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Background: Recombinant human granulocyte-macrophage colony-stimulating
factor (rhu GM-CSF), also known as sargramostim, is used to accelerate myeloid
recovery following bone marrow transplantation or cytotoxic chemotherapy. “Ana-
phylactic” reactions to sargramostim have been reported on a limited basis and are
poorly characterized.

Objective: It is the purpose of this report to describe an adverse reaction to
sargramostim treatment involving palmar itching, urticaria, angioedema, and throat
tightness and to demonstrate the utility of prick skin testing to determine type I
sensitization.

Methods: Prick skin testing with 100 and 250mg/mL sargramostim and 300
mg/mL rhu G-CSF (filgrastim) was performed in the patient and four control
subjects.

Results:The patient experienced an immediate wheal and flare reaction with both
concentrations of sargramostim while the control subjects demonstrated no reaction.
There was also no reaction with filgrastim (rhu G-CSF) in either group and the
patient subsequently tolerated filgrastim therapy.

Conclusion: Prick skin testing with rhu GM-CSF and rhu G-CSF may be useful
to demonstrate type I sensitization. Additional studies are needed to determine the
incidence and prevalence of skin test reactions in larger numbers of patients with
cytokine therapy exposure.
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INTRODUCTION
Recombinant human (rhu) granulo-
cyte-macrophage colony-stimulating
factor (GM-CSF) is approved for ac-
celeration of myeloid recovery follow-

ing bone marrow transplantation or
high dose cytotoxic chemotherapy. It
is also used to treat neutropenia in such
diverse settings as radiation therapy,
neonatal septicemia, human immuno-
deficiency virus (HIV) infection,
burns, surgery, and glycogen storage
disease-1b.1–5 The native protein is a
23-kD glycoprotein, produced by T-
lymphocytes, fibroblasts (including
keratinocytes), macrophages and endo-
thelial cells, and has numerous stimu-
latory functions to include those out-
lined in Table 1.1–8 As part of the four
a-helix family of cytokines, this col-
ony stimulating factor promotes
growth and differentiation of all cell
lines, particularly granulocytes and
mononuclear phagocytes. In addition,
GM-CSF has the ability to induce the
expression and release of cytokines

and arachidonic acid (enhancing the
production of leukotrienes).

Marketed since 1991, sargramostim
(LEUKINE, Immunex Corporation,
Seattle, WA 98101) is a GM-CSF pro-
duced by recombinant DNA technol-
ogy in a yeast (S. cerevisiae) expres-
sion system. The amino acid sequence
is identical to the natural human GM-
CSF except for a substitution at posi-
tion 23; the carbohydrate moiety and
molecular mass differ from the native
protein.1,4 Sargramostim is formulated
as a sterile, white, preservative-free ly-
ophilized powder containing either 250
or 500mg of sargramostim, mannitol,
sucrose, and tromethamine.

“Anaphylactic” reactions to sar-
gramostim have been reported to the
Food and Drug Administration (FDA)
on a limited basis and are poorly char-
acterized. Experience with skin testing
has not been described. We report a
patient with cancer receiving sar-
gramostim (GM-CSF), with cyclings
of high dose chemotherapy, who de-
veloped progressive immediate hyper-
sensitivity reactions to self-adminis-
tered subcutaneous doses. This
reaction was associated with an imme-
diate wheal and flare skin test reaction
suggestive of IgE-mediated hypersen-
sitivity. We also show a lack of cross-
reactivity in this patient to recombinant
human granulocyte colony-stimulating
factor (rhu G-CSF or filgrastim).

CASE REPORT
We report the case of a 27-year-old
woman with metastatic schwannoma
who developed a systemic immediate
hypersensitivity reaction to sargramos-
tim after 5 months of tolerating
monthly treatment cycles. In conjunc-
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tion with high dose cyclophosphamide
(3 g/m2), GM-CSF rescue (5mg/kg)
was self-administered (subcutaneous-
ly) on days 3 to 10 of each monthly
cycle. The patient had no atopic his-
tory nor any past drug allergies.

After several months of asymptom-
atic cycles, the patient developed ery-
thematous reactions at the injection
sites. After 7 cycles, she developed
palmar itching about one and one-half
hours after the injection. After two ad-
ditional injections (with similar pruri-
tus), the fourth dose of GM-CSF was
associated with palmar itching, fol-
lowed by urticaria, angioedema (gen-
eralized) and throat tightness. The re-
action lasted one and one-half to two
hours and resolved prior to arrival at
the emergency room. There was no
objective documentation of wheezing,
hypotension, or laryngeal edema. Prick
skin testing with 100 and 250mg/mL
of sargramostim resulted in an imme-
diate wheal and flare reaction (no de-
layed erythema or induration). Table 2
summarizes the results of skin testing
with sargramostim in the patient and

four control subjects (no prior expo-
sure to rhu-GM-CSF) who demon-
strated no reactions. The patient sub-
sequently tolerated rhu G-CSF
(filgrastim), a structurally distinct col-
ony-stimulating factor, without ad-
verse reactions locally or systemically.
Prick skin testing to filgrastim at 300
mg/mL was nonreactive.

DISCUSSION
Reports of specific immunologic sen-
sitization to rhu GM-CSF have de-
scribed IgG antibodies binding to un-
protected glycosylation sites on the
recombinant proteins, whether derived
from a yeast or bacterial (E. coli) trans-
fected system.9 As a glycoprotein with
potential differences in tertiary struc-
ture from the native cytokine, rhu GM-
CSF can predictably cause immuno-
logic sensitization based on experience
with other therapeutic biologic
agents.10–13Immediate hypersensitivity
reactions with an IgE basis are also a
predictable (although rare) event
among all patients receiving a medica-
tion. Although our case experience

does not prove an IgE-mediated mech-
anism, an immediate hypersensitivity
skin test reaction by prick method
without evidence of an irritant or non-
specific skin response in normal con-
trols strongly suggests this mechanism
is present. Skin testing with either
GM-CSF or G-CSF has never been
reported in the medical literature. In
addition, the manufacturer has no re-
ports of patients with immediate hy-
persensitivity reactions having been
skin tested. The demonstration of a
specific skin test reaction to GM-CSF
in our patient suggests that this may be
a useful in vivo test for determining
type I sensitization. Additional studies,
however, are needed to determine the
incidence and prevalence of skin test
reactions in larger number of patients
with cytokine therapy exposure. The
development of in vitro assays for re-
combinant cytokine specific IgE may
also be useful in characterizing adverse
reactions.

Although rashes are relatively com-
mon with GM-CSF, as are local reac-
tions at injection sites, it is important

Table 1. Human GM-CSF: Cytokine Effects In Vivo and In Vitro (summarized from references 1–8):

Cell Type Growth/Differentiation Activation Effector Actions

Granulocytes Progenitor cell 1 adhesion molecules,
FcR 30%

1 phagocytosis

Monocytes, macrophages Progenitor cell 1 surface HLA-DR 1 phagocytosis
1 APC function chemoattractant

Langerhans’ 1 cell viability 1 surface HLA-DR 1 APC function
Progenitor cell

Dendritic cell Progenitor cell 1 HLA-DR expression 1 APC function
Platelets Progenitor cell, weak
Red blood Progenitor cell, weak

* APC 5 antigen presenting cell.

Table 2. Prick Skin Testing with GM-CSF and G-CSF in a Patient with a Systemic Allergic Reaction to GM-CSF versus 4 Unexposed Controls:
Mean Diameters of Immediate Prick Skin Test Reactions: MM of Wheal (W) by Erythema (E)

Prick Skin Testing
Reagents

Patient
W 3 E

Control #1
W 3 E

Control #2
W 3 E

Control #3
W 3 E

Control #4
W 3 E

Histamine 0.275 mg/mL 8 3 19 8 3 12.5 7 3 22.5 6.5 3 26 9 3 23
Saline/HSA* 0 0 0 0 0
GM-CSF†

100 5 3 10 0 0 0 0
250 7.5 3 24 0 0 0 0

G-CSF‡ 300 0 0 0 0 0

* HSA: human serum albumin in saline diluent for skin testing.
† GM-CSF: granulocyte-macrophage colony-stimulating factor in mg/mL.
‡ G-CSF: granulocyte colony-stimulating factor in mg/mL.
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that discrimination of maculopapular,
large locals versus generalized urti-
caria and angioedema be made by the
clinician since the risk of a life threat-
ening anaphylactic reaction may in-
crease in the setting of any generalized
urticarial reaction. In addition, desen-
sitization, as performed for penicillin,
may be feasible if the benefit/risk ratio
merits it. In our patient, an alternative
“cytokine” was available and felt to be
clinically beneficial, so there was no
indication for pursuing this approach.

It would be useful if future studies
of cytokines would include at least
prick skin testing prior to the onset of
therapy and following a treatment
course in order to define the value of a
negative or positive skin test in the
setting of an immediate generalized re-
action. It is feasible, that like the story
for Hymenoptera venom hypersensi-
tivity, large local reactors may have
positive skin tests without an increased
risk of anaphylaxis.

It is noteworthy that in a recent re-
port of 81 patients with advanced
breast cancer who received GM-CSF
(E. coli derived), nine patients (11%)
developed anaphylactoid reactions
(hypotension, dyspnea, flushing, and
facial swelling) after tolerating several
cycles of therapy. Seven were unable
to tolerate further treatment; unfortu-
nately, the clinical course of the other
two was not described.14 Another re-
port briefly mentions three cases of

anaphylactoid reactions causing cessa-
tion of therapy in a series of 44 patients
(7%) with “poor risk” testicular carci-
noma.15

G-CSF, also effective for acceler-
ated bone marrow recovery following
high dose chemotherapy, is structur-
ally distinct from GM-CSF and its
commercially available recombinant
form has no amino acid substitutions
(in contrast to GM-CSF). Although
carbohydrate side chains are different
in the recombinant cytokines from the
native forms, it may be that GM-CSF
is more sensitizing for some patients
due to the amino acid substitution
rather than side chain differences. It is
noteworthy that fillers such as manni-
tol are present in both the G-CSF and
GM-CSF preparations and could in
rare instances cause sensitization as
well.16–17 Since our patient tolerated
rhu G-CSF, mannitol sensitivity was
not an issue. There is at least one re-
port of acute anaphylaxis occurring ten
minutes after the third dose of subcu-
taneous filgrastim, but no skin testing
data were included and the setting was
complicated by multiple drug adminis-
trations.18

A recent report of local cutaneous
side effects associated with rhu GM-
CSF therapy in 11 breast cancer pa-
tients suggests that this phenomenon
was due to local immune stimulation.19

We have seen one such patient with
progressively worsening localized (at

the injection sites) reactions with indu-
rated, erythematous, macular, itching
and burning lesions (see color photo-
graph of local injection sites: Figure
1). There were no associated systemic
symptoms and prick skin testing was
entirely negative in contrast to our in-
dex case (reported here). Non-urticar-
ial rashes may become desquamating
as reported by Horn et al in patients
receiving intravenous GM-CSF.20 In
two of three cases, keratinocyte ex-
pression of HLA-DR and ICAM-1
with neutrophilic infiltration of macu-
lopapular lesions was demonstrated
and may be due to the direct immune
activating properties of the growth fac-
tor. Cytokine-specific IgG assays have
not been reported in association with
these types of reactions.

Improved reporting and classifica-
tion of adverse reactions to biologics
such as GM-CSF are needed in the
future in order to determine the nature
of the reactions and to define those
reactions that present a potentially life-
threatening risk of anaphylaxis. There
are currently no in vitro assays for
cytokine specific IgE but this might be
developed in the near future utilizing
skin test positive and negative sera.
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