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OVERVIEW

Introduction

Cyclophosphamide is an alkylating agent used in the treatment of several forms of cancer including leukemias,
lymphomas and breast cancer. Cyclophosphamide therapy is associated with minor transient serum enzyme
elevations and has been linked to rare cases of acute liver injury. In addition, when given in high doses as a part
of a myeloablative therapy, cyclophosphamide can cause acute sinusoidal obstruction syndrome.

Background

Cyclophosphamide (sye" kloe fos' fa mide) is a synthetic, nitrogen mustard-like alkylating agent that is widely
used in the therapy of cancer and in severe forms of autoimmune disease. It requires activation in the liver to
form its active intermediaries which act by modifying and cross linking purine bases in DNA, thus inhibiting
DNA, RNA and protein synthesis and causing cell death in rapidly dividing cells. Cyclophosphamide was
approved for use in the United States in 1959 and its current indications include treatment of breast, head, neck,
lung, cervix, testis and ovarian cancer, acute and chronic lymphocytic leukemia, Hodgkin's and non-Hodgkin’s
lymphoma, malignant histiocytosis, multiple myeloma, soft tissue sarcoma, mycosis fungoides, neuroblastoma,
and retinoblastoma. Cyclophosphamide is also used in severe autoimmune disorders including minimal change
nephrotic syndrome not responsive to conventional therapy. Cyclophosphamide is also occasionally used in the
prevention of rejection after organ transplantation. Cyclophosphamide is available as tablets or capsules of 25
and 50 mg and as a powder or in liquid solution for intravenous use in generic forms and under the trade name
Cytoxan. The recommended dosage varies from 1 to 5 mg/kg per day with the patient age, body weight, mode of
administration and disease entity. Common side effects of include alopecia, nausea, vomiting, diarrhea,
gastrointestinal upset, cystitis, oral ulcers and bone marrow suppression. Rare, but potentially severe adverse
events include severe neutropenia, sepsis, cardiotoxicity, hemorrhagic cystitis, embryo-fetal toxicity and
secondary malignancies.

Hepatotoxicity

Mild and transient elevations in serum aminotransferase levels are found in up to 43% of patients with cancer
who are treated with cyclophosphamide. The abnormalities are generally asymptomatic and transient and do not
require dose modification. Enzyme elevations are more common with higher doses and with intravenous
therapy. In some instances, marked elevations arise warranting dose modification or discontinuation of

cyclophosphamide (Case 3).

Clinically apparent liver injury from standard doses of cyclophosphamide is uncommon, but several case reports
of acute liver injury with jaundice have been published (Cases 1 and 2). The onset is within 2 to 8 weeks of
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starting cyclophosphamide and the pattern of serum enzyme elevations is hepatocellular. Immunoallergic and
autoimmune features are uncommon. The injury in most cases is self-limited and resolves within 1 to 3 months
of stopping; however, fatal instances have been reported. Recurrence on reexposure has been described.

High doses of cyclophosphamide given as chemotherapy of cancer or as myeloablative therapy in combination
of total body irradiation or busulfan in preparation for hematopoietic cell transplantation can induce sinusoidal
obstruction syndrome (veno-occlusive disease), which can be severe leading to acute liver failure and death. The
onset of injury is usually within 10 to 20 days of the myeloablation and is characterized by a sudden onset of
abdominal pain, weight gain, ascites, marked increase in serum aminotransferase levels (and lactic
dehydrogenase), and subsequent jaundice and hepatic dysfunction. The severity of sinusoidal obstruction
syndrome varies from a transient, self limited injury to acute liver failure. The diagnosis is usually based on
clinical features of tenderness and enlargement of the liver, weight gain, ascites and jaundice. Liver biopsy is
diagnostic but often contraindicated, because of severe thrombocytopenia after hematopoietic cell
transplantation.

Likelihood score: B (highly likely cause of clinically apparent liver injury).

Mechanism of Injury

The cause of idiosyncratic hepatotoxicity from cyclophosphamide is not known. The sinusoidal obstruction
syndrome induced by cyclophosphamide is probably related to the direct toxic effect of cyclophosphamide on
sinusoidal cells in the liver, causing their necrosis and release into the sinusoids, obstruction and obliteration of
hepatic veins. Cyclophosphamide is extensively metabolized by hepatic cytochrome P450 system and more than
150 metabolites have been identified, but their pharmacokinetics and toxicities are not well defined.

Outcome and Management

The severity of liver injury attributed to cyclophosphamide ranges from mild elevations in liver enzymes to acute
liver injury or to massive, fatal hepatic necrosis due to sinusoidal obstruction syndrome. There is currently no
specific therapy for the idiosyncratic liver injury due to cyclophosphamide or for veno-occlusive disease other
than supportive management and avoidance of further damage. Defibrotide is currently approved for use in
treating severe sinusoidal obstruction syndrome accompanied by renal or pulmonary failure occurring after
myeloablative therapy in preparation for hematopoietic cell transplantation, but its efficacy has not been well
documented. Rechallenge after recovery from clinically apparent liver injury attributed to cyclophosphamide
should be avoided. Whether there is cross reactivity to the hepatic injury with other alkylating agents is not
known.

Drug Class: Antineoplastic Agents, Alkylating Agents

CASE REPORTS

Case 1. Acute liver injury with jaundice during cyclophosphamide
therapy.

[Modified from: Akay H, Akay T, Secilmis S, Kocak Z, Donderici O. Hepatotoxicity after low-dose
cyclophosphamide therapy. South Med ] 2006; 99: 1399-400. PubMed Citation]

A 40 year old male with scleroderma developed jaundice 6 weeks after starting oral cyclophosphamide (100 mg
daily) and low doses of corticosteroids. He had no history of liver disease, alcohol abuse of risk factors for viral
hepatitis. He was taking no other medications. He had been treated with d-penicillamine for his scleroderma
without complications several years earlier. Laboratory findings included serum bilirubin of 10.5 mg/dL (direct
6.3 mg/dL) with markedly elevated ALT (2407 U/L) and AST (1806 U/L) levels and modest increases in alkaline
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phosphatase (206 U/L) and GGT (202 U/L) levels. Tests for hepatitis A, B and C were negative as were
autoantibodies. Ultrasound of the abdomen showed no evidence of biliary obstruction. Cyclophosphamide was
discontinued and his symptoms and laboratory tests improved. All liver tests were normal when tested 3 months
later.

Key Points

Medication: Cyclophosphamide (100 mg daily)
Pattern: Hepatocellular (R=33)

Severity: 3+ (jaundice, hospitalization)
Latency: 6 weeks

Recovery: 11 weeks

Other medications: Corticosteroids

Comment

This patient developed an acute viral hepatitis-like syndrome 6 weeks after starting cyclophosphamide for an
autoimmune condition. The relationship to cyclophosphamide therapy is suggestive but not proven, particularly
because of the possibility of viral hepatitis with unusual serology such as hepatitis C with delay in production of
anti-HCV or an unusual form of hepatitis, such as hepatitis E. Nevertheless, cyclophosphamide induced
idiosyncratic liver disease typically arises within 2 to 8 weeks of starting therapy and usually has a hepatocellular
pattern of serum enzyme elevations.

Case 2. Acute liver injury with jaundice during cyclophosphamide
therapy.

[Modified from: Cleland BD, Pokorny CS. Cyclophosphamide related hepatotoxicity. Aust N Z ] Med 1993; 23:
408. PubMed Citation]

A 67 year old woman developed nausea and dark urine 8 weeks after starting oral cyclophosphamide (100 mg
daily) for nephrotic syndrome thought to be due to lupus erythematosus. She had a history of acute hepatitis as a
child and had received a blood transfusion one year previously. However, she had no known chronic liver disease
or alcohol abuse and liver tests had been normal before cyclophosphamide was started. Her other medications
included prednisone 10 mg daily, insulin and thyroxine. On examination, she was jaundiced but had no
hepatosplenomegaly or abdominal tenderness, rash or fever. Laboratory tests showed serum bilirubin of 9.2
mg/dL, ALT 2515 U/L, GGT 525 U/L, and alkaline phosphatase 456 U/L, with blood counts showing 14%
eosinophils. The prothrombin time was normal. Tests for hepatitis A and C were negative and she had
serological evidence of previous hepatitis B (anti-HBs and anti-HBc, but no HBsAg). Cyclophosphamide was
discontinued and her liver test abnormalities improved rapidly. Four weeks later, serum bilirubin was 0.6 mg/dL,
ALT 24 U/L and alkaline phosphatase 63 U/L. She did not undergo liver biopsy or rechallenge with
cyclophosphamide.

Key Points

Medication: Cyclophosphamide (100 mg daily)
Pattern: Hepatocellular (R=16.5)

Severity: 3+ (jaundice, hospitalization)
Latency: 8 weeks

Recovery: 4 weeks
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Table continued from previous page.
Medication: Cyclophosphamide (100 mg daily)

Other medications: Corticosteroids, insulin, thyroxine

Comment

This patient developed an acute liver injury with jaundice 8 weeks after starting cyclophosphamide for an
autoimmune condition. The pattern of serum enzyme elevations was hepatocellular, but the alkaline
phosphatase and GGT levels were somewhat more elevated than typically occurs in viral hepatitis. The presence
of eosinophilia also suggested a drug reaction. Without rechallenge, the role of cyclophosphamide in this hepatic
injury cannot be considered definitely proven. Another possibility is that she had a relapsing autoimmune
hepatitis associated with her lupus nephritis. However, the timing of onset and hepatocellular pattern of serum
enzyme elevations fits well with other reports of idiosyncratic, cyclophosphamide induced liver injury.

Case 3. Acute anicteric liver injury during cyclophosphamide therapy.

[Modified from: Snyder LS, Heigh RI, Anderson ML. Cyclophosphamide induced hepatotoxicity in a patient
with Wegener’s granulomatosis. Mayo Clin Proc 1993; 68: 1203-4. PubMed Citation]

A 67 year old woman was found to have abnormal liver test results 5 weeks after starting cyclophosphamide for
Wegener’s granulomatosis. She was asymptomatic and denied a history of liver disease, alcohol abuse or risk
factors for viral hepatitis. Her only other medication was prednisone (30 mg every other day). Her serum
enzymes had been normal in the past, before cyclophosphamide therapy. Laboratory tests showed marked
elevations in both serum aminotransferase and alkaline phosphatase levels, but normal serum bilirubin and
prothrombin time (Table). Cyclophosphamide was stopped and she rapidly improved. All tests were normal 7
weeks after the medication was stopped.

Key Points

Medication: Cyclophosphamide (100 mg daily)

Pattern: Hepatocellular-mixed (R=5.2)

Severity: 1+ (liver enzyme elevations without jaundice or symptoms)
Latency: 5 weeks

Recovery: 7 weeks

Other medications: Corticosteroids, insulin, thyroxine

Laboratory Values

Time After Starting Time After Stopping ALT (U/L) AST AlkP (U/L) Other
(U/L)

Cyclophosphamide 100 mg daily for 5 weeks

0 0 20 180
5 weeks 0 1000 550 720
6 weeks 1 week 730 300 610 R=44
8 weeks 3 weeks 300 90 200
12 weeks 7 weeks 30 20 110

Normal Values <35 <30 <130 Bilirubin levels remained normal
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Comment

This patient developed liver test abnormalities without symptoms 5 weeks after starting oral cyclophosphamide.
The pattern of serum enzyme elevations was just within the range of hepatocellular injury, but the alkaline
phosphatase and GGT levels were somewhat more elevated than typically occurs in viral hepatitis. The timing of
onset, hepatocellular pattern of injury and prompt improvement in liver tests upon stopping the medication
were all supportive of the diagnosis of idiosyncratic drug induced liver injury due to cyclophosphamide.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Cyclophosphamide - Cytoxan®

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

Cyclophosphamide 6055-19-2 C7-H15-Cl2-N2-02-PH2-O . 0

~p 7 -
Ii/ g -
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(Pilot study of HCT for nonlymphocytic leukemia using conditioning regimen of cyclophosphamide and busulfan;
SOS occurred in only 3 patients which was considered lower than occurs with busulfan alone or with total body
irradiation combined with cyclophosphamide).

McDonald GB, Tirumali N. Intestinal and liver toxicity of antineoplastic drugs. West ] Med 1984; 140: 250-9.
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mg/dL, ALT 1842, >600, 556 and >600 U/L, Alk P 303, >450, >414 and 750 U/L], resolving within 1-3 months
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of stopping and not recurring on azathioprine).

Modzelewski JR Jr, Daeschner C, Joshi VV, Mullick FG, Ishak KG. Veno-occlusive disease of the liver induced by
low-dose cyclophosphamide. Mod Pathol 1994; 7: 967-72. PubMed PMID: 7892168.

(2 year old female with idiopathic pulmonary hemosiderosis developed progressive liver disease 16 months after
starting cyclophosphamide, autopsy showing nodular regeneration and SOS).

Bearman SI. The syndrome of hepatic veno-occlusive disease after marrow transplantation. Blood 1995; 85:
3005-20. PubMed PMID: 7756636.

(Review of hepatic SOS after HCT; usually presents with painful hepatomegaly, weight gain [fluid and ascites] and
jaundice within 3 weeks of myeloablation with occlusion of central veins and sinusoids and extensive zone 3
[centrolobular] injury).

Takkal M, Kestens PJ, Noél H, Delos M, Haot J. Hepatic angiosarcoma developed 5 years following treatment for
subacute glomerulonephritis. Acta Gastroenterol Belg 1995; 58: 245-51. PubMed PMID: 7571987.

(Case of liver angiosarcoma which developed following long term treatment with cyclophosphamide).

Gustafsson LL, Eriksson LS, Dahl ML, Eleborg L, Ericzon BG, Nyberg AN. Cyclophosphamide-induced acute
liver failure requiring transplantation in a patient with genetically deficient debrisoquine metabolism: a
causal relationship? J Intern Med 1996; 240: 311-4. PubMed PMID: 8946814.


https://www.ncbi.nlm.nih.gov/pubmed/1723374
https://www.ncbi.nlm.nih.gov/pubmed/1434065
https://www.ncbi.nlm.nih.gov/pubmed/8240157
https://www.ncbi.nlm.nih.gov/pubmed/8246624
https://www.ncbi.nlm.nih.gov/pubmed/8065199
https://www.ncbi.nlm.nih.gov/pubmed/7892168
https://www.ncbi.nlm.nih.gov/pubmed/7756636
https://www.ncbi.nlm.nih.gov/pubmed/7571987
https://www.ncbi.nlm.nih.gov/pubmed/8946814

Cyclophosphamide 9

(58 year old man with rheumatoid arthritis developed acute liver failure 3 months after starting cyclophosphamide
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drug-induced liver injury in the United States. Liver Transpl 2004; 10: 1018-23. PubMed PMID: 15390328.
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cyclophosphamide dosing for hematopoietic cell transplant. Clin Pharmacol Ther 2005; 78: 298-308.
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(Among 899 cases of drug induced liver injury enrolled in a US prospective study between 2004 and 2013, 49 cases
[6%] were attributed to antineoplastic agents, 2 of which were due to cyclophosphamide).
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