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The hematopoietic growth factors (HGFs) are a
family of glycoproteins which plays a major role in
the proliferation, differentiation. and survival of
primitive hematopoietic stem and progenitor cells,
and in the functions of some mature cells. More
than 20 different molecules of HGF have been iden-
tified. Among them, granulocyte colony-stimulating
factor (G-CSF) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) have been demostrat-
ed to be effective in reducing the incidence of
febrile neutropenia when administered inmediately
afler chemotherapy and as supporlive therapy in
patients undergoing bone marrow transplantation.
Chemotherapy used for treatment of cancer often
causes neulropenia, which may be profound, re-
quiring hospitalization, and leading to potentially
fatal infection. The uses of the recombinant human
hematopoietic colony-stimulating factors G-CSF
and GM-CSF for treatment and prophylaxis of
chemotherapy-induced febrile neutropenia will be
reviewed here,
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INTRODUCTION

HGF are cytokines secreted by a wide variety of cell
types and act broadly upon target hematopoietic cells
through receptor mediated signals!* G-CSF regulates
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the production of neutrophil lineage. The administra-
tion of G-CSF to human results in a dose-dependent
increase in circulating neutrophils mainly because of
a reduced transit time from stem cell to mature neu-
trophil. GM-CSF stimulates the growth of granulocyte,
macrophage, and eosinophil colonies. Administration
of GM-CSF to human results in a dose-dependent in-
crease in blood neutrophils, eosinophils, macropha-
ges, and sometimes lymphocytes, That cytokines are
also known to enhance neutrophil function. Different
types of G-CSF and GM-CSF have been tested in clini-
cal trials. Among the most used GM-CSF are sargra-
mostim, molgastrim and regramostrim, and among
the most used G-CSF are filgastrim and lemogastrim.
A next-generation G-G8F, pegfilgastrim, was bioengi-
neered for sustained duration of action by the addi-
tion of a 20 kD polyethilene glycol (PEG) moiety to
the N-terminus of the G-CSF muolecule, increasing
molecular size and diminishing renal filtration, and
resulted in prolonged circulation in the serum with
eventual elimination by binding to G-CSF receptors
on recovering neutrophils.

The efficacy of recombinant human G-CSF or GM-
CSF for the prevention of FN in patients with chemo-
therapy-induced neutropenia varies with the clinical
setting (ie, primary prophylaxis versus the treatment
of patients who already have FN), the presence of un-
derlying damage to the patient’s hematopoietic stem
cells, the intensity of chemotherapy (ie, myeloablative
versus non-myeloablative). the concurrent use of ra-
diation, and the overall clinical status of the patient
(ie. age and comorbid conditions). Both G-CSF and
GM-CSF have been demostrated to be effective in re-
ducing the incidence of FN when administered in-
mediately after chemotherapy?3, but results of ran-
domized clinical studies designed to asses their role
as adjunt therapy to antibiotics in FN were not clear
and conflicting results appeared®'. In 2000, the
American Society of Clinical Oncology (ASCO) updat-
ed guidelines for the administration of HGF for the
treatment of chemotherapy-induced neutropenial!
and. on the basis of the results of these randomized
trials, the routine use of GSF in the treatment of FN
was not recommended. In this article, we have car-
ried out a review about clinical evidence use of HGF
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for treatment and prophylaxis of chemotherapy-in-
duced FN.

CLINICAL USES OF CSF IN PATIENTS
RECEIVING CANCER CHEMOTHERAPY

CSF have been given as either prophylaxis or therapy
to patients on myeloablative (dose-intensive) chemo-
therapy that usually leads to prolonged neutropenia.
Mosts of'its use has been in patients with acute myel-
ogenous leukemia (AML), Hodgkin’s and non-Hodg-
kin's lymphoma, sarcomas, seminomas and small
cell carcinomas of the lung. GM-CSF is commonly
used to ameliorate the neutropenia seen during dose-
intensive chemotherapy as well as to support patients
who are neutropenic as a resull of myelodysplastic
syndrome (MDS) or aplastic anemia.

A) Primary administration

The 2000 update American Society of Clinical Onco-
logy evidence-clinical practice guidelines for the use
of CSFs includes several important recommenda-
tions!!. Routine administration of myeloid growth
factors for prophylaxis in previously untreated pa-
tients is not recommended for most chemotherapeutic
regimens. Guidelines from the Infectious Discases So-
ciety of America (IDSA) also support this position!?,
Exceptions might include9;

- Palients who are at higher risk for FN or infection
because of preexisting neutropenia due to the base-
line disease or extensive prior chemotherapy or radi-
ation therapy.

- When coexisting conditions are present that could
potentially enhance the risk for serious infection,
such as altered immune function, open wounds, on-
going infection, poor performance status, and more
advanced cancer.

The most compelling evidence of benefit has come
from controlled trials in which the incidence of FN

was at least 40% in the control group; in this setting,

the administration of CSF produces an approximale-
ly 50% reduction in the incidence of FN in adults%13,
These benefits were confirmed in a meta-analysis
that included 1144 patients treated on eight random-
ized controlled trials!?. Prophylactic G-CSF was as-
sociated with a 62% reduction in the risk of FN (OR
0.38. p <0.0001), and a significant reduction in doc-
umented infection (OR 0.51, p < 0.001), while there
was only a nonsignificant trend towards reduced in-
fection-related mortality. The reduction in treat-
ment-related neutropenia made possible by prophy-
lactic G-CSF may permit dose intensity to be
maintained in patients treated with curative intent
(eg. lymphoma, adjuvant treatment for breast can-
cer). The use of G-CSF illustrated in a controlled tri-
al in which 80 patients with high-grade non-Hodg-

kin’s lymphoma was associated with less grade 4
neutropenia (37 versus 85%) and FN (22 versus
44%), and as a result, these patients were signifi-
cantly less likely to require chemotherapy dose re-
duction (10 versus 33%)18,

In a more recent review, the National Comprehensive
Cancer Network (NCCN) has published guidelines for
HGF, which recommend routine prophylactic use of
CSF in patients receiving systematic chemotherapy at
high risk (> 20%) of developing FN or related compli-
cations thal may compromise treatment!'®, while 2000
ASCO guidelines recommends CSF in patients who
have a > 40% chance of developing neutropenia after
high-dose intensive chemotherapy!''. It is mainly due
to a recent cost-minimization analysis of pegfilgras-
tim based on risk and efficacy estimated from an up-
dated meta-analysis? and recent multi-institutional
hospital and physician cost data have been presen-
ted?!. Risk thresholds for FN under 20% were estimat-
ed with increasing cost savings as the risk reduction
associated with primary prophylaxis with peghil-
gastrim increases. It should be noted that these eco-
nomic models are based on cycle-events, with the as-
sumption that similar risks will be experienced
across cycles of the same regimen when adminis-
tered without reductions in dose intensity or the addi-
tion of a myeloid growth factor.

In comparison to apparent efficacy in high-risk pa-
tients, the routine use of G-CSF prophylaxis in pa-
lients treated with standard-dose chemotherapy in
which the incidence of FN is less than 20% is expen-
sive and not associated with an obvious therapeutic
benefit or cost savings??.

There also appears to be little value of G-CSF therapy
in patients with severe afebrile neutropenia. In a con-
trolled trial with 138 afebrile outpatients with severe
chemotherapy-induced neutropenia (ANC 3500/ul),
the duration of severe neutropenia was modestly
shorter with G-CSF (2 versus 4 days), but there was
no effect on the rate of hospitalization or number of
culture-positive infections??,

Acule myeloid leukemia

Several randomized studies have been conducted to
evaluate the use of CSFs begun after induction therapy
in patients with AN, especially elderly patients2+-39,
In almost all of these studies, the addition of CSFs de-
creased the ime Lo recovery lo 5300 neutrophils/mm’
by two to six days. The nadir is not affected and ef-
fects on the incidence of severe infection, antibiotic
usage, and the duration of hospitalization have been
variable. It has been suggested that there may be
greater benefit from HGF in elderly patients who are
particularly susceptible to infection and experience a
higher infectious mortality rate during episodes of
neutropenia. However, although the duration of neu-
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tropenia has been reduced by the use of CSFs, these
trials have largely been disappointing searching for
beneficial effect in treatment-related morbidity or
mortality32+27,

However, caution should be exercised in patients
with AMIL because of concerns that GM-CSF may
stimulate the leukemic clonal cells*+32, CSF adminis-
tration generally should be reserved for cycles after
induction chemotherapy.

Concomitant chemotherapy and radiation

Patients receiving concomitant chemotherapy and ra-
diation, particularly involving the mediastinum, show
higher incidence of thrombocytopenia. In one study
which included 215 patients with small cell lung can-
cer who have received concurrent chemotherapy and
thoracic radiotherapy with or without GM-CSF, the
incidence of grade 3 and 4 thrombocytopenia was sig-
nificantly higher in the GM-CSF arm (91 versus 18%)%.
In spite of the benefit of CSF for reversal of radiation-
induced neutropenia, deleterious effects on platelet
counts have deterred their clinical use in the setting
of combined modality therapy.

B) Secondary prophylaxis

Secondary prophylaxis refers to the administration of

a GSF in later cycles after FN has occurred in a prior
cycle. The goal is to maintain chemotherapy dose in-
tensity when dose reduction is not desired. No pub-
lished regimen has shown improved disease-free or
overall survival when the dose of chemotherapy was
maintained and secondary prophylaxis was institut-
ed. Excluding those tumors that are curable (eg, germ
cell wumors), dose reduction after an episode of se-
vere FN should be considered as the primary treat-
ment rather than the use of CSFs!!,

C) Adjunctive treatment for febrile
neutropenic patients

The benefit of CSF therapy as adjuvant treatment to
antibiotics for FN has not been definitively proven in
patients with uncomplicated fever and neutropenia
(defined as fever of 10 days in duration, no evidence
of pneumonia, cellulitis, abscess, sinusitis, hypoten-
sion, multiorgan dysfunction, or invasive fungal in-
fection, and no uncontrolled malignancies). As a re-
sult, the available current data also do not support the
routine use of CSFs as an adjunct to antimicrobial
therapy in patients with FN'!. Certain patients with
fever and neutropenia may be at higher risk for infec-
tion-associated complications, and have prognostic
factors that are predictive of poor outcome (eg, ANC <
100/ul, uncontrolled primary disease, pneumonia, hy-
potension, multiorgan dysfunction or invasive fungal

infection). CSFs may be indicated in such situations,
although a beneficial effect in these circumstances
has not been definitively proven!!.

In a recent meta-analysis that included 1518 patients
treated on 13 randomized controlled trials, the overall
mortality was not influenced significantly by the use
of CSF (OR 0.68, p = 0.1), but a significant result was
obtained for the use of CSF in reducing infection-relat-
ed mortality (OR 0.51, p = 0.05), and patients treated
with CSFs had a shorter length of hospitalization (ha-
zard ratio 0,63, p = 0,0006) and a shorter time to neu-
trophil recovery (hazard ratio 0.32, p < 0.00001)>*, In
subgroup analysis, patients with hematologic malig-
nancies may benefit in terms of reduced mortalitiy for
the use of CSK, although the results are highly influ-
enced by Aviles et al®® trial that showed a stronger ef-
fect of CSF, and if this study is excluded from analysis,
the effect is no longer significant. In meta-analysis,
authors recommend caution in interpretation of these
results, but a possible effect on infection-related mor-
tality may occur in patients with ANC < 100/pl relat-
ed to chemotherapy in patients with hematologic ma-
lignancies.

DRUG DOSAGE AND SCHEDULES

In adults, the recommended dose of G-CSF is 5 pg/kg
per day and 250 pg/m? per day for GM-CSF for all
clinical situations other than peripheral blood pro-
genitor cell mobilization, in which case a dose of 10
ng/kg per day has been recommended!!. The pre-
ferred route is by subcutaneous injection.

Therapy is usually begun 24 to 72 hours after cessa-
lion of chemotherapy and is often continued until the
absolute neutrophil count reaches 10,000/pl. How-
ever, a shorter duration that is sufficient to achieve
clinically adequate neutrophil recovery is a reason-
able alternative, considering issues of patient conven-
ience and cost. G-CSF should not be given in the peri-
od 24 hours before treatment with the next cycle of
chemotherapy. CSF should probably not bhe given
concurrently with chemotherapy (ie, not in the same
day), and they should be discontinued several days
before the next chemotherapy doses.

CLINICAL TOXICIHY OF CSF

GM-CSF and G-CSF have been tested in multiple clin-
jcal trials and have in general been well tolerated.
Both GM-CSF and G-CSF have been associated with
bone pain, coincident with or shortly after adminis-
tration. Occasional increases in leukocyte alkaline
phosphatase and/or serum lactate dehydrogenase al-
so have been noted. The major toxicities associated
with CSF include flu-like symptoms, as fever, {lush-
ing, malaise, myalgia, arthralgia, anorexia, headache,
and mild elevations of serum aminotransferases and
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rash. These effects are usually mild, are alleviated by
antipyretics, and disappear with continued adminis-
tration. More serious GN-CSF toxicity has been ob-
served at higher dose levels (> 32 pg/kg per day in-
travenously or > 13 pg/kg per day subcutlaneously),
as a capillary leak syndrome manifested by weight
gain due to fluid retention, pericardial or pleural effu-
sions, ascites, and/or edema®3%, ur a transient respi-
ratory distress syndrome (possibly secondary to pul-
monary sequestration of neutrophils or to capillary
leak). The more glycosylated yeast derived form of
GM-CSF (sargramostin) appears to be less likely to
cause these dose-related toxicities than the bacterially
derived products. Pathogenic neutrophil infiltration
(acute febrile neutrophilic dermatosis or Sweet’s syn-
drome) and cutaneous necrolizing vasculitis (leuko-
cytoclastic vasculitis) can occur in selected patients
with G-CSF36:39.40,

POSSIBLE STIMULATION OF MALIGNANCY

Because HGF receptors are expressed by hematopoi-
etic and several nonhematopoietic cell types, there
has been a concern that certain malignant cell lineag-
es might respond to such therapy, potentially worsen-
ing the underlying condition. There is a theoretical
concern that G-CSF might induce or accelerate the
development of ANML or MDS with monosomy seven
in aplastic anemia and infantile agranulocytosis (K ost-
mann disease)**!, However, at present there is no ev-
idence to support this hypotesis and have not shown
any impact on the acceleration or development of
AML in patients with either AML or MDS, but it is
possible that long-term administration of G-CSF in-
teracts with immunosuppressive therapy in patients
with aplastic anemia*2.++,

ANTIBODIES TO RECOMBINANT GROWTH
FACTORS

Recombinant human GN-CSF that is produced in
mammalian cells (Chinese hamster ovary cells) is
variably glycosylated on both O-linked and N-linked
sites, while production in E. coli results in nonglyco-
sylated GM-CSF, or the yeast product is glycosylated
only at N-linked sites. All three products appear to be
equally effective, but antibodies have heen reported
more frequently in patients given the yeast-derived
product in phase I/Il studies*’. The [gG antibodies de-
veloped within seven days after the start of the infu-
sion in all patients. Antibodies were non-neutralizing
as judged by bone marrow colony-forming assay, and
were directed at sites on the protein backbone of the
GM-CSF molecule that are normally protected by O-
linked glycosylation, but which are exposed in the
yeast and E. coli-derived products.

POSSIBLLE ENHANCEMENT OF HIV
REPLICATION

A concern with GM-CSF therapy, but not G-CSF, in
patients with AIDS is the potential for stimulation of
HIV replication. This phenomenon was initially de-
monstrated in vitro experiments with mononuclear
phagocytes exposed to GM-CSF*S, Later in vitro stud-
ies revealed upregulation of CCR3 coreceptor expres-
sion and enhanced HIV infectivity in fresh human
monocytes exposed to GMN-CSF*. However, in vivo
data on the relationship between GM-CSF therapy
and HIV replication have been conflicting.

CONCLUSSIONS

GM-CSF and G-CSF enhances the production and half
life of neutrophils and menocyte/macrophages and
increases the microbicidal activity of these cells.
Subcutaneous administration of CSF shortens the pe-
riod of neutropenia in patients undergoing dose-in-
tensive chemotherapy with no influence on the inci-
dence of infections or mortality.

Side effects of CSF use, as bone pain, joint pain, and
flu-like syndromes are comon and, in some reports,
intense but are not life threatening. With higher doses
of CSF, adverse effects become more frequent and
more severe.

RECOMMENDATIONS

Primary prophylaxis
- Routine use of CSFs for primary prophylaxis before
FN is indicated by the existing data in the following
situations!!-16;
- Patients who are at higher risk for FN or infec-
tion because of preexisting neutropenia due to the
baseline disease or extensive prior chemotherapy
or radiation therapy.
- When coexisting conditions are present that
could potentially enhance the risk for serious infec-
tion, such as altered immune function. open
wounds, ongoing infection, poor performance sta-
tus, and more advanced cancer.

- Patients who have a > 20% chance of developing
neutropenia after high-dose intensive chemothera-
py*.

- CSF are not recommended as prophylaxis in an at-
lempt to increase dose-intensity unless the expected
incidence of FN is 40% or more, and the regimen is
applied in a curative intent fashion!'!.

— Primary administration of a CSF in AML is recom-
mended after completion of induction chemotherapy
to shorten the duration of neutropenia if benefits in
terms of shortening the duration of hospitalization
outweigh the costs of CSF use!l
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- Use of CSFK should be avoided in patients receiving
concomitant chemotherapy and radiation due to
higher incidence of thrombocytopenia. For patients
receiving radiation therapy involving large fields but
no chemotherapy, therapeutic use of CSF may be
considered if prolonged delays secondary to neu-
tropenia are expected!!,

Secondary prophyla.ris

- Except in the setting of curable tumors (eg, germ
cell cancer), dose reduction after an episode of severe
neutropenia should be considered the primary thera-
peutic option.

Adjuntive treatment for FN

~ CS8F therapy as adjuvant treatment to antibiotics for
afebrile or febrile neutropenia are not recommended
in patients with uncomplicated fever and neutropenia
(defined as fever of 10 days in duration, no evidence
of pneumonia, cellulitis, abscess, sinusitis, hypoten-
sion, multiorgan dysfunction, or invasive fungal in-
fection, and no uncontrolled malignancies).

-~ CSFs may be indicated in patients with pneumonia,
sepsis syndrome or fungal infection, conditions known
to have high morbidity and mortality, although a ben-
eficial effect in these circumstances has not heen de-
finitively proven.
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