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Introduction

The use of colony-stimulating factors (CSFs) 
during radiotherapy (RT), particularly concurrent 
chemoradiotherapy (CRT), has traditionally been 
approached with caution. This practice is largely rooted 
in toxicity concerns reported in earlier clinical studies, 
including the Southwest Oncology Group (SWOG) 
experience [1], conducted in an era when radiation fields 
were generally less conformal and marrow-sparing 
techniques were not routinely available. These historical 
findings contributed to recommendations discouraging 
the routine use of CSFs during concurrent RT or CRT 
[2]. However, the applicability of these findings to 
contemporary treatment settings warrants reassessment.
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An important consideration in interpreting 
the historical literature is the distinction between 
granulocyte colony-stimulating factor (G-CSF) and 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF). Although both agents stimulate hematopoietic 
recovery, their biological effects and clinical applications 
differ [3]. Consequently, safety or efficacy findings 
obtained with GM-CSF should not necessarily be 
extrapolated to G-CSF or pegylated G-CSF (PEG-G-CSF). 
This distinction is particularly relevant because much of 
the early evidence was generated before the widespread 
use of three-dimensional conformal RT (3DCRT), 
intensity-modulated RT (IMRT), volumetric-modulated 
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arc therapy (VMAT), image-guided RT, and contemporary 
systemic treatment regimens.

Changes in radiation technology and treatment 
planning have also altered the extent and distribution of 
normal-tissue and bone-marrow irradiation. Consequently, 
the risk profile associated with combining CSFs and RT 
may differ from that observed in earlier treatment eras. At 
the same time, concerns regarding hematologic toxicity 
cannot be dismissed, particularly in treatment settings 
involving substantial marrow irradiation or intensive 
concurrent chemotherapy. The clinical relevance of these 
risks may also vary according to disease site, treatment 
intent, baseline hematologic status, and the potential 
consequences of treatment interruption.

The persistence of historical caution despite changes 
in treatment technology illustrates the importance of 
periodically reassessing established clinical practices 
against contemporary evidence. Rather than assuming 
that earlier safety concerns remain universally applicable 
or, conversely, that newer data have eliminated those 
concerns, the evidence should be evaluated according 
to the specific CSF agent, treatment setting, radiation 
technique, and expected hematologic risk. Building on our 
previous discussion of the relationship between historical 
clinical beliefs and supporting evidence [4], this review 
summarizes the available evidence on the concurrent 
use of CSFs during RT and CRT and considers whether 
historical restrictions remain justified in contemporary 
practice.

Craniospinal Irradiation (CSI) as a Marrow-Intensive 
Setting for CSF Support

The clinical utility of CSFs during RT appears to 
depend on treatment site, marrow exposure, and cumulative 
toxicity from RT and chemotherapy. Craniospinal 
irradiation (CSI) is a particularly marrow-intensive 
setting in which neutropenia and treatment interruptions 
may compromise treatment delivery. A pilot randomized 
study in patients with central nervous system tumors 
found that weekly prophylactic G-CSF increased white 
blood cell counts and reduced the need for therapeutic 
rescue G-CSF, with a numerically lower rate of treatment 
interruption in the G-CSF group [5]. Although the study 
was small and the difference in treatment interruption 
was not statistically significant, the findings suggest a 
potential benefit, particularly in patients with previous 
chemotherapy exposure and consequently reduced marrow 
reserve.

Further evidence from a prospective study of pediatric 
patients with medulloblastoma highlights the limitations 
of CSF support during CSI [6]. Despite prophylactic 
G-CSF administration, a substantial proportion of 
patients experienced treatment interruptions because of 
hematologic toxicity. These findings indicate that G-CSF 
may improve neutrophil recovery but cannot completely 
offset the hematologic burden of CSI. Younger age 
was also associated with greater hematologic toxicity, 
suggesting that patient-related factors may be as important 
as treatment characteristics in determining risk. Thus, 
although CSI represents a setting in which selective 

CSF support may be clinically useful, current evidence 
remains insufficient to support routine prophylactic use 
in all patients [7- 9].

Evidence from Gynecological Indications
Evidence from abdominopelvic RT similarly suggests 

that the benefits of CSF support may be context-dependent. 
An early study of patients with ovarian cancer undergoing 
extended-field RT found that filgrastim reduced 
treatment interruptions related to neutropenia; however, 
thrombocytopenia remained a dose-limiting toxicity and 
prevented treatment completion in some patients [10]. 
These findings illustrate an important limitation of G-CSF: 
correction of neutropenia does not necessarily prevent 
treatment interruption when other hematologic toxicities, 
particularly thrombocytopenia, become limiting.

More recent evidence in cervical cancer supports a 
potential role for pegylated G-CSF during concurrent 
CRT. In a 2021 clinical study, prophylactic PEG-rhG-CSF 
substantially reduced grade 3–4 neutropenia (77.78% 
vs. 10.0%) and eliminated febrile neutropenia in the 
intervention group, while also reducing chemotherapy 
delays [11]. However, RT completion time did not differ 
significantly between groups, and the study was limited 
by its small sample size.

A larger contemporary study of patients with cervical 
cancer receiving concurrent CRT further supported the 
potential benefit of PEG-rhG-CSF [12]. Growth factor 
support was associated with lower rates of grade 3–4 
neutropenia, RT delays, and platinum dose adjustments, 
without significant differences in febrile neutropenia, 
grade 3–4 thrombocytopenia, anemia, or serious 
treatment-related adverse events. Because treatment 
interruptions and chemotherapy dose reductions may 
compromise adherence to definitive CRT, these findings 
support selective use of PEG-rhG-CSF in patients 
at substantial risk of treatment-related neutropenia. 
Overall, the available evidence suggests that CSF 
support may be beneficial in pelvic CRT, particularly 
when myelosuppression threatens timely chemotherapy 
delivery.

Evidence from Head and Neck Chemoradiotherapy
Recent evidence from nasopharyngeal carcinoma 

supports a potential role for PEG-rhG-CSF during 
contemporary head-and-neck CRT. A 2025 study reported 
fewer chemotherapy delays and RT interruptions among 
patients receiving PEG-rhG-CSF, together with higher 
white blood cell and absolute neutrophil counts and 
predominantly mild toxicity [13]. These findings are 
clinically relevant in intensive CRT, where hematologic 
toxicity may compromise treatment delivery. However, 
earlier studies have produced mixed results and generally 
support selective rather than routine use.

In patients with poor-prognosis head-and-neck cancer 
receiving intensified CRT, filgrastim facilitated escalation 
of hydroxyurea and reduced acute myelosuppression, 
although substantial cumulative myelosuppression 
and mucositis remained [14]. A small nonrandomized 
study in laryngeal cancer similarly suggested that 
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was associated with reductions in severe leukopenia, 
neutropenia, and treatment interruptions without an 
apparent increase in esophagitis or pulmonary toxicity, 
although no survival benefit was demonstrated [22]. 
Another retrospective lung cancer study suggested 
a survival association with therapeutic rather than 
prophylactic G-CSF; however, this association was not 
observed in the CRT subgroup [23]. Overall, contemporary 
evidence does not support a blanket prohibition of 
G-CSF during thoracic CRT, but the potential for 
thrombocytopenia and transfusion requirements reinforces 
the need for individualized risk assessment and close 
hematologic monitoring.

A 2024 systematic review and meta-analysis provides 
the most comprehensive pooled assessment of CSF 
use during concurrent thoracic CRT, although the 
report was not available in full text [24]. Across 
the included studies, prophylactic G-CSF reduced 
neutropenia, particularly in patients with SCLC, but 
did not consistently reduce febrile neutropenia, anemia, 
or thrombocytopenia or increase RT-related toxicity. 
Overall, the available thoracic evidence supports a 
targeted, risk-adapted, or protocol-based approach rather 
than universal prophylaxis. Persistent concerns regarding 
thrombocytopenia, cumulative marrow toxicity, and the 
absence of demonstrated survival benefit further support 
individualized use.

Evidence from Other Settings
Earlier studies of RT alone provide evidence that 

G-CSF can improve radiation-associated neutropenia or 
leukopenia during fractionated RT, including CSI. Studies 
in patients with Hodgkin lymphoma similarly reported 
increases in white blood cell and absolute neutrophil counts 
with filgrastim, while comparative studies of G-CSF-based 
strategies found similar leukocyte recovery without clear 
differences in treatment interruption or RT delivery [25,  
26]. These findings demonstrate the hematologic activity 
of G-CSF during RT but do not establish a consistent 
benefit in clinically relevant treatment outcomes.

The effects of G-CSF may also depend on prior 
treatment exposure and the volume of irradiated bone 
marrow. A phase I study of large-field RT and a subsequent 
randomized pilot study raised concerns that recovery of 
peripheral blood counts may not fully reflect the effect of 
treatment on marrow reserve [27, 28]. The randomized 
study also suggested reduced recovery of CD34+ 
progenitor cells with concurrent G-CSF during large-field 
RT. Although these studies were small, they indicate that 
caution may be warranted when substantial volumes of 
bone marrow are irradiated.

The distinction between therapeutic and prophylactic 
CSF use is also important. Much of the earlier RT literature 
evaluated G-CSF for established or treatment-related 
neutropenia rather than routine primary prophylaxis. 
Accordingly, these data provide stronger support for 
selective therapeutic use when neutropenia threatens 
treatment delivery than for universal prophylactic 
administration.

The GM-CSF literature should be considered 

G-CSF-supported treatment was feasible and might 
reduce mucositis; however, the authors emphasized 
the need for further confirmation [15]. In a randomized 
postoperative RT trial that was discontinued prematurely, 
the administration of G-CSF was correlated with a 
reduction in grade 3 mucositis, fewer interventions for 
mucositis management, and a decreased duration of RT; 
however, it did not significantly improve the primary 
endpoint of percutaneous endoscopic gastrostomy 
requirement, and patient accrual fell considerably 
below the targeted enrollment [16]. Overall, these 
findings suggest that CSFs can be considered in selected 
high-risk head-and-neck CRT settings, particularly when 
hematologic toxicity threatens treatment continuity, 
but current evidence does not support routine use in all 
patients.

The Case of Thoracic Chemoradiotherapy
Thoracic CRT remains the setting in which historical 

concerns regarding CSF use require the greatest caution. 
In a secondary analysis of the CONVERT trial in 
limited-stage small-cell lung cancer (SCLC), prophylactic 
G-CSF was not associated with poorer survival, 
increased severe esophagitis or pneumonitis, or higher 
treatment-related mortality [17]. These findings challenge 
the historical concern that G-CSF necessarily increases 
radiation-related thoracic toxicity. However, G-CSF 
recipients had higher rates of severe thrombocytopenia 
and blood transfusion, although interpretation is limited 
by the nonrandomized design and potential confounding 
by indication. Notably, within-patient cycle-based 
comparisons showed lower rates of febrile neutropenia 
during G-CSF-supported cycles. These findings support 
a risk-adapted approach rather than routine prophylaxis, 
particularly when maintaining chemotherapy dose 
intensity is clinically important.

Earlier thoracic studies provide additional context. 
In the SWOG phase III trial of GM-CSF in limited-stage 
SCLC, GM-CSF reduced grade ≥3 leukopenia but did 
not significantly reduce severe neutropenia, provided 
no survival benefit, and was associated with concerns 
regarding infectious and cumulative hematologic toxicity 
[1]. In concurrent CRT for locally advanced esophageal 
cancer, prophylactic filgrastim reduced severe leukopenia 
but did not improve dose intensity, response, or survival, 
while treatment interruptions remained common [18]. 
The CALGB 39808 trial demonstrated the feasibility 
of concurrent CRT with G-CSF support in SCLC but 
was not designed to determine the efficacy of G-CSF 
[19]. Similarly, a phase II study reported no increase 
in pulmonary toxicity with G-CSF during thoracic 
CRT, although thrombocytopenia, anemia, and platelet 
transfusion remained frequent [20].

More recent observational studies provide somewhat 
more favorable findings but remain limited by their 
retrospective designs. A mixed esophageal and lung 
cancer series reported lower rates of febrile neutropenia, 
hospitalization, and intravenous antibiotic use with 
prophylactic PEG-rhG-CSF [21]. A retrospective 
propensity-matched SCLC study found that pegfilgrastim 
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separately from the G-CSF evidence. Studies of 
sargramostim have primarily examined immune 
modulation, treatment feasibility, and potential interactions 
with radiation-induced antitumor responses rather than 
conventional neutropenia prophylaxis [3]. A study in 
glioblastoma similarly focused on feasibility and immune 
activation during CRT rather than routine hematologic 
prophylaxis [29]. These findings suggest that concurrent 
GM-CSF and RT-based treatment can be feasible, but they 
should not be directly extrapolated to the routine use of 
G-CSF for neutropenia prevention.

Recommendations from the ASCO and NCCN Guidelines
The available evidence should be interpreted in the 

context of current clinical guidelines. Updated ASCO 
guidance conditionally recommends against routine CSF 
administration during concurrent chemotherapy and RT, 
particularly when the mediastinum is included in the 
radiation field, while acknowledging the low quality of 
supporting evidence and limited data for RT alone [30]. 
This recommendation represents a precaution rather than 
an absolute contraindication and should be distinguished 
from ASCO’s broader risk-adapted recommendation 
for primary CSF prophylaxis when the anticipated 
risk of chemotherapy-induced febrile neutropenia is 
approximately 20% or higher.

The NCCN (V3.2026) similarly advises caution with 
prophylactic G-CSF during concurrent chemotherapy 
and RT rather than categorically prohibiting its use. 
This position is partly based on historical concerns, 
including earlier randomized studies involving GM-CSF 
[1]. However, the applicability of these findings 
to contemporary G-CSF formulations, modern RT 
techniques, and current CRT regimens remains uncertain. 
As discussed above, contemporary studies have not 
consistently demonstrated increased RT-related toxicity 
with prophylactic G-CSF, although the evidence remains 
limited and predominantly nonrandomized.

Accordingly, current guidelines are best interpreted 
as reflecting both historical safety concerns and 
continuing uncertainty rather than establishing an absolute 
contraindication. Decisions regarding CSF use should 
therefore be individualized according to the risk of febrile 
neutropenia, radiation field and mediastinal exposure, 
irradiated marrow volume, baseline marrow reserve, 
treatment technique, concurrent chemotherapy, and the 
potential clinical consequences of treatment interruption.

Figure 1. Clinical role of colony-stimulating factors 
during radiotherapy and concurrent chemoradiotherapy 
across different disease settings.

Summary and Recommendations

Summary
The available evidence indicates that G-CSF is 

effective in reducing treatment-related leukopenia and 
neutropenia during or after RT, supporting its role as 
a therapeutic intervention when clinically indicated. 
However, evidence remains insufficient to support its 
routine use as primary prophylaxis during RT or CRT, 

for preservation of long-term bone marrow function, or 
for improvement of survival outcomes.

Evidence for prophylactic G-CSF during concurrent 
CRT is heterogeneous and varies by disease site and 
treatment characteristics. In contemporary thoracic CRT, 
particularly for limited-stage small-cell lung cancer, 
G-CSF has generally been associated with lower rates 
of neutropenia and, in some studies, fewer treatment 
interruptions and hospitalizations. However, no consistent 
survival benefit has been demonstrated, and some studies 
have reported increased thrombocytopenia and transfusion 
requirements.

Historical concerns regarding CSF use during 
thoracic RT largely derive from the randomized SWOG 
trial of GM-CSF, which reported increased toxicity and 
treatment-related mortality [1]. More recent studies, 
including the CONVERT secondary analysis, have 
not reproduced these findings; however, much of the 
contemporary evidence is observational and remains 
susceptible to confounding by indication. Furthermore, 
findings involving GM-CSF should not be directly 
extrapolated to G-CSF.

Studies in head and neck, cervical, esophageal, and 
other malignancies demonstrate variable hematologic 
benefits, with more consistent reductions in neutropenia 
than improvements in dose intensity, treatment completion, 
or survival. Investigational uses of GM-CSF for mucosal 
protection or immune modulation should likewise be 
distinguished from routine G-CSF prophylaxis.

Evidence from large-field RT also suggests that 
recovery of peripheral neutrophil counts may not fully 
reflect effects on bone marrow reserve, including CD34+ 
progenitor-cell recovery and platelet production. Overall, 
current evidence supports selective therapeutic use of 
G-CSF for clinically significant or treatment-limiting 
neutropenia, while routine prophylactic administration 
during concurrent CRT remains insufficiently supported. 
Decisions should therefore be individualized according 
to treatment setting, irradiated marrow volume, 
chemotherapy intensity, baseline marrow reserve, and 
the clinical consequences of treatment interruption.

Table 1 summarizes the arguments for and against the 
use of CSFs during RT/CRT.

Recommendations
1. Avoid routine prophylactic G-CSF during concurrent 

chemoradiotherapy. In accordance with updated ASCO 
guidance, CSFs should generally not be administered 
routinely during concurrent chemotherapy and RT, 
particularly when the mediastinum is included in the 
radiation field. This recommendation reflects limited and 
mixed evidence rather than an absolute contraindication.

2. Distinguish therapeutic use from primary 
prophylaxis. G-CSF may be appropriate for clinically 
significant or persistent treatment-related neutropenia 
when it threatens continuation of potentially curative 
therapy, increases infection risk, or causes clinically 
important treatment delays. Therapeutic use should not be 
equated with routine prophylaxis at the initiation of CRT.

3. Consider prophylaxis selectively in high-risk 
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patients. The NCCN Guidelines for Hematopoietic 
Growth Factors (Version 3.2026) recommend caution 
when considering prophylactic G-CSF during concurrent 
chemotherapy and RT. Selective use may be considered 
when the risk of febrile neutropenia is substantial and 
treatment interruption could have important clinical 
consequences, provided that expected benefits outweigh 
potential risks.

4. Perform a treatment-specific risk–benefit assessment. 

Decisions should consider chemotherapy intensity, 
previous cytopenias and treatment exposure, baseline 
marrow reserve, age and comorbidities, radiation field 
and technique, mediastinal exposure, irradiated marrow 
volume, treatment intent, and available alternatives such 
as chemotherapy dose modification or treatment delay.

5. Exercise particular caution during thoracic 
and marrow-intensive RT. Mediastinal irradiation 
and extensive-field RT should not be considered 

Figure 1. Schematic Overview of the Current Evidence Supporting Selective, Risk-adapted Use of Granulocyte 
Colony-stimulating Factors (G-CSFs) During Radiotherapy (RT) and Concurrent Chemoradiotherapy (CRT). 
The potential benefit of CSFs varies according to irradiated bone marrow volume, chemotherapy intensity, prior 
treatment, and individual marrow reserve. In craniospinal irradiation (CSI), G-CSFs may improve neutrophil recovery 
and reduce treatment interruptions in selected patients but do not completely prevent hematologic toxicity associated 
with extensive marrow irradiation. In gynecologic malignancies, particularly cervical cancer, pegylated G-CSF has 
been associated with reduced severe neutropenia and chemotherapy delays, although thrombocytopenia may remain 
dose-limiting. In head and neck CRT, contemporary evidence suggests improved treatment adherence in selected 
high-risk patients, whereas earlier studies provide mixed results and do not support routine prophylaxis. In thoracic 
CRT, contemporary evidence has not confirmed the historical concern of increased pulmonary toxicity; however, 
risks of thrombocytopenia and cumulative hematologic toxicity, together with the absence of a demonstrated survival 
benefit, support individualized rather than universal prophylactic use.
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equivalent to limited-volume treatment. The potential 
for thrombocytopenia, transfusion requirements, and 
impaired marrow recovery should be weighed against 
the risk of febrile neutropenia and treatment interruption.

6. Do not equate hematologic improvement with 
improved oncologic outcomes. Reductions in neutropenia 
or febrile neutropenia do not necessarily translate into 
improved tumor response, progression-free survival, or 
overall survival. G-CSF should therefore primarily be 
viewed as supportive therapy intended to improve the 
safety and feasibility of treatment.

7. Interpret GM-CSF and sargramostim separately. 
Historical studies of GM-CSF provide important safety 
information but should not be directly extrapolated to 
G-CSF. Studies of sargramostim have largely focused on 
immune modulation and potential antitumor effects rather 
than routine neutropenia prophylaxis. Current evidence 
does not support substituting GM-CSF or sargramostim 
for G-CSF as routine prophylaxis.

In conclusion, G-CSF effectively supports neutrophil 
recovery during or after RT and has an established role 
in the therapeutic management of clinically significant 
treatment-related neutropenia. However, improvement 
in hematologic parameters has not consistently 
translated into better tumor response, treatment efficacy, 
progression-free survival, overall survival, or long-term 
marrow preservation.

Evidence for routine prophylactic G-CSF during 
concurrent CRT remains heterogeneous and largely 
dependent on treatment setting. Although G-CSF may 
reduce neutropenia, febrile neutropenia, and treatment 
interruptions in selected settings, consistent oncologic 
benefits have not been demonstrated, and thrombocytopenia 
remains a concern in some patients. GM-CSF and 
sargramostim should be considered separately because 

evidence regarding their immunomodulatory or mucosal 
effects does not establish a role in routine neutropenia 
prophylaxis.

Overall, G-CSF use during concurrent CRT should be 
selective and risk-adapted rather than universal. Decisions 
should incorporate febrile-neutropenia risk, treatment 
intent, radiation field and irradiated marrow volume, 
baseline marrow reserve, chemotherapy intensity, and 
the potential consequences of treatment interruption. 
Particular caution is warranted during thoracic, large-field, 
and other marrow-intensive RT.
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