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Abstract
Background Granulocyte colony-stimulating factor (G-CSF) is an essential supportive agent for chemotherapy-induced 
severe myelosuppression. We proposed two clinical questions (CQ): CQ #1, “Does primary prophylaxis with G-CSF benefit 
chemotherapy for non-round cell soft tissue sarcoma (NRC-STS)?” and CQ #2, “Does G-CSF-based intensified chemo-
therapy improve NRC-STS treatment outcomes?” for the Clinical Practice Guidelines for the Use of G-CSF 2022 of the 
Japan Society of Clinical Oncology.
Methods A literature search was performed on the primary prophylactic use of G-CSF for NRC-STSs. Two reviewers 
assessed the extracted papers and analyzed overall survival, incidence of febrile neutropenia, infection-related mortality, 
quality of life, and pain.
Results Eighty-one and 154 articles were extracted from the literature search for CQs #1 and #2, respectively. After the 
first and second screening, one and two articles were included in the final evaluation, respectively. Only some studies have 
addressed these two clinical questions through a literature review.
Conclusion The clinical questions were converted to future research questions because of insufficient available data. The 
statements were proposed: “The benefit of primary G-CSF prophylaxis is not clear in NRC-STS” and “The benefit of inten-
sified chemotherapy with primary G-CSF prophylaxis is not clear in NRC-STSs.” G-CSF is often administered as primary 
prophylaxis when chemotherapy with severe myelosuppression is administered. However, its effectiveness and safety are 
yet to be scientifically proven.

Keywords Granulocyte colony-stimulating factor · Non-round cell sarcoma · Soft tissue sarcoma · Chemotherapy · Adverse 
effects

Introduction

Soft tissue sarcomas (STSs) are malignant tumors that 
occur throughout the body and account for approximately 
1% of all malignant tumors. STSs comprise non-round cell 
soft tissue sarcomas (NRC-STSs) such as undifferentiated 
pleomorphic sarcomas, myxofibrosarcomas, liposarco-
mas, and leiomyosarcomas, and round cell STSs, including 

rhabdomyosarcomas, extra-skeletal Ewing sarcomas, and 
CIC-rearranged sarcomas [1]. Surgery with negative mar-
gins is the primary treatment for localized and resectable 
NRC-STSs [2]. In advanced and unresectable cases, chemo-
therapy and radiotherapy are considered. Anthracyclines and 
alkylating agents are commonly used for perioperative set-
tings and the first-line treatment for advanced NRC-STSs, 
with a high risk of myelosuppression [3].

Granulocyte colony-stimulating factor (G-CSF) is a 
supportive care drug that prevents chemotherapy-induced 
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febrile neutropenia (FN), and appropriate use increases 
chemotherapy’s benefits [4]. G-CSF may prevent associated 
death, improve quality of life (QOL), and prolong survival. 
However, G-CSF has undesirable side effects, including 
musculoskeletal pain, further hospital visits, and increased 
drug costs.

The ASCO Guidelines, ESMO Guidelines 2010, and 
NCCN Guidelines have no specific descriptions of NRC-
STS and state that G-CSF primary prophylaxis is recom-
mended when the incidence of FN is ≥ 20% [5–7]. Adriamy-
cin and ifosfamide (AI) and mesna, adriamycin, ifosfamide, 
and dacarbazine (MAID) are listed in the ESMO Guidelines 
2010 and the NCCN Guidelines as regimens with a risk of 
FN ≥ 20% among chemotherapy regimens for NRC-STSs.

Because G-CSF is an essential medical treatment that 
may influence patient survival and QOL, guidelines are 
required to ensure appropriate use. The Japan Society of 
Clinical Oncology Working Group for Revising Clinical 
Practice Guidelines for the Use of G-CSF was established 
to develop guidelines to support decision-making by patients 
and healthcare providers through evidence-based evaluation 
of the balance of benefits and harms.

In this systematic review, we assess the usefulness of 
G-CSF as a primary prophylaxis for adult patients with 
NRC-STS.

Patients and methods

Data search and screening

A systematic review, adhering to the Medical Information 
Network Distribution Service (Minds) Handbook for Clini-
cal Practice Guideline Development 2014 [8] and Minds 
Clinical Practice Guideline Development Guide 2017 [9], 
was conducted utilizing PubMed, Ichushi web (Japan Medi-
cal Abstracts Society database), and the Cochran Library 
databases. In April 2020, we searched for studies employing 
Mesh terms and keywords, including “sarcoma/soft tissue 
neoplasms” AND “G-CSF,” with publication dates from 1 
January 1990 to 31 December 2019, in English and Japanese 
(Supplementary Tables S1, S2). Relevant literature from 
other databases was incorporated based on the judgment of 
a systematic review team. According to titles and abstracts, 
an initial screening was independently conducted by two 
reviewers (K.T. and M.I.) to identify ineligible reports 
(Fig. 1a, b). In the second screening, articles selected in the 
first screening were carefully assessed by reading the entire 
article according to the inclusion and exclusion criteria. The 
reasons for exclusion were recorded, and duplicates were 
removed. Discrepancies were resolved by consensus among 
the co-authors. Articles that met the selection criteria were 
further scrutinized for quality, as outlined below.

Selection criteria

The inclusion criteria were as follows: (1) randomized con-
trolled trial (RCT), non-RCT, and cohort or case–control trial 
design; (2) adult population diagnosed with NRC-STS; and 
(3) studies that included patients in the treatment group who 
received standard therapy. We excluded guidelines, reviews, 
letters, abstracts without full articles, laboratory studies, sys-
tematic reviews, meta-analyses, and gray literature.

PICO setting

Our study addressed these Clinical Questions (CQs): #1: 
“Does primary prophylaxis with G-CSF benefit chemotherapy 
for non-round cell soft tissue sarcoma (NRC-STS)?” #2: “Does 
G-CSF-based intensified chemotherapy improve NRC-STS 
treatment outcomes?”.

Regarding CQ #1, PICO consisted of the following: (P) 
patients, which included patients with NRC-STS receiving 
chemotherapy; (I) intervention, which included use of G-CSF 
as primary prophylaxis; (C) comparison, which did not use 
G-CFS as primary prophylaxis; (O) outcomes, which included 
(1) OS, (2) incidence of FN, (3) mortality rate for infection, (4) 
QOL, and (5) pain. Concerning CQ #2, PICO comprised (P) 
patients, which included patients with NRC-STS who received 
chemotherapy; (I) intervention, which included use of intensi-
fied chemotherapy based on the premise of G-CSF as primary 
prophylaxis; (C) comparison, which included conventional and 
non-intensified chemotherapy; (O) outcomes, which included 
(1) OS, (2) incidence of FN, (3) mortality rate for infection, 
(4) QOL, and (5) pain.

Reviewing

After the second screening, a systematic review team member 
independently reassessed the articles and extracted data using 
standardized data abstraction forms. The evidence indicated by 
individual studies on critical outcomes was assessed based on 
study design and quality. The authors reviewed the outcomes 
under the Population, Intervention, Comparator, and Outcome 
(PICO) frameworks for the benefits and harms of prophylactic 
G-CSF. Literature quality and evidence body were assessed by 
the reviewers. Conflicts and questions were resolved by the 
team leader (M.E.).

Results

For CQ #1, 53 articles in English and 28 in Japanese were 
identified using PubMed and Ichushi, respectively. After 
the first screening, seven of the 81 papers were extracted 
by title and abstract. Subsequently, a full-text evaluation 
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was performed for eligibility, and only one paper, which 
described an RCT, was selected for the second screening. 
That RCT included 48 patients who underwent MAID 
chemotherapy (Table 1) [10]. The patients were randomly 
allocated to the prophylactic group, in which they received 
G-CSF as primary prophylaxis, or the non-prophylactic 
group, in which they did not receive G-CSF. The OS was not 
reported in that paper. The occurrence rates of FN in the pro-
phylactic and non-prophylactic groups were 23% and 58%, 
respectively (p = 0.02), during the first cycle. No adverse 
deaths related to the infection were observed. Regarding 
pain, bone pain was observed in 23% of the prophylactic 
group and 3% of the non-prophylactic group, respectively 
(p = 0.06), during the first treatment cycle. There were no 
comments on the QOL. We found it challenging to evaluate 
CQ #1 directly based on the results of this systematic review. 
Therefore, we replaced CQ with FQ and proposed that “the 
effectiveness of primary prophylaxis with G-CSF is not clear 
for the treatment of NRC-STS.”

For CQ #2, 126 articles in English and 28 in Japanese 
were listed on PubMed and Ichushi, respectively. After the 
first screening, the titles and abstracts of 14 of 154 papers 

were extracted. Subsequently, a full-text evaluation was per-
formed for eligibility, and only two papers were selected for 
the second screening. The reports included one RCT and one 
non-RCT, including patients with sarcoma who underwent 
AI therapy. In the RCT, 60 patients were randomly allocated 
to arm A, in which they received 60 mg/m2 of adriamycin 
and 5 g/m2 of ifosfamide every 3 weeks with prophylac-
tic G-CSF, or arm B, in which they received 60 mg/m2 of 
adriamycin and 9 g/m2 of ifosfamide every 4 weeks without 
prophylactic G-CSF (Table 1) [4]. On the other hand, in 
the non-RCT, 33 patients were treated in two consecutive 
protocols. In the first protocol, the patients received 75 mg/
m2 adriamycin and 10 g/m2 ifosfamide without prophylactic 
G-CSF (Table 1) [11]. The patients received 90 mg/m2 adria-
mycin and 10 g/m2 ifosfamide with prophylactic G-CSF in 
the second protocol. The OS was not reported in either trial. 
The occurrence of FN was only reported in the RCT, and all 
patients in both arms had FN. One patient in arm B died of 
grade 4 myelotoxicity in the RCT, whereas one patient with 
prophylactic G-CSF died of cardiotoxicity in the non-RCT. 
There were no comments regarding bone pain and QOL. 
Finally, we considered it difficult to answer CQ #2 directly 

a b

Fig. 1  Flow diagram of literature search. a Clinical question #1, b Clinical question #2
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based on the results of this systematic review. Therefore, 
we changed CQ to FQ and stated that “the effectiveness of 
intensified chemotherapy based on primary prophylaxis with 
G-CSF for treating NRC-STS is unclear.”

There is no specific description of the NRC-STS in pub-
lished guidelines such as those of the ASCO, ESMO, and 
NCCN. They all recommend that primary prophylaxis be 
used for patients who receive chemotherapy whose FN 
occurrence rate exceeds 20% [5–7]. As for the regimen 
whose FN occurrence rate exceeds 20%, AI and MAID 
regimens are listed in the ESMO 2010 guidelines, and 
anthracycline-based regimens, including adriamycin alone 
and AI, are in the NCCN Guidelines. There are no reports 
on the usefulness of intensified chemotherapy with primary 
prophylaxis with G-CSF for treating NRC-STS.

Discussion

Surgery is the first-choice treatment for patients with resect-
able STSs. In Japan’s bone and soft tissue tumor registry, 
surgery was performed in over 80% of STSs [12]. The goal 
of treatment is to remove the tumor itself from the body 
and reduce the relapse rate [2]. Chemotherapy is usually 
applied to localized high-risk or advanced NRC-STSs. Sev-
eral reports have described the usefulness of anthracycline-
based chemotherapy [13–15]. Myelosuppression is a com-
mon side effect of anthracycline-based chemotherapy, and 
G-CSF is used to prevent severe myelosuppression. How-
ever, there have been no clear guidelines for the primary 
prophylaxis use of G-CSF for NRC-STSs. In the present 
study, we attempted to replace the conventional recommen-
dation for G-CSF use for regimens with an incidence of FN 
of ≥ 20% with NRC-STS-specific recommendations. To 
fulfill this objective, we searched for evidence of primary 
prophylaxis use of G-CSF for NRC-STSs. However, the 
results showed that few reports existed, and evidence was 
poor for NRC-STSs.

As for CQ #1, an RCT investigated the prophylactic use 
of G-CSF for NRC-STS patients receiving MAID [10]. In 
that report, the occurrence rate of FN in the prophylac-
tic group was higher than in the non-prophylactic group 
(p = 0.02). However, the MAID regimen is not commonly 
used nowadays because of severe adverse events, includ-
ing myelosuppression. Instead of MAID, the AI regimen is 
most frequently used in preoperative settings. AI has been 
reported to have an FN incidence rate of 46% in clinical 
trials of patients with advanced disease [13] and 18–36% in 
clinical trials of perioperative patients [16, 17]. Although 
the primary prophylactic use of G-CSF is not recommended 
from this analysis, G-CSF is widely administered in clini-
cal practice as a primary prophylaxis during AI regimens, 
considering the above FN incidence rates.

The ASCO, ESMO 2010 Guidelines, and NCCN Guide-
lines do not address the benefit of prophylactic G-CSF as 
a prerequisite for intensified chemotherapy in adults with 
NRC-STS [5–7]. The reports selected for CQ #2 included 
one RCT and one non-RCT with an AI regimen. The 
RCT reported only the occurrence rate of FN, in which 
all patients in both arms had FN. There is minimal data 
regarding OS, mortality rate from infection, QOL, and 
pain. It was challenging to answer CQ #2 directly with 
little evidence. More evidence is needed to demonstrate 
the effectiveness of G-CSF, which is an issue for further 
studies.

This systematic review has some limitations. First, only 
a few reports have addressed CQs. Second, more detailed 
information on QOL, pain, and other symptoms must be 
provided to assess the benefits and risks of prophylactic 
use of G-CSF. Third, the NRC-STS includes various his-
tological subtypes, and the conclusion should be accepted 
with caution because the response to chemotherapy, even 
the results of G-CSF, may differ based on the difference 
in subtypes. In a previous report, tailored therapy based 
on five histological subtypes was found to be inferior to 
adriamycin-based treatment. However, this did not lead to 
the conclusion that histology-driven chemotherapy is infe-
rior [18]. Future evidence should include sufficient data for 
each regimen and histological subtype.

In conclusion, we investigated the efficacy of primary 
prophylaxis with G-CSF for NRC-STS and found it chal-
lenging to directly evaluate the outcomes of CQ #1 and #2; 
these questions were converted to an FQ. The statements 
were “The benefit of primary G-CSF prophylaxis is not clear 
in NRC-STS” and “The benefit of intensified chemotherapy 
with primary G-CSF prophylaxis is not clear in NRC-STS.” 
In the future, it would be beneficial for decision-making if 
well-established studies on prophylactic G-CSF usage were 
performed to answer these CQs. G-CSF is widely adminis-
tered as a primary prophylaxis for the AI regimen in clinical 
settings owing to its high FN incidence rates. However, its 
effectiveness and safety are yet to be scientifically proven.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10147- 024- 02569-1.
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