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Abstract. Colony-stimulating factors (CSF) have been widely 
used to prevent febrile neutropenia associated with chemo-
therapy. Due to the high intensity of chemotherapy in acute 
lymphoblastic leukemia (ALL), CSF as a crucial component 
of supportive care has played a significant role in the therapy. 
However, the effectiveness of CSF in treatment has not been 
identified by large clinical trials until now. The aim of the 
present study was to evaluate the effect of CSF on the long-term 
outcome of adult ALL patients. A comprehensive search 
strategy has been conducted, which covered the Cochrane 
Central Register of Controlled Trials, PubMed and Web of 
Science. The result includes seven randomized controlled trials 
containing a total of 753 patients. The administration of CSF 
significantly reduced the mortality at the end of the follow‑up 
(RR, 0.85; 95% CI, 0.75-0.95), the mortality at day 30 
(RR, 0.41; 95% CI, 0.23-0.74) and the number of patients with 
infection or severe infections (RR, 0.8; 95% CI, 0.7-0.9 and 
RR, 0.48; 95% CI, 0.3‑0.75). The addition of CSF also margin-
ally increased the number of patients achieving CR (RR, 1.14; 
95% CI, 1.05‑1.23). The use of CSF also shortened the duration 
of neutropenia (median days, 8-17 to 12.5-24). In conclusion, 
CSFs can be administered to ALL patients during myelosup-
pressive chemotherapy, particularly in the induction phase.

Introduction

Acute lymphoblastic leukemia (ALL) is a heterogenous hema-
tological disease characterized by the proliferation of immature 
lymphoid cells in the bone marrow, peripheral blood, and other 

organs (1). Statistically, the incidence rate of ALL in the USA is 
1.6/100,000 individuals per year (2). There are 6,000 estimated 
new cases (male:female prevalence of ~1.3:1) of ALL diagnosed 
yearly in the USA. Patients are mainly children; ~60% of cases 
occur in people aged <20 years (3). ALL represents 75-80% of 
paediatrics acute leukemia, and by contrast, it only represents 
20% of all adult leukemia (4). Over the past several decades, 
the cure rate and survival outcome of ALL have been signifi-
cantly improved, particularly among children with ALL. In the 
current treatment therapy, the complete remission (CR) among 
children with ALL is ~80% (5-7); but in adults with ALL, the 
long-term prognosis with CR is ~30‑40% (8‑12). The differ-
ence between children and adults in long-term outcomes can 
be explained partly by the difference in cytogenetic subtypes 
of ALL among age groups (13-15).

Colony-stimulating factors (CSF) are a family of cyto-
kines, which can regulate the proliferation and differentiation 
of hematopoietic cells. Currently, there are >20 molecules 
regarded as CSFs (16). Among them, granulocyte CSF (G-CSF) 
and granulocyte macrophage CSF (GM-CSF) have been used 
clinically. G-CSF regulates the production of neutrophil 
lineage. Administration of G-CSF results in a dose-dependent 
increase in circulating neutrophils (16,17). GM-CSF is a 
growth factor that stimulates the granulocytes, macrophages 
and eosinophil colonies. Administration of GM-CSF results in 
a dose-dependent increase in blood neutrophils, eosinophils, 
macrophages and occasionally lymphocytes (16,17).

Administration of CSF can be used in the following ways: 
i) Priming of chemotherapy or bone marrow transplantation. 
The purpose of the former is to recruit leukemic cells into the 
cell cycle and enhance the effect of chemotherapy, the aim of 
the latter is to mobilize the hematopoietic cells to the periphery 
and collect stem cells; ii) during or following chemotherapy 
so as to accelerate the hematopoietic cells proliferation and 
decrease the incidence of febrile neutropenia infection; and 
iii) during febrile neutropenia in order to reinforce the recovery 
of infection. The first way was excluded in the present study, 
as the aim was to evaluate the prophylactic effect of CSF (18).

Thus far there is no conclusive data to ensure the effec-
tiveness of CSF to prevent myelosuppressive therapy-related 
infectious complications. In addition, no evidence shows that 
the addition of CSF decreases the mortality in adult ALL 
patients and improves the outcomes. Therefore, the present 
systematic review was conducted to evaluate the safety and 
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effectiveness of the addition of G-CSF or GM-CSF to chemo-
therapy in adult ALL patients.

Materials and methods

Criteria for considering studies
Types of studies. Randomized controlled trials (RCT) with a 
parallel design that compared the addition of CSFs during or 
subsequent to myelosuppressive therapy to the no treatment 
or placebo regime in adult ALL patients were included. Only 
studies in English were accepted.

Types of participants. Adults (>19 years old) with ALL in all 
stages of treatment following the administration of the chemo-
therapy (induction, consolidation and salvage treatment) were 
included. Trials with participants <15 years old were included 
when separate statistics could not be obtained.

Types of interventions. The interventions were CSFs, including 
G-CSF or GM-CSF, administered either intravenously or 
subcutaneously, and concomitantly or following chemotherapy 
and continued for >24 h. CSFs were administered in a dose 
of >5 mcg/kg body weight per day until absolute neutrophil 
counts reached >0.5x109/l. The studies using CSF in the 
priming of chemotherapy or the bone marrow transplantation 
were excluded.

Types of outcome measures
Primary outcomes. The primary outcome was mortality at the 
end of follow-up.

Secondary outcomes. Secondary outcomes were mortality at 
day 30 (usually parallels mortality associated with ALL induc-
tion treatment), number of patients achieving CR, number 
of patients with infection or severe infection and duration of 
neutropenia (median days).

Search methods for identification of studies. A comprehensive 
search was conducted between 1966 and 2014 using data-
bases, including the Cochrane Central Register of Controlled 
Trials, PubMed, Web of Science and SinoMed. In PubMed, 
the search was conducted using combinations of Medical 
Subject Heading (MeSH) search terms and keywords (Fig. 1). 
Search details included: ( A̔dult̓ [MeSH]) AND (̔Precursor 
Cell Lymphoblastic Leukemia-Lymphoma̓ [MeSH] or ̔acute 
lymphoblastic leukemia̓ [All fields] or ̔acute lymphoblastic 
leukemia̓ [All fields]) AND (̔Colony-Stimulating Factors̓ 
[MeSH] or ̔Hematopoietic Cell Growth Factors̓ [All fields]). 
Other databases were queried using identical terms for 
keyword searching. Only studies in English were accepted.

Data collection and analysis. Two review authors indepen-
dently extracted the data from the included trials. In case of 
any disagreement, a third review author extracted the data. A 
standardized form was used to extract the relevant data on the 
characteristics of trials and patients, intervention protocol and 
outcomes.

Data synthesis. The Mantel‑Haenszel method (Review 
Manager 5.2) (19) was used to estimate the risk ratios (RR) 

and 95% confidence intervals (CI) for dichotomous data. 
A fixed-effect model was used and a sensitivity analysis 
was performed by repeating the above analysis using a 
random-effects model.

Results

Description of studies. In total, 7 RCTs with 753 patients 
were included [Geissler et al (20), Hallbook et al (21), 
Holowiecki et al (22), Ifrah et al (23), Larson et al (24), 
Ottmann et al (25) and Thomas et al (26)]. There were only two 
double‑blind RCTs and the remaining studies were open‑label. 
The duration of follow‑up ranged from 22 months to 8 years. 
The age of patients ranged from 15‑79 year old. (Table I).

Risk of bias in included studies. Generation of randomiza-
tion sequence, allocation concealment, blinding, incomplete 
outcome data and selective reporting were assessed for all 
7 included trials (Fig. 2).

Effects of interventions
Primary outcomes. Five trials including 611 patients reported 
mortality at the end of follow‑up. The end of follow‑up ranged 
from 1 to 5 years. The addition of CSFs to chemotherapy 
decreased the mortality between patients treated with chemo-
therapy and CSFs, and those treated with chemotherapy alone. 
Meta-analysis showed a significant difference to the CSF 
group with an RR of 0.85 (95% CI, 0.75-0.95) (Fig. 3).

Secondary outcomes. All 7 trials, including 753 patients, 
reported the all‑cause mortality at day 30. The addition of 
CSFs to chemotherapy decreased the mortality at day 30 in 
the adult ALL patients (RR, 0.41; 95% CI, 0.23-0.74) (Fig. 4).

Number of patients achieving CR. All 7 trials, including 
753 patients, reported the CR rate. The addition of CSF to 
chemotherapy compared to placebo or no intervention increased 
the rate of CR, with an RR of 1.14 (95% CI, 1.05-1.23) (Fig. 5).

Number of patients with infection and severe infection. 
A total of 4 trials reported the number of patients with 
infection and 2 trials reported the number of patients with 

Figure 1. Flow chart of the search strategy process.
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severe infection (World Health Organization grade ≥III). 
The addition of CSF to chemotherapy compared to placebo 
or no intervention reduced the occurrence of infection 
(RR, 0.8; 95% CI, 0.7-0.9) and severe infection (RR, 0.48; 
95% CI, 0.3-0.75) (Fig. 6).

Duration of neutropenia from randomization. In total, 
6 studies reported on neutropenia duration (20-22,24-26). In 
these studies, neutropenia was defined as <0.5x109/l neutro-
phils. The median duration of neutropenia ranged between 
8 and 17 days in the CSFs arm and between 12.5 and 24 days 

Figure 2. Risk of bias graph. Assessments regarding each risk of bias item are presented as percentages across (A) all and (B) for each of the included studies. 
Lanes 1, random sequence generation; 2, allocation concealment; 3, blinding of participants and personnel; 4, blinding of outcome assessment; 5, incomplete 
outcome data; 6, selective reporting.

  A

  B

Figure 3. Forest plot of the comparison for the overall mortality at the end of follow‑up. The risk ratio between the CSF and placebo groups is 0.85 
(95% CI, 0.75-0.95). I2=46%, showing middle heterogeneity.

Figure 4. Forest plot of the comparison for the all‑cause mortality at day 30. The risk ratio between the CSF and placebo groups is 0.41 (95% CI, 0.23‑0.74). 
I2=0, showing no substantial heterogeneity.
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in the control arm. A meta-analysis could not be conducted 
on this outcome as it is a non-normally dispersed variable and 
outcomes were reported as medians in the majority of trials.

Discussion

CSFs are often used to prevent chemotherapy-related infection 
and febrile neutropenia in cancer patients. Currently, there are 
certain systematic reviews that investigate the effect of CSF in 
cancer treatment (27-29), particularly in ALL (30).

In the present study, we conclude that CSF is effective in the 
prevention of the myelosuppressive therapy-related infectious 
complications in adult ALL. CSFs were also able to improve 
the overall mortality. A recent meta-analysis that focused on 
the prophylactic use of G-CSF in ALL patients was published 
by Giebel et al (31). The study conducted a joint analysis and 
obtained a conclusion that is agreeable with the present study, 
which is that the prophylactic use of G-CSF during induction 
of ALL is effective and associated with improved long-term 
outcome (31).

An important issue is that based on the current available 
evidence and physician experience, the optimum application 
of CSF in clinical practice is unknown.

Five of the included studies used G-CSF and two used 
GM‑CSF (20‑26). The commonly used dosage of G‑CSF and 

GM-CSF is 5 µg/kg. A subgroup meta-analysis to compare 
the difference was conducted, however, the number of studies 
included was small.

Another issue is the optimal injection scheme of CSF. The 
initial time varies from 2 to 9 days after the chemotherapy. 
The end time is until the absolute neutrophil count recovery 
(ANCR), however the criteria are different. Certain studies 
identified ANCR as ANC 1,500/µl, and others identified it 
as >2,000/µl. Until now, there is no consensus of CSF in the 
clinical use.

In all the included studies, the administration of CSF was 
only used in the induction phase of chemotherapy. However, 
in the treatment of adult ALL, the protocol is often composed 
of the induction, intensification, re-intensification and 
maintenance phase. The effect and safety of CSF following 
a long-term treatment is unknown, which is used in every 
course of chemotherapy. In current studies, the identification 
of receptors to G-CSF, GM-CSF and interleukin-3 (32) on the 
membrane of leukemic lymphoblasts was described. Certain 
initial molecular studies identified growth of ALL blast cell 
colonies following exposure to G-CSF (33), GM-CSF and 
other cytokines (such as interleukin) (34) in in vitro assays. It 
is possible that the frequent use of CSF during each myelosup-
pressive therapy can influence the prognosis of ALL regarding 
CR, relapse and overall mortality rates.

Figure 5. Forest plot of the comparison for complete remission. The risk ratio between the CSF and placebo groups is 1.14 (95% CI, 1.05‑1.23). I2=0, showing 
no substantial heterogeneity.

Figure 6. Forest plot of the subgroup comparison for patients with infection and severe infection. The risk ratio in the infection subgroup is 0.8 (95% CI, 0.7‑0.9) 
and in the severe infection subgroup is 0.48 (95% CI, 0.3-0.75).
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Additionally, the number of included trials is small and 
there are no large sample trials. The majority of the studies 
are open-label studies, which are known as subject to potential 
risk of performance and detection bias. In another aspect, there 
are only 7 published studies included in the present study, and 
the unpublished studies could not be identified. Therefore, the 
publication bias is significant. Furthermore, there are certain 
RCTs that were supported by pharmaceutical company funding, 
which has an impact on the quality of studies. Pharmaceutical 
company funding is empirically linked to potential bias. There 
is a need to avoid pharmaceutical funding as much as possible 
to minimize results and publication bias (35).

Future RCTs should focus on determination of the optimal 
CSF dosage and the timing point, as well as the use of CSFs 
during all cycles of the most intensive phases of treatment. As 
CSFs are a relatively expensive drug, cost-effectiveness anal-
ysis of the implication of routine use in ALL therapy should be 
performed with consideration of different economic scenarios.

In conclusion, it is recommended that CSFs can be adminis-
tered to ALL patients during myelosuppressive chemotherapy, 
particularly in the induction phase. In statistics, the administra-
tion of CSF reduces the mortality at the end of follow-up and 
at day 30, decreases the occurrence of infections and shortens 
the duration of neutropenia. By contrast, the administration 
of CSF increases the CR rate following the induction course.
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