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OVERVIEW

Introduction
Granulocyte colony stimulating factor (G-CSF) and granulocyte-macrophage colony stimulating factor (GM-
CSF) are glycosylated polypeptides that induce an increase in the proliferation and maturation of white blood 
cells including neutrophils and monocytes-macrophages. Recombinant forms of these colony stimulating factors 
are used to treat severe neutropenia in patients receiving cancer chemotherapy or undergoing hematopoietic cell 
transplantation. Recombinant forms include filgrastim (G-CSF) and sargramostim (GM-CSF), both of which are 
commercially available for therapy of severe neutropenia and bone marrow failure. Neither filgrastim nor 
sargramostim have been linked to serum enzyme elevations during therapy or to clinically apparent liver injury.

Background
Filgrastim (fil gra' stim) is a recombinant, non-glycosylated form of the 175 amino acid protein, granulocyte 
colony stimulating factor (G-CSF) that induces the proliferation and maturation of neutrophils. G-CSF is 
normally produced by multiple cell types including monocytes, fibroblasts, macrophages and stromal cells. It 
acts on specific receptors found on granulocyte progenitors and causes an increase in circulating neutrophils. 
Recombinant filgrastim has been shown to increase total neutrophil counts and to protect, in part, against severe 
infections in patients with neutropenia for various causes.

Filgrastim was approved for use in the United States in 1991, and current indications are for chemotherapy 
induced neutropenia, in hematopoietic cell transplantation after myeloablation and in congenital and cyclic 
neutropenias. Filgrastim is also used in patients undergoing autologous peripheral blood progenitor (stem) cell 
collection. Filgrastim is available as a solution in single use vials or prefilled syringes (300 and 600 mcg each) for 
subcutaneous or intravenous administration under the brand name Neupogen. Dose regimens vary by 
indication (5 or 10 mcg/kg per day) and route of administration (intravenous or subcutaneous).

A pegylated, long acting form of G-CSF (pegfilgrastim) became available in 2002 under the brand name 
Neulasta which can be given once weekly and has similar efficacy and safety as filgrastim. The current formal 
indications for pegfilgrastim are limited to prevention of febrile neutropenia during myelosuppressive cancer 
chemotherapy for non-myeloid malignancies. Pegfilgrastim is available in solution of 6 mg/0.6 mL in prefilled 
syringes. The typical dose is 6 mg subcutaneously once per chemotherapy cycle. Common side effects of 
filgrastim and pegfilgrastim include fever, musculoskeletal pain, rash, cough and shortness of breath. Rare side 
effects include acute allergic reactions, splenic rupture and acute respiratory distress syndrome.

Sargramostim (sar gra' moe stim) is a recombinant form of granulocyte-macrophage stimulating factor (GM-
CSF) that stimulates the proliferation and maturation of neutrophils and macrophages. Sargramostim is 



prepared in yeast (S. cerevisae) and is a 127 amino acid glycoprotein that is 98% identical to native, human GM-
CSF. Sargramostim increases the number and activity of circulating neutrophils and monocytes. Sargramostim 
was approved in the United States in 1991 for use in patients with acute myelogenous leukemia after 
chemotherapy induced neutropenia. Current indications also include support of patients undergoing 
hematopoietic cell transplantation as well as for patients undergoing autologous peripheral blood progenitor 
(stem) cell collection. Sargramostim is available in liquid and lyophilized forms under the brand names Leukine 
and Prokine. Sargramostim is given either intravenously or subcutaneously daily or three times weekly, the dose 
and regimen varying by indication. Common side effects include fever, headache, fatigue, bone pain, nausea and 
weakness, but similar rates of these symptoms are reported with placebo or comparator therapies.

Hepatotoxicity
Filgrastim and sargramostim have not been linked to instances of significant serum enzyme elevations during 
therapy and have not been implicated in cases of clinically apparent liver injury. In multiple large prelicensure 
studies, acute liver injury was not mentioned as an adverse event and serum aminotransferase elevations were 
elevated in a similar or lower proportion of patients receiving these growth factors than in placebo or 
comparator arms. G-CSF and GM-CSF are often given to critically ill patients receiving high doses of 
chemotherapy in whom serum enzyme elevations are common, but which usually can be attributed to the 
chemotherapy itself or the underlying malignancy. In addition, serum alkaline phosphatase elevations during 
filgrastim and sargramostim therapy may be from a bone source rather than the liver, in that both agents 
stimulate the bone marrow and not infrequently cause bone pain. In children, colony stimulating factors can 
cause hepatomegaly due to extramedullary hematopoiesis. However, since licensure and wide scale use, there 
have been no published reports of idiosyncratic acute liver injury attributed to filgrastim, pegfilgrastim or 
sargramostim.

Likelihood scores (recombinant colony stimulating factors): E (unlikely causes of clinically apparent liver 
injury).

Mechanism of Injury
The mechanism by which the colony stimulating factors might cause liver injury is not known. Both filgrastim 
and sargramostim are polypeptides and are usually metabolized by the cells on which they act.

Outcome and Management
Serum aminotransferase elevations above 5 times the upper limit of normal (if confirmed) during colony 
stimulating factor therapy should lead to dose reduction or temporary cessation. Neither filgrastim nor 
sargramostim have been implicated in cases of severe hepatitis, acute liver failure, chronic hepatitis or vanishing 
bile duct syndrome. There is no reason to suspect any degree of cross sensitivity in risk for hepatic injury among 
the various hematologic growth factors and other agents used to treat bone marrow insufficiency.

Drug Class: Hematologic Growth Factors

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Filgrastim – Neupogen®

Pegfilgrastim – Neulasta®

Box continues on next page...
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Box continued from previous page.

Sargramostim – Leukine, Prokine®

DRUG CLASS

Hematologic Growth Factors

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULAS AND STRUCTURES
DRUG CAS REGISTRY NO. MOLECULAR FORMULA STRUCTURE

Filgrastim 121181-53-1 Protein Not Available

Pegfilgrastim 208265-92-3 Protein Not Available

Sargramostim 123774-72-1 Protein Not Available
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