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OVERVIEW

Introduction

Temozolomide is an orally administered alkylating agent used largely in the therapy of malignant brain tumors
including glioblastoma and astrocytoma. Temozolomide has been associated with a low rate of serum enzyme
elevations during treatment and with rare instances of clinically apparent acute liver injury.

Background

Temozolomide (tem" oh zol' oh mide) is an imidazotetrazine derivative similar to dacarbazine (DTIC), which
acts as an alkylating agent disrupting DNA replication, causing modification and cross linking of DNA, thus
inhibiting DNA, RNA and protein synthesis and causing programmed cell death (apoptosis) in rapidly dividing
cells. Temozolomide rapidly crosses the blood-brain barrier and has been evaluated largely in the therapy of
malignant brain tumors. Temozolomide has been shown to induce tumor regression and remissions in patients
with malignant astrocytoma and glioblastoma multiforme. It may also have activity in melanoma.
Temozolomide was approved for use in the United States in 1999 and is now commonly used in treating patients
with malignant brain tumors. Temozolomide is available in capsules of 5, 20, 100, 140, 180 and 250 mg and as a
solution for injection under the brand name of Temodar. The recommended dose regimen is calculated based on
phase (initial cycles, maintenance), body weight, bone marrow toxicity and tolerance. Temozolomide is
considered somewhat less toxic and better tolerated than many other alkylating agents, but does have the
common side effects of fatigue, nausea and vomiting, gastrointestinal upset and bone marrow suppression.

Hepatotoxicity

Serum aminotransferase elevations occur during temozolomide therapy in up to 12% of patients, but these
elevations are usually mild and self limited, not requiring dose adjustment or drug discontinuation. An instance
of serum aminotransferase elevation with jaundice was reported in the registration trials of temozolomide and
subsequent to its approval, there have been several single case reports and case series of temozolomide
hepatotoxicity in the literature. The onset of injury was within 1 to 7 months of starting temozolomide and
several patients had received multiple courses before the onset of liver injury. The pattern of serum enzyme
elevations was usually mixed hepatocellular-cholestatic initially, but the disease tended to be cholestatic. In
several instances, jaundice was deep and prolonged. Features of hypersensitivity (rash, fever, eosinophilia) and
autoantibody formation were not present. Liver histology demonstrated bile duct injury and loss in several
instances. Rechallenge was not done, but several patients subsequently received other antineoplastic agents,
some of which were alkylating agents without recurrence of liver injury. In addition, temozolomide has been
associated with cases of reactivation of chronic hepatitis B in patients who are hepatitis B surface antigen
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(HBsAg) positive at the start of chemotherapy. Clinical symptoms and signs of a flare of hepatitis B have arisen 6
to 12 weeks after starting temozolomide frequently in a cyclic pattern. Most patients have not received
corticosteroids or other immunosuppressive agents that are more traditionally associated with reactivation. The
episodes are marked by rises in HBV DNA levels and mild jaundice and have responded to antiviral therapy for
hepatitis B which allows for restarting of temozolomide. Fatal cases of reactivation have not been reported, but
in general hepatitis B reactivation with jaundice has a mortality rate in excess of 10%.

Mechanism of Injury

Temozolomide is hydrolyzed to the active intermediate at physiological pH and does not require hepatic
metabolism or affect the cytochrome P450 (CYP) system to a major degree, perhaps accounting for its relative
lack of hepatotoxicity.

Outcome and Management

The severity of liver injury caused by temozolomide ranges from minor transient elevations in serum enzymes to
severe cholestatic hepatitis that can be prolonged. Temozolomide has not been reported to cause acute liver
failure, chronic liver injury or vanishing bile duct syndrome. However, several instances of prolonged jaundice
with paucity of bile ducts on liver biopsy have been reported. There is no evidence for cross sensitivity to hepatic
injury between temozolomide and other alkylating agents. In instances of reactivation of hepatitis B due to
temozolomide, therapy with an antiviral with potent activity against HBV is appropriate (such as entecavir or
tenofovir). The antiviral therapy should continued as long as the chemotherapy is planned and for 3 to 6 months
thereafter.

Drug Class: Antineoplastic Agents, Alkylating Agents

CASE REPORT

Case 1. Severe mixed hepatocellular-cholestatic hepatitis due to
temozolomide.

[Clinical Center, National Institutes of Health]

A 67 year old woman developed jaundice 40 days after starting temozolomide therapy of a malignant
glioblastoma. She had no history of liver disease, alcohol abuse or risk factors for viral hepatitis. She had
undergone resection of a left temporal lobe brain tumor 3 months earlier at which time she received local
radiation and dexamethasone. Shortly thereafter she was started on temozolodine and levetiracetam along with
dexamethasone (6 mg daily). She was also prescribed pantoprazole (40 mg daily) and ondansetron (4 mg orally
as needed). Her past medical history was otherwise unremarkable, and she denied previous drug allergies. For
many years, she had used a daily transdermal estradiol (0.0375 mg) patch and taken calcium, vitamin D and a
multivitamin. When the jaundice was detected, she admitted to mild fatigue, but specifically denied fever, rash,
itching, abdominal pain, anorexia or nausea. On examination, she was jaundiced but had no fever, rash, hepatic
enlargement or tenderness. Laboratory tests showed a total bilirubin of 7.7 (6.6 mg/dL direct), ALT 896 U/L,
AST 262 U/L, alkaline phosphatase 427 U/L and serum albumin 3.3 g/dL. Her serum ALT levels had been
slightly abnormal at the time of her craniotomy, before temozolomide therapy (Table). Levetiracetam was
stopped but temozolomide was continued. She developed deepening jaundice and serum enzyme elevations
continued to rise, whereupon temozolomide was also stopped. Tests for hepatitis A, B and C (including HCV
RNA and HBV DNA) were negative as were autoantibodies. Abdominal ultrasound showed no evidence of
biliary obstruction. A liver biopsy showed marked cholestatic hepatitis with bile duct damage suggestive of drug
induced liver injury. There was no reduction in the number of bile ducts. Serum bilirubin levels peaked at 46.8
mg/dL, ALT at 2783 U/L and alkaline phosphatase at 1219 U/L approximately 14 days after temozolomide was
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discontinued. Thereafter, serum bilirubin and enzymes slowly improved. Despite the height of the serum
bilirubin and ALT, the prothrombin time remained normal and she had no signs of hepatic encephalopathy and
continued to deny symptoms of abdominal pain, nausea or itching. Jaundice resolved after 3 months and liver
tests were minimally abnormal 12 months later. Because of reappearance of seizures, levetiracetam was restarted
without recurrence of jaundice or worsening of liver tests. Temozolomide was not restarted.

Key Points

Medication: Temozolomide

Pattern: Hepatocellular-mixed (R=5.8, falling to 2.1 at time of peak bilirubin)
Severity: 3+ (jaundice, hospitalization)

Latency: 5-6 weeks

Recovery: 6 months

Other medications: Levetiracetam

Laboratory Values

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

Pre Pre 67 68 0.4
2 weeks 0 74 63 0.4
6 weeks 0 896 427 7.7 Protime 12.9 seconds
7 weeks 1 week 2444 1142 24.3 Liver biopsy
8 weeks 2 weeks 2351 975 37.8 Ursodiol started
9 weeks 3 weeks 1218 1557 44.8
10 weeks 4 weeks 627 1245 29.9
3 months 6 weeks 366 565 6.8
4 months 2 months 212 334 2.6
4 months 243 263 0.8
6 months 134 256 0.6 Levetiracetam restarted
8 months 117 195 0.6
14 months 12 months 37 141 0.5
Normal Values <42 <115 <1.2
Comment

Cholestatic hepatitis arose after 6 weeks of therapy with temozolomide and levetiracetam. Both drugs were
stopped, but recovery was delayed. A liver biopsy showed cholestasis and bile duct injury, but importantly did
not show massive or submassive necrosis. The patient had few symptoms but biochemical recovery was delayed.
Levetiracetam (which rarely causes liver injury) was restarted without worsening of the liver condition, making
the diagnosis of temozolomide induced liver injury more likely. While the liver injury ultimately resolved, it did
cause an interruption of therapy and significantly disturbed the quality of life in an already compromised
patient.
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PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Temozolomide — Temodar®

DRUG CLASS

Antineoplastic Agents, Alkylating Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Temozolomide 85622-93-1 C6-H6-N6-02
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trial of chemoradiotherapy followed by either dose-dense or metronomic temozolomide for newly diagnosed
glioblastoma. J Clin Oncol 2009; 27: 3861-7. PubMed PMID: 19506159.

(Among 85 patients with glioblastoma treated with temozolomide, ALT or AST elevations occurred in 6% o
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treatment with temozolomide--case report. Neurol Med Chir (Tokyo) 2011; 51: 728-31. PubMed PMID:
22027252.

(51 year old HBsAg positive man with glioblastoma developed reactivation of hepatitis B 10 weeks after starting
chemotherapy [bilirubin not given, ALT rising from 28 to 744 U/L, HBV DNA from 3.8 to 5.8 log copies/mL],
responding to entecavir therapy).
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(Letter in response to Sarganas [2012] suggesting acetaminophen as the cause of the liver injury).
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Neuro-oncology Working Group (NOA) of German Cancer Society. Temozolomide chemotherapy alone
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Lancet Oncol 2012; 13: 707-15. PubMed PMID: 22578793.

(Controlled trial of temozolomide alone vs radiotherapy alone in 373 elderly patients with astrocytoma found
similar effiacy; grade 3 enzyme elevations occurred in 30% of temozolomide vs 16% of radiation treated
subjects).

Fujimoto Y, Hashimoto N, Kinoshita M, Miyazaki Y, Tanaka S, Yakushijin T, Takehara T, et al. Hepatitis B virus
reactivation associated with temozolomide for malignant glioma: a case report and recommendation for
prophylaxis. Int ] Clin Oncol 2012; 17: 290-3. PubMed PMID: 21809177.

(49 year old HBsAg positive woman with glioma developed reactivation of hepatitis B 2 months after starting
chemotherapy with temozolomide and radiation without corticosteroids [bilirubin 1.4 mg/dL, ALT 1098 U/L,
Alk P 515 U/L, HBV DNA 1 billion copies/mL], responding to entecavir; temozolomide not restarted).

Miller RJ, Gui X, Easaw JC, Tsang RY. Chemotherapy-associated steatohepatitis with temozolomide and
dexamethasone. Can J Neurol Sci 2012; 39: 547-9. PubMed PMID: 22896875.

(46 year old man with brain tumor developed elevations in serum enzymes 3-4 months after starting
dexamethasone and temozolomide [peak bilirubin 0.8 mg/dL, ALT 355 U/L, Alk P 83 U/L], liver biopsy
showing steatosis and liver tests improving after reduction in corticosteroid dose).

Dixit S, Baker L, Walmsley V, Hingorani M. Temozolomide-related idiosyncratic and other uncommon
toxicities: a systematic review. Anticancer Drugs 2012; 23: 1099-106. PubMed PMID: 22850321.

(Systematic review of rare complications of temozolomide therapy mentions 5 published cases of idiosyncratic liver
injury, usually cholestatic, 3 with prolonged jaundice and one dying of liver failure).

Grant LM, Kleiner DE, Conjeevaram HS, Vuppalanchi R, Lee WM. Clinical and histological features of
idiosyncratic acute liver injury caused by temozolomide. Dig Dis Sci 2013; 58: 1415-21. PubMed PMID:
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(Among 1000 cases of drug induced liver injury enrolled in a prospective US database between 2004 and 2011, 4
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Temozolomide: fatal hepatic failure. Prescrire Int 2014; 23 (152): 214. PubMed PMID: 25325123.
(Report of fatal case of hepatotoxicity linked to temozolomide).

Becker F, Hecht M, Schmidtner ], Semrau S, Fietkau R. Temozolomide-induced liver damage. A case report.
Strahlenther Onkol 2014; 190: 408-10. PubMed PMID: 24452817.
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mild GGT elevations).
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