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Abstract

Although granulocyte colony-stimulating factor (G-CSF) reduces the incidence, duration, and severity of neutropenia, its
prophylactic use for acute myeloid leukemia (AML) remains controversial due to a theoretically increased risk of relapse.
The present study investigated the effects of G-CSF as primary prophylaxis for AML with remission induction therapy. A
detailed literature search for related studies was performed using PubMed, Ichushi-Web, and the Cochrane Library. Data
were independently extracted and assessed by two reviewers. A qualitative analysis of pooled data was conducted, and the
risk ratio with corresponding confidence intervals was calculated in the meta-analysis and summarized. Sixteen studies
were included in the qualitative analysis, nine of which were examined in the meta-analysis. Although G-CSF significantly
shortened the duration of neutropenia, primary prophylaxis with G-CSF did not correlate with infection-related mortal-
ity. Moreover, primary prophylaxis with G-CSF did not affect disease progression/recurrence, overall survival, or adverse
events, such as musculoskeletal pain. However, evidence to support or discourage the use of G-CSF as primary prophylaxis
for adult AML patients with induction therapy remains limited. Therefore, the use of G-CSF as primary prophylaxis can
be considered for adult AML patients with remission induction therapy who are at a high risk of infectious complications.
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Introduction

Although it only accounts for 1% of cancers, acute myeloid
leukemia (AML) is the most common type of acute leuke-
mia in adults [1]. AML is a type of blood cancer that affects
blood cells in the body. When cancer occurs in blood, it
generally induces the excessive reproduction of leukemic
cells and a reduction in normal white blood cells. The aim
of initial induction therapy for AML is a rapid reduction in
leukemic cells to promote bone marrow recovery and the
production of healthy blood cells. However, this antileuke-
mic therapy damages healthy as well as leukemic cells. Neu-
tropenia and febrile neutropenia (FN) are the most common
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complications of induction therapy for AML [2]. Induction
therapy is also associated with a risk of life-threatening
infections as well as chemotherapy delays and dose reduc-
tions that may compromise treatment outcomes.

Granulocyte colony-stimulating factor (G-CSF) reduces
the incidence, duration, and severity of neutropenia [3].
However, its prophylactic use for AML remains controver-
sial due to a theoretically increased risk of relapse because
AML cells express G-CSF receptors (G-CSFRs) on their
surface. Exposure to G-CSF or other myeloid growth factors
was shown to induce the proliferation of AML cells in vitro
[4]. Furthermore, altered myeloid growth factor signaling
pathways have been suggested to play a role in leukemogen-
esis by providing leukemic cells with a proliferative advan-
tage or blocking granulocytic differentiation [5].
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These clinical questions need to be answered in an evi-
dence-based manner. Therefore, we herein performed a
systematic literature review to examine the effects of pri-
mary prophylaxis with G-CSF for AML, which will provide
more precise estimates of its clinical efficacy and toxicity
as well as serve as the basis for updates to clinical practice
guidelines.

Methods
Search strategy

A systematic review of the literature was performed accord-
ing to both the “Medical information network distribution
service (Minds) Handbook for Clinical Practice Guideline
Development 2014” [6] and “Minds Clinical Practice Guide-
line Development Guide 2017” [7] using PubMed, Ichushi-
Web (Japanese medical bibliographic database), and the
Cochrane Library databases. The search terms used in the
combination of Mesh and keywords were as follows: “leu-
kemia, myeloid, acute/drug therapy”, “granulocyte colony-
stimulating factor”, “prevent®, prevention, and control”,
“prophyla*”, and “first, initial, induction” in all fields. Ini-
tial screening was independently performed by two review-
ers (T.M. and Y.N.) of the systematic review team based on
the titles and abstracts of all articles for ineligible reports,
followed by full-text screening (i.e., second screening)
according to inclusion and exclusion criteria. The reasons
for exclusion were recorded and duplicates were removed.
Disagreements were resolved via consensus with the co-
authors. These articles were examined for quality reporting
data related to selection criteria, which are outlined in the
section below.

Selection criteria

Inclusion criteria were as follows: (1) studies with the
design of a randomized controlled trial (RCT), non-RCT,
and a cohort or case—control trial; (2) studies with an adult
population diagnosed with AML; (3) studies that include
patients in the treatment group who received standard inten-
sive induction therapy (e.g., with the “7+3” regimen or a
regimen of similar or higher intensity). Exclusion criteria
included guidelines, reviews, letters, abstracts without an
article, laboratory studies, systematic reviews, meta-analy-
ses, and gray literature.

Data extraction and quality assessment
After second screening, the reviewer (T.M.) of the system-

atic review team reassessed the articles and then extracted
data using standardized data abstraction forms. The evidence
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indicated by individual studies related to critical outcomes
included within the clinical questions made by the guide-
line creation team was divided into groups based on study
design and quality. These outcome indicators included the
duration of neutropenia or thrombocytopenia, infection-
related mortality, disease progression/recurrence, overall
survival (OS), or adverse events, such as musculoskeletal
pain. Outcomes by the population, intervention, comparator,
and outcome (PICO) framework on both the benefits and
harm of prophylactic G-CSF were decided by the authors.
Conflicts and questions were resolved by the leader (S.Y.) of
the guideline creation team. The level of evidence was evalu-
ated not for individual references, but by each outcome for
studies grouped by study design. The certainty of evidence
was assessed by the risk of bias, inconsistency, imprecision,
indirectness, and publication bias. The literature quality and
body of evidence were evaluated using the Grading of Rec-
ommendations, Assessment, Development, and Evaluation
(GRADE) approach and then classified into four levels:

CL RT3

“strong”,

EEINT3

medium”, “weak”, and “very weak”.
Statistical methodology

The software Review Manager (RevMan, The Cochrane Col-
laboration, London, UK) version 5.41 was used for statistical
analyses. After a qualitative analysis using Excel, studies
were eligible for inclusion in the meta-analysis if the study
design was an RCT that compared the use of G-CSF for
primary prophylaxis against a non-administration control
group. The risk ratio (RR) for each of the desired endpoints
was calculated, and the effect size was expressed as the 95%
confidence interval (CI) for each study. They were calculated
using fixed- or random-effect models depending on the level
of heterogeneity. A Forest plot was used to graphically rep-
resent the results of the calculated RR for individual stud-
ies and overall meta-analyses. The degree of heterogeneity
was assessed using the /2 test and chi-square-based Q test.
A p-value <0.05 in the Z test was considered to be signifi-
cant. A funnel plot was applied to graphically investigate the
potential for a publication bias.

Results
Literature search

The initial search yielded 287 results as follows: PubMed,
217; the Cochrane Library, 1; Ichushi-Web, 69 (Date of
the search: March 23, 2020). An additional 8 articles were
hand-search selected and added. Among the 295 articles
obtained, 279 were excluded after being screened for the
following criteria: human subjects only, publication date
ranging from 1st January 1990 to 31st December 2019,
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publications in English or Japanese, and selection criteria,  Studies selected for the meta-analysis

which are outlined in the section above, yielding 16 arti-

cles (Fig. 1). The main reason for exclusion was related  Sixteen studies [3, 8—22]: 12 RCTs, 3 case—control studies,

to the eligibility of subjects. and 1 cohort study, were included in the descriptive quali-
tative analysis, of which 9 RCTs [3, 8-15] were examined
in the meta-analysis. The 9 RCTs were published between
1990 and 2011. Meta-analyses of the study findings on the

Fig. 1 Modified PRISMA Date of search: March 23, 2020
flow diagram of the literature

search process. Each study was .
used in the meta-analysis of PubMed Ichushi-Web Cochrane Library

infection-related mortality (*1), 217 69

disease progression/recurrence 1
(*2), and adverse events, such
as musculoskeletal pain (*3).
PRISMA preferred reporting
items for systematic reviews and
meta-analysis
Total records identified through Additional records identified through
Database searching (n= 287 ) other sources (h= 8 )
Records screened (initial Screening) Records excluded
(n= 295 ) (n= 266 )
Full-text articles assessed for eligibility FuII—text.articIes excluded,
(2nd Screening) (n= 29 ) V‘Z'th reasor;s
n= 13

Studies included in qualitative synthesis
(n= 16 )

Studies included in quantitative synthesis
(meta-analysis) (n=6"1,3"2,2™ )
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duration of neutropenia or OS were not feasible because of
differences in treatment benefit and harm assessment meas-
urements. Three RCTs [11, 12, 16] were excluded from the
pooled quantitative analysis of disease progression/recur-
rence because of differences in assessment measurements.

Six RCTs [8—13] were ultimately selected for the meta-
analysis of infection-related mortality, 3 [3, 14, 15] for
disease progression/recurrence, and 2 [9, 11] for adverse
events, such as musculoskeletal pain.

Relationships between outcomes by the PICO
framework and G-CSF in AML

Relationship between infection-related mortality
and G-CSF

A total of 1465 patients were included in the 6 RCTs:
an RCT on 112 patients aged 60 years and younger who
received high-dose cytarabine [8], 2 RCTs on 766 patients
aged 16 years and over-treated with standard cytarabine
plus anthracycline induction therapy [9, 10], and 3 RCTs
on 97 mainly elderly patients aged 55 or 65 years and
older [11-13]. No significant differences were observed in
infection-related mortality between patients who received
primary prophylaxis with G-CSF and those who did not,
with non-significant heterogeneity (RR, 0.96 [95% CI,
0.71-1.30], p=0.80; I>’=0%, p=0.50) (Fig. 2a). No sig-
nificant asymmetry of the funnel plot was detected (Fig. 2b).
According to the GRADE approach, the quality/certainty of
evidence for this outcome was “strong”.

Relationship between 0S and G-CSF

Data from 6 RCTs [8, 11, 12, 14-16] and 1 case—control
study [17] were available for inclusion in the qualitative
analysis. A total of 1719 patients were included in the 6
RCTs: an RCT on 599 patients of all ages [14], 2 RCTs on
374 patients younger than 65 years [8, 15], and 3 RCTs on
746 elderly patients aged 55—-65 years or older [11, 12, 16].
Although a meta-analysis of this outcome was not performed
due to the difference in effect measures, 6 RCTs, as well as 1
case—control study, reached the same conclusion of no sig-
nificant difference in OS due to primary prophylaxis using
G-CSF. The quality/certainty of evidence was “medium”.

Relationship between the duration of neutropenia
or thrombocytopenia and G-CSF

Data from 3 RCTs [8, 14, 16], 1 case—control study [17],
and 1 cohort study [18] were available for inclusion in the
qualitative analysis. Due to the difference in effect meas-
ures, we did not conduct a meta-analysis of this outcome. A
total of 887 patients were included in the 3 RCTs: an RCT
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on 599 patients of all ages [14], an RCT on 112 patients
aged 65 years and younger [8], and an RCT on 176 patients
aged 61 years and older [16]. All 3 RCTs were limited due
to insufficient allocation concealment and 2 out of the 3
RCTs lacked adequate blinding. In the case—control study,
the ratio of the adverse cytogenetic risk group was higher
in the control group than in the intervention group. There
were also significant differences in age and the score of
the Charlson comorbidity index between the two arms. In
the cohort study, there was an unsatisfactory adjustment
for multivariate prognostic variables and it may have been
confounded by unmeasured variables in the relationship
between the cytogenetic risk status and outcomes among
patients. Nevertheless, all studies showed a significant differ-
ence in the duration of neutropenia due to the use of G-CSF
as primary prophylaxis. Although none of the five studies
examined the appearance of leukemic cells or changes to
the number of remaining blasts in peripheral blood depend-
ing on the G-CSF stimulation, G-CSF prophylaxis against
neutropenia may be beneficial for specific patients (e.g., with
severe infections, the unfit, or elderly). On the other hand,
prophylactic G-CSF did not significantly affect the duration
of thrombocytopenia [8, 14, 16]. The quality/certainty of
evidence on this outcome was “medium”.

Relationship between disease progression/recurrence
and G-CSF

Data from the following 8 studies were included in the quali-
tative analysis (n=1752): 2 RCTs on 660 patients of all ages
[3, 14], an RCT on 260 patients younger than 65 years [15],
3 RCTs on 746 elderly patients aged 55-65 years or older
[11, 12, 16], a case—control study on 186 patients [17], and
a cohort study on 25 patients [18]. All studies reported no
significant difference in disease progression/recurrence due
to the use of G-CSF as primary prophylaxis. Three out of
the 6 RCTs were excluded due to differences in assessment
measurements, and the remaining 3 (n=920) [3, 14, 15]
were included in the meta-analysis. There was no signifi-
cant difference in disease progression/recurrence between
patients who received primary prophylaxis with G-CSF
and those who did not, with low heterogeneity (RR, 0.99
[95% CI,0.78-1.27], p=0.97; ’=33%, p=0.22) (Fig. 3a).
Although the possibility of a publication bias was not denied
by the small number of studies, no apparent asymmetry of
the funnel plot was detected (Fig. 3b). The quality/certainty
of evidence on this outcome was “strong”.

Relationship between adverse events, such
as musculoskeletal pain, and G-CSF

There were only two studies on this outcome. The fol-
lowing two RCTs were included in the meta-analysis
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b. Funnel plot of association between infection-related mortality and granulocyte
colony-stimulating factor (G-CSF) prophylaxis use in AML

Fig.2 Infection-related mortality. (a) Forest plot and (b) funnel
plot. A Forest plot and funnel plot of the risk ratio (RR) of infection-
related mortality comparing granulocyte colony-stimulating fac-
tor (G-CSF) prophylaxis and control study arms for each study. The
plot shows treatment effects versus the study size estimated from
the standard error (SE) of log (RR). Open circles indicate individual

(n=728): an RCT on 521 patients of all ages [9] and 207
patients aged 55 years or older [11]. There was no signifi-
cant difference in adverse events, such as musculoskeletal
pain, between patients who received primary prophylaxis
with G-CSF and those who did not, with heterogene-
ity (RR, 0.72 [95% CI, 0.10-5.45], p=0.75; I’=69%,
p=0.07) (Fig. 4a). Although there was a limitation due
to the small number of studies, the funnel plot indicated
no publication bias (Fig. 4b). The quality/certainty of evi-
dence was “middle”.

studies in this meta-analysis. The broken line is a pseudo 95% con-
fidence interval of effect measures in the study. A funnel plot show-
ing the symmetrical distribution of studies indicating the absence of
a publication bias. CI confidence interval, RR risk ratio, SE standard
error

Discussion

AML is a heterogeneous hematologic cancer that is char-
acterized by different cytogenetics with different risk pro-
files. It evolves by the malignant transformation and clonal
expansion of hematopoietic stem cells or their progenitor
cells. The newly released proposal from the 5Sth edition
of the WHO Classification and the 2022 International
Consensus Classification emphasizes a genetic basis for
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Fig.3 Disease progression/recurrence. (a) Forest plot and (b) funnel
plot. A Forest plot and funnel plot of the risk ratio (RR) of disease
progression/recurrence comparing granulocyte colony-stimulating
factor (G-CSF) prophylaxis and control study arms for each study.

defining diseases in AML [23, 24]. In clinical practice,
a cytogenetic analysis has become essential for not only
a disease diagnosis, but also its classification, prognos-
tic stratification, and treatment strategy. Chromosomal
abnormalities and the gene mutation status are the most
important prognostic factors in AML for predicting the
remission rate, relapse, and OS. While advances are being
achieved in therapeutic approaches that target molecular
abnormalities, intensive induction therapy with cytarabine
and anthracycline, developed in the early 1970s, remains
the standard of care for fit patients with AML. The well-
known standard combination is the “7 + 3” regimen, with
a 7-day continuous infusion of cytarabine on days 1-7
and anthracycline on days 1-3 [25]. The main purpose of
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There were too few studies and insufficient variations in standard
errors to assess whether funnel plots were symmetric. However, there
was no asymmetry visible in any of the funnel plots. CI confidence
interval, RR risk ratio, SE standard error

induction therapy is to safely bring patients into complete
remission without severe treatment-related toxicities or
mortality. Despite advances in supportive care, the major
causes of mortality in patients with AML are infectious
complications because intensive induction chemotherapy
lowers the white blood cell count and disrupts the immune
system. Furthermore, risk assessments of the severity of
infection require a detailed understanding of a patient’s
host factors as well as the intensity of chemotherapy.
The National Comprehensive Cancer Network and the
American Society of Clinical Oncology guidelines on the
use of white blood cell growth factors both state that in
patients receiving chemotherapy regimens with a 10-20%
risk of FN, additional risk factors (e.g., age > 65 years, a
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decreased performance status, a history of FN, and comor-
bidities, including renal or liver dysfunction) need to be
considered for G-CSF therapy [26, 27], most of which
have been confirmed as independent risk factors for neu-
tropenic complications in the risk model developed by
Lyman et al. [28].

In the present systematic review, we found a significant
difference in the duration of chemotherapy-induced neutro-
penia between patients who received primary prophylaxis
with G-CSF and those who did not. The results of the meta-
analysis also revealed that the use of G-CSF for primary
prophylaxis did not correlate with infection-related mortal-
ity; however, it significantly shortened the duration of neu-
tropenia. Moreover, the use of G-CSF as prophylaxis did not
affect disease progression/recurrence, OS, or adverse events,
such as musculoskeletal pain. However, the adverse events
associated with the use of G-CSF as prophylaxis were too
few to be fully assessed.

The functional activity of G-CSF is mediated through
G-CSFRs, which play crucial roles in the proliferation and
differentiation of myeloid progenitors, leading to the devel-
opment of neutrophils. Since leukemic cells in AML may
be stimulated via G-CSFRs, physicians are skeptical about
the use of G-CSF as prophylaxis based on in vitro data.
The number of cell-surface G-CSFRs differs from patient
to patient, and a correlation was not observed between the

expression of these receptors and leukemia morphological
subtypes or cell surface markers [29]. G-CSFRs, also known
as cluster of differentiation 114 (CD114), are encoded by
the human CSF3R gene. In response to G-CSF, G-CSFRs
form homodimers and activate several signal transduction
pathways, including JAK/STAT, Ras/Raf/MAPK, and PKB/
Akt [30]. The human CSF3R gene is made up of 17 exons
that give rise to 7 different mRNA isoforms, labeled Class
I through VII [31]. Among them, Class IV G-CSFRs are
prominently expressed in patients with AML and have been
linked to an increased incidence of relapse in children and
adolescents with AML [32].

With advances in cancer epigenetics, hypomethylating
agents were found to be beneficial for elderly AML patients
[33]. Furthermore, a recent trial, phase 3 VIALE-A revealed
that venetoclax plus azacitidine prolonged OS significantly
more than a placebo plus azacitidine in untreated AML
patients who were unsuitable candidates for standard induc-
tion therapy [34]. This combination of BCL-2 inhibitors and
hypomethylating agents is the standard of care for elderly
and unfit AML patients. According to a post hoc analysis
from the VIALE-A trial, G-CSF was frequently used per
institutional practices post-remission to manage neutrope-
nia. The use of G-CSF was associated with shorter dura-
tions of Grade 3—4 neutropenia and FN with its use first
post-remission, without evidence of a negative impact on OS
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[35]. However, further studies are needed due to the lack of
evidence on the benefits of using G-CSF as primary prophy-
laxis in this setting.

Overall, the results of this systematic review and meta-
analysis confirm and update previous findings on the efficacy
and safety of G-CSF. However, several limitations need to
be considered. Heterogeneity existed in the time to recovery
of the absolute neutrophil count (ANC) or the depth of the
ANC nadir. Furthermore, due to older literature in reviewed
articles, different baseline characteristics, such as chromo-
somal abnormalities or the gene mutation status, may have
affected the outcomes of patients’ responses to induction
therapy and produced heterogeneity in clinical outcomes.
Moreover, most articles lacked a further distinction between
groups by the number expressing G-CSFRs or differences
in the isoforms of G-CSFRs, thereby limiting stratified
analyses. In addition, most of the literature retrieved in the
present study was more than 10 years old. Recent prospec-
tive randomized trials in this area have not investigated the
clinical significance of using G-CSF because the risk of FN
is associated with the dose intensity of the treatment regimen
and is higher in AML than in other tumors. Furthermore,
the benefits of G-CSF include not only improvements in the
prognosis of patients with risk factors by preventing FN, but
also non-clinical aspects, such as its social contribution by
allowing patients to return to society as well as the social
benefit of reducing the burden on patients’ caregivers. A
recent economic analysis suggested the potential of G-CSF
as a cost-saving treatment when the risk of FN is approxi-
mately 17-20% [36]. Therefore, recent studies on AML in
this area are limited.

Conclusions

Primary prophylaxis with G-CSF did not correlate with
infection-related mortality in adult AML patients receiving
remission induction therapy; however, G-CSF significantly
shortened the duration of neutropenia. Furthermore, primary
prophylaxis with G-CSF did not affect disease progression/
recurrence, OS, or adverse events, such as musculoskeletal
pain. Therefore, the use of G-CSF as a primary prophylac-
tic during induction therapy only needs to be considered
for adult AML patients who are at a high risk of infectious
complications.
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