
Back to the Future:  
Original Liquid Leukine® Coming Soon

Bayer Healthcare Pharmaceuticals, with con-
current guidance from the FDA, is reintroducing 
the previously marketed liquid formulation of its 
recombinant human granulocyte-macrophage 
colony-stimulating factor, Leukine® (GM-CSF; 
sargramostim)—and it does not contain the EDTA 
(edentate disodium) component. On January 
23, 2008, Bayer voluntarily withdrew the prod-
uct after post-marketing safety reports indicated 
an upward trend in adverse events, in particular, 
that of syncope. This increase was determined to 
be temporally correlated with the recent addition 
of EDTA to the liquid formulation as Bayer has not 
observed an upward trend in reporting rates in 
these adverse events with lyophilized Leukine (a 
non-EDTA formulation). The decision to withdraw 
was made in consultation with the United States 
Food and Drug Administration (FDA). 

Identifying the EDTA Problem
Approved by the FDA as a preservative in 

packaged foods, vitamins, and even baby food, 
EDTA, a chelating agent, traps metal impuri-
ties and thereby extends the shelf life of organic 
products—making it a logical adjunct to a protein-
based therapeutic such as Leukine. However, once 
added, something about the EDTA/Leukine for-
mulation just didn’t add up: “What we saw in our 
routine safety reporting was an increase in events, 
and that sparked our concern,” says Pamela Cyrus, 
MD, Vice President US Medical Affairs, Bayer 
Healthcare. 

The uptick in adverse events coincided with 
the introduction of the EDTA formulation; and a 
review of the scientific literature provided clues 

to a possible mechanism. “The addition of EDTA 
appears to increase the absorption rate of GM-CSF, 
the active ingredient in Leukine, and may result 
in a temporary increase in plasma concentration 
of GM-CSF shortly after administration,” says 
Cyrus. This unanticipated boost to the pharmaco-
dynamic properties of Leukine likely contributed 
to the transient adverse events observed in some 
patients.

Bayer’s Prompt Response
Once the driver of the adverse events was 

identified, Bayer’s response was both rapid and 
comprehensive; the EDTA formulation was 
recalled, and at the same time measures were 
taken to ensure that patients with the great-
est need would continue to receive this critical 
treatment benefit. “As we withdrew the EDTA-
containing formulation we were able to work 
closely with our supply partners to increase our 
stock of the lyophilized formulation,” says Cyrus. 
“This enabled us to create and maintain a special 
access program.” 

The program was designed to prioritize a 
reserve of lyophilized Leukine, ensuring a ready 
source of drug to patients following induction 
chemotherapy for acute myelogenous leukemia 
(AML), as well as to those who experience bone 
marrow transplantation (BMT) failure, or engraft-
ment delay. Leukine is the only myeloid growth 
factor approved to reduce the incidence of infec-
tions resulting in early death following induction 
chemotherapy in older adults with AML, and to 
prolong survival of patients with bone marrow 
graft failure or engraftment delay, as compared to 
historical experience.
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Through the aggressive efforts of Bayer and their 
manufacturing partners, the special access program 
avoided shortages that may have seriously impacted 
patient care. “There’s been some disruption in the 
marketplace, but we are grateful that we’ve been in a 
position to assure access for those patients in the great-
est need. From the very beginning, in conjunction with 
the FDA, we pledged that we would ensure that there 
was sufficient stock for AML and BMT patients. We’ve 
been pleased that our lyophilized stock situation has 
enabled us to continue to provide additional stock into 
the general market,” says Cyrus.

Reintroduction and Reformulation of Leukine
A seemingly minor change in formulation—directly 

noticed by few consumers—caught the attention of the 
many once their concerns were voiced. Therefore, to 
allay those concerns retelling the Leukine success story 
is in order as this highly-effective hematopoietic growth 
factor returns to the marketplace.

Originally approved by the FDA in 1991 (with the 
liquid formulation approved in 1995), Leukine was 
developed and then marketed by Immunex. Prior to and 
contingent upon Amgen’s acquisition of Immunex, the 
rights to manufacture Leukine were then sold in July of 
2002 to Berlex Laboratories, the US affiliate of Schering 
AG. In April 2007 Schering/Berlex was acquired by 
Bayer Healthcare, however, just preceding this trans-
action, Berlex sought, and gained FDA approval for the 
EDTA-containing liquid Leukine formulation. 

Once aware of this lineage it becomes apparent 
that the tenure of the EDTA formulation was brief. 
Less obvious is the fact that the newly available liquid 
Leukine is the very same formulation proven safe and 
effective in the original registration trials—a com-
pound that has since gone on to be prescribed for over 
200,000 patients. 

Safety and Efficacy Results
The pivotal study of the non-EDTA liquid Leukine 

formulation was conducted by The Eastern Cooperative 
Oncology Group (E1490; Rowe, et al). In this Phase 3, 
randomized, double-blind, placebo-controlled trial, 
treatment-naive patients with AML between the ages 
of 55 and 70 underwent 10 days of induction therapy 
with daunorubicin plus cytarabine, followed on day 11 
by either Leukine (n = 52) or placebo (n = 47). Study 
endpoints were: time to hematologic recovery—defined 
as an absolute neutrophil count (ANC) of greater than 
1,500 cells/mm3—and, incidence of life threatening and 
severe complications due to infection. 

Results of this investigation showed that there was 
a statistically significant difference in time to ANC 
recovery >1000/mm3: 14 days for patients treated with 
Leukine versus 21 days for placebo (P = .003). This 
accelerated recovery of the ANC in the Leukine cohort 
translated into dramatic differences in morbidity and 
mortality. Leukine-supported patients experienced 
75% fewer fatal infections, including 74% fewer deaths 
among those patients with pneumonia (P = .046), and 
83% fewer deaths associated with fungal infections  
(P = .02). Overall, the median survival for all patients 
was 10.6 months in the GM-CSF group and 4.8 months 
in the placebo arm (P = .048). 

Conversely, the rate of adverse events in the treat-
ment arm, ranging from mild to moderate, was not 
significantly different than that observed with placebo. 
Indeed, in three prospective, randomized trials only one 
adverse event was significantly increased in patients 
receiving non-EDTA liquid Leukine, that being skin- 
associated injection-site reactions. Other transient, low 
grade events occasionally observed in clinical trials 
have included fluid retention, dyspnea, supraventricu-
lar tachycardia, and laboratory abnormalities such as 
increases in creatinine, bilirubin, and liver enzymes. 
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There are three types of CSFs currently marketed: 
GM-CSF (Leukine), G-CSF, and Peg G-CSF. The lat-
ter two agents differ in their pharmacokinetic profile; 
the former two differ in their range of activity on the 
myeloid lineage. G-CSF predominantly affects the pro-
duction of neutrophils, whereas GM-CSF affects not 
only the production of neutrophils, but Natural Killer 
(NK) cells which attack tumor cells, or cells infected 
with virus; macrophages, which capture and digest for-
eign invaders (and are thought to have greater activity 
than neutrophils); and dendritic cells, the most potent 
of the white blood cells which are able to train the vari-
ous components of the immune system to recognize and 
respond to antigen. 

Providing 24-hour Support
Bayer Healthcare continues to sponsor a free service 

called the Look to Leukine Program. This initiative 
provides for 24-hour patient support from oncology 
nurses via the LEUKLine at 1-877-3LEUKINE, as well as 
advice regarding reimbursement issues, and educational 
materials to give the patient a fuller understanding of 
science behind, and the true benefit of GM-CSF sup-
port. Training programs are also available for oncology 
office professionals. These services, including the advice 
of nurse advocates, or any question regarding the non-
EDTA liquid Leukine formulation, can be obtained 
through the product website, Leukine.com, or by calling 
1-888-84-BAYER.

Cytokine Class
Side effects are, in the most general sense, a phe-

nomenon of off-target activity caused by an agent 
which is not endogenous to the human body. Leukine, 
or GM-CSF, belongs to a group of regulatory pep-
tides called cytokines which occur naturally in the 
body. Using recombinant technology, and a suitable 
host organism, cytokines can be manufactured which 
are homologous, or nearly so, to the endogenous com-
pound. This particular class of cytokine, a group known 
as colony stimulating factors (CSFs) affect cells of the 
hematopoietic system, regulating cell proliferation, dif-
ferentiation, and enhancement of cell functionality. 

28  ONCOLOGY BUSINESS REVIEW • WWW.ONCBIZ.COM • MAY 2008

Sponsored By:

Immune Effects of Cytokines

Chen et al. 1. Eur J Immunol. 1986;16:767-770. (T lymphocytes); Fultz and Vogel. J Leukoc Biol. 1992;51:300-304. (FcR); Luft et al. J Immunol. 
1998;161:1947-1953. (dendritic cells); Nielsen et al. Leuk Res. 1989;13:451-456. (NK cells) 

Chun and Hoffmann. 2. Lymphokine Res. 1982;1:91-98. (NK cells); Watson and Mochizuki. Immunol Rev. 1980;51:257-278. (T cells)

Buckle and Hogg. 3. J Immunol. 1989;143:2295-2301. (FcR); Lopez et al. J Immunol. 1983;131:2983-2988. (neutrophils) 

Grabstein et al. 4. Science. 1986;232:506-508. (macrophages); Masucci et al. Cancer Immunol Immunother. 1989;29:288-292.; Socinski et al. Blood. 
1988;72:691-697. (FcR); Steis et al. J Natl Cancer Inst. 1990;82:697-703.; Witmer-Pack et al. J Exp Med. 1987;166:1484-1498. (dendritic cells);  

Yuo et al. Biochem Biophys Res Comm. 1990;171:491-491. (CR) 

Back to the Future:  
Original Liquid Leukine® Coming Soon



Original liquid LEUKINE, not containing EDTA, has been 
prescribed for more than 200,000 patients over 10 years
LEUKINE is indicated for use following induction chemotherapy in older adults with AML to shorten time to neutrophil recovery 
and to reduce the incidence of severe and life-threatening infections and infections resulting in death.

Important Information
In controlled clinical trials across all indications, no significant differences were observed between LEUKINE- and placebo-
treated patients in the type or frequency of adverse events with the exception of an increase in skin-associated events 
in the LEUKINE group in the pivotal AML trial. There were occasional reports of fluid retention, dyspnea, supraventricular 
tachycardia, and laboratory abnormalities (increases in creatinine, bilirubin, and liver enzymes). Other adverse events have 
been reported; please see accompanying full Prescribing Information, which contains a more complete listing of indications, 
contraindications, warnings, precautions, adverse reactions, and dosage and administration guidelines.

Please see brief summary of Prescribing Information  
on adjacent page.
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