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1. ABSTRACT

Granulocyte colony stimulating factor (G-
CSF). is a naturally occurring potent neutrophil growth
factor. Recombinant human G-CSF has been developed by
pharmaceutical companies, and since the late 1980’s,
multiple clinical trials have explored its efficacy in a
variety of medical conditions. These include various
inherited and acquired neutropenia, as well as mobilization
of hematopoietic stem cells and progenitors for
transplantation. Interestingly, in several type of inherited
neutropenia where no randomized controlled studies have
ever been conducted, its chronic use is considered critical
for survival and deemed a standard of care. Unfortunately,
it the settings of cancer treatment-related neutropenia and
post hematopoietic stem cell transplantation, controversy
still prevails whether universal usage of drug is cost
effective despite innumerous randomized clinical trials.
This review will focus on the clinical applications of G-
CSF in the setting of inherited and acquired bone marrow
failure, cancer treatment-related neutropenia and
hematopoietic stem cell transplantation.
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2. INTRODUCTION

Granulocyte colony stimulating factor (G-
CSF). is a hematopoietic colony-stimulating factor (CSF).
which  stimulates granulocytic  differentiation and
maturation, and promotes proliferation and survival of
neutrophil progenitors. These effects result in maintenance
of normal neutrophil counts in healthy individuals, or
neutrophilia when exogenous G-CSF is administered (1).
G-CSF has varied biological effects which include effects
on proliferation, differentiation and function as reviewed by
Gaviria and colleagues (2). Formulations of G-CSF include
a recombinant non-glycosylated protein (filgrastim)., and a
glycosylated form derived in Chinese hamster ovary cells
(lenograstim)  (3). A new derivative of G-CSF,
pegfilgrastim, which is a covalent conjugate of filgrastim
and monomethoxypolyethylene glycol is also available
(4;5). It has a prolonged half-life, and requires fewer
injections to patients.

This review will focus on the clinical
applications of G-CSF in the setting of inherited and



Clinical Applications of G-CSF

acquired bone marrow failure, cancer treatment-related
neutropenia and hematopoietic stem cell transplantation.

3. CLINICAL APPLICATIONS IN INHERITED
MARROW FAILURE SYNDROMES

3.1. Kostmann syndrome

Kostmann syndrome is an inherited marrow
failure syndrome with isolated severe neutropenia from
birth. The characteristic bone marrow finding is maturation
arrest at the promyelocyte-myelocyte stage. Neutrophil
counts are typically <0.2 x 10%/L, and 90% of the patients
present with life-threatening infections during the first 6
months of life (6). More than 80% of the cases with
Kostmann syndrome are associated with mutations in one
copy of the ELA2 gene, encoding neutrophil elastase (7).
Mutations in GFII (8). and in WASP (9). were also
identified as a cause of severe congenital neutropenia in
rare subsets of patients.

G-CSF has completely changed the natural
history of the disease. Before the era of G-CSF, most
patients reported to have died in the first year of life (6)., with
the leading causes of death were sepsis and pneumonia. After
the introduction of G-CSF therapy to patients with Kostmann
syndrome in 1989, death rate decreased dramatically. Of the
348 patients with severe congenital neutropenia on the SCNIR,
16% have died at a median age of 12.1 year (range 0.33 to
88.7) (10). The leading cause of death has changed from
infections to leukemic transformation. Additional causes
include infections in non-responding or non-compliant patients
and complications post hematopoietic stem cell transplantation
and myelodysplastic syndromes (MDS) (10). Based on
literature review, a projected plateau of 75% survival at age 23
years was estimated (11). Life-long treatment with G-CSF is
currently the mainstay of management of patients with
Kostmann syndrome, and should be initiated as front-line
treatment when the diagnosis is established (12). Since the
initial report of G-CSF treatment in Kostmann syndrome in
1989 (13). hundreds of patients have been treated. The starting
dose of G-CSF is 5 pg/kg/day subcutaneously and can be
escalated by 5-10 pg/kg/day every 14 days until the desired
neutrophil number is achieved (14). Neutrophils > 500/pl
generally provide protection from infection, but target counts
of about 1000-2500/pl are clearly safer. It is noteworthy that
patients, who are successfully treated with G-CSF may
continue to suffer from oral infections such as chronic
periodontitis. This might be due to persistent deficiency of
anti-bacterial peptides such as cathelin-LL-37 in the patients’
neutrophils, plasma and saliva (15).

The  Severe  Congenital  Neutropenia
International Registry defined complete response to G-
CSF therapy by neutrophil counts of 1 x 10%/L with doses
up to 120 pg/kg/day and absence of life threatening
infections; partial response as the occurrence of infections
despite an increase in neutrophil counts to 500/ pl with
doses of up to 120 pg/kg/day; and no response, as absolute
neutrophil counts of less than 500-1000/ul with doses of up
to 120 pg/kg/day (16). Ninety percent of the patients with
Kostmann syndrome have complete response to G-CSF
with doses of <30 pg/kg/day and minimal adverse
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reactions. The basis for the refractory state to G-CSF is
unknown. In one case with Kostmann syndrome and a
mutation in the extracellular domain of the G-CSF receptor,
the addition of glucocorticoids to G-CSF to the cultured
patient’s hematopoietic progenitors in vitro and to the
patient in vivo, markedly increased the neutrophil numbers
and the patient suffered no further infections (17). The
combination increased proliferation of 32D cells carrying
the patient mutation and enhanced STATS activation.

3.2. Cyclic neutropenia

Cyclic neutropenia is a sporadic or autosomal
dominant disorder characterized by a regular, repetitive
decrease in peripheral blood neutrophils at 21 + 3 days
intervals (18; 19). Patients usually present in infancy or
childhood, and have a less severe infectious course
compared to Kostmann syndrome, however, they may
develop life threatening infections such as clostridium
species sepsis, fatal acute peritonitis, staphylococcal aureus
septicemia and mouth sores during the neutrophil nadir and
chronic gingivitis (20;21). Cyclic neutropenia is caused by
heterozygous mutations in ELA2 gene usually at the active
site of neutrophil elastase without disrupting the enzymatic
substrate cleavage by the active site (7). Patients with
recurrent or severe infections, recurrent oral ulcers or
chronic gingivitis require treatment. Data from the SCNIR
showed that G-CSF induces neutrophil and clinical
responses in more than 90% of the patients with cyclic
neutropenia (10;14;22). The mean daily G-CSF dose is
lower than the mean dose for the congenital neutropenia
patients; approximately 2.6 pg/kg/day. As with Kostmann
syndrome, oral disease may be partially resistant to G-CSF
therapy.

3.3. Glycogen storage disease type Ib

Patients with this autosomal recessive disorder
have features of glycogen storage disease type Ia, which
includes hepatomegaly and metabolic crises with
hypoglycemia and lactic acidosis. In addition, patients have
defects in neutrophil respiratory burst, chemotaxis, calcium
flux and intermittent neutropenia, which may be severe and
cause serious infection and inflammatory bowel disease.
The genetic defect resides in the gene encoded for the
glucose 6-phosphate translocase enzyme. Bone marrows
are hypocellular, and granulocytes are apoptotic with
activation and translocation of the Bax proapoptotic protein
(23). Most patients require suffer from infections and
require therapy (24). G-CSF is effective in almost all
patients (24;25). It successfully increases the neutrophil
counts, corrects the neutrophil oxygen radical formation,
prevents infections, and improves the bowel inflammation
(23;24). Of the 29 patients with GSD Ib on the SCNIR,
40% had splenomegaly before starting G-CSF; 81%
developed splenomegaly within 1 years after G-CSF, and
100% by the third year (25). Five of the 29 patients had
hypersplenism, which either required splenectomy or
reduction of the G-CSF dose.

3.4. Fanconi anemia

Fanconi anemia (FA). is characterized by bone
marrow failure and a high risk of MDS, leukemia
(especially acute myeloblastic leukemia, AML). and solid
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tumors (particularly carcinoma of the gastrointestinal tract
and skin) (26; 27). FA is a complex disorder composed of
at least 12 subgroups (FA A-L, and their associated genes.
The inheritance is typically autosomal recessive, except for
FA B subgroup, which is X-linked.

A multicenter clinical trial (28). examined the
effect of prolonged administration of G-CSF in 12 FA
patients with neutropenia. By week 8 of the study, all
patients showed an increase in neutrophil counts. Some
patients had clinically significant increase also in platelet
counts and hemoglobin. In another study, patients without a
matched sibling donor received a combination of G-CSF 5
ug/kg daily and erythropoietin 50 units/kg 3 times a week
(29). Of 20 patients treated, all but 1 showed improved
neutrophil numbers, 20% achieved a sustained rise in
platelets, and 33% showed an increase in hemoglobin
levels. However, more than one-half of the responders did
not sustain the response after 1 year.

Since most patients with FA and neutropenia
will  ultimately need hematopoietic stem cell
transplantation, and since a marked predisposition to cancer
is a feature of FA, prolonged use of growth-promoting
cytokines for this disorder is a central issue. Development
of new clones on G-CSF treatment was reported, and
remains a significant concern (28;30).

3.5. G-CSF treatment in other inherited marrow
failure syndromes

Several patients with Shwachman-Diamond
syndrome and severe neutropenia have been reported to
receive G-CSF. The therapy was effective in inducing a
clinically beneficial neutrophil response (31;32;33). Of 16
patients with Shwachman-Diamond syndrome and severe
neutropenia on the SCNIR, who were treated with G-CSF
and were evaluable, 14 had brisk response, which in some
patients can be maintained for >11 years (14). Four patients
with dyskeratosis congenita were reported who responded
to G-CSF therapy with significant increases in absolute
neutrophil counts (34;35). A combination of G-CSF with
erythropoietin was used in one case with dyskeratosis
congenita and severe cytopenia, and improved counts of all
cell lineages was observed (36). Therefore, there appears to
be potential benefit from G-CSF in selected patients with
dyskeratosis ~ congenital and  Shwachman-Diamond
syndrome while waiting for HSCT or who are not eligible
for transplant. Patients with myelokathexis were treated
with G-CSF, with increase in the number of neutrophils and
clinical improvement during episodes of bacterial infection
37).

4. CLINICAL APPLICATION
APLASTIC ANEMIA

IN ACQUIRED

Acquired aplastic anemia is characterized by
pancytopenia with a hypocellular bone marrow in the
absence of an inherited syndrome. Untreated severe aplastic
anemia has a high mortality due to either infections or
hemorrhagic events. Immunosuppressive therapy and
hematopoietic stem cell transplantation have dramatically
changed the outlook for children diagnosed with acquire
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aplastic anemia. In this era of supportive and specific
therapies, survival closely depends on the neutrophil count
and duration of severe neutropenia.

G-CSF at doses of 400-2000 pg/m?/day has
been shown to increase neutrophil counts in 75% of
children with acquire aplastic anemia, who consequently
spent fewer days in hospital (38-40). In addition, several
studies have examined the impact of adding G-CSF to
immunosuppressive therapy  (antithymocyte globulin,
cyclosporine and prednisone). on response and long-term
survival (41-43).

Gluckman et colleague conducted a
randomized, parallel-group, multicentre study to evaluate
the efficacy and safety of subcutaneous G-CSF during the
first 12 weeks of standard immunosuppressive therapy in
102 patients with de novo severe aplastic anaemia (43).
The addition of G-CSF to standard therapy resulted in a
higher proportion of patients showing complete neutrophil
response  (83.0%vs 44.9%; P < 0.0001). including in
patients with very severe aplastic anaemia (69.2%vs
31.6%; P = 0.012). In patients receiving G-CSF, median
time to complete neutrophil response was shorter (6.3 vs
16.1 weeks; P = 0.0001). and mean duration of first
neutrophil response was longer (P = 0.0248). than in the
control group. However, at a median follow-up of 5 years,
there was no difference between the groups in overall
survival, hematological response and occurrence of
secondary leukemia. Others studies showed similar results
(41;42).

5. MYELODYSPLASTIC SYNDROMES

G-CSF has been used in adult patients with MDS
who are not candidate for curative option such as HSCT. A
randomized, double-blind, placebo-controlled  trial
involving 87 patients with MDS demonstrated efficacy of
Recombinant human erythropoietin in relieving anemia
relative to supportive care (44). Of the patients with
refractory anemia, 50% responded versus 5.9% to placebo
(P=0.0072)., of the patients with refractory anemia with
ring sideroblasts, 37.5% responded vs. 18.2% (P=0.6). and
of those with refractory anemia with excess blasts, 16.7%
responded vs. 11.1% (P=1.00).

Several other one-arm studies suggested that the
combination of erythropoietin and granulocyte colony-
stimulating factor is more effective treatment for the anemia of
MDS than erythropoietin alone with overall erythroid response
rates among all MDS groups of around 40%,, (45-49).
however, most of them are non-randomized. A recently
published randomized study of 50 patients showed a
significant effect of a combination of G-CSF and
erythropoietin treatment on erythroid response (48). Ten of 24
treated patients responded vs, 0 of 26 in the control group (P =
.01). However, no effect on quality of life was
demonstrated, and the treatment was calculated to be costly
(48). Jadersten and colleagues studied long-term outcome of a
cohort of 129 MDS patients treated with a combination of
erythropoietin and G-CSF, and compared them patients
with an untreated cohort from the
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Table 1. Quantative systematic reviews of colony stimulating factor in the prophylactic and therapeutic settings

First Author | Setting Number of Studies CSF Type Febrile Neutropenia D d Infecti Infection Related Mortality Reference

Prophylaxis

Lyman Adults 8 G-CSF OR 0.38 OR 0.51 OR of 0.60 6
Solid tumours 95% CI10.29 to 0.49 95% C10.36 to 0.73 P=0.001 95% C10.30 to 1.22 P=0.2
and malignant P=0.001
lymphomas

Bohlius Adults 11 G-CSF RR 0.74 RR 0.74 RR 2.07 7
Malignant GM-CSF 95% C10.62 to 0.89). 95% C10.64 to 0.85 95% CI0.81 to 5.34
lymphoma

Berghmans Adults 12 G-CSF NA NA No difference in survivall 9
Small cell GM-CSF
lung cancer

Sung I Children 16 G-CSF rate ratio 0.80 rate ratio 0.78 rate ratio 1.02 12
Various GM-CSF 95% CI10.67 t0 0.95P = | 95% CI10.62 to 0.97 P =.02 95% CI10.34 to 3.06 P =0.97
tumors .01

Sasse Children 6 G-CSF rate ratio 0.63 rate ratio 0.44 NA 14
ALL GM-CSF 95% CI 0.46 to 0.85 [ 95% CI10.24 to 0.80 P=0.002

P=0.003
Therapeutic
Berghmans Adults 11 G-CSF NA NA RR of 0.71 ' 21
GM-CSF 95% CI10.44 to 1.15
Clark Adults 13 G-CSF NA NA OR0.51% 22
GM-CSF 95% CI1.0.26 to 1.00 P=0.05

" Overall mortality or all-cause mortality during febrile neutropenia, > Result sensitive to a single trial CSF: colony stimulating
factor; G-CSF: granulocyte colony stimulating factor; GM-CSF: granulocyte-macrophage colony stimulating factor; OR: odds
ratio; CI: confidence interval; RR: relative risk; NA: not available or not applicable; ALL: acute lymphoblastic leukemia

PSS/IMRAW database (50). The results showed that
treatment with G-CSF and erythropoietin induced long-
lasting responses and transfusion independency in defined
subsets of MDS patients, without influence on overall
survival. The same group also reported median response
duration for treatment with erythropoietin and G-CSF of
around 2 years and that a response to treatment was
associated with an improved quality of life (45;46;51).

G-CSF has an anti-apoptotic effect on MDS
erythropoiesis by inhibition of mitochondrial release of
cytochrome C (52;53). Erythropoietin is also a well-known
inhibitor of apoptosis (54). There is a concern when
erythropoietin and G-CSF are used clinically for MDS, but
no signs of increased blast proliferation after treatment has
been seen (46;55;56).

6. CLINICAL APPLICATION
PATIENTS

IN CANCER

There is a vast number of trials that have
examined G-CSF efficacy in adult and pediatric cancer
patients. These domains can be conceptualized as those
relating to 1). prophylaxis, i.e. prior to the development of
febrile neutropenia and invasive infections, and 2).
treatment during episodes of febrile neutropenia. The
results of quantitative systematic reviews are illustrated in
Table 1.

6.1.. G-CSF in the Prophylactic Setting
6.1.1. Adult Trials

Three large randomized controlled trials (RCTs).
were particularly influential in subsequent guideline
development and recommendations for G-CSF utilization
in this setting. One trial conducted in 199 evaluable adults
with small cell lung cancer found that G-CSF reduced the
risk of febrile neutropenia from 77% in the control arm to
40% in the G-CSF group (57). A second randomized study
in 129 adults with small cell lung cancer also demonstrated
a reduction in the frequency of febrile neutropenia from
53% to 26% (58). Similar findings were demonstrated in a
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third study that included 80 patients with non-Hodgkin’s
lymphoma in which G-CSF reduced the risk of febrile
neutropenia from 44% to 23%.

Subsequently, several systematic reviews have
examined the question of whether G-CSF is useful for
cancer patients in the prophylactic setting. Lyman et al.
conducted a meta-analysis of 8 randomized trials of
prophylactic G-CSF in patients receiving dose-intensive
chemotherapy for either solid tumors or malignant
lymphomas (59). The use of G-CSF was associated with a
reduction in febrile neutropenia, with an odds ratio (OR).
of 0.38 (95% confidence interval [CI] 0.29 to 0.49;
P=0.001). G-CSF also was associated with a reduction in
documented infections, with an OR of 0.51 (95% CI 0.36
to 0.73; P=0.001). However, there was no reduction in
infection-related mortality with an OR of 0.60 (95% CI
0.30 to 1.22; P=0.2) (6) (59).

Bohlius er al. performed a meta-analysis of
prophylactic G-CSF and GM-CSF in patients with
malignant lymphoma (60). Eleven randomized trials were
included. In this review, CSFs reduced the risk of
neutropenia, with a relative risk (RR). of 0.64 (95% CI
0.55 to 0.75). In addition, CSFs reduced the risk of febrile
neutropenia  (RR 0.74, 95% CI 0.62 to 0.89). and
microbiologically documented infection (RR 0.74, 95% CI
0.64 to 0.85). However, CSFs did not affect either overall
mortality during chemotherapy (RR 1.21, 95% CI 0.70 to
2.10). or infection-related mortality (RR 2.07, 95% 0.81 to
5.34). Furthermore, CSFs were not associated with a
benefit in terms of overall survival at an average
observation time of four years (hazard ratio 0.97, 95% CI
0.81 to 1.17) (60). These authors later updated their meta-
analysis to include 12 randomized trials; the results of this
meta-analysis were qualitatively similar to those of their
previous publication (61).

Berghmans and colleagues examined 12 RCTs of
prophylactic CSFs in small cell lung cancer (62). CSFs
were not associated with improved chemotherapy response
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or survival (62). Adams et al. reviewed cost-effectiveness
models of prophylactic G-CSF use in small cell lung
cancer. Of the five reviewed studies, three reported an
incremental cost to the use of G-CSF, one reported an
incremental cost saving and one reported either an
incremental cost or cost saving depending on the specific
model used. The frequency of febrile neutropenia in the
control arm required to result in cost saving associated with
G-CSF use ranged from 35 to 70% (63).

Based on the lack evidence that CSF use affected
cure rates and survival, the American Society of Clinical
Oncology (ASCO). recommendations in 2000 discouraged
the routine use of CSFs for primary prophylaxis of febrile
neutropenia. Furthermore, it was felt that the regimens that
were myelosuppressive enough to warrant CSF use were
too toxic given the lack of survival benefit associated with
their use. Instead a recommendation has been made that
primary administration of CSFs be reserved for those at
particularly high risk of febrile neutropenia for other
reasons such as co-morbidity or expected poor bone
Marrow reserve.

6.1.2. Pediatric Trials

There also have been many RCTs of prophylactic
G-CSF use in pediatric cancer. The largest such study
included 164 patients with ALL and assessed responses in
73 randomized to G-CSF and 75 randomized to placebo
(64). G-CSF did not significantly reduce hospitalization
for febrile neutropenia (58% in the G-CSF group compared
with 68% in the placebo group (RR 0.85, P=0.23). G-CSF
did reduce the median hospital duration (6 days versus 10
days, P=0.01).

The results of 16 RCTs of prophylactic CSFs
(both G-CSF and GM-CSF). in pediatric cancer patients
were synthesized in a recent meta-analysis (65). In total,
the 16 studies included 1,183 children, 592 of whom were
randomized to CSF and 591 to control arms. Eleven of the
studies evaluated G-CSF while 5 studies evaluated GM-
CSF. The mean rate of febrile neutropenia in the control
arms was 57% (range 39 to 100%). Using a random eftects
model, CSFs were associated with a 20% reduction in
febrile neutropenia, with a rate ratio of 0.80 (95% CI 0.67
to 0.95; P =.01)., and a decrease in hospitalization length,
with a weighted mean difference of —1.9 (95% CI 2.7 to -
1.1 days; P < 0.00001). CSF use also was associated with
reduction in documented infections (rate ratio 0.78, 95% CI
0.62 to 0.97; P = .02). and reduction in amphotericin B use
(rate ratio 0.50, 95% CI 0.28 to 0.87; P = .02). There was
no difference in duration of parenteral antibiotic therapy
(weighted mean difference —4.29, 95% CI 10.60 to 2.02
days; P = 0.2). or infection-related mortality (rate ratio
1.02, 95% CI 0.34 to 3.06; P = 0.97) (65). Using a
stratified analysis, this systematic review suggested that
there the effects of G-CSF and GM-CSF were similar.
However, a second analysis using the same data found a
90% probability that G-CSF was more effective than GM-
CSF in reducing the rate of febrile neutropenia. G-CSF was
associated with a 1.6 day greater decrease in duration of
hospitalization compared to GM-CSF and there was a 68%
probability that G-CSF was better than GM-CSF with
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respect to this outcome. G-CSF also was associated with a
4.8 day greater decrease in duration of parenteral antibiotic
therapy compared to GM-CSF and there was a 98%
probability that G-CSF was better than GM-CSF with
respect to this outcome (66).

A second pediatric meta-analysis of prophylactic
CSFs was conducted in children with acute lymphoblastic
leukemia (67). Six studies of 332 children were included.
The use of CSFs reduced the risk of febrile neutropenia
(rate ratio 0.63, 95% CI 0.46 to 0.85; P=0.003)., duration of
hospitalization (weighted mean difference -1.58, 95% CI -
3.00 to 0.15; P=0.03). and number of infections (rate ratio
0.44, 95% CI 0.24 to 0.80; P=0.002). However, CSFs did
not reduce chemotherapy delays (rate ratio 0.77, 95% CI
0.49 to 1.23; P=0.3) (67).

Cost effectiveness has been examined in six
RCTs of prophylactic CSFs in pediatric cancer (64, 68-72).
Within individual analyses, significant differences in cost
were not found. When the direction of costs were
qualitatively described, three studies found that treatment
with CSFs was associated with higher costs, (68;70;72).
whereas three found that CSFs were associated with lower
costs (64;69;71).

6.2.. G-CSF in the Therapeutic Setting
6.2.1. Adult Trials

Little data is available to address the use of CSFs
to treat neutropenia in cancer patients in the absence of
fever. The largest such study randomized 138 afebrile
neutropenic patients to G-CSF or placebo. The only
difference in outcomes was a modest 2 day decrease in
neutropenia, without an affect on the rate of hospitalization,
number of days in the hospital, duration of parenteral
antibiotics, or number of culture-positive infections (73).

Much more data are available with respect to
therapeutic CSFs for febrile neutropenia. Berghmans and
colleagues performed a meta-analysis of therapeutic G-CSF
and GM-CSF in febrile neutropenic cancer patients (74).
Eleven studies were included; four studied G-CSF, six
studied GM-CSF and one studied both. A significant
reduction in hospitalization duration was seen, with a HR
of 0.63 (95% CI 0.49 to 0.82; P=0.0006). CSFs did not
affect mortality during the episode of febrile neutropenia,
with a RR of 0.71 (95% CI 0.44 to 1.15). Another meta-
analysis of 13 randomized clinical trials using CSFs for
febrile neutropenia (75). identified 779 patients who were
randomly assigned to receive CSF and 739 to the control
arm. There was no significant effect of CSFs on overall
mortality, with an OR of 0.68 (95% CI 0.43 to 1.08;
P=0.1). Including data from nine trials with 872 patients, a
reduction in infection-related mortality was demonstrated,
with an OR of 0.51 (95% CI 0.26 to 1.00; P=0.05).
However, this finding was sensitive to the results of a
single trial, (76). in which the participants with
hematological malignancies had an wunusually high
mortality rate of 15 deaths among 64 patients randomized
to antibiotics alone. Thus, there is considerable uncertainty
in the effect of CSFs on this outcome,
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Based upon the data derived from randomized
trials, the 2000 ASCO guidelines suggest that CSFs should
not be routinely used either for uncomplicated febrile
neutropenia or for those who are neutropenic and afebrile
7).

6.2.2. Pediatric Trials

There have been three RCTs of therapeutic
CSFs in children with cancer (78-80). One double-blind
RCT randomized 94 subjects to G-CSF and 92 subjects to
placebo in children with a wide variety of underlying
malignancies with febrile neutropenia (78). This study
found that G-CSF decreased the duration of hospitalization,
with a median duration of 5 days (range 4 to 8 days). in the
G-CSF group and a median duration of 7 days (range 4 to
10 days; P=0.04). in the placebo group. There was also a
reduction in the number of days of parenteral antibiotics
with a median duration of 5 days (range 3 to 7 days). in the
G-CSF group and 6 days (range 4 to 9; P=0.02). in the
placebo group. There was no difference in the number
receiving amphotericin B and no child died of infection in
either group. The second study was also a double-blind
RCT that randomized 31 episodes of febrile neutropenia to
GM-CSF and 31 episodes to placebo (79). This study also
demonstrated that CSF was associated with a reduction in
the duration of hospitalization, with a mean duration of
942.6 days in the GM-CSF group and 11.7£4.9 days
(P<.05). with placebo. There was also a reduction in the
duration of antibiotic therapy with a median duration of 7
days in the GM-CSF group and 8.5 days in the placebo
group  (P<.05). The third study conducted by the
Children’s Oncology Group included 66 patients and
randomized them to G-CSF plus antibiotics or antibiotics
alone (80). G-CSF reduced hospitalization by 1 days
(median of 4 versus 5 days, P=0.04). but did not affect
duration of antibiotics, antifungal therapy or shock.

7. CLINICAL APPLICATION
TRANSPLANTATION

IN STEM CELL

7.1. Stem Cell Mobilization

In many centers, peripheral blood progenitor cells
(PBPCs). have largely replaced bone marrow derived cells
for use in transplantation in both the autologous and
allogeneic settings (81-83). Multiple studies have shown
that G-CSF is effective and safe for PBSC mobilization for
transplantation, although the mechanism for mobilization
of the hematopoietic stem cells is unclear. G-CSF has
become a standard agent for this application (84). It has
been shown to be superior to GM-CSF in some studies
(85)., but not in others (86;87). At a dose of 10 pg/kg/day,
G-CSF can increase the peripheral blood CD34+ cell
number by 50 fold. Higher doses or divided doses might be
more effective, but are inconvenient or more expensive. In
the setting of both autologous and allogeneic HSCT doses
of 10-16 pg/kg/day of G-CSF for 5 consecutive days are
effective (88-91). Leukapheresis is performed starting on
day 4 or 5 after G-CSF administration when the CD34+
cells reach a peak levels in peripheral blood (92).

In the setting of autologous PBSCT for malignant
diseases, G-CSF can also be used in combination with
chemotherapy. In such cases, higher doses of G-CSF
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(16 pg/kg vs. 8 pg/kg). were associated with a higher
CD34+ cell numbers, but not differences in transplant
outcomes (93). In heavily pretreated patients, higher doses
of G-CSF may be necessary to achieve stem cell
mobilization (up to approximately 30 pg/kg/dose) (94).

In comparison to unstimulated bone marrow,
the use of cytokine stimulated PBPCs has been associated
with more rapid engraftment and shorter length of
hospitalization in both the autologous and allogeneic
settings. However, higher rates of chronic GVHD occurred
when allogeneic PBPC were used, (81;95). including
extensive chronic GVHD (44% versus 17%; P=0.004)
(96).

7.2. Post Stem Cell Transplantation

The use of CSFs following SCT is controversial.
Several large randomized trials have been conducting in
both the autologous and allogeneic settings. In a large
multi-center study of 315 patients over the age of 2 years
with non-myeloid cancer undergoing both autologous and
allogeneic bone marrow transplantation, G-CSF was
associated with a shorter median time to an ANC of
500/mL (14 versus 20 days; P<.001)., shorter median
duration of hospitalization (25 versus 29 days; P=0.02).,
lower median number of days of febrile neutropenia (3
versus 5 days; P=0.01)., less infections (10 versus 13;
P=0.009)., and shorter duration of parenteral antibiotics (a
median duration of 15 versus 19 days, P<.001). There was
no difference in the median time to platelet transfusion
independence, number of platelet units received, percentage
of patients with fever on at least one day, relapse risk or
survival at 100 days (97).

In the autologous setting, a double-blind RCT
including 192  recipients of autologous PBPC
transplantation who were randomized to G-CSF or placebo
demonstrated significantly fewer infections in the treatment
group  (67% vs. 91%, P=0.00005)., lower need for
intravenous antibiotics (67.3% vs. 90.4%; P<.001)., shorter
median duration of intravenous antibiotics (8 versus 10
days; P=0.04)., and a decrease in the median duration of
hospitalization (15 versus 17 days; P<.001) (98). In an
additional randomized trial of G-CSF in patients who
received PBPCs with or without autologous bone marrow
transplantation, G-CSF was associated with a shorter
median time to an ANC of at least 500/mL (10.5 versus 16
days; P=0.0001)., shorter median duration of
hospitalization (18 versus 24 days; P=0.002)., and shorter
duration of non-prophylactic antibiotics (11 versus 15
days; P=0.03). There was no difference in time to platelet
engraftment, red blood cell transfusion requirements,
number of days of fever or survival (99).

In a pediatric study of 74 children receiving
PBPC transplantation, 38 were randomized to G-CSF after
transplantation or a control group that did not receive G-
CSF. Only 58 children were evaluable because of disease
progression, failure to harvest sufficient PBPCs or protocol
violations. The median time to an ANC of at least 500/mL
was significantly shorter in the G-CSF compared to the
placebo group (11 versus 12 days; P=0.03). The median
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time to platelet transfusion independence was significantly
longer in the G-CSF group compared to placebo (27 versus
13 days; P=0.04). No difference in febrile days was seen
(100).

Several RCTs also have been conducted in the
allogeneic setting. In one such study, 54 patients with
hematological malignancies undergoing related HLA-
matched SCT were randomized to G-CSF or placebo. The
study was terminated at the first interim analysis. Those
randomized to G-CSF has a shorter median time to an ANC
of at least 500/mL (11 days versus 15 days; P=0.008).
There was no difference in the median time to platelet
transfusion independence, platelet transfusion
requirements, median time to red blood cell transfusion
independence or red cell transfusion requirements. No
differences in acute or chronic GVHD or overall survival
were seen (101). In a second randomized study of 42
adults receiving HLA-matched PBPC transplantation, those
randomized to G-CSF had a shorter time to an ANC of
500/mL (12 versus 15 days; P=0.002). There were no
significant differences in days to platelet transfusion
independence or number of transfusions required between
the two groups. Also, there were no significant differences
in the number of days of broad-spectrum antibiotics,
proportion of patients experiencing an infection, or acute or
chronic GVHD between the groups (102).

Although there has been concern regarding
GVHD in those who receive CSFs following allogeneic
SCT, a meta-analysis of randomized trials did not
demonstrate an association between growth factor use and
GVHD, with a RR of 1.08 (95% CI 0.87 to 1.33; P=0.5).
for grades 2-4 acute GVHD, 1.22 (95% CI 0.80 to 1.86;
P=0.99). for grades 3-4 acute GVHD, and 1.02 (95% CI
0.82 to 1.26; P=0.87). for chronic GVHD (103).

In an economic evaluation of G-CSF
prophylaxis following SCT when bone marrow was the
progenitor cell source, seven cost-effectiveness studies
were examined. Six studies demonstrated cost savings and
one study reported cost liability from the administration of
G-CSF. In contrast, of seven studies that compared G-CSF
prophylaxis following mobilized PBPCs as the source of
progenitor cells, cost saving was demonstrated in four and
cost liability was demonstrated in three studies. The 2000
ASCO guidelines recommend that CSFs be used in the
SCT setting, following infusion of progenitor cells, and in
the event of graft failure (77).

8. ADVERSE EFFECTS ASSOCIATED WITH G-CSF

Acute side effects of G-CSF in patients with short
or long term use of G-CSF are generally mild and consisted
of headache, general musculoskeletal pain, transient bone
pain, and rash. None of these required the discontinuation
of G-CSF (104).

In patients with chronic use of G-CSF, several
serious complications have been reported, although they are
rare and the relationship between the usage of the drug and
the illness is not always clear. Approximately 50% of the
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patients on the SCNIR in whom bone mineral density was
evaluated had osteopenia; most of these patients were
symptomatic. This complication might be related either to
the treatment or to the underlying disorder, (105;106). and
require periodic evaluation of the bone mineral density.
The optimal treatment of Kostmann syndrome patients with
symptomatic or advanced osteopenia is still to be
determined (10;12).

Patients with neutropenia on chronic use of
G-SCF can develop new splenomegaly. This is common
in, but is not limited to, patients with glycogen storage
disease type Ib. Splenomegaly requiring splenectomy
has been reported in patients on G-CSF, but mainly in
those who had splenomegaly before commencing G-
CSF treatment.

Thrombocytopenia was reported in about 3% of the
patients with KN receiving G-CSF. In about one third of
the patient the thrombocytopenia developed concurrently
with transformation into MDS/AML (10). Vasculitis was
reported in 4.1% of the patients on the SCNIR, and
glomerulonephritis was reported in 2.1% of the patients
who did not have predilection for renal disease.

The main concern and controversy with using
G-CSF on a chronic basis is development of malignant
myeloid transformation. Of the 200 patients reported in the
pre-GCSF era in the literature, 4 developed MDS/AML
(2%)., compared to 12.5% crude rate among G-CSF-treated
patients on the Severe Congenital Neutropenia International
Registry, or an annual transformation rate of 2% (14).
Although the data sources are different, this might suggest
that a higher percentage of patients develop MDS/AML
while on G-CSF. Eighty percent of the patients with severe
congenital neutropenia on G-CSF, who develop leukemia
harbor G-CSF receptor mutation in their marrow cells.
Furthermore, remission of AML after discontinuation of G-
CSF was reported in a patient with Kostmann syndrome on
G-CSF, who had developed a G-CSF receptor mutation
(107). Development of MDS/ AML must be viewed in the
context of the underlying primary problem. First, prior to
the availability of G-CSF therapy, it was recognized that
leukemic transformation occurs occasionally in patients
with Kostmann syndrome /congenital neutropenia (108-
112). However, in the pre-cytokine era, many Kostmann
syndrome / congenital neutropenia patients died in the first
years of life from other causes. Of published cases, 42% of
patients died at a mean age of 2 years secondary to sepsis
and pneumonia (11;14). Thus, the true risk of congenital
neutropenia patients developing MDS/AML was not
defined. Currently, with G-CSF therapy, most patients do
not develop life-threatening infections and survive, which
might thereby allow for the natural expression of
leukemogenesis in this population. Second, MDS/AML has
not seen in patients with cyclic neutropenia or glycogen
storage disease Ib on the Severe Congenital Neutropenia
International Registry, who had been treated with G-CSF.
Third, there is no correlation between the dose and duration
of therapy and the occurrence of leukemia. Thus, it is still
to be determined whether G-CSF hastens the appearance of
leukemia in patients with an underlying genetic
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predisposition by giving growth advantage to the malignant
clones.

The relationship of this cytokine with
MDS/AML in acquired aplastic anemia is controversial
(113-115). A prospective randomized study of
immunosuppressive therapy with and without G-CSF in
children with acquired aplastic anemia reported an overall
cumulative incidence of clonal evolution after treatment of
about 22% at 8 years at a median of 37 months, and 75% of
these patients had morphological dysplasia (113). The risk
of clonal evolution was proportional to the duration of G-
CSF administration, particularly if it was longer than 180
days. Failure to respond to immunosuppressive therapy at
6 months was another risk factor in multivariate analysis.
An earlier report also identified the duration and
cumulative dose of G-CSF therapy as a risk factors in the
development of MDS/AML in children with acquired
aplastic anemia (116).

These observations have not been borne out by
other studies (41;117-120). In these reports, there was no
difference in the incidence of cytogenetic abnormalities
between patients who received immunosuppressive therapy
with or without G-CSF. Further studies are, therefore,
required to investigate the safety of G-CSF in patients with
acquired aplastic anemia.

G-CSF is safe when used for mobilization of
hematopoietic stem cells for transplantation. Common side
effects include bone pain and reversible elevations of
alkaline phosphatase, lactate dehydrogenase, asparate
aminotransferase and uric acid. Febrile reactions are less
common. Serious complications are rare and include
thrombosis, myocardial infarction, adult respiratory distress
syndrome, and splenic rupture. A case if AML in a donor
of PBSC for transplantation has been reported 14 months
after G-CSF administration (121)., but the relationship
between G-CSF and leukemia is unlikely (122).

9. PERSPECTIVES

Based on preliminary case series and data from
the Severe Congenital Neutropenia International Registry,
it seems that in cases of chronic marrow failure with
maturation arrest (such as in Kostmann syndrome). or with
residual marrow function, G-CSF has prominent clinical
response. In these studies no randomized controlled studies
have been done. However, the clinical improvement in this
patient population was so remarkable, that clinical trials are
currently deemed unethical. In cases of inherited and
acquired marrow failure with aplasia or MDS, there seems
to be improvement of neutrophil response, however, the
data is insufficient to draw conclusions about the clinical
response in terms of effect on survival.

There have been a tremendous number of
randomized trials conducted in adults and children that
have examined the potential usefulness of G-CSF in cancer
patients. It is clear that G-CSF can reduce the duration of
neutropenia in the cancer and SCT settings. There is
increasing evidence that G-CSF also can decrease the risk
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of febrile neutropenia and documented infections, at least
in those with a higher baseline risk of these adverse events.
While several studies have demonstrated that G-CSF can
reduce the duration of hospitalization, this effect is likely to
be dependent upon the changing practice of febrile
neutropenia management. Current trends in febrile
neutropenia include earlier discharge home and outpatient
management, both of which would diminish an effect of G-
CSF on hospitalization duration.

Another consistent finding is the lack of effect of
G-CSF on infection-related mortality or overall mortality.
Furthermore, although many cost-effectiveness analyses
have been performed that use different methodologies and
different assumptions, the striking feature is the lack of
consistent directionality in the findings. In other words,
many of these analyses have demonstrated a cost saving
while others have demonstrated a cost-liability with G-
CSF. These findings would suggest that a definitive
conclusion on the cost-effectiveness of G-CSF remains
unclear.

Based upon the change in ASCO guidelines from
1996 to 2000, (77;123). there appears to be a waning
enthusiasm for the use of growth factors. In part, this
change is likely to be related to the consistent lack of
benefit of growth factors with respect to survival. Even in
the context of curable cancers, a beneficial effect of dose
intensification has for the most part been disappointing,
thus further calling into question any benefit of CSFs.
Furthermore, the inconsistent effect on costs also has failed
to clarify the role of CSFs. It is likely that there will be a
group of patients that will benefit from prophylactic and
therapeutic growth factors, although delineation of that
group remains uncertain. Future research regarding CSFs
and cancer likely will further examine what specific patient
population is most likely to benefit from CSFs and
clarifying the specific potential benefit in this population.

Although the ASCO guidelines suggest the use of
G-CSF for use in SCT, a quantitative systematic review in
this area would likely clarify the potential benefit and risks
of its use, both for mobilization and administration post
stem cell infusion.

10. ACKNOWLEDGMENT

The authors thank Shwachman-Diamond Support
Canada, Fanconi Anemia Canada, Shwachman-Diamond
Syndrome International, Anemia Institute for Research and
Education and the Neutropenia Support Group of Canada
for their support of research at the Marrow Failure and
Myelodysplasia Program, SickKids Hospital, Toronto. LS
is funded through a Career Development Award by the
Canadian Child Health Clinician Scientist Program, a
CIHR Strategic Training Program.

11. REFERENCES

1. Liles, W. C. & W. C. Van Voorhis: Review:
nomenclature and biologic significance of cytokines



Clinical Applications of G-CSF

involved in inflammation and the host immune response. J
Infect Dis, 172, 1573-80 (1995)

2. Gaviria, J. M., S. M. Garrido & R. K. Root: Clinical
use of granulocyte colony-stimulating factor in
infectious diseases. Curr Clin Top Infect Dis, 21, 302-22
(2001)

3. Hubel, K. & A. Engert: Clinical applications of
granulocyte colony-stimulating factor: an update and
summary. Ann Hematol, 82,207-13 (2003)

4. Holmes, F. A., J. A. O'Shaughnessy, S. Vukelja, S. E.
Jones, J. Shogan, M. Savin, J. Glaspy, M. Moore, L. Meza,
I. Wiznitzer, T. A. Neumann, L. R. Hill & B. C. Liang:
Blinded, randomized, multicenter study to evaluate single
administration pegfilgrastim once per cycle versus daily
filgrastim as an adjunct to chemotherapy in patients with
high-risk stage II or stage III/IV breast cancer. J Clin
Oncol, 20, 727-31 (2002)

5. Green, M. D., H. Koelbl, J. Baselga, A. Galid, V.
Guillem, P. Gascon, S. Siena, R. 1. Lalisang, H. Samonigg,
M. R. Clemens, V. Zani, B. C. Liang, J. Renwick, M. J.
Piccart & G.: International Pegfilgrastim 749 Study: A
randomized double-blind multicenter phase III study of
fixed-dose single-administration pegfilgrastim versus daily
filgrastim in  patients receiving myelosuppressive
chemotherapy.[comment]. Ann Oncol, 14, 29-35 (2003)

6. Kostmann R.: Infantile genetic agranulocytosis. A
review with presentation of ten new cases. Acta Paediatr
Scand, 64, 362-8 (1975)

7. Dale, D. C., R. E. Person, A. A. Bolyard, A. G.
Aprikyan, C. Bos, M. A. Bonilla, L. A. Boxer, G.
Kannourakis, C. Zeidler, K. Welte, K. F. Benson & M.
Horwitz: Mutations in the gene encoding neutrophil
elastase in congenital and cyclic neutropenia. Blood, 96,
2317-22 (2000)

8. Person, R. E., F. Q. Li, Z. Duan, K. F. Benson, J.
Wechsler, H. A. Papadaki, G. Eliopoulos, C. Kaufman, S.
J. Bertolone, B. Nakamoto, T. Papayannopoulou, H. L.
Grimes & M. Horwitz: Mutations in proto-oncogene GFI1
cause human neutropenia and target ELA2. Nat Gene, 34,
308-12 (2003)

9. Devriendt, K., A. S. Kim, G. Mathijs, S. G. Frints, M.
Schwartz, J. J. Van Den Oord, G. E. Verhoef, M. A.
Boogaerts, J. P. Fryns, D. You, M. K. Rosen & P.
Vandenberghe: Constitutively activating mutation in
WASP causes X-linked severe congenital neutropenia. Nat
Gene, 27,313-7 (2001)

10. Dale, D. C., T. E. Cottle, C. J. Fier, A. A. Bolyard, M.
A. Bonilla, L. A. Boxer, B. Cham, M. H. Freedman, G.
Kannourakis, S. E. Kinsey, R. Davis, D. Scarlata, B.
Schwinzer, C. Zeidler & K. Welte: Severe chronic
neutropenia: treatment and follow-up of patients in the
Severe Chronic Neutropenia International Registry. Am J
Hematol, 72, 82-93 (2003)

1996

11. B.P Alter: Inherited bone marrow failure syndromes.
In: Hematology of Infancy and Childhood. Eds: Nathan
DG, Orkin SH, Ginsberg D, Look AT, W.B.Saunders,
Philiadelphia. 280-365 (2003)

12. Freedman M.H.: Safety of long-term administration of
granulocyte colony-stimulating factor for severe chronic
neutropenia. Curr Opin Hematol, 4:217-224 (1997)

13. Bonilla, M. A., A. P. Gillio, M. Ruggeiro, N. A.
Kernan, J. A. Brochstein, M. Abboud, L. Fumagalli, M.
Vincent, J. L. Gabrilove & K. Welte: Effects of
recombinant human granulocyte colony-stimulating factor
on neutropenia in patients with congenital agranulocytosis.
N Engl J Med, 320, 1574-80 (1989)

14. Freedman M.: Inherited forms of bone marrow failure.
Hoffman's Hematology:Basic Principles & Practice. 2004.

15. Putsep, K., G. Carlsson, H. G. Boman & M. Andersson:
Deficiency of antibacterial peptides in patients with morbus

Kostmann: an observation study. Lancet, 360, 1144-9
(2002)

16. Dale, D. C., M. A. Bonilla, M. W. Davis, A. M.
Nakanishi, W. P. Hammond, J. Kurtzberg, W. Wang, A.
Jakubowski, E. Winton & P. Lalezari: A randomized
controlled phase III trial of recombinant human granulocyte
colony-stimulating factor (filgrastim) for treatment of
severe chronic neutropenia. Blood, 81, 2496-502 (1993)

17. Dror, Y., A. C. Ward, 1. P. Touw & M. H. Freedman:
Combined corticosteroid/granulocyte colony-stimulating
factor  (G-CSF) therapy in the treatment of severe
congenital neutropenia unresponsive to G-CSF: Activated
glucocorticoid receptors synergize with G-CSF signals. Exp
Hematol, 28, 1381-9 (2000)

18. Page, A.R., R.A. Good: Studies on cyclic neutropenia.
Am J Dis Child, 94, 623-61 (1957)

19. Guerry, D., D.C Dale, M. Omine, S. Perry, S.M. Wolff:
Periodic hematopoiesis in human cyclic neutropenia. J Clin
Invest, 52,3220-30 (1973)

20. Dale, D. C., A. A. Bolyard & A. Aprikyan: Cyclic
neutropenia. Semin Hematoly, 39, 89-94 (2002)

21. Jonsson, O.G., G.R. Buchanan: Chronic neutropenia
during childhood. A 13-year experience in a single
institution. Am J Dis Child, 145,232-5 (1991)

22. Freedman, M.H., M.A. Bonilla, C. Fier , A.A. Bolyard,
D. Scarlata, L.A. Boxer, S. Brown, B. Cham, G.
Kannourakis, S.E. Kinsey, P.G. Mori, T. Cottle, K. Welte,
D.C. Dale: Myelodysplasia syndrome and acute myeloid
leukemia in patients with congenital neutropenia receiving
G-CSF therapy. Blood, 96, 429-36 (2000)

23. Kuijpers, T. W., N. A. Maianski, A. T. Tool, G. P.
Smit, J. P. Rake, D. Roos & G. Visser: Apoptotic
neutrophils in the circulation of patients with glycogen



Clinical Applications of G-CSF

storage disease type 1b (GSDI1b). Blood, 101, 5021-4
(2003)

24. Calderwood, S., L. Kilpatrick, S. D. Douglas, M.
Freedman, K. Smith-Whitley, M. Rolland & J. Kurtzberg:
Recombinant human granulocyte colony-stimulating factor
therapy for patients with neutropenia and/or neutrophil
dysfunction secondary to glycogen storage disease type 1b.
Blood, 97, 376-82 (2001)

25. Kannourakis G: Glycogen storage disease. Semin
Hematol 39,103-106, (2002)

26. Kutler, D. I., B. Singh, J. Satagopan, S. D. Batish, M.
Berwick, P. F. Giampietro, H. Hanenberg & A. D.
Auerbach: A 20-year perspective on the International
Fanconi Anemia Registry (IFAR). Blood, 101, 1249-56
(2003)

27. Alter B.P.: Cancer in Fanconi anemia, 1927-2001.
Cancer, 97, 2, 425-440 (2003)

28. Saunders E.F., M.H. Freedman: Constitutional aplastic
anaemia: defective haematopoietic stem cell growth in
vitro. Br J Haematol, 40,277-287 (1978)

29. Coppey J., M. Sala-Trepat, B. Lopez: Multiplicity
reactivation and mutagenesis of trimethylpsoralen-damaged
herpes virus in normal and Fanconi's anaemia cells.
Mutagenesis, 4, 67-71 (1989)

30. Barton, J. C., R. T. Parmley, A. J. Carroll, S. T. Huang,
L. T. Goodnough, H. W. Findley, Jr. & A. H. Ragab:
Preleukemia in Fanconi's anemia: hematopoietic cell
multinuclearity, membrane duplication, and
dysgranulogenesis. J Submicrosc Cytol, 19, 355-64 (1987)

31. Grill, J., F. Bernaudin, C. Dresch, S. Lemerle, P.
Reinert: Treatment of neutropenia in Shwachman's
syndrome with granulocyte growth factor (G-CSF) Arch
Fr Pediatr, 50,331-333 (1993)

32. van der Sande, F.M., H.F. Hillen: Correction of
neutropenia following treatment with granulocyte colony-
stimulating factor results in a decreased frequency of
infections in Shwachman's syndrome. Neth J Med, 48,92-5
(1996)

33. Vic, P.H., B. Nelken, F. Mazingue: Effect of
recombinant human granulocyte and granulocyte and
granulocyte-macrophage colony-stimulating factor in
Shwachman's syndrome. Int J Pediatr Hematol Oncol,
3:463-6 (1996)

34. MacMaster, S.A., T.M.Cummings: Computed
tomography and ultrasonography findings for an adult with
Shwachman syndrome and pancreatic lipomatosis. Can
Assoc Radiol J, 44,301-3 (1993)

35. Taybi, H., A.D. Mitchell,G.D. Friedman: Metaphyseal
dysostosis and the associated syndrome of pancreatic

1997

insufficiency and blood disorders. Radiology, 93,563-71
(1969)

36. Danks, D.M., R. Haslam, V. Mayne, H.J. Kaufmann,
P.G. Holtzapple: Metaphyseal chondrodysplasia,
neutropenia, and pancreatic insufficiency presenting with
respiratory distress in the neonatal period. Arch Dis Child,
51,697-702 (1976)

37. Weston, B., R. A. Axtell, R. F. Todd, 3rd, M.
Vincent, K. J. Balazovich, S. J. Suchard & L. A. Boxer:
Clinical and biologic effects of granulocyte colony
stimulating factor in the treatment of myelokathexis. J
Ped, 118, 229-34 (1991)

38. Kojima, S., M. Fukuda, Y. Miyajima, T. Matsuyama,
K. Horibe: Treatment of aplastic anemia in children with
recombinant human granulocyte colony-stimulating factor.
Blood, 77,937-41 (1991)

39. Kojima, S., T. Matsuyama: Stimulation of
granulopoiesis by  high-dose recombinant human
granulocyte colony-stimulating factor in children with
aplastic anemia and very severe neutropenia. Blood,
83,1474-8 (1994)

40. Hibi, S., T.Yoshihara, F. Nakajima, H. Misu, O.
Mabuchi, S. Imashuku: Effect of recombinant human
granulocyte-colony stimulation factor  (thG-CSF) on
immune system in pediatric patients with aplastic anemia.
Pediatr Hematol Oncol, 11, 319-23 (1994)

41. Lawlor, E. R., R. A. Anderson, J. H. Davis, C. J. Fryer,
S. L. Pritchard, P. C. Rogers, J. K. Wu & K. R. Schultz:
Immunosuppressive therapy: a potential alternative to bone
marrow transplantation as initial therapy for acquired
severe aplastic anemia in childhood? J Pediatr Hematol
Oncol, 19, 115-23 (1997)

42. Kojima, S., S. Hibi, Y. Kosaka, M. Yamamoto, M.
Tsuchida, H. Mugishima, K. Sugita, H. Yabe, A. Ohara &
I.  Tsukimoto: Immunosuppressive therapy using
antithymocyte globulin, cyclosporine, and danazol with or
without human granulocyte colony-stimulating factor in
children with acquired aplastic anemia. Blood, 96, 2049-54
(2000)

43. Gluckman, E., R. Rokicka-Milewska, I. Hann, E.
Nikiforakis, F. Tavakoli, S. Cohen-Scali, A. Bacigalupo &
A. European Group for Blood and Marrow Transplantation
Working Party for Severe Aplastic: Results and follow-up
of a phase III randomized study of recombinant human-
granulocyte  stimulating factor as  support for
immunosuppressive therapy in patients with severe aplastic
anaemia. B J Haematol, 119, 1075-82 (2002)

44. Ttalian Cooperative Study Group for rHuEpo in
Myelodysplastic Syndromes. A randomized double-blind
placebo-controlled study with subcutaneous recombinant
human erythropoietin in patients with low-risk
myelodysplastic syndromes. Br J Haematol., 103, 1070-4
(1998)



Clinical Applications of G-CSF

45. Hellstrom-Lindberg, E., N. Gulbrandsen, G. Lindberg,
T. Ahlgren, I. M. Dahl, I. Dybedal, G. Grimfors, E. Hesse-
Sundin, M. Hjorth, L. Kanter-Lewensohn, O. Linder, M.
Luthman, E. Lofvenberg, G. Oberg, A. Porwit-MacDonald,
A. Radlund, J. Samuelsson, J. M. Tangen, I. Winquist, F.
Wisloff & M. D. S. G. Scandinavian: A validated decision
model for treating the anaemia of myelodysplastic
syndromes with erythropoietin + granulocyte colony-
stimulating factor: significant effects on quality of life. B J
Haematol, 120, 1037-46 (2003)

46. Hellstrom-Lindberg, E., T. Ahlgren, Y. Beguin, M.
Carlsson, J. Carneskog, I. M. Dahl, 1. Dybedal, G.
Grimfors, L. Kanter-Lewensohn, O. Linder, M. Luthman,
E. Lofvenberg, H. Nilsson-Ehle, J. Samuelsson, J. M.
Tangen, 1. Winqvist, G. Oberg, A. Osterborg & A. Ost:
Treatment of anemia in myelodysplastic syndromes with
granulocyte colony-stimulating factor plus erythropoietin:
results from a randomized phase II study and long-term
follow-up of 71 patients. Blood, 92, 68-75 (1998)

47. Negrin, R. S., R. Stein, K. Doherty, J. Cornwell, J.
Vardiman, S. Krantz & P. L. Greenberg: Maintenance
treatment of the anemia of myelodysplastic syndromes with
recombinant human granulocyte colony-stimulating factor
and erythropoietin: evidence for in vivo synergy. Blood, 87,
4076-81 (1996)

48. Casadevall, N., P. Durieux, S. Dubois, F. Hemery, E.
Lepage, M. C. Quarre, G. Damaj, S. Giraudier, A. Guerci,
G. Laurent, H. Dombret, C. Chomienne, V. Ribrag, A.
Stamatoullas, J. P. Marie, A. Vekhoff, F. Maloisel, R.
Navarro, F. Dreyfus & P. Fenaux: Health, economic, and
quality-of-life effects of erythropoietin and granulocyte
colony-stimulating  factor for the treatment of
myelodysplastic syndromes: a randomized, controlled trial.
Blood, 104, 321-7 (2004)

49. Mantovani, L., G. Lentini, B. Hentschel, P. D.
Wickramanayake, M. Loeffler, V. Diehl & H. Tesch:
Treatment of anaemia in myelodysplastic syndromes with
prolonged administration of recombinant human
granulocyte colony-stimulating factor and erythropoietin. B
J Haematol, 109, 367-75 (2000)

50. Greenberg, P., C. Cox, M. M. LeBeau, P. Fenaux, P.
Morel, G. Sanz, M. Sanz, T. Vallespi, T. Hamblin, D.
Oscier, K. Ohyashiki, K. Toyama, C. Aul, G. Mufti & J.
Bennett: International scoring system for evaluating
prognosis in myelodysplastic syndromes.[see
comment][erratum appears in Blood 1998 Feb 1;91
(3):1100]. Blood, 89, 2079-88 (1997)

51. Hellstrom-Lindberg, E., G. Birgegard, M. Carlsson, J.
Carneskog, I. M. Dahl, 1. Dybedal, G. Grimfors, K. Merk,
J. M. Tangen & 1. Winqvist: A combination of granulocyte
colony-stimulating factor and erythropoietin may
synergistically improve the anaemia in patients with
myelodysplastic syndromes. Leuk Lymphoma, 11, 221-8
(1993)

1998

52. Tehranchi, R., B. Fadeel, A. M. Forsblom, B.
Christensson, J. Samuelsson, B. Zhivotovsky & E.
Hellstrom-Lindberg: Granulocyte colony-stimulating factor
inhibits  spontaneous cytochrome ¢ release and
mitochondria-dependent apoptosis of myelodysplastic
syndrome hematopoietic progenitors. Blood, 101, 1080-6
(2003)

53. Hellstrom-Lindberg, E., L. Kanter-Lewensohn, A. Ost:
Morphological changes and apoptosis in bone marrow from
patients with myelodysplastic syndromes treated with
granulocyte-CSF and erythropoietin. Leuk Res, 21, 415-25
(1997)

54. Kelley, L.L., M.J. Koury, M.C. Bondurant, S.T. Koury,
S. T. Sawyer, A. Wickrema: Survival or death of individual
proerythroblasts results from differing erythropoietin
sensitivities: a mechanism for controlled rates of erythrocyte
production. Blood, 82, 2340-52 (1993)

55. Greenberg, P., K. Taylor, R. Larson, P. Koeffler, R.
Negrin, H. Saba, A. Ganser, A. Jakubowski, J. Gabrilove,
G. Mufti, J. Cruz, W. Hammond, V. Broudy, G.R. Langley,
A. Keating, J. Vardiman, K. Lamborn, S. Brown: Phase-III
randomized multicenter trial of G-CSF vs. observation for
myelodysplastic syndromes (MDS) Blood, 82, 196a (1993)

56. Jadersten, M., S.M. Montgomery, 1. Dybedal, A. Porwit-
MacDonald, E. Hellstrom-Lindberg: Long-term outcome of
treatment of anemia in MDS with erythropoietin and G-
CSF. Blood, 106, 803-11 (2005)

57. Crawford, J., H. Ozer, R. Stoller, D. Johnson, G.
Lyman, 1. Tabbara, M. Kris, J. Grous, V. Picozzi & G.
Rausch: Reduction by granulocyte colony-stimulating
factor of fever and neutropenia induced by chemotherapy in
patients with small-cell lung cancer. N Engl J Med, 325,
164-70 (1991)

58. Trillet-Lenoir, V., J. Green, C. Manegold, J. Von
Pawel, U. Gatzemeier, B. Lebeau, A. Depierre, P. Johnson,
G. Decoster & D. Tomita: Recombinant granulocyte colony
stimulating factor reduces the infectious complications of
cytotoxic chemotherapy. Eur J Cancer, 29A, 319-24 (1993)

59. Lyman, G. H., N. M. Kuderer & B. Djulbegovic:
Prophylactic granulocyte colony-stimulating factor in
patients receiving dose-intensive cancer chemotherapy: a
meta-analysis. Am J Med, 112, 406-11 (2002)

60. Bohlius, J.,, M. Reiser, G. Schwarzer & A. Engert:
Impact of granulocyte colony-stimulating factor (CSF) and
granulocyte-macrophage CSF in patients with malignant
lymphoma: a systematic review. Br J Haematol, 122, 413-
23 (2003)

61. Bohlius, J.,, M. Reiser, G. Schwarzer & A. Engert:
Granulopoiesis-stimulating factors to prevent adverse
effects in the treatment of malignant lymphoma. Cochrane
Database Syst RevCD003189 (2004)



Clinical Applications of G-CSF

62. Berghmans, T., M. Paesmans, J. J. Lafitte, C. Mascaux,
A. P. Meert & J. P. Sculier: Role of granulocyte and
granulocyte-macrophage colony-stimulating factors in the
treatment of small-cell lung cancer: a systematic review of
the literature with methodological assessment and meta-
analysis. Lung Cancer, 37, 115-23 (2002)

63. Adams, J. R., G. H. Lyman, B. Djubegovic, J. Feinglass
& C. L. Bennett: G-CSF as prophylaxis of febrile
neutropenia in SCLC. Expert Opin Pharmacother, 3, 1273-
81 (2002)

64. Pui, C. H., J. M. Boyett, W. T. Hughes, G. K. Rivera,
M. L. Hancock, J. T. Sandlund, T. Synold, M. V. Relling,

R. C. Ribeiro, W. M. Crist & W. E. Evans: Human
granulocyte colony-stimulating factor after induction
chemotherapy in  children with acute lymphoblastic

leukemia. New Engl J Med, 336, 1781-7 (1997)

65. Sung, L., P. C. Nathan, B. Lange, J. Beyene & G. R.
Buchanan: Prophylactic granulocyte colony-stimulating
factor and granulocyte-macrophage colony-stimulating
factor decrease febrile neutropenia after chemotherapy in
children with cancer: a meta-analysis of randomized
controlled trials. J Clin Oncol, 22, 3350-6. (2004)

66. Sung, L., J. Beyene, J. Hayden, B. Lange & G. A.
Tomlinson: A Bayesian meta-analysis of prophylactic
granulocyte colony-stimulating factor and granulocyte-
macrophage colony-stimulating factor in children with
cancer. Am J Epidemiol, In press, (2006)

67. Sasse, E. C., A. D. Sasse, S. Brandalise, O.A. Clark &
S. Richards: Colony stimulating factors for prevention of
myelosupressive therapy induced febrile neutropenia in
children with acute lymphoblastic leukaemia. Cochrane
Database Syst RevCD004139 (2005)

68. Little, M. A., B. Morland, J. Chisholm, A. Hole, A.
Shankar, T. Devine, D. Easlea, L. C. Meyer & C. R.
Pinkerton: A randomised study of prophylactic G-CSF
following MRC UKALL XI intensification regimen in
childhood ALL and T-NHL. Med Pediatr Oncol, 38, 98-
103 (2002)

69. Riikonen, P., J. Rahiala, M. Salonvaara & M. Perkkio:
Prophylactic administration of granulocyte colony-
stimulating  factor (filgrastim) after conventional
chemotherapy in children with cancer. Stem Cells., 13, 289-
94 (1995)

70. Bennett, C. L., T. J. Stinson, D. Lane, M. Amylon, V. J.
Land & J. H. Laver: Cost analysis of filgrastim for the
prevention of neutropenia in pediatric T-cell leukemia and
advanced lymphoblastic lymphoma: a case for prospective
economic analysis in cooperative group trials. Med Pediatr
Oncol, 34, 92-6 (2000)

71. Rubino, C., A. Laplanche, C. Patte & J. Michon: Cost-
minimization analysis of prophylactic granulocyte colony-
stimulating factor after induction chemotherapy in children

1999

with non-Hodgkin's lymphoma. J Natl Cancer Inst, 90,
750-5 (1998)

72. Delorme, J., S. Badin, A. G. Le Corroller, A. A.
Auvrignon, M. F. Auclerc, V. Gandemer, P. Bordigoni, J.
P. Lamagnere, F. Demeocq, Y. Perel, C. Berthou, F.
Bauduer, B. Pautard, J. P. Vannier, D. Braguer, T. Leblanc,
G. Leverger, A. Baruchel & G. Michel: Economic
evaluation of recombinant human granulocyte colony-
stimulating factor in very high-risk childhood acute
lymphoblastic leukemia. J Pediatr Hematol Oncol, 25, 441-
7 (2003)

73. Hartmann, L. C., L. K. Tschetter, T. M. Habermann, L.
P. Ebbert, P. S. Johnson, J. A. Mailliard, R. Levitt, V. J.
Suman, T. E. Witzig, H. S. Wieand, L. L. Miller & C. G.
Moertel: Granulocyte colony-stimulating factor in severe
chemotherapy-induced afebrile neutropenia. N Engl J Med,
336, 1776-80 (1997)

74. Berghmans, T., M. Paesmans, J. J. Lafitte, C. Mascaux,
A. P. Meert, C. Jacquy, A. Burniat, E. Steels, F. Vallot & J.
P. Sculier: Therapeutic use of granulocyte and granulocyte-
macrophage  colony-stimulating  factors in  febrile
neutropenic cancer patients. A systematic review of the
literature with meta-analysis. Support Care Cancer, 10,
181-8 (2002)

75. Clark, O. A., G. H. Lyman, A. A. Castro, L. G. Clark &
B.  Djulbegovic:  Colony-stimulating  factors  for
chemotherapy-induced febrile neutropenia: a meta-analysis
of randomized controlled trials. J Clin Oncol, 23, 4198-214
(2005)

76. Aviles, A., R. Guzman, E. L. Garcia, A. Talavera & J.
C. Diaz-Maqueo: Results of a randomized trial of
granulocyte colony-stimulating factor in patients with
infection and severe granulocytopenia. Anticancer Drugs,
7,392-7 (1996)

77. Ozer, H., J. O. Armitage, C. L. Bennett, J. Crawford, G.
D. Demetri, P. A. Pizzo, C. A. Schiffer, T. J. Smith, G.
Somlo, J. C. Wade, J. L. Wade, 3rd, R. J. Winn, A. J.
Wozniak & M. R. Somerfield: 2000 wupdate of
recommendations for the use of hematopoietic colony-
stimulating factors: evidence-based, clinical practice
guidelines. American Society of Clinical Oncology Growth
Factors Expert Panel. J Clin Oncol, 18, 3558-85 (2000)

78. Mitchell, P. L. R., B. Marland, M. C. G. Stevens, G.
Dick, D. Easlea, L. C. Meyer & C. R. Pinkerton:
Granulocyte colony-stimulating factor in established febrile

neutropenia: A randomized study of pediatric
patients. Journal of Clinical Oncology, 15, 1163-1170
(1997)

79. Riikonen, P., U. M. Saarinen, A. Makipernaa, L. Hovi,
A. Komulainen, J. Pihkala & H. Jalanko: Recombinant
human granulocyte-macrophage colony-stimulating factor
in the treatment of febrile neutropenia: a double blind
placebo-controlled study in children.[comment]. Pediatric
Infectious Disease Journal., 13, 197-202 (1994)



Clinical Applications of G-CSF

80. Ozkaynak, M. F., M. Krailo, Z. Chen & J. Feusner:
Randomized comparison of antibiotics with and without
granulocyte colony-stimulating factor in children with
chemotherapy-induced febrile neutropenia: a report from
the Children's Oncology Group. Pediatr Blood Cancer, 45,
274-80 (2005)

81. Cottler-Fox, M. H., T. Lapidot, 1. Petit, O. Kollet, J. F.
DiPersio, D. Link & S. Devine: Stem cell mobilization.
Hematology Am Soc Hematol Educ Program)419-37
(2003)

82. Levine, J. E. & L. A. Boxer: Clinical applications of
hematopoietic growth factors in pediatric oncology. Curr
Opin Hematol, 9, 222-7 (2002)

83. Gratwohl, A., H. Baldomero, B. Horisberger, C.
Schmid, J. Passweg & A. Urbano-Ispizua: Current trends in
hematopoietic stem cell transplantation in Europe. Blood,
100, 2374-86 (2002)

84. Anderlini, P., D. Przepiorka ,R. Champlin , M.
Korbling: Biologic and clinical effects of granulocyte
colony-stimulating factor in normal individuals, Blood,
Volume: 88, (1996), pp. 2819—2825.

85. Weaver, CH., KA. Schulman, C.D. Buckner:
Mobilization of peripheral blood stem cells following
myelosuppressive chemotherapy: a randomized comparison
of filgrastim, sargramostim, or sequential sargramostim and
filgrastim, Bone Marrow Transplant., Volume: 27, Issue:
Suppl 2 (2001), pp. S23--S29.

86. Gazitt, Y., N. Callander, C. O. Freytes, P. Shaughnessy,
Q. Liu, T. W. Tsai & P. Devore: Peripheral blood stem cell
mobilization with cyclophosphamide in combination with
G-CSF, GM-CSF, or sequential GM-CSF/G-CSF in non-
Hodgkin's lymphoma patients: a randomized prospective
study. Journal of Hematother Stem Cell Res, 9, 737-48
(2000)

87. Ballestrero, A., F. Ferrando, A. Garuti, P. Basta, R.
Gonella, P. Stura, G. S. Mela, M. Sessarego, M. Gobbi &
F. Patrone: Comparative effects of three cytokine regimens
after high-dose cyclophosphamide: granulocyte colony-
stimulating  factor, granulocyte-macrophage colony-
stimulating factor (GM-CSF), and sequential interleukin-3
and GM-CSF. J Clin Oncol, 17, 1296-1303 (1999)

88. Bensinger, W. 1., C. H. Weaver, F. R. Appelbaum, S.
Rowley, T. Demirer, J. Sanders, R. Storb & C. D. Buckner:
Transplantation of allogeneic peripheral blood stem cells
mobilized by recombinant human granulocyte colony-
stimulating factor. Blood, 85, 1655-8 (1995)

89. Korbling, M., D. Przepiorka, Y. O. Huh, H. Engel, K.
van Besien, S. Giralt, B. Andersson, H. D. Kleine, D.
Seong & A. B. Deisseroth: Allogeneic blood stem cell
transplantation for refractory leukemia and lymphoma:
potential advantage of blood over marrow allografts. Blood,
85, 1659-65 (1995)

2000

90. Schmitz, N., P. Dreger, M. Suttorp, E. B. Rohwedder,
T. Haferlach, H. Loffler, A. Hunter & N. H. Russell:
Primary transplantation of allogeneic peripheral blood
progenitor cells mobilized by filgrastim (granulocyte
colony-stimulating factor). Blood, 85, 1666-72 (1995)

91. Jansen, J. ,S. Hanks, J.M. Thompson, M.J. Dugan,
L.P. Akard: Transplantation of hematopoietic stem cells
from the peripheral blood. J Cell Mol Med, 9, 37-50
(2005)

92. Fischmeister, G., H. Gadner: Granulocyte colony-
stimulating factor versus granulocyte-macrophage
colony-stimulating factor for collection of peripheral
blood progenitor cells from healthy donors. Curr. Opin.
Hematol., Volume: 7, (2000), pp. 150—155.

93. Demirer, T., M. Ayli, M. Ozcan, N. Gunel, R.
Haznedar, M. Dagli, T. Fen, Y. Genc, S. Dincer, O. Arslan,
G. Gurman, S. Demirer, G. Ozet, A. Uysal, N. Konuk, O.
Ilhan, H. Koc & H. Akan: Mobilization of peripheral blood
stem cells with chemotherapy and recombinant human
granulocyte colony-stimulating factor  (thG-CSF): a
randomized evaluation of different doses of rhG-CSF. B J
Haematol, 116, 468-74 (2002)

94. Stiff P.J., Management strategies for the hard-to-
mobilize patient, Bone Marrow Transplant., Volume:
23, Issue: Suppl. 2 (1999), pp. S29—33.

95. Cutler, C., S. Giri, S. Jeyapalan, D. Paniagua, A.
Viswanathan & J. H. Antin: Acute and chronic graft-
versus-host disease after allogeneic peripheral-blood stem-
cell and bone marrow transplantation: a meta-analysis. J
Clin Oncol, 19, 3685-91 (2001)

96. Mohty, M., M. Kuentz, M. Michallet, J. H. Bourhis, N.
Milpied, L. Sutton, J. P. Jouet, M. Attal, P. Bordigoni, J. Y.
Cahn, J. M. Boiron & D. Blaise: Chronic graft-versus-host
disease after allogeneic blood stem cell transplantation:
long-term results of a randomized study. Blood, 100, 3128-
34 (2002)

97. Gisselbrecht, C., H. G. Prentice, A. Bacigalupo, P.
Biron, N. Milpied, H. Rubie, D. Cunningham, M. Legros, J.
L. Pico & D. C. Linch.: Placebo-controlled phase III trial
of lenograstim in bone-marrow transplantation. Lancet,
343, 696-700 (1994)

98. Schmitz, N., P. Ljungman, C. Cordonnier, C. Kempf,
W. Linkesch, A. Alegre, C. Solano, B. Simonsson, R.
Sonnen, V. Diehl, T. Fischer, D. Caballero, T. Littlewood,
R. Noppeney, P. Schathausen, L. Jost, F. Delabarre & R.
Marcus: Lenograstim after autologous peripheral blood
progenitor cell transplantation: results of a double-blind,
randomized trial. Bone Marrow Transplant, 34, 955-62
(2004)

99. Klumpp, T. R., K. F. Mangan, S. L. Goldberg, E. S.
Pearlman & J. S. Macdonald: Granulocyte colony-
stimulating factor accelerates neutrophil engraftment



Clinical Applications of G-CSF

following peripheral-blood stem-cell transplantation: a
prospective, randomized trial. J Clin Oncol, 13, 1323-7
(1995)

100. Kawano, Y., Y. Takaue, J. Mimaya, Y. Horikoshi, T.
Watanabe, T. Abe, Y. Shimizu, T. Matsushita, A. Kikuta,
A. Watanabe, A. Iwai, E. Ito, M. Endo, N. Kodani,
S. Ohta, K. Gushi, H. Azuma, T. Etoh, Y. Okamoto, K.
Amano, H. Hattori, H. Eguchi & Y. Kuroda: Marginal
benefit/disadvantage of granulocyte colony-stimulating
factor therapy after autologous blood stem cell
transplantation in children: results of a prospective
randomized trial. The Japanese Cooperative Study Group
of PBSCT. Blood, 92, 4040-6 (1998)

101. Bishop, M. R., S. R. Tarantolo, R. B. Geller, J. C.
Lynch, P. J. Bierman, Z. S. Pavletic, J. M. Vose, S. Kruse,
S. P. Dix, M. E. Morris, J. O. Armitage & A. Kessinger: A
randomized, double-blind trial of filgrastim (granulocyte
colony-stimulating factor) versus placebo following
allogeneic blood stem cell transplantation. Blood, 96, 80-5
(2000)

102. Przepiorka, D., T. L. Smith, J. Folloder, P. Anderlini,
K. W. Chan, M. Korbling, B. Lichtiger, F. Norfleet & R.
Champlin: Controlled trial of filgrastim for acceleration of
neutrophil recovery after allogeneic blood stem cell
transplantation from human leukocyte antigen-matched
related donors. Blood, 97, 3405-10 (2001)

103. Ho, V. T., N. Q. Mirza, D. Junco Dd, T. Okamura &
D. Przepiorka: The effect of hematopoietic growth factors
on the risk of graft-vs-host disease after allogeneic
hematopoietic stem cell transplantation: a meta-analysis.
Bone Marrow Transplant, 32, 771-5 (2003)

104. Decoster, G., W. Rich, S.L. Brown: Safety profile of
filgrastim  (r-metHuG-CSF) In: Filgrastim (r-metHuG-
CSF) in Clinical Practice. Eds: Morstyn G, DexterTM,
Marcel Dekker , New York, 267 (1994)

105. Fewtrell, M.S., S.E. Kinsey, D.M. Williams, N.J.
Bishop: Bone mineralization and turnover in children with
congenital neutropenia, and its relationship to treatment
with recombinant human granulocyte-colony stimulating
factor. Br J Haematol 1997; 97 (4):734-736.

106. Yakisan, E., E. Schirg, C. Zeidler, N. J. Bishop, A.
Reiter, A. Hirt, H. Riehm & K. Welte: High incidence of
significant bone loss in patients with severe congenital
neutropenia (Kostmann's syndrome). J Pediatr, 131, 592-7
(1997)

107. Jeha, S., K. W. Chan, A. G. Aprikyan, W. K. Hoots, S.
Culbert, H. Zietz, D. C. Dale & M. Albitar: Spontaneous
remission of granulocyte colony-stimulating factor-
associated leukemia in a child with severe congenital
neutropenia. Blood, 96, 3647-9 (2000)

108. de Vries, A., L. Peketh , H. Joshua: Leukaemia and
agranulocytosis in a member of a family with hereditary
leukopenia. Acta Med Orient, 17:26-32 (1958)

2001

109. Gilman, P.A., D.P. Jackson, H.G. Guild: Congenital
agranulocytosis: prolonged survival and terminal acute
leukemia. Blood, 36:576-85 (1970)

110. Wong, W. Y., D. Williams, M. L. Slovak, B. Charak,
A. Mazumder, D. Snyder, D. R. Powars & R. K. Brynes:
Terminal acute myelogenous leukemia in a patient with
congenital agranulocytosis. Am J Hematol, 43, 133-8
(1993)

111. Rosen, R.B., S.J. Kang: Congenital agranulocytosis
terminating in acute myelomonocytic leukemia. J Pediatr,
94:406-8 (1979)

112. Miller, R.W.: Childhood cancer and congenital
defects. A study of U.S. death certificates during the period
1960-1966. Pediatr Res, 3:389-97 (1969)

113. Kojima, S., A. Ohara, M. Tsuchida, T. Kudoh, R.
Hanada, Y. Okimoto, T. Kaneko, T. Takano, K. Ikuta, I.
Tsukimoto & G. Japan Childhood Aplastic Anemia Study:
Risk factors for evolution of acquired aplastic anemia into
myelodysplastic syndrome and acute myeloid leukemia
after immunosuppressive therapy in children. Blood, 100,
786-90 (2002)

114. Bessho, M., T. Hotta, K. Ohyashiki, T. Takahashi, H.
Mizoguchi, S. Asano, Y. Ikeda, M. Sakurai, A. Tojo, M.
Kizaki, M. Iwanaga, M. Tomonaga & K. Hirashima:
Multicenter prospective study of clonal complications in
adult aplastic anemia patients following recombinant
human granulocyte colony-stimulating factor (lenograstim)
administration. Int J Hematol, 77, 152-8 (2003)

115. Kaito, K., M. Kobayashi, T. Katayama, H. Masuoka,
T. Shimada, K. Nishiwaki, T. Sekita, H. Otsubo, Y.
Ogasawara & T. Hosoya: Long-term administration of G-
CSF for aplastic anaemia is closely related to the early
evolution of monosomy 7 MDS in adults. Br J Haematol,
103, 297-303 (1998)

116. Ohara, A., S. Kojima, N. Hamajima, M. Tsuchida, S.
Imashuku, S. Ohta, H. Sasaki, J. Okamura, K. Sugita, H.
Kigasawa, Y. Kiriyama, J. Akatsuka & 1. Tsukimoto:
Myelodysplastic syndrome and acute myelogenous
leukemia as a late clonal complication in children with
acquired aplastic anemia. Blood, 90, 1009-13 (1997)

117. Schrezenmeier, H., W. Hinterberger, J. Hows: Second
immunosuppressive treatment of patients with aplastic
anemia not responding to the first course of
immunosuppression (IS): A report from the Working Party
of Severe Aplastic Anemia for the EBMT. Bone Marrow
Transpl, 15 (suppl2), 65a (1995)

118. Bacigalupo, A., R. Brand, R. Oneto, B. Bruno, G.
Socie, J. Passweg, A. Locasciulli, M. T. Van Lint, A.
Tichelli, S. McCann, J. Marsh, P. Ljungman, J. Hows, P.
Marin & H. Schrezenmeier: Treatment of acquired severe
aplastic anemia: bone marrow transplantation compared
with immunosuppressive therapy--The European Group for



Clinical Applications of G-CSF

Blood and Marrow Transplantation experience. Semin
Hematol, 37, 69-80 (2000)

119. Locasciulli, A., W. Arcese, F. Locatelli, E. Di Bona,
A. Bacigalupo: Treatment of aplastic anaemia with
granulocyte-colony stimulating factor and risk of
malignancy. Italian Aplastic Anaemia Study Group.
Lancet, 357, 43-4 (2001)

120. Imashuku, S., S. Hibi, F. Bessho, M. Tsuchida, T.
Nakahata, S. Miyazaki, I. Tsukimoto, N. Hamajima & A.
A. F.-u. S. G. L. J. Pediatric: Detection of myelodysplastic
syndrome/ acute myeloid leukemia evolving from aplastic
anemia in children, treated with recombinant human G-
CSF. Haematologica, 88, ECR31 (2003)

121. Makita, K., K. Ohta, A. Mugitani, K. Hagihara, T.
Ohta, T. Yamane & M. Hino: Acute myelogenous leukemia
in a donor after granulocyte colony-stimulating factor-
primed peripheral blood stem cell harvest. Bone Marrow
Transplantation, 33, 661-5 (2004)

122. Anderlini, P., F. A. Chan, R.E. Champlin, M.
Korbling, S.S. Strom: Long-term follow-up of normal
peripheral blood progenitor cell donors treated with
filgrastim: no evidence of increased risk of leukemia
development, Bone Marrow Transplant., Volume: 30,
(2002), pp. 661—663.

123. Update of recommendations for the use of
hematopoietic colony-stimulating factors: evidence-based
clinical practice guidelines. American Society of Clinical
Oncology. J Clin Oncol, 14, 1957-60 (1996)

Key Words: Granulocyte-Colony Stimulating Factor,
G-CSF, Neutropenia, Bone Marrow Failure, Cancer,
Chemotherapy, Hematopoietic Stem Cell
Transplantation, Mobilization, Review

Send correspondence to: Dr. Yigal Dror, Division of
Haematology and Oncology, The Hospital for Sick
Children, 555 University Avenue, Toronto, Ontario M5G
1X8, Canada, Tel: 416-813-5630, Fax: 416-813-5327, E-
mail: yigal.dror@sickkids.ca

http://www.bioscience.org/current/vol12.htm

2002



