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OVERVIEW

Introduction

Floxuridine (FUDR) is a pyrimidine analogue used as an antineoplastic agent, usually as a continuous hepatic
arterial infusion to treat hepatic metastases from colon cancer. Intraarterial floxuridine is associated with a very
high rate of serum enzyme and bilirubin elevations during therapy, and with frequent biliary damage that can
result in a secondary sclerosing cholangitis, which can be severe and lead to cirrhosis.

Background

Floxuridine (flox ure'i deen) is a fluoropyrimidine (fluorodeoxyuridine; FUDR) that has antineoplastic action
against several solid tumors including liver, gastrointestinal adenocarcinoma and colorectal cancers. Floxuridine,
like fluorouracil, requires conversion to monophosphate and possibly the triphosphate. It appears to act by
inhibition of production or direct competition with thymidine triphosphate, which is necessary for DNA
synthesis. Floxuridine was approved for use as an anticancer agent in the United States in 1970 and is given
predominantly by continuous infusion into the hepatic artery to treat metastatic carcinoma of the colon or
following resection of colon cancer metastases. Floxuridine is available as a powder for reconstitution in 500 mg
vials (5 mL, 100 mg/mL) in several generic forms. Floxuridine is typically given by infusion pump into the
hepatic artery in a dose of 0.1 to 0.6 mg/kg/day. Because the liver metabolizes floxuridine, administration by
direct infusion into the hepatic artery deceases the systemic side effects which can be severe. Common side
effects of intraarterial therapy include bone marrow suppression, fatigue, weakness, headache, dizziness,
insomnia, paresthesias, abdominal pain, constipation, diarrhea, dyspepsia, nausea, stomatitis, and rash.

Hepatotoxicity

Serum aminotransferase elevations occur in a high proportion of patients given floxuridine by infusion into the
hepatic artery, the reported rates ranging from 25% to 100%. These elevations are generally mild to moderate in
severity and resolve with stopping therapy. "Chemical hepatitis,” however, not infrequently is a cause of dose
modification or delay in cycles of treatment. In addition, prolonged or repeated hepatic arterial infusions of
FUDR can cause acalculous cholecystitis and multiple biliary strictures that can cause jaundice and a chronic
sclerosing cholangitis-like syndrome. Between 5% and 25% of patients treated with hepatic arterial infusions of
FUDR will develop symptomatic biliary strictures with pain and jaundice. These typically arise after 2 to 6
months of therapy, but can appear later, even more than a year after initiating FUDR therapy. The biliary
strictures typically affect central bile ducts in the area of the porta hepatis, generally in and around the
bifurcation of the common hepatic duct. Similar inflammation and fibrosis account for the acalculous
cholecystitis that can occur with FUDR therapy, but which can be avoided by cholecystectomy at the time of
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hepatic resection of metastases or placement of the intraarterial infusion pump. The biliary strictures generally
improve with stopping therapy, but can progress or require endoscopic or surgical intervention. Deaths from
progressive biliary strictures and cholestatic liver injury have been described and can be a major cause of death
among survivors of this metastatic tumor. The frequency of biliary strictures after FUDR therapy may be
decreased by concurrent administration of dexamethasone and avoided by monitoring with hepatic and biliary
imaging. However, the many complications of hepatic arterial infusion chemotherapy have decreased
enthusiasm for this therapy, particularly with newer, more potent systemic antineoplastic agents.

Likelihood score: A (well known cause of clinically apparent liver and biliary injury).

Mechanism of Injury

FUDR can cause both hepatocellular (chemical hepatitis) and cholestatic (biliary strictures, cholangitis) injury.
Both appear to be the direct, intrinsic toxicity of FUDR. In a dog animal model, the biliary injury can be
reproduced with hepatic artery infusions and the hepatocellular injury (without bile duct damage) by portal vein
infusions of FUDR.

Outcome and Management

The severity of the liver injury linked to floxuridine therapy ranges from minimal and transient serum enzyme
elevations to severe cholestatic liver injury due to severe biliary strictures. Hepatic injury arising during FUDR
therapy is a frequent reason for dose modification or delay in cycles of therapy. Appearance of jaundice due to
hepatic arterial infusions of FUDR should lead to its discontinuation, as further therapy usually worsens the
course. If the infusions are discontinued early, partial recovery with resolution of jaundice and symptoms is not
uncommon. There is little evidence for cross sensitivity to hepatic injury among the various pyrimidine analogue
antineoplastic agents. However, hepatic toxicity between floxuridine and fluorouracil can be additive.

Drug Class: Antineoplastic Agents

Other Drugs in the Subclass, Pyrimidine Analogues: Azacitidine, Capecitabine, Cytarabine, Decitabine,
Fluorouracil, Gemcitabine, Trifluridine/Tipracil

CASE REPORT

Case 1. Sclerosing cholangitis due to intrahepatic infusions of floxuridine.

[Modified from: Ludwig ], Kim CH, Wiesner RH, Krom RA. Floxuridine-induced sclerosing cholangitis: an
ischemic cholangiopathy? Hepatology 1989; 9: 215-8. PubMed Citation]

A 43 year old man was found to have a single hepatic metastasis 10 months after resection of a rectal
adenocarcinoma. He underwent left hepatic lobectomy and placement of a subcutaneous infusion pump with a
catheter in the common hepatic artery for adjuvant chemotherapy. Continuous intraarterial infusions of
floxuridine [0.3 mg per kg per day for 2 weeks each month] were started. Because of liver test abnormalities,
treatment was discontinued intermittently with subsequent improvement. After 21 months of treatment and 15
courses (total dose of 4.725 g), however, he developed persistent jaundice and pruritus. Serum bilirubin was 17.1
mg/dL, ALT 128 U/L and alkaline phosphatase 630 U/L. Values had been normal before therapy (Table).
Endoscopic retrograde cholangiopancreatography showed strictures in the common bile duct. A liver biopsy
revealed cholestatic hepatitis, paucity of intrahepatic bile ducts and marked periductular fibrosis. Therapy was
discontinued, but he continued to worsen. A trial of prednisolone was unsuccessful. Within 6 months, he had
developed signs of hepatic failure with ascites and intractable pruritus. He had no evidence of cancer recurrence,
was placed on a liver transplant list and underwent successful orthotopic liver transplantation 2.5 years after
starting chemotherapy.
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Key Points

Medication: Floxuridine(by hepatic artery infusion)
Pattern: Cholestatic (R=1.5)

Severity: 4+ (progression to cirrhosis)

Latency: 21 months

Recovery: Incomplete

Other medications: Not mentioned

Laboratory Values

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

Pre Pre

0 Pre

6 months Pre

21 months 0

26 months 5 months
32 months 11 months

Normal Values

Comment

24

175

0.9

Before therapy

Started chemotherapy with hepatic arterial infusions of FUDR

118
128
150
190
<32

485
630
1206
1242
<239

7.1

17.1
29.2
21.2
<1.2

Therapy held transiently
Therapy permanently stopped

Liver transplantation

Careful analysis of the explants at the time of liver transplantation showed no evidence of tumor recurrence. The
liver was enlarged and the porta hepatis was scarred and difficult to dissect. Histologically there was obstructive
arteriopathy and venopathy with partial occlusion of portal arterioles and venules. Bile ducts were obliterated
and the periphery of the liver showed paucity of small bile ducts. Thus, the primary lesion was considered to be
ischemic damage to bile ducts of the porta hepatis causing sclerosis, loss of intrahepatic ducts, obstructive

jaundice and a secondary biliary cirrhosis.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Floxuridine — Generic
DRUG CLASS
Antineoplastic Agents
COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH
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CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Floxuridine 50-91-9 C9-H11-F-N2-O5
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Kemeny MM, Battifora H, Blayney DW, Cecchi G, Goldberg DA, Leong LA, Margolin KA, et al. Sclerosing
cholangitis after continuous hepatic artery infusion of FUDR. Ann Surg 1985; 02: 176-81. PubMed PMID:
3160313.

(Among 46 patients with hepatic metastases from colorectal cancer treated with hepatic arterial infusions of FUDR,
8 [17%] developed biliary strictures, 2 to 10 months after starting chemotherapy [bilirubin 3.5-10.8 mg/dL, ALT
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Oncol 1985; 3: 161-9. PubMed PMID: 3155793.

(Among 53 patients with hepatic metastases from colorectal cancer treated with continuous hepatic arterial
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