Connecticut), albuterol sulfate (Proventil, Schering
Corp., Kenilworth, New Jersey), and fluticasone propi-
onate inhalation aerosols. Serum alanine aminotransfer-
ase and bilirubin levels, which had previously been nor-
mal, were 19 267 nkat/L and 41 mmol/L (2.4 mg/dL),
respectively. She did not drink alcohol, had no risk fac-
tors for parenteral exposure to hepatitis viruses, and had

no family history of liver disease. Laboratory evaluation
did not reveal any evidence of viral, metabolic, or auto-
immune hepatitis (Table). Two weeks later, the patient
was admitted to the hospital with worsening symptoms,
and zafirlukast therapy was discontinued. On physical
examination, she was icteric, without cutaneous stig-
mata of chronic liver disease, hepatosplenomegaly, or
ascites. She had an erythematous, papular rash on her

Table. Results of Laboratory Tests for Liver Injury and Causes of Hepatitis Other Than Zafirlukast Toxicity

Test Result

Patient 1 Patient 2 Patient 3

Anti–hepatitis A virus IgG Negative Negative Negative
Hepatitis B surface antigen Negative Negative Negative
Hepatitis B surface antibody Positive Negative Negative
Hepatitis B core antibody Positive Negative Negative
Anti–hepatitis C virus antibody Negative Negative Negative
Ferritin level Normal Normal Not determined
Antinuclear antibody Negative Negative Negative
Anti–smooth-muscle antibody Negative Negative Not determined
Ceruloplasmin level, mg/L Not determined .200 .200
Peak level

Alanine aminotransferase, nkat/L 4933 15 134 20 184
Bilirubin, mmol/L (mg/dL) 12 (0.7) 669 (39.1) 347 (20.3)

Recovery level
Alanine aminotransferase Normal Normal Normal
Bilirubin Normal Normal Normal

Peak level (rechallenge) – –
Alanine aminotransferase, nkat/L 26 101
Bilirubin, mmol/L (mg/dL) 106 (6.2)

Recovery level (rechallenge) – –
Alanine aminotransferase Normal
Bilirubin Normal

Figure. Serum alanine aminotransferase (bars) and total
bilirubin (solid line) levels in patient 1.

Zafirlukast therapy was withdrawn at month 9, restarted at month 13,
and withdrawn permanently at month 16. To convert U/L to nkat/L,
multiply by 16.667. To convert mg/dL to mmol/L, multiply by 17.104.
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chest, forehead, and back. Results of liver tests were
abnormal (Table). There was no evidence of biliary ob-
struction. During the next 2 weeks, her clinical condi-
tion did not change, and she was discharged for fol-
low-up as an outpatient.

Two weeks later, the patient was readmitted to the
hospital with fluid retention and confusion. Physical ex-
amination was remarkable for jaundice, ascites, and as-
terixis. The patient had a protracted hospital course with
intermittent fevers; a persistent, diffuse, pruritic rash;
and peripheral eosinophilia (percentage of eosinophils
was as high as 30%). A skin biopsy was compatible with
drug-induced or idiopathic erythema multiforme. A
transjugular liver biopsy demonstrated submassive he-
patic necrosis with abundant eosinophils. The patient
was treated with oral prednisone, 60 mg/d, for 1 week
without substantial improvement and ultimately under-
went orthotopic liver transplantation 84 days after pre-
sentation. The explanted liver was firm and shrunken,
weighing 1000 g. Histologic examination showed sub-
massive to massive necrosis with regeneration but no
histologic evidence of chronic liver disease. The patient’s
postoperative course was unremarkable, and she now has
normal liver function.

PATIENT 3
A 43-year-old woman was admitted to the hospital

with jaundice. She had been treated with zafirlukast, 20
mg twice per day, for 6 months. Her only other medi-
cation was albuterol sulfate delivered by metered-dose
inhaler. Nineteen days before seeking medical attention,
she lost her appetite, developed abdominal pain and
jaundice, and stopped taking zafirlukast. She did not
drink alcohol and had no risk factors for parenteral ex-
posure to hepatitis viruses. On physical examination, she
was icteric but had no hepatosplenomegaly or ascites.
Laboratory evaluation did not reveal any evidence of
viral, metabolic, or autoimmune liver disease (Table).
Results of liver tests were abnormal and failed to im-
prove during the next 3 weeks. A liver biopsy was per-
formed, and the specimen revealed submassive hepatic
necrosis. Treatment with intravenous methylpredniso-
lone, 200 mg every 4 hours, for presumed drug-induced
liver injury was begun; symptoms and liver test results
improved rapidly (Table).

DISCUSSION

By blocking the CysLT1 leukotriene receptor, zafirlu-
kast inhibits migration of inflammatory cells into the
lungs after an allergenic challenge, decreasing airway
edema and smooth-muscle constriction in patients with
asthma (1–3). Because of its efficacy, convenient oral
dosing, and apparent safety, zafirlukast has been recom-
mended as first-line therapy for patients with mild, per-
sistent asthma (3). To date, more than 1 million persons
have been treated with zafirlukast, making it one of the
200 most-prescribed drugs in the United States (5).

Abnormal serum aminotransferase levels have been
noted in some patients treated with high doses of zafirlu-
kast (80 mg twice daily); the current dosage approved by
the U.S. Food and Drug Administration is 20 mg twice
daily (4, 6). In one clinical trial in which participants
received 20 mg of zafirlukast twice daily, serum amino-
transferase levels more than twice the upper limit of
normal were seen in 3.1% of those in the zafirlukast
group and 2.8% of those in the placebo group, a differ-
ence that was not statistically significant (7). Abnormal
liver test results were asymptomatic and eventually re-
turned to normal, usually within the first 3 months of
continued treatment or after discontinuation of therapy
with the drug (7). Cases of hepatitis with hyperbiliru-
binemia have been reported to the manufacturer with
the use of the recommended dose (4). To the best of our
knowledge, however, clinically significant hepatotoxicity
related to this increasingly popular medication has not
been reported up to now.

Evidence that zafirlukast was the cause of hepatic
injury in our three patients is fourfold. First, other po-
tential causes of acute hepatitis, including viral, auto-
immune, and metabolic liver diseases, were excluded in
each patient. Second, in the two patients who had liver
biopsies, histologic characteristics were consistent with
toxic injury. Third, one of the three patients had signs of
systemic hypersensitivity (rash, fever, and eosinophilia),
suggesting a drug reaction. Finally, and most important,
in patient 1, rechallenge with zafirlukast resulted in re-
current hepatitis. This type of rechallenge phenomenon
is considered diagnostic of drug-induced liver injury (8),
although it may be dangerous and should seldom, if
ever, be done intentionally.

The means by which zafirlukast causes liver injury
are unknown. The idiosyncratic nature of its hepatotox-
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icity, the evidence of hypersensitivity in patient 2, and
the presence of hepatic eosinophils in all three patients
suggest an immunologic mechanism. The apparent re-
sponse to steroids in patient 3 also may support an im-
munoallergic cause (8). Possibly the most common se-
vere adverse effect reported to date in patients treated
with zafirlukast is the Churg–Strauss syndrome, a gran-
ulomatous, necrotizing, eosinophilic vasculitis that is
itself of immunologic origin (9). Alternatively, the cyto-
chrome P450 (CYP2C9 isoenzyme) pathway responsi-
ble for methylhydroxylation of zafirlukast during its
metabolism may create one or more hepatotoxic inter-
mediates that caused the liver damage in our patients
(6). Of interest, all of our patients were women, and
evidence suggests that cytochrome P450 is more active
in women than in men (10).

Whatever its mechanism, hepatotoxicity related to
zafirlukast is clearly idiosyncratic and occurs in a small
minority of patients. The Acute Liver Failure Study
Group, a consortium of 20 academic medical centers
cooperating in the prospective collection of data con-
cerning the cause of disease, treatment, and outcome of
patients with acute liver failure (11) has to date not
identified any other cases of severe liver injury attribut-
able to zafirlukast (Lee WM. Personal communication).
As a result, it is not possible to predict which patients
treated with this drug will develop hepatitis. The section
describing zafirlukast in the most recent edition of Phy-
sicians’ Desk Reference has been revised to indicate that
severe hepatitis and even liver failure may occur in pa-
tients receiving this medication (12).

Several potentially important clinical features of
these three cases should be noted. First, in contrast to
the clinical trials, in which some participants developed
asymptomatic aminotransferase elevations during the
first 3 months of therapy (6), hepatitis occurred in our
patients only after several months of zafirlukast treat-
ment. Second, in each of our patients, liver injury per-
sisted for many weeks after zafirlukast was withdrawn;
indeed, in patient 2, progressive hepatitis required liver
transplantation nearly 3 months after zafirlukast therapy
was discontinued. It is not known whether recognition
of liver injury at an earlier stage (for example, through
surveillance) may have prevented substantial morbidity.
Finally, patient 3 seemed to have rapid clinical improve-
ment after treatment with high-dose corticosteroids.
There are, however, conflicting reports in the medical

literature regarding use of corticosteroids in the treat-
ment of drug-induced hepatitis, and patient 2 did not
have a convincing therapeutic response to steroid ther-
apy (8). Therefore, the role of steroids in the treatment
of zafirlukast-associated liver injury, like the role of sur-
veillance liver tests, is currently undefined and should
probably be considered on a case-by-case basis.

In summary, the three cases presented here illustrate
that patients receiving the novel asthma drug zafirlukast
can develop severe, symptomatic, acute hepatocellular
injury, and even subfulminant hepatic failure. Physi-
cians should be aware that zafirlukast is a potentially
hepatotoxic drug, and patients treated with this medica-
tion should be observed for signs and symptoms of
hepatitis.

From Albert Einstein College of Medicine, Bronx, New York; and Uni-
versity of California, San Francisco, San Francisco, California.

An abstract describing patients 1 and 3 was presented as a poster at the
annual meeting of the American College of Gastroenterology in 1999.
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Inman had taken his own during the fighting outside Petersburg. When his two
nearest companions pulled away his clothes and looked at his neck, they had said
him a solemn farewell in expectation of his death. We’ll meet again in a better
world, they said. But he lived as far as the field hospital, and there the doctors had
taken a similar attitude. He was classed among the dying and put aside on a cot to
do so. But he failed at it. After two days, space being short, they had sent him on to
a regular hospital in his own state. All through the mess of the field hospital and the
long grim train ride south in a box car filled with wounded, he had agreed with his
friends and the doctors. He thought he would die. About all he could remember of
the trip was the heat and the odors of blood and of shit, for many of the wounded
had the flux. Those with strength to do so had knocked holes in the sides of the
wood boxcars with the butts of rifles and rode with their heads thrust out like crated
poultry to catch the breeze.

Charles Frazier
Cold Mountain
New York: Atlantic Monthly Press; 1997:3-4
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