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Abstract
Background  Granulocyte colony-stimulating factor (G-CSF) is commonly administered to cancer patients undergoing 
myelosuppressive chemotherapy, especially when incidence rate of febrile neutropenia (FN) surpasses 20%. While primary 
prophylaxis with G-CSF has been proven effective in preventing FN in patients with cancer, there is limited evidence regard-
ing its efficacy in specifically, lung cancer. Our systematic review focused on the efficacy of G-CSF primary prophylaxis in 
lung cancer.
Methods  We extracted studies on non-small-cell lung cancer (NSCLC) and small-cell lung cancer (SCLC) using the PubMed, 
Ichushi Web, and Cochrane Library databases. Two reviewers assessed the extracted studies for each type of lung cancer 
and conducted quantitative and meta-analyses of preplanned outcomes, including overall survival, FN incidence, infection-
related mortality, quality of life, and musculoskeletal pain.
Results  A limited number of studies were extracted: two on NSCLC and six on SCLC. A meta-analysis was not conducted 
owing to insufficient data on NSCLC. Two case–control studies explored the efficacy of primary prophylaxis with G-CSF in 
patients with NSCLC (on docetaxel and ramucirumab therapy) and indicated a lower FN frequency with G-CSF. For SCLC, 
meta-analysis of five studies showed no significant reduction in FN incidence, with an odds ratio of 0.38 (95% confidence 
interval 0.03–5.56, P = 0.48). Outcomes other than FN incidence could not be evaluated due to low data availability.
Conclusion  Limited data are available on G-CSF prophylaxis in lung cancer. Primary prophylaxis with G-CSF may be weakly 
recommended in Japanese patients with NSCLC undergoing docetaxel and ramucirumab combination therapy.
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Introduction

Lung cancer is the predominant cause of mortality in many 
countries [1] and presents a significant public health chal-
lenge. Most lung cancer cases are diagnosed at an advanced 
stage, necessitating comprehensive and systematic pharma-
cotherapy as the cornerstone of treatment. Over the past two 
decades, pharmacotherapy for lung cancer has undergone 
remarkable advancements, particularly with the introduction 
of molecular-targeted agents [2–4] and immune checkpoint 

inhibitors [5–7]. These breakthroughs have reshaped thera-
peutic approaches and offered new hope to patients with 
this formidable disease. Despite the strides made in targeted 
therapies and immunotherapy, cytotoxic chemotherapy 
remains a crucial component of the treatment paradigm for 
advanced lung cancer. Myelosuppression is a challenge asso-
ciated with cytotoxic chemotherapy, with febrile neutropenia 
(FN) emerging as a serious adverse event. FN can cause 
treatment-related mortality. In response, the development 
of granulocyte colony-stimulating factor (G-CSF) has pro-
vided a valuable tool for mitigating the risk of FN in indi-
viduals undergoing cytotoxic chemotherapy [8]. Guidelines 
such as those endorsed by the American Society of Clinical Extended author information available on the last page of the article
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Oncology and the National Comprehensive Cancer Network 
recommend the use of G-CSF for chemotherapeutic regi-
mens where the incidence rate of FN is projected to exceed 
20% [9–12]. However, this threshold lacks a solid scientific 
foundation, raising questions regarding the clinical benefits 
of G-CSF in individuals undergoing chemotherapy. Moreo-
ver, the efficacy of G-CSF in the treatment of lung cancer 
remains unclear. To address these critical gaps in knowledge, 
we conducted a comprehensive systematic review on the 
use of G-CSF in lung cancer. Our primary objective was to 
investigate the efficacy of G-CSF in lung cancer treatment. 
By scrutinizing available evidence from relevant studies, we 
aimed to provide valuable insights into the role of G-CSF 
in mitigating the risks associated with cytotoxic chemother-
apy in patients with lung cancer. Through this endeavor, we 
sought to enhance our understanding of optimal strategies 
for managing myelosuppression and improving outcomes 
in individuals confronting the challenges of advanced lung 
cancer treatment.

This systematic review was conducted to develop the 
Japan Society of Clinical Oncology Clinical Practice Guide-
lines for the Use of G-CSF (2022).

Methods

Literature search

We referred to the “Medical Information Network Distribu-
tion Service (Minds) Handbook for Clinical Practice Guide-
line Development 2014″ [6] and “Minds Clinical Practice 
Guideline Development Guide 2017″ [7] to develop guide-
lines and conduct a literature search for non-small-cell lung 
cancer (NSCLC) and small-cell lung cancer (SCLC), respec-
tively, using PubMed, Ichushi Web (Japanese medical bib-
liographic database), and Cochrane Library databases. The 
search terms used for the literature search were "non-small-
cell lung cancer” (for NSCLC), “small-cell lung cancer” 
(for SCLC), “neutropenia,” “granulocyte colony-stimulating 
factor,” “pegfilgrastim,” “prevention,” and ”control.” Two 
members of the systematic review team conducted an initial 
screening of all articles based on their titles and abstracts 
(K.K. and D. H. for NSCLC and G. M. and D. H. for SCLC) 
and then proceeded to full-text screening (i.e., secondary 
screening) based on the inclusion and exclusion criteria. 
In case of disagreements among the reviewers regarding 
the inclusion/exclusion of the literature, a resolution was 
achieved through discussion between the reviewers. The 
papers were scrutinized for quality-reported data relevant 
to the selection criteria outlined below. The selection criteria 
included studies with a randomized controlled trial (RCT), 
non-RCT, cohort, or case–control design. The exclusion cri-
teria comprised guidelines, reviews, letters, abstracts without 

papers, laboratory studies, systematic reviews, meta-analy-
ses, and gray literature.

Data extraction and quality assessment

The reviewers of the systematic review team (K.K. for 
NSCLC and G.M. for SCLC) reevaluated the articles after 
the second screening and extracted data using standard-
ized data abstraction forms. Evidence from the studies was 
evaluated according to the outcomes of the clinical ques-
tions listed by the guidelines team. The outcomes included 
overall survival (OS), FN incidence rate, infection-related 
mortality, quality of life (QOL), and musculoskeletal pain. 
The positive and negative outcomes of prophylactic G-CSF 
were evaluated using the population, intervention, compara-
tor, and outcome (PICO) frameworks. The quality of the 
literature and the overall body of evidence were examined 
using the Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) approach, subsequently 
categorized into four levels: "strong," "medium," "weak," 
and "very weak."

Statistical methodology for meta‑analysis

The risk ratio (RR) for each endpoint was computed and 
the effect size was indicated by a 95% confidence interval 
(CI) for each study. These calculations were performed using 
either fixed- or random-effects models depending on the 
extent of heterogeneity. A Forest plot was used to visually 
depict the calculated RR for individual studies and com-
prehensive meta-analyses. The level of heterogeneity was 
evaluated using the I2 test and Chi-square-based Q test, and 
a corresponding p-value was determined. We used Review 
Manager (RevMan), version 5.41 software, developed by 
the Cochrane Collaboration (London, UK) for statistical 
analyses.

Results

Literature search

The initial search for NSCLC yielded 109 results dis-
tributed across different databases as follows: 93 from 
PubMed, none from the Cochrane Library, and 16 from 
Ichushi Web (search conducted on March 27, 2020). Fol-
lowing the screening process, which involved filtering 
for human subjects, publication dates between January 1, 
1990 and December 31, 2019, publications in either Eng-
lish or Japanese, and applying the selection criteria out-
lined in the preceding section, a significant number of arti-
cles were excluded. Finally, only two articles that met the 
inclusion criteria were selected [13, 14] (Fig. 1). Similarly, 
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the initial search for SCLC yielded 80 results distributed 
across different databases as follows: 59 from PubMed, 
1 from the Cochrane Library, and 20 from Ichushi Web 
(search conducted on March 27, 2020). Following the 
screening process, which involved filtering for human 
subjects, publication dates between January 1, 1990, and 
December 31, 2019, publications in either English or Japa-
nese, and applying the selection criteria outlined in the 
preceding section, a significant number of articles were 
excluded. Finally, only six articles met the inclusion cri-
teria and were selected [15–20] (Fig. 2).

Studies employed in the meta‑analysis

Only two studies with small sample sizes included our 
preplanned outcomes for NSCLC [13, 14]. Therefore, a 
meta-analysis was not conducted for the NSCLC data. 
For SCLC, six studies (no RCT, one case–control and five 
cohort studies) were included in the descriptive qualitative 
analysis [15–20]. The case–control study was excluded from 
the meta-analysis because of a lack of information regard-
ing the actual FN incidence rate [20]. Five studies [15–19] 
were examined in the meta-analysis with regard to the FN 

Fig. 1   Modified PRISMA flow 
diagram of the literature search 
and study selection process for 
NSCLC
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incidence rate. Meta-analyses of other preplanned outcomes 
such as OS, QOL, infection-related mortality, and musculo-
skeletal pain were not feasible because of insufficient data 
measurements in these studies.

Primary prophylaxis with G‑CSF and FN incidence 
rate

For NSCLC, two case–control studies were available for 
descriptive qualitative analysis of the FN incidence rate 
[13, 14]. Both studies investigated the efficacy of primary 

prophylaxis with G-CSF in Japanese patients with NSCLC, 
treated with docetaxel and ramucirumab. In one study, the 
incidence of FN was 0% (0/29) when PEG-G-CSF was 
administered and 50% (2/4) when not, while in the other 
study, it was 0% (0/10) with PEG-G-CSF and 40% (4/10) 
without its administration. A meta-analysis of the FN inci-
dence rate was not performed because of the small sample 
size. Owing to the small number of studies and lack of 
meta-analyses, the quality and certainty of evidence on 
this outcome were rated as “very weak.”

Fig. 2   Modified PRISMA flow 
diagram of the literature search 
and study selection process 
for SCLC. A meta-analysis 
was conducted to determine 
the incidence rate of Febrile 
Neutropenia
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Six SCLC-related studies (one case–control study and 
five cohort studies) were available for descriptive quali-
tative analyses. After excluding one case–control study 
due to a lack of data on the FN incidence rate [20], the 
remaining five cohort studies were included in the analy-
ses [15–19]. Among these, three were single-arm cohort 
studies that did not include a control group without G-CSF 
[16–18]. Therefore, a meta-analysis was performed using 
incidence rates in the intervention group [15–19] (Fig. 3A 

and 3B). The meta-analysis showed that the FN incidence 
rate in the control group was 9/50 (18%), while that in 
the intervention group was 53/232 (22.8%), with an odds 
ratio of 0.38 (95% CI 0.03–5.56, p = 0.48), which was not 
statistically significant. Owing to the small number of 
studies and wide CI, the quality/certainty of evidence on 
this outcome was rated as “very weak.” One reason for the 
wide CI was attributable to the difference in the regimens 
used in each study.

Fig. 3   Effect of G-CSF priming on incidence rate of FN in SCLC a Forest and b funnel plots of the extracted studies on the incidence of FN. CI 
confidence interval, SE standard errors, G-CSF granulocyte colony-stimulating factor, SCLC small-cell lung cancer
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Primary prophylaxis with G‑CSF and outcomes other 
than FN incidence rate

None of the studies included in this analyses investigated 
the efficacy of G-CSF on OS, infection-related mortality, 
QOL, or musculoskeletal pain in patients with NSCLC or 
SCLC. Therefore, the effectiveness of G-CSF in relation to 
these outcomes has been inconclusive in NSCLC and SCLC.

Discussion

We conducted a systematic review and meta-analysis of the 
effectiveness of primary prophylaxis with G-CSF in lung 
cancer to establish a Clinical Practice Guidelines for the Use 
of G-CSF 2022. During this systematic review, it became 
evident that there is little research elucidating the utility of 
G-CSF in the treatment of lung cancer. Based on this review, 
a weak recommendation is made for the primary prophylac-
tic administration of G-CSF in chemotherapy (only with a 
combination of docetaxel and ramucirumab) for advanced 
NSCLC, whereas a weak recommendation is made against 
the primary prophylactic administration of G-CSF in chemo-
therapy for SCLC.

In many clinical guidelines, primary prophylaxis with 
G-CSF is recommended for chemotherapeutic regimens 
with an FN incidence rate > 20%, regardless of the cancer 
type[9–12]. In the treatment of lung cancer, regimens with 
an FN incidence rate exceeding 20% are relatively uncom-
mon, and this scarcity may contribute to the limited evidence 
for G-CSF efficacy in lung cancer.

For NSCLC treatment, various regimens, such as plati-
num and taxanes have been employed. A regimen associ-
ated with a relatively high risk of FN is the combination 
therapy of docetaxel and ramucirumab. The FN incidence 
rate with docetaxel and ramucirumab therapy in the Japanese 
population exceeds 20% [21]. In clinical practice, primary 
prophylactic administration of G-CSF is often performed 
when using docetaxel and ramucirumab combination ther-
apy. Our systematic review shows that primary prophylactic 
administration of G-CSF reduces the incidence rate of FN 
in patients receiving docetaxel and ramucirumab combina-
tion [13, 14]. However, no clear evidence was observed for 
other regimens. Therefore, our guidelines recommending 
the use of G-CSF for NSCLC are limited to docetaxel and 
ramucirumab therapy.

Platinum-based agents and topoisomerase inhibitors are 
used to treat advanced SCLCs. Regimens such as nogitecan 
and cisplatin + irinotecan + etoposide therapy are considered 
to have a relatively high risk of FN [18], and in clinical 
practice, primary prophylactic administration of G-CSF is 
considered an option. There is no special mention of pri-
mary prophylactic administration of G-CSF for patients 

with advanced SCLC in the American Society of Clinical 
Oncology [9], European Society for Medical Oncology [11], 
and National Comprehensive Cancer Network [10] guide-
lines, and it should be considered according to the risk of 
FN occurrence for each general-use regimen. The useful-
ness of primary prophylaxis of G-CSF has not been clearly 
demonstrated for each regimen in our study. Primary pro-
phylactic administration of G-CSF is weakly discouraged in 
our clinical guidelines for SCLC because the meta-analysis 
did not show a significant reduction in the FN incidence 
rate. Evidence of the efficacy of G-CSF in SCLC is scarce, 
and the accumulation of evidence is awaited. Primary pro-
phylactic administration of G-CSF may also be considered 
in high-risk regimens.

In this systematic review, there was no evidence regarding 
primary prophylactic G-CSF efficacy in chemotherapy for 
advanced NSCLC/SCLC in relation to OS, infection-related 
mortality, QOL, and musculoskeletal pain.

In conclusion, this systematic review and meta-analysis 
of primary prophylactic G-CSF administration for lung 
cancer treatment, suggests that primary prophylaxis with 
G-CSF may reduce the incidence rate of FN in patients with 
NSCLC, treated with docetaxel and ramucirumab combi-
nation therapy, while showing no significant reduction in 
the FN incidence rate in patients with SCLC. Thus, pri-
mary prophylaxis with G-CSF may be weakly advisable in 
NSCLC treatment with docetaxel and ramucirumab combi-
nation therapy, while not in SCLC treatment. Further studies 
with larger sample sizes need to be undertaken in future, for 
testing the veracity of these recommendations.
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