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OVERVIEW

Introduction

Busulfan is an orally administered anticancer alkylating agent used in the treatment of chronic myelogenous
leukemia, as well as a parenterally administered myeloablative agent used in preparation of hematopoietic cell
transplantation (HCT). Busulfan has been linked to transient serum enzyme elevations during therapy, to rare
cases of cholestatic hepatitis, instances of nodular regenerative hyperplasia and, when given in high doses, to
sinusoidal obstruction syndrome which can be severe and fatal.

Background

Busulfan (bue sul' fan) is an alkylating agent of the alkylsulfonate type containing several methanesulfonate
groups, which are hydrolyzed in aqueous solution and released to form reactive carbonium ions that alkylate
DNA causing inhibition of DNA, RNA and protein synthesis and triggering cell death in rapidly dividing cells.
Busulfan is effective in the palliative treatment of chronic myelogenous leukemia and as part of a myeloablative
regimen in preparation of bone marrow or stem cell transplantation. Busulfan was approved for clinical use in
the United States in 1954 and is still in wide use. Busulfan is available in tablets of 2 mg under the brand name of
Myleran and in solution for intravenous infusion (6 mg/mL) as Busulflex. The recommended dosage is
dependent on the disease process and patient age, body weight and comorbidities. Common side effects of
busulfan include fatigue, weakness, dizziness, oral ulcers, pharyngitis, nausea, anorexia, abdominal discomfort
and bone marrow suppression.

Hepatotoxicity

Oral busulfan therapy is associated with a low rate of serum enzyme elevations that are typically transient, mild
and usually do not require dose adjustment. Rare instances of clinically apparent acute liver disease have been
described in patients taking oral busulfan long term. The onset of injury is usually after years of therapy, and the
pattern of serum enzyme elevations is usually cholestatic (Case 1). At least one case of cholestatic injury was
reported to lead to hepatic failure.

Perhaps complicating the issue of interpretation of liver enzyme elevations during busulfan therapy is that
chronic use of busulfan has been linked to cases of nodular regenerative hyperplasia. This process also arises at
least six months if not years of therapy with busulfan or antimetabolites (azathioprine, thioguanine) and
typically presents with signs of portal hypertension (varices, variceal hemorrhage, ascites) and minimal,
nonspecific symptoms and serum enzyme elevations. Thrombocytopenia is almost always present and is often
the first sign of evolving portal hypertension. Nodular regeneration usually starts to improve within a few weeks
to months of stopping the antineoplastic or immunosuppressive therapy. However, in some cases the
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complications of portal hypertension are severe and can result in hepatic failure particularly if complicated by
septicemia or other organ failure (Case 2).

Finally, and most importantly, busulfan given in high doses intravenously combined with total body irradiation,
cyclophosphamide, or other alkylating agents in preparation for either bone marrow or stem cell transplantation
(hematopoietic cell transplantation, HCT) has been linked to sinusoidal obstruction syndrome (SOS, formerly
referred to as veno-occlusive disease). The onset of injury is usually within 10 to 20 days of HCT and presents
with abdominal pain, liver tenderness, weight gain due to fluid accumulation, and jaundice. With some newer
conditioning regimens, sinusoidal obstruction syndrome can present later, 30 to 75 days after HCT. The serum
enzymes are usually elevated, typically with marked increases in serum aminotransferase levels (and lactic
dehydrogenase), but minimal increases in alkaline phosphatase. In severe cases, there is hepatomegaly and
ascites and signs of hepatic failure arise. Sinusoidal obstruction syndrome tends to be severe and the fatality rate
can be as high as 50%. Poor prognostic signs are marked increases in serum ALT levels and high bilirubin levels.
In fatal instances, death from multiorgan failure arises within days to weeks of onset. In cases with spontaneous
recovery, there may be residual fibrosis or nodular regeneration. Autoantibody formation and allergic
manifestations are uncommon, although fever may be present at onset. Risk factors for the development of
sinusoidal obstruction syndrome are higher doses of busulfan, combination with cyclophosphamide and total
body irradiation, pharmacokinetics that favor higher busulfan or cyclophosphamide exposure, and preexisting
liver disease, particularly chronic hepatitis C. The frequency of sinusoidal obstruction syndrome after HCT
ranges from 20% to 50%, but its incidence has decreased markedly in recent years with use of less aggressive
conditioning regimens, better control over drug dosing, and lower frequency of hepatitis C (with elimination of
posttransfusion hepatitis after anti-HCV testing of all blood donors).

Likelihood score: A (well known cause of clinically apparent liver injury, generally as a result of direct toxicity
from high doses given for myeloablation in preparation for hematopoietic cell transplantation and rarely due to
idiosyncratic liver injury).

Mechanism of Injury

Although the mechanism of idiosyncratic hepatotoxicity from busulfan is not clear, the drug undergoes
extensive hepatic metabolism. Nodular regeneration is thought to be due to damage of small vasculature in the
liver. Sinusoidal obstruction syndrome appears to be the result of direct cytotoxicity of busulfan and other agents
to the hepatic sinusoidal lining cells, causing their extrusion and obstruction of sinusoids, congestion and
centrolobular hepatic necrosis.

Outcome and Management

In cases of idiosyncratic liver injury, symptoms and liver enzymes abnormalities resolve within 1 to 2 months of
stopping busulfan. Sinusoidal obstruction syndrome tends to be severe and the fatality rate is high. In patients
who recover from sinusoidal obstruction syndrome, residual fibrosis and nodular regeneration may be present.
Rechallenge with busulfan after clinically apparent liver injury should be avoided.

Drug Class: Antineoplastic Agents, Alkylating Agents

CASE REPORTS

Case 1. Cholestatic liver disease attributed to long term busulfan therapy.

[Modified from: Morris LE, Guthrie TH Jr. Busulfan-induced hepatitis. Am ] Gastroenterol 1988; 83: 682-3.
PubMed Citation]


https://www.ncbi.nlm.nih.gov/books/n/livertox/AntineoplasticAgents/
https://www.ncbi.nlm.nih.gov/books/n/livertox/AlkylatingAgents/
http://www.ncbi.nlm.nih.gov/pubmed/3376924
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A 61 year old man with chronic myelocytic leukemia developed fatigue, abdominal pain and fever after having
been on busulfan in varying doses for 8 years. He had no history of liver disease, alcohol abuse or risk factors for
viral hepatitis. His only other medication was hydrochlorothiazide which he took for hypertension. On
examination, he was febrile (38.5 °C), but had no jaundice, rash or hepatomegaly. Laboratory tests showed
serum bilirubin of 0.9 mg/dL, ALT 77 U/L, AST 47 U/L, GGT 682 U/L, and alkaline phosphatase 449 U/L.
Abdominal ultrasound showed no evidence of gallstones or biliary obstruction. Tests for hepatitis A and B were
negative. A liver biopsy showed intrahepatic cholestasis and mild hepatocellular necrosis with minimal
inflammation. His abdominal pain resolved rapidly but he continued to have low grade fevers. The pattern of
liver enzyme elevations did not change and serum bilirubin remained normal. Two weeks after admission,
busulfan and hydrochlorthiazide were discontinued and the fevers rapidly abated. In follow up two weeks later,
he was asymptomatic and liver enzymes had decreased. One year later serum enzymes were normal. He had
been switched to another thiazide diuretic.

Key Points

Medication: Busulfan

Pattern: Cholestatic (R=~0.5)

Severity: 1+ (serum enzyme elevations and symptoms without jaundice)
Latency: 8 years

Recovery: 2 weeks

Other medications: Hydrochlorothiazide

Comment

This patient developed a drug-fever accompanied by cholestatic serum enzyme elevations after 8 years of
variable doses of busulfan. Such a long latency to onset is unusual for drug induced liver injury, but the patient
had probably stopped and started the medication multiple times and was taking busulfan three times weekly at
the time of onset of symptoms. The most convincing evidence for the role of busulfan was the persistence of
fever while the medication was continued and its prompt resolution when busulfan was stopped. The only
complicating issue is that hydrochlorthiazide was also being taken and was stopped at the same time.

Case 2. Nodular regenerative hyperplasia due to chronic therapy with
busulfan and thioguanine.

[Modified from Case B in: Key NS, Kelly PM, Emerson PM, Chapman RW, Allan NC, McGee JO. Oesophageal
varices associated with busulphan-thioguanine combination therapy for chronic myeloid leukaemia. Lancet
1987; 2: 1050-2. PubMed Citation]

A 58 year old woman with chronic myelogenous leukemia was treated with the combination of busulfan and
thioguanine with an excellent palliative response. However, 16 months after starting combination therapy, she
had acute upper gastrointestinal hemorrhage due to previously unsuspected esophageal varices. She had no
history of liver disease, alcohol abuse or risk factors for viral hepatitis. Physical examination revealed
splenomegaly and ascites. Serum bilirubin was 2.2 mg/dL, AST 65 U/L, Alk P 398 U/L, and INR was elevated at
1.5. Abdominal ultrasound showed a coarse liver texture, splenomegaly and ascites, but patent hepatic and portal
veins. She continued to have variceal hemorrhage and underwent esophageal transection under general
anesthesia. Postoperatively, she developed pneumonia, and progressive hepatic and respiratory failure and died.
Autopsy showed a large liver (2110 grams) with a nodular surface. The hepatic veins were patent, but the portal
vein contained a recent thrombus. Histologically, the liver showed diffuse regenerative hyperplasia with minimal
fibrosis. There was sinusoidal infiltration by leukemic cells.


http://www.ncbi.nlm.nih.gov/pubmed/2889964
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Key Points

Medication: Busulfan and thioguanine
Pattern: Cholestatic (R=0.7)

Severity: 5+ (hepatic failure and death)
Latency: 16 months

Recovery: None

Other medications: None

Comment

Chronic busulfan therapy, particularly when combined with thioguanine, has been linked to cases of
noncirrhotic portal hypertension due to nodular regeneration hyperplasia. The process is often silent and serum
enzymes are minimally and nonspecifically elevated. The first sign of impending portal hypertension is usually a
fall in platelet count, but such changes are often attributed to the underlying condition or to bone marrow
suppression by the alkylating agent or antimetabolite. The cause of nodular regeneration is unknown, but it is
likely due to injury to the hepatic vasculature, and close inspection of portal areas in liver tissue usually shows
injury or paucity of small portal veins. While the nodular regeneration leads to portal hypertension, hepatic
function is usually preserved until there is a severe complication such as bleeding, hemodynamic instability and
septicemia, at which time jaundice and other signs of hepatic failure can arise. This complication has led to the
avoidance of the combination of thioguanine and busulfan as palliative therapy for chronic leukemia.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Busulfan - Myleran®

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
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102: 820-6. PubMed PMID: 12676781.

(Assessment of conditioning regimen of busulfan and fludarabine in preparation for HCT in 42 patients found low
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malignancies undergoing HCT after a conditioning regimen of fludarabine with different levels of systemic
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Dignan FL, Wynn RE Hadzic N, Karani J, Quaglia A, Pagliuca A, Veys P, et al.; Haemato-oncology Task Force of
British Committee for Standards in Haematology; British Society for Blood and Marrow Transplantation.
BCSH/BSBMT guideline: diagnosis and management of veno-occlusive disease (sinusoidal obstruction
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(Guidelines for diagnosis, prophylaxis and treatment of SOS after HCT from a British task force recommends using
clinical criteria for diagnosis and defibrotide for prophylaxis and treatment combined with judicious clinical
care, and mentions that busulfan particularly in combination with cyclophosphamide is a risk factor).
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(31 year old man with myelogenous leukemia who underwent allogenic hematopoietic cell transplantation after
myeloablation with busulfan and fludarabine developed fever, rash, abdominal pain and jaundice with ascites
[bilirubin 1.3 rising to 5.3 mg/dL, ALT 330 to 1339 U/L, and Alk P 84 U/L], biopsy being interpreted as showing
hepatitis rather than sinusoidal obstruction or graft-vs-host disease).
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