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Maximum daily dose of G-CSF is critical for 
preventing recurrence of febrile neutropenia in 
patients with gynecologic cancer
A case–control study
Nam Kyeong Kim, MDa,b, Dong Hoon Suh, MD, PhDa,b,* , Kidong Kim, MD, PhDa,b, Jae Hong No, MD, PhDa,b, 
Yong Beom Kim, MD, PhDa,b

Abstract 
No study has evaluated the effect of therapeutic granulocyte colony-stimulating factor (G-CSF) in preventing recurrence of febrile 
neutropenia (FN) and survival outcomes in gynecologic cancer patients. Objective of this study is to optimize and to identify the 
use of G-CSF and identify the critical factors for preventing the recurrence of FN in women undergoing chemotherapy for the 
treatment of gynecologic cancer.

The medical records of consecutive patients who underwent chemotherapy for the treatment of gynecologic cancer and 
experienced FN at least once were retrospectively reviewed. Clinico-laboratory variables were compared between those with and 
without recurrence of FN to identify risk factors for the recurrence and the most optimal usage of G-CSF that can prevent FN. 
Student t test, χ2 test, and multivariate Cox regression analysis were used.

A total of 157 patients who met the inclusion criteria were included. Of 157, 49 (31.2%) experienced recurrence of FN. Age ≥55 
years (P = .043), previous lines of chemotherapy ≤1 (P = .002), thrombocytopenia (P = .025), total dose (P = .003), and maximum 
daily dose (P = .009) of G-CSF were significantly associated with recurrence of FN. Multiple regression analysis showed that age 
≥55 years (HR, 2.42; 95% CI, 1.14–5.14; P = .022), previous chemotherapy ≤1 (HR, 4.01; 95% CI, 1.40–11.55; P = .010), and 
maximum daily dose of G-CSF ≤600 μg (HR, 5.18; 95% CI, 1.12–24.02; P = .036) were independent risk factors for recurrent FN. 
Multivariate Cox regression analysis showed that a maximum daily dose of G-CSF ≤600 μg was the only independent risk factor 
for short recurrence-free survival of FN (HR, 4.75; 95% CI, 1.15–19.56; P = .031).

Dose-dense administration of G-CSF >600 μg/day could prevent recurrence of FN in women who undergo chemotherapy 
for the treatment of gynecologic cancer and FN. Old age and FN at early lines of chemotherapy seem to be associated with FN 
recurrence.

Abbreviations: ANC = absolute neutrophil count, FN = febrile neutropenia, G-CSF = granulocyte colony-stimulating factor, 
GM-CSF = granulocyte-macrophage colony-stimulating factor, MGF = myeloid growth factor.
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1. Introduction

Febrile neutropenia (FN) is one of the potentially life-threat-
ening complications of chemotherapy in cancer treatment. FN 
is defined as fever with a single temperature >38.3°C orally or 
a temperature >38.0°C over 1 hour, accompanied by neutro-
penia with an absolute neutrophil count (ANC) of <500/μL 
or a predicted decline to <500/μL within the next 48 hours.[1] 
The incidence of chemotherapy-induced FN varies from 2% to 
50% in solid tumors depending on patient-related risk factors, 
type of neoplasm, chemotherapy regimen, and genetic suscep-
tibility. The frequency of FN is approximately 7% to 12% in 

patients with gynecologic cancer.[2,3] The incidence of septic 
shock in patients with chemotherapy-induced FN is 25% to 
30%, and the mortality rate associated with FN is reported to 
be 10% to 21%.[4] FN may affect subsequent chemotherapy by 
delay or dose reduction, leading to a potentially compromised 
survival.[5]

Myeloid growth factors (MGFs), which promote neutrophil 
proliferation and maturation, are used for the prophylactic or 
therapeutic purposes of myelosuppressive chemotherapy-in-
duced FN. MGFs are divided into granulocyte colony-stimulating 
factor (G-CSF) and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) according to the promotion of blood cells.[6] 
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Most previous studies on MGFs have focused on FN prophy-
laxis. Studies have demonstrated that the use of prophylactic 
MGF is effective in preventing FN, reducing infection-related 
mortality, and enabling full dose-intensity chemotherapy with-
out dose reduction.[7,8]

There are relatively few studies on therapeutic G-CSF in 
patients with chemotherapy-induced FN. Most clinical studies 
on therapeutic G-CSF were conducted between the 1990s and 
the early 2000s, and the studies had a small study population 
and a low rate of clinical events such as death. In addition, 
studies have shown conflicting results regarding mortality or 
recovery outcomes from FN.[9–12] These findings may be under-
powered to determine the routine use of G-CSF in patients with 
chemotherapy-induced FN. Despite the low level of evidence, 
systematic review or meta-analysis studies of small-sized ran-
domized controlled trials showed that therapeutic use of G-CSF 
in FN patients did not significantly change mortality but reduced 
the duration of hospital stay and recovery time from neutro-
penia or fever.[13–15] Based on the study results, the National 
Comprehensive Cancer Network (NCCN) does not recommend 
the routine use of therapeutic G-CSF for patients with FN. 
Therapeutic use of G-CSF is recommended only in patients who 
have not received prophylactic G-CSF and are at a high risk 
of infection. However, the optimal usage of therapeutic G-CSF, 
including dosage, duration, and ANC target, is not specified in 
the guideline.[1] No study has evaluated the effect of therapeutic 
G-CSF in preventing recurrence of FN and survival outcomes in 
gynecologic cancer patients.

We aimed to identify the optimal usage of therapeutic G-CSF 
and to identify critical factors associated with the recurrence of 
FN in women undergoing chemotherapy for the treatment of 
gynecologic cancer.

2. Methods
Consecutive patients who underwent chemotherapy for the 
treatment of gynecologic cancer and experienced FN at least 
once at the Seoul National University Bundang Hospital 
(SNUBH) between April 2003 and March 2021 were gathered. 
Medical records were retrospectively reviewed. The inclusion 
criteria were as follows:

 1.  Patients diagnosed with cervical, uterine corpus, and 
ovarian cancer (including tubal cancer and primary peri-
toneal cancer);

 2.  Patients receiving chemotherapy including concurrent 
chemoradiation therapy (CCRT) for the treatment of 
gynecologic cancer.

Patients who experienced the first episode of FN after chemo-
therapy at the other hospitals were excluded from the study 
population. FN was defined as a fever >38.0°C and grade 4 neu-
tropenia with ANC <500/μL. Patients with a history of cancer 
diagnosis other than gynecologic cancer or chemotherapy at 
other hospitals were excluded. The Institutional Review Board 
of SNUBH approved this study (B-2111-721-104). Informed 
consent from the patients was waived as this was a study based 
on retrospective medical chart review.

Clinical characteristics including age at initial FN, cancer type, 
number of previous chemotherapy lines, regimen of chemotherapy, 
use of prophylactic G-CSF before initial FN, septic shock, and bac-
teremia at initial FN were collected. Additionally, laboratory data 
on ANC at diagnosis of FN and after recovery from FN, hemo-
globin, and platelet level at initial FN were collected. Data on the 
use of G-CSF, including dose and duration during initial FN and 
subsequent recurrence of FN in all patients, were retrospectively 
reviewed. Recurrence-free survival (RFS) was defined as the period 
between the initial FN and the first recurrence of FN. Progression-
free survival (PFS) was defined as the time from initial FN to dis-
ease progression based on the Response Evaluation Criteria in 

Solid Tumors criteria for imaging evaluation or death of any cause. 
Overall survival (OS) was defined as the period between initial FN 
and death.

Student t test, χ2 test, and regression analyses were used to 
compare clinicopathologic characteristics between groups of 
recurrence of FN (+) and (–). Cox regression analysis was used 
to determine the association of the clinico-laboratory charac-
teristics, including various usages of G-CSF with RFS of FN. 
Statistical analysis was performed using IBM SPSS Statistics for 
Windows (version 25.0; IBM Corp., Armonk, NY). Statistical 
significance was set at a P value of < .05.

3. Results
A total of 157 patients who met the inclusion criteria were 
enrolled in the study. Forty-nine patients (31.2%) experienced 
FN recurrence. Baseline characteristics of the study population 
are shown in Table 1.

The mean age at the time of initial FN was 54.9 ± 14.1 years. 
In terms of cancer types of the patients, the most common can-
cer was ovary, tubal, and primary peritoneal cancer (n  =  77, 
49.0%), followed by corpus (n = 44, 28.0%) and cervix (n = 34, 
21.7%). Sixty-four patients (40.8%) experienced grade 4 neu-
tropenia without fever before the initial FN event. Eighty-three 
patients (52.9%) had the first episode of FN during first-line 
chemotherapy without a previous history of chemotherapy. 
Thirty-two (20.4%) patients had a previous history of chemo-
therapy with 1 line, and 42 (26.8%) had 2 or more lines of 
chemotherapy. Regarding the chemotherapy regimen used at 
the time of initial FN, 118 (75.2%) and 26 (16.6%) received 
combination and single-regimen chemotherapy, respectively. 

Table 1

Baseline characteristics of the patients (n = 157).

 N (%) 

Age at initial FN 54.9 ± 14.1
Cancer types
  Cervix 34 (21.7)
  Ovary, tube, and primary peritoneum 77 (49.0)
  Corpus 44 (28.0)
  Unknown 1 (0.6)
  Double primary (corpus and ovary) 1 (0.6)
Grade 4 neutropenia event before initial FN 64 (40.8)
Previous lines of chemotherapy
  0 83 (52.9)
  1 32 (20.4)
  ≥2 42 (26.8)
Chemotherapy regimen
  Combination 118 (75.2)
  Single 26 (16.6)
  Combination + radiation 13 (8.3)
ANC at initial FN 174.6 ± 144.8
Grade 3 or 4 anemia at initial FN 38 (24.2)
Grade 3 or 4 thrombocytopenia at initial FN 48 (30.6)
Bacteremia at initial FN 27/143 (18.9)
Septic shock at initial FN 12 (7.6)
G-CSF usage at initial FN
  Total dose (μg) 1538.9 ± 1226.8
  Max. daily dose (μg) 482.5 ± 258.3
  Duration (d) 3.8 ± 2.4
  Type of G-CSF*
   Filgrastim 138 (87.9)
   Lenograstim 16 (10.2)
   Both (filgrastim, lenograstim) 2 (1.3)
Recurrence of FN 49 (31.2)

Values are presented as mean ± standard deviation or number (%).
ANC = absolute neutrophil count, FN = febrile neutropenia, G-CSF = granulocyte colony-
stimulating factor.
*One patient who did not receive G-CSF was excluded in the category of type of G-CSF.
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Thirteen patients (8.3%) received radiotherapy with combina-
tion chemotherapy. The mean ANC level at diagnosis of initial 
FN was 174.6 ± 144.8/µL. Grade 3 or more anemia and throm-
bocytopenia at the initial FN event occurred in 38 (24.2%) and 
48 women (30.6%), respectively. During the initial FN event, 
27 (18.9%) patients had bacteremia and 12 (7.6%) had septic 
shock. Regarding the G-CSF type, most of the patients (n = 138, 
87.9%) used filgrastim.

Clinical and laboratory characteristics were compared 
between the recurrence of FN (+) and (–) (Table  2). Age ≥55 
years (P = .043), previous lines of chemotherapy ≤1 (P = .002), 
total dose (P =  .003), and maximum daily dose (P =  .009) of 
G-CSF were significantly associated with recurrence of FN. The 
frequency of grade 3 or 4 thrombocytopenia was significantly 
lower in the group with recurrence of FN. However, the use of 
prophylactic G-CSF prior to initial FN, ANC level at the time 
of initial FN, grade 3 or 4 anemia, septic shock during initial 
FN event, CCRT, ANC after administration of G-CSF, and total 
duration of G-CSF usage did not differ between the 2 groups.

The results of univariate and multivariate Cox regression analy-
ses of risk factors for recurrence of FN are shown in Table 3. The 
cutoff values of total dose and maximum daily dose of G-CSF 
used during the initial FN period were 2000 and 600 μg, respec-
tively. In the univariate analysis, age ≥55 years (HR, 2.03; 95% CI, 
1.02–4.18; P = .045), previous lines of chemotherapy ≤1 (HR, 4.59; 
1.68–12.55; P = .003), total dose of G-CSF <2000 μg (HR, 3.29; 
95% CI, 1.28–8.48; P = .014), and maximum daily dose of G-CSF 
≤600 μg (HR, 5.67; 95% CI 1.27–25.25; P = .023) were associated 
with recurrent FN. However, grade 3 or 4 thrombocytopenia was 
associated with a decreased risk of FN recurrence (HR, 0.40; 95% 
CI, 0.18–0.91; P = .028). Multivariate regression analysis showed 
that age ≥55 years (HR, 2.42; 95% CI, 1.14–5.14; P = .022), pre-
vious lines of chemotherapy ≤1 (HR, 4.01; 95% CI, 1.40–11.55; 
P = .010), and maximum daily dose of G-CSF ≤600 μg (HR, 5.18; 
95% CI, 1.12–24.02; P = .036) were independent risk factors for 
recurrent FN.

In the multivariate Cox regression analysis, the maximum 
daily dose of G-CSF was the only independent risk factor for 
RFS after adjusting for other relevant factors in the univariate 
analysis (Table 4). A maximum daily dose of G-CSF ≤600 μg 
was significantly associated with the short RFS of FN, with an 
HR of 4.67 (95% CI, 1.13–19.26; P =  .033). However, there 
were no significant differences in both PFS (P = .807) and OS 
(P = .699) between the maximum daily dose of G-CSF ≤600 and 
>600 μg, as shown in Figure 1.

Additional analysis was performed to investigate the associa-
tion between the maximal target level of ANC and RFS of FN. 
There were no significant differences in the RFS of FN accord-
ing to any cutoff levels (3000, 5000, and 10,000/μL) of the tar-
get ANC level of therapeutic G-CSF administration, as shown 
in Figure 2.

Table 5 shows that the side effects of G-CSF, such as bone pain, 
diarrhea, and thrombosis, were not different between the maximum 
daily dose of G-CSF ≤600 and >600 μg. For patients who had a 
first recurrence of FN, the recovery time from the first recurrence of 
FN, which was defined as the days from diagnosis of FN to ANC 
≥1500/μL, was not different between the 2 groups (4.12 ± 2.26 vs 
3.00 ± 2.83; P = .500). Serious complications, such as splenic rup-
ture or acute myeloid leukemia (AML)/myelodysplastic syndrome 
(MDS), were not observed during the study period.

4. Discussion
The principal findings of this study were as follows:

 1.  Age >55 years and the number of previous chemotherapy 
lines <1 were significantly associated with the recurrence 
of FN;

 2.  A maximum daily G-CSF dose of 600 μg or less was an 
independent risk factor for FN recurrence and short RFS; 
and

 3.  There were no differences in the adverse effects such as 
bone pain, diarrhea, and deep vein thrombosis between 
patients receiving a maximum daily dose of G-CSF ≤600 
and >600 μg.

The study population in the present study included patients 
who discontinued chemotherapy after initial FN either because 
they died after initial FN or FN occurred during the last che-
motherapy schedule, and the cancer did not recur thereafter. 
Further analysis was performed on 129 patients who continued 
chemotherapy after the initial FN event. The maximum daily 
dose of G-CSF ≤600 μg was the only independent risk factor for 
recurrent FN and RFS of FN (HR, 5.88; 95% CI, 1.29–26.79; 
P  =  .022; HR, 4.95; 95% CI, 1.20–20.41; P  =  .027, respec-
tively). These results were in agreement with those of the whole 
study population.

Old age; female sex; low BMI or BSA; preexisting active cardio-
vascular, renal, endocrine, or pulmonary comorbidities; low pre-
treatment lymphocyte or neutrophil count; and poor nutritional 
status have been demonstrated as patient-related risk factors for 
chemotherapy-induced FN.[16] In accordance with previous stud-
ies, age of 55 years or older increased the risk of recurrent FN 
in the current study. The results can be explained by a hypoth-
esis that chemotherapy-induced adverse effects are mediated by 
mitochondrial damage and older patients are more susceptible to 
the cytotoxic chemotherapy due to aging-related mitochondrial 
dysfunction and oxidative stress.[17,18] Several researchers have 
reported that a history of previous chemotherapy was associated 
with a higher risk of FN. However, these studies only consid-
ered the presence or absence of previous chemotherapy and not 
the number of previous chemotherapy lines.[19,20] In our study, the 
number of previous chemotherapy lines was considered, and the 
results showed that the number of previous chemotherapy lines 
<1 was significantly associated with recurrence of FN compared 
with that of ≥2. It is suggested that the first experience of FN at 

Table 2

Clinical and laboratory factors according to recurrence of febrile 
neutropenia.

 
Recurrence of 

FN (–) (n = 108)
Recurrence of FN (+) 

(n = 49) P 

Age at initial FN ≥55 (yr) 54 (50.0) 33 (67.3) .043*
Previous line of chemotherapy   .002*
  ≤1 71 (65.7) 44 (89.8)  
  ≥2 37 (34.3) 5 (10.2)  
Concurrent chemoradiation 8 (7.4) 5 (10.2) .556
Prophylactic G-CSF before 

initial FN
35 (32.4) 12 (24.5) .316

Blood count at initial FN
  ANC (per μL) 177.5 ± 145.9 168.3 ± 143.5 .713
  Anemia ≥ Grade 3 24 (22.2) 14 (28.6) .389
  Thrombocytopenia ≥ Grade 3 39 (36.1) 9 (18.4) .025*
Complication at initial FN
  Septic shock 9 (8.3) 3 (6.1) .755
  Bacteremia 21/98 (21.4) 6/45 (13.3) .251
G-CSF usage at initial FN
  Total dose (μg) 1715.7 ± 1290.0 1149.0 ± 997.6 .003*
  Duration (day) 4.0 ± 2.4 3.2 ± 2.3 .057
  Maximum daily dose (μg) 515.7 ± 271.6 409.2 ± 210.8 .009*
   ≤600 87 (80.6) 47 (95.9) .013*
   >600 21 (19.4) 2 (4.1)  
Target ANC at (per μL)
  Day of last G-CSF dose 2756.7 ± 4012.6 3572.9 ± 5616.5 .373
  Next day of last G-CSF dose 6749.1 ± 5826.5 7217.9 ± 8794.1 .720

Values are presented as mean ± standard deviation or number (%).
ANC = absolute neutrophile count, FN = febrile neutropenia, G-CSF = granulocyte colony-
stimulating factor.
*Statistically significant.
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early lines of chemotherapy with previous chemotherapy history 
seems to be associated with recurrent FN. This finding is probably 
related to the underlying bone marrow status of the individual 

patients. In other words, it can be presumed that patients with 
poor bone marrow status develop FN in early lines of chemother-
apy and have a higher risk of FN recurrence.

Table 3

Univariate and multivariate logistic regression analysis of risk factors for recurrence of febrile neutropenia.

 N (%) 

Univariate Multivariate

HR 95% CI P HR 95% CI P 

Age at initial FN (yr)
  <55 70 (44.6) 1   1   
  ≥55 87 (55.4) 2.03 1.02–4.18 .045* 2.42 1.14–5.14 .022*
Previous lines of chemotherapy
  >1 42 (26.8) 1   1   
  ≤1 115 (73.2) 4.59 1.68–12.55 .003* 4.01 1.40–11.55 .010*
Grade 3 or 4 thrombocytopenia
  No 109 (69.4) 1   1   
  Yes 48 (30.6) 0.40 0.18–0.91 .028* 0.50 0.21–1.21 .126
Total dose of G-CSF (μg)
  ≥2000 40 (25.5) 1   1   
  <2000 117 (74.5) 3.29 1.28–8.48 .014* 2.20 0.81–6.00 .123
Max. daily dose of G-CSF (μg)
  >600 23 (14.6) 1   1   
  ≤600 134 (85.4) 5.67 1.27–25.25 .023* 5.18 1.12–24.02 .036*

CI = confidence interval, FN = febrile neutropenia, G-CSF = granulocyte colony-stimulating factor, HR = hazard ratio.
*Statistically significant.

Table 4

Univariate and multivariate Cox regression analysis of risk factors for recurrence-free survival of febrile neutropenia.

 N (%) 

Univariate Multivariate

HR 95% CI P HR 95% CI P 

Age at initial FN (yr)
  <55 70 (44.6) 1      
  ≥55 87 (55.4) 1.73 0.95–3.15 .073    
Previous lines of chemotherapy
  >1 42 (26.8) 1   1   
  ≤1 115 (73.2) 2.56 1.01–6.54 .049* 2.30 0.90–5.87 .082
Grade 3 or 4 thrombocytopenia
  No 109 (69.4) 1      
  Yes 48 (30.6) 0.60 0.29–1.25 .171    
Total dose of G-CSF (μg)
  ≥2000 40 (25.5) 1   1   
  <2000 117 (74.5) 2.46 1.05–5.78 .039* 1.19 0.45–3.14 .721
Max. daily dose of G-CSF (μg)
  >600 23 (14.6) 1   1   
  ≤600 134 (85.4) 5.10 0.24–20.99 .024* 4.67 1.13–19.26 .033*

CI = confidence interval, FN = febrile neutropenia, G-CSF = granulocyte colony-stimulating factor, HR = hazard ratio.
*Statistically significant.

Figure 1. Kaplan–Meier curves of (A) progression-free survival and (B) overall survival after initial febrile neutropenia according to maximum daily dose of G-CSF 
600 μg. G-CSF = granulocyte colony-stimulating factor.
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It is necessary to consider whether a high dose of therapeu-
tic G-CSF is feasible in terms of dose and toxicity. The NCCN 
guidelines recommend a therapeutic filgrastim dose of 5 μg/kg/d 
and duration until post-nadir ANC recovery to normal or near 
normal levels by laboratory standards. This dose and duration 
were the same as those for prophylactic use. For mobilization and 

posthematopoietic cell transplantation, a daily dose of filgrastim 
can be administered at a dose of 10 to 16 μg/kg, which is 2 to 3 
times higher than that used in FN.[1] In a previous study on hema-
topoietic recovery according to various G-CSF doses in patients 
with autologous bone marrow transplant, the administered G-CSF 
dose range was 4 to 64 μg/kg/d and was tolerable even at high 
doses. The researchers suggested that the optimal dose of G-CSF 
to stimulate ANC recovery after transplant was 4 to 8 μg/kg/d.[21] 
For the treatment of severe congenital and acquired neutropenia, 
the G-CSF daily dose may be increased to >20 μg/kg/d or more 
depending on the clinical conditions of the patient.[22] In practice, 
a high dose of G-CSF is used in several clinical situations. Mild-
to-moderate bone pain, which can be alleviated with analgesics, is 
the most common G-CSF-related adverse event and is reported in 
10% to 30% of cases.[1,14] Splenic rupture, a very rare and poten-
tially fatal complication of G-CSF, has been mostly reported in 
the treatment of hematologic malignancies or bone marrow trans-
plantation rather than solid tumors.[23,24] Although several epide-
miological studies have suggested that G-CSF may increase the 
risk of AML/MDS, no association has been reported in individual 
randomized trials, and it is difficult to determine whether second-
ary hematologic malignancies are due to G-CSF use or long-term 
chemotherapy.[1,23,25] Most of the studies on G-CSF-related adverse 
events were case reports and case series based on varied study pop-
ulations and cancer types. In addition, there has been no evidence 
of G-CSF dose-dependent toxicity to date. Our study showed no 

Figure 2. Kaplan–Meier curves for recurrence-free survival of febrile neutropenia according to different target ANC level of G-CSF (A, 3000/μL; B, 5000/μL; C, 
10,000/μL). ANC = absolute neutrophil count, G-CSF = granulocyte colony-stimulating factor.

Table 5

Recovery time from recurrence of FN and side effects of G-CSF 
according to maximum daily dose of G-CSF at initial FN.

 
MDD ≤ 600 μg 

(n = 133) 
MDD > 600 μg  

(n = 23) P 

Recovery time from first 
recurrence of FN*

4.12 ± 2.26 (n = 42) 3.00 ± 2.83 (n = 2) .500

Side effects of G-CSF
  Pain 51 (38.3) 5 (21.7) .125
  Diarrhea 17 (12.8) 4 (17.4) .517
  Thrombosis 2 (1.5) 1 (4.3) .382

Values are presented as mean ± standard deviation or number (%). Of 49 patients with recurrent 
FN, 3 who died at the second FN event and one who was discharged with ANC 1029 were 
excluded from analysis.
ANC = absolute neutrophil count, FN = febrile neutropenia, G-CSF = granulocyte colony-
stimulating factor, MDD = maximum daily dose.
*The days from diagnosis of FN to ANC ≥1500/μL.
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significant difference in adverse events of G-CSF between max-
imum daily dose of G-CSF ≤600 and >600  μg, and no splenic 
rupture or AML/MDS was observed in the study population. 
Therefore, we suggest that a high dose of G-CSF is feasible.

This is the first study to focus on the effect of various doses of ther-
apeutic G-CSF on the subsequent recurrence of FN in patients with 
gynecologic cancer receiving cytotoxic chemotherapy. However, this 
study had several limitations. First, the disease state and chemother-
apy regimens were mixed in our study. The advanced disease state of 
cancer is known as a disease-related risk factor associated with FN. 
The use of myelosuppressive chemotherapy agents such as doxoru-
bicin, docetaxel, cyclophosphamide, etoposide, or gemcitabine has 
also been reported as a significant predictor of FN.[16] Because of the 
small sample size of the study population, analysis considering these 
risk factors was limited. Second, prophylactic G-CSF use before the 
initial FN event was included in the analysis, but the change in the 
use of prophylactic G-CSF after FN treatment with high-dose ther-
apeutic G-CSF was not considered in the current study. The method 
of prophylactic G-CSF administration and outpatient check-up 
using a complete blood cell count test differed among gynecological 
oncologists in our institute; thus, the analysis was limited. Further 
limitations include the retrospective design of the study and the rel-
atively small sample size of the study population.

5. Conclusions
Dose-dense administration of G-CSF >600 μg/d could prevent 
the recurrence of FN in patients with gynecologic cancer. Old 
age and FN at early lines of chemotherapy seem to be associ-
ated with FN recurrence. Because the risk of FN varies accord-
ing to the chemotherapy regimen, further analysis is required 
depending on the individual regimen used predominantly in 
gynecologic cancer. In addition, further studies are needed to 
determine whether the use of high-dose therapeutic G-CSF has 
advantages in terms of cost or quality of life compared to pro-
phylactic G-CSF.

Author contributions
NKK made substantial contributions to data acquisition, anal-
ysis, interpretation of data, and drafting and revising the man-
uscript. DHS made substantial contributions to the conception 
and design of the work, analysis and interpretation of data, and 
revision and confirmation of the manuscript. KK, JHN, and 
YBK made substantial contributions to the drafting, revising, 
and final confirmation of the manuscript. All authors have read 
and approved the final manuscript.
Conceptualization: Dong Hoon Suh.
Data curation: Nam Kyeong Kim.
Formal analysis: Dong Hoon Suh, Nam Kyeong Kim.
Methodology: Dong Hoon Suh, Nam Kyeong Kim.
Project administration: Dong Hoon Suh.
Supervision: Dong Hoon Suh, Jae Hong No, Kidong Kim, Yong 

Beom Kim.
Writing – original draft: Nam Kyeong Kim.
Writing – review &amp; editing: Dong Hoon Suh, Jae Hong No, 

Kidong Kim, Nam Kyeong Kim, Yong Beom Kim.

References
 [1] Network NCC. NCCN Guidelines: Hematopoietic Growth Factors 

(Version 4.2021). Available at: https://www.nccn.org/professionals/
physician_gls/pdf/growthfactors.pdf. [access date May 20, 2021].

 [2] Hashiguchi Y, Kasai M, Fukuda T, et al. Chemotherapy-induced neu-
tropenia and febrile neutropenia in patients with gynecologic malig-
nancy. Anticancer Drugs. 2015;26:1054–60.

 [3] Taplitz RA, Kennedy EB, Bow EJ, et al. Outpatient management of fever 
and neutropenia in adults treated for malignancy: American Society of 
Clinical Oncology and Infectious Diseases Society of America Clinical 
Practice Guideline Update. J Clin Oncol. 2018;36:1443–53.

 [4] Yoo J, Jung Y, Ahn JH, et al. Incidence and clinical course of septic 
shock in neutropenic patients during chemotherapy for gynecological 
cancers. J Gynecol Oncol. 2020;31:e62.

 [5] Khan S, Dhadda A, Fyfe D, et al. Impact of neutropenia on delivering 
planned chemotherapy for solid tumours. Eur J Cancer Care (Engl). 
2008;17:19–25.

 [6] Mehta HM, Malandra M, Corey SJ. G-CSF and GM-CSF in neutrope-
nia. J Immunol. 2015;195:1341–9.

 [7] Kuderer NM, Dale DC, Crawford J, et al. Impact of primary prophy-
laxis with granulocyte colony-stimulating factor on febrile neutropenia 
and mortality in adult cancer patients receiving chemotherapy: a sys-
tematic review. J Clin Oncol. 2007;25:3158–67.

 [8] Renner P, Milazzo S, Liu JP, et al. Primary prophylactic colony-stimulating 
factors for the prevention of chemotherapy-induced febrile neutropenia in 
breast cancer patients. Cochrane Database Syst Rev. 2012;10:Cd007913.

 [9] Anaissie EJ, Vartivarian S, Bodey GP, et al. Randomized comparison 
between antibiotics alone and antibiotics plus granulocyte-macro-
phage colony-stimulating factor (Escherichia coli-derived in cancer 
patients with fever and neutropenia. Am J Med. 1996;100:17–23.

 [10] Ravaud A, Chevreau C, Cany L, et al. Granulocyte-macrophage colo-
ny-stimulating factor in patients with neutropenic fever is potent after 
low-risk but not after high-risk neutropenic chemotherapy regimens: 
results of a randomized phase III trial. J Clin Oncol. 1998;16:2930–6.

 [11] Riikonen P, Saarinen UM, Mäkipernaa A, et al. Recombinant human 
granulocyte-macrophage colony-stimulating factor in the treatment of 
febrile neutropenia: a double blind placebo-controlled study in chil-
dren. Pediatr Infect Dis J. 1994;13:197–202.

 [12] Vellenga E, Uyl-de Groot CA, de Wit R, et al. Randomized placebo-con-
trolled trial of granulocyte-macrophage colony-stimulating factor in 
patients with chemotherapy-related febrile neutropenia. J Clin Oncol. 
1996;14:619–27.

 [13] Mhaskar R, Clark OA, Lyman G, et al. Colony-stimulating factors for 
chemotherapy-induced febrile neutropenia. Cochrane Database Syst 
Rev. 2014;2014:Cd003039.

 [14] Dale DC, Crawford J, Klippel Z, et al. A systematic literature review of 
the efficacy, effectiveness, and safety of filgrastim. Support Care Cancer. 
2018;26:7–20.

 [15] Clark OA, Lyman GH, Castro AA, et al. Colony-stimulating factors for 
chemotherapy-induced febrile neutropenia: a meta-analysis of random-
ized controlled trials. J Clin Oncol. 2005;23:4198–214.

 [16] Lyman GH, Abella E, Pettengell R. Risk factors for febrile neutrope-
nia among patients with cancer receiving chemotherapy: a systematic 
review. Crit Rev Oncol Hematol. 2014;90:190–9.

 [17] Gorini S, De Angelis A, Berrino L, et al. Chemotherapeutic drugs and 
mitochondrial dysfunction: focus on doxorubicin, trastuzumab, and 
sunitinib. Oxid Med Cell Longev. 2018;2018:7582730.

 [18] Ma Z, Xu L, Liu D, et al. Utilizing melatonin to alleviate side effects 
of chemotherapy: a potentially good partner for treating cancer with 
ageing. Oxid Med Cell Longev. 2020;2020:6841581.

 [19] Lyman GH, Kuderer NM, Crawford J, et al. Predicting individual risk 
of neutropenic complications in patients receiving cancer chemother-
apy. Cancer. 2011;117:1917–27.

 [20] Pettengell R, Bosly A, Szucs TD, et al. Multivariate analysis of febrile 
neutropenia occurrence in patients with non-Hodgkin lymphoma: data 
from the INC-EU Prospective Observational European Neutropenia 
Study. Br J Haematol. 2009;144:677–85.

 [21] Laughlin MJ, Kirkpatrick G, Sabiston N, et al. Hematopoietic recov-
ery following high-dose combined alkylating-agent chemotherapy and 
autologous bone marrow support in patients in phase-I clinical trials 
of colony-stimulating factors: G-CSF, GM-CSF, IL-1, IL-2, M-CSF. Ann 
Hematol. 1993;67:267–76.

 [22] Fioredda F, Calvillo M, Bonanomi S, et al. Congenital and acquired neu-
tropenias consensus guidelines on therapy and follow-up in childhood 
from the Neutropenia Committee of the Marrow Failure Syndrome 
Group of the AIEOP (Associazione Italiana Emato-Oncologia 
Pediatrica). Am J Hematol. 2012;87:238–43.

 [23] Tigue CC, McKoy JM, Evens AM, et al. Granulocyte-colony stimu-
lating factor administration to healthy individuals and persons with 
chronic neutropenia or cancer: an overview of safety considerations 
from the research on adverse drug events and reports project. Bone 
Marrow Transplant. 2007;40:185–92.

 [24] Akyol G, Pala C, Yildirim A, et al. A rare but severe complication of filgras-
tim in a healthy donor: splenic rupture. Transfus Apher Sci. 2014;50:53–5.

 [25] Hershman D, Neugut AI, Jacobson JS, et al. Acute myeloid leukemia or 
myelodysplastic syndrome following use of granulocyte colony-stim-
ulating factors during breast cancer adjuvant chemotherapy. J Natl 
Cancer Inst. 2007;99:196–205.

https://www.nccn.org/professionals/physician_gls/pdf/growthfactors.pdf
https://www.nccn.org/professionals/physician_gls/pdf/growthfactors.pdf

