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Abstract
Purpose Epirubicin and cyclophosphamide (EC) therapy, a major chemotherapy for patients with early-stage breast cancer, 
has a low risk (< 10%) of febrile neutropenia (FN). However, data used in reports on the incidence rate of FN were derived 
primarily from non-Asian populations. In this study, we investigated the FN incidence rate using EC therapy among Japanese 
patients with breast cancer and evaluated the significance of prophylactic administration of granulocyte colony-stimulating 
factor (G-CSF).
Methods We evaluated medical records of patients with early-stage breast cancer who had been treated with EC therapy as 
neoadjuvant or adjuvant therapy between November 2014 and July 2018.
Results The incidence rate of FN was 23.9%. In patients who received G-CSF as primary prophylaxis, FN expression was 
completely suppressed. The incidence rate of severe leucopenia/neutropenia, emergency hospitalization, and the use of anti-
microbial agents were low in patients receiving primary prophylaxis with G-CSF compared with those not receiving G-CSF 
(27.3% vs. 64.8%, 9.1% vs. 27.3%, and 27.3% vs. 71.6%, respectively). Furthermore, in all patients who received primary 
prophylaxis with G-CSF, a relative dose intensity > 85% using EC therapy was maintained.
Conclusion The incidence of FN in EC therapy among Japanese patients was higher than expected, EC therapy appears to be 
a high-risk chemotherapy for FN, and prophylactic administration of G-CSF is recommended. Maintaining high therapeutic 
intensity is associated with a positive prognosis for patients with early breast cancer, and prophylactic administration of 
G-CSF is likely to be beneficial in treatment involving EC therapy.
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Introduction

Cancer chemotherapy is widely used for patients with early 
to advanced stage breast cancer and is a key treatment that 
critically affects prognosis. It is reported that many patients 
who have undergone chemotherapy for breast cancer have 
received dose reductions and/or delays in receiving chemo-
therapeutic agents, and consequently a reduced relative dose 
intensity (RDI) in relation to cancer chemotherapy [1–3]. 
Dose intensity (DI) refers to the dose of medication adminis-
tered per unit time, and RDI is defined as the actual DI rela-
tive to the planned DI and is indicative of DI [4]. In early-
stage breast cancer, there is a close relationship between 
the RDI and outcome in cancer chemotherapy, and it is 
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considered important to maintain an RDI in neoadjuvant/
adjuvant chemotherapy above 85% [5, 6].

Neutropenia is responsible for dose-limiting toxicity in 
most antineoplastic agents, and is also a major cause of 
decreasing RDI in perioperative breast cancer chemother-
apy [2]. The onset of febrile neutropenia (FN) after cancer 
chemotherapy is a serious and potentially life-threatening 
condition, and incidence rates of early mortality have been 
reported as significantly higher in cancer patients with FN 
compared with patients without FN [7]. In perioperative can-
cer chemotherapy for patients with early-stage breast cancer, 
management of neutropenia and FN is important in main-
taining the RDI at a high level and for survival prognosis. 
Granulocyte colony-stimulating factor (G-CSF) reduces the 
risk of neutropenia and FN by acting on neutrophil progeni-
tor cells, promoting differentiation and proliferation of these 
cells, and stimulating both the release of mature neutrophils 
from bone marrow and neutrophil function. Currently, it is 
recommended that G-CSF be administered prophylactically 
in relation to FN according to the risk of hematologic toxic-
ity, as recommended in American Society of Clinical Oncol-
ogy (ASCO), National Comprehensive Cancer Network 
(NCCN), European Organization for Research Treatment 
of Cancer, European Society for Medical Oncology Can-
cer (EORTC), and Japanese Society of Medical Oncology 
(JASMO) guidelines. Prophylactic G-CSF administration 
should be part of chemotherapy in which there is a > 20% 
or greater incident rate of FN in any complication. Simi-
larly, when the FN expression rate from chemotherapy is 
between 10 and 20%, preventive administration of G-CSF 
is recommended for patients with FN risk factors. In the 
JASMO guidelines, these risk factors are listed as ≥ 65 years 
old, and a history of cancer treatment, radiation treatment, 
performance status (PS) limitations, liver function disorder, 
renal dysfunction, recent surgical intervention, and a history 
of neutropenia prior to treatment. In recent years, in addition 
to the daily G-CSF conventionally used, a sustained G-CSF 
involving pegfilgrastim (a pegylated form of filgrastim) has 
been approved to decrease the incidence of infection due to 
FN, and it is considered to be more effective in patients with 
early-stage breast cancer [8].

Epirubicin and cyclophosphamide (EC) therapy is a 
key regimen for neoadjuvant or adjuvant chemotherapy in 
patients with primary breast cancer. In previous studies, the 
incidence rate of FN in EC therapy has been reported as 
being as low as from 3.0 to 5.4% [9–11], and, in EC therapy 
followed by paclitaxel or docetaxel chemotherapy, the inci-
dence rate of FN has been reported to range from 1.3 to 
11.3% [12–14]. According to the relevant guidelines, pro-
phylactic administration of G-CSF as part of EC therapy is 
not recommended. However, most reports on which this rec-
ommendation is based have involved research on non-Asian 
populations, and there are few reports of FN expression rates 

in EC therapy among Asian populations and none involving 
Japanese people. It has been reported that the side effects of 
cancer chemotherapy differ among ethnic groups, and that 
people of Asian ethnicity have more serious hematological 
toxicity than other ethnic groups [15, 16]. In this study, we 
investigated the incidence of FN and the appropriateness and 
effectiveness of prophylactic administration of G-CSF in EC 
therapy as a neoadjuvant or adjuvant chemotherapy among 
Japanese patients with early-stage breast cancer.

Materials and methods

Patients and methods

We investigated the medical records of patients with early-
stage breast cancer who had been treated with EC therapy 
between November 2014 and July 2018 in the Department 
of Thoracic Endocrine Surgery and Oncology at Tokushima 
University Hospital. Patients who had been administered EC 
therapy at other hospitals and patients whose initial dose 
of epirubicin or cyclophosphamide had been reduced for 
reasons such as decreased liver and renal function were 
excluded. We recorded patient information including age, 
sex, body mass index (BMI), laboratory data, histology, 
clinical staging, history of treatment, use status of G-CSF 
and antibacterial drugs, onset of FN, and whether emergency 
hospitalization had occurred. Daily G-CSF was defined as 
involving filgrastim and lenograstim, and sustained G-CSF 
was defined as involving pegfilgrastim. FN was defined as 
present in cases where there was a single fever involving 
an axillary temperature of ≥ 37.5 °C (intraoral temperature 
of ≥ 38.0 °C) in a state in which there was an absolute neu-
trophil count (ANC) of < 500 cells/mm3, or when expecting 
a decrease in the ANC to < 500 cells/mm3 within 48 h when 
the ANC was < 1000 cells/mm3. Hematologic toxicities were 
evaluated according to the Common Terminology Criteria 
for Adverse Events version 4.0.

This study protocol was reviewed and approved by 
the Ethics Committee of Tokushima University Hospital 
(approval number: 2997).

Statistical analysis

Fisher’s exact test or Bowker’s test of symmetry were used 
for comparison between categorical data, as appropriate. 
Group comparisons for continuous variables were under-
taken using a Mann–Whitney U test. To assess the relation-
ship between an RDI decrease and patient characteristics 
and side effects, univariate analyses were performed using 
Fisher’s exact test and logistic regression analysis. The RDI 
was calculated according to the following equation:
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RDI (%) = actual total dose per week (mg/m2/week)/
standard planned total dose per week (mg/m2/week), where 
the standard planned total dose = epirubicin at 90 mg/m2 
and cyclophosphamide at 600 mg/m2 over 3 weeks per one 
course.

We performed the statistical analyses using JMP version 
14.0 (SAS Institute Inc, Cary, NC), and p values < 0.05 were 
considered statistically significant.

Results

Patient characteristics

During the investigation period, 103 patients with early-
stage breast cancer received EC therapy as neoadjuvant 
or adjuvant chemotherapy. Of these, four were excluded 
because they had a decreased initial dose of epirubicin or 
cyclophosphamide due to liver dysfunction or other compli-
cating disease. The clinical characteristics of the 99 target 
patients are listed in Table 1. The median patient age was 
58 years [interquartile range (IQR), 48–66 years], and many 
patients of working age (< 65 years old) were included. Most 
patients (76.8%) were categorized as being in stage I or II, 
indicating that high long-term survival could be expected. 
Three to six cycles of EC therapy were planned for nearly all 
patients. One patient underwent surgery after two cycles of 
EC therapy because of rapid tumor enlargement. The blood 
cell count before chemotherapy administration was main-
tained within a normal range, and liver and renal functions 
were also satisfactory.

Filgrastim and lenograstim were used in therapeutic 
administration and pegfilgrastim was used in prophylactic 
administration. Pegfilgrastim was used as primary preven-
tion for 11 patients and as secondary prevention for 14 
patients. Twenty-three patients had mild side effects due 
to leucopenia and neutropenia, and these patients did not 
require G-CSF.

The effect of prophylactic administration of G‑CSF 
on the side effects of EC therapy

The incidence rate for FN in EC therapy was 23.9% in 
patients with perioperative breast cancer without prophy-
lactic G-CSF. In contrast, no patients developed FN with 
a primary prophylaxis of G-CSF (Fig. 1a). Although EC 
therapy involves a strong myelosuppression, the onset of 
grade 4 leucopenia/neutropenia was significantly suppressed 
with prophylactic administration of G-CSF compared to 
non-administration (27.3% vs. 64.8%, respectively, p < 0.05) 
(Fig. 1b).

Antimicrobial agents were mostly used to prevent the 
onset of FN or for prophylactic administration in patients for 

whom severe myelosuppression was expected to continue for 
prolonged periods. Twenty-five (25.3%) patients experienced 
emergency hospitalization or an extended period of hospi-
talization, of whom 76.0% had severe myelosuppression of 

Table 1  Patient characteristics

Data are median [interquartile range (IQR)] or n (%)
ALT, alanine aminotransferase; AST, aspartate aminotransferase; Ccr, 
creatinine clearance; G-CSF, colony-stimulating factor; TNM, tumor–
node–metastasis; WBC, white blood cell
a The research targeted at the patients who received neoadjuvant 
chemotherapy
b The research targeted at the patients who received adjuvant chemo-
therapy

No. of patients 99
Age (years) 58 (48–66)
Sex
 Female 99 (100.0%)
 Male 0 (0.0%)

Category of chemotherapy
 Neoadjuvant therapy 52 (52.5%)
 Adjuvant therapy 47 (47.5%)

Staging based on TNM classification
 Clinical  staginga

  I 2 (2.0%)
  IIA/B 29 (29.3%)
  IIIA/B/C 14 (14.1%)
  Others 5 (5.1%)

 Pathological  stagingb

  I 19 (32.2%)
  IIA/B 26 (44.1%)
  IIIA/B/C 3 (5.1%)
  Others 1 (1.7%)

Initial dose
 Epirubicin (mg/m2) 87.1 (81.1–89.3)
 Cyclophosphamide (mg/m2) 594.8 (579.4–598.7)

Previous chemotherapy
 None 91 (91.9%)
 Exist 8 (8.1%)

Basal laboratory parameters
 WBC count (× 103/mm3) 5.5 (4.7–6.6)
 Neutrophil count (× 103/mm3) 3.3 (2.4–4.2)
 Hemoglobin (g/dL) 13.1 (12.3–13.7)
 Platelet count (× 104/m3) 253.0 (224–298)
 AST (U/L) 20.0 (16.5–24)
 ALT (U/L) 15.0 (12–20.5)
 Ccr (mL/min) 67.2 (57.8–80.4)

Use of G-CSF
 Primary prophylaxis 11 (11.1%)
 Secondary prophylaxis 14 (14.1%)
 Only therapeutic administration 51 (51.5%)
 None 23 (23.2%)
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FN development. The frequency of antimicrobial agent use 
and emergency hospitalization or extended periods of hos-
pitalization were also reduced with prophylactic administra-
tion of G-CSF (Fig. 1c, d).

Figure 2 shows the results of investigating the effects on 
patients using G-CSF as secondary prophylaxis (n = 14). 
Secondary prophylactic administration of G-CSF was effec-
tive for hematological toxicity due to EC therapy as well as 
for primary prophylaxis.

The relationship between the use of G‑CSF 
and the RDI in EC therapy

Among the 99 enrolled breast cancer patients, 47 patients 
(47.5%) had reduced and/or delayed EC chemotherapy. Mye-
losuppression was primarily responsible for dose reduction/

delay, with incidence rates of 70.2% (33/47 patients). 
Although EC therapy is a highly emetogenic chemotherapy, 
dose reduction or postponement associated with vomiting, 
nausea, or anorexia was only observed in 7.4% (3/47) of 
patients.

The median average RDI (ARDI) using EC therapy was 
94.6% (IQR 90.7–97.7%), keeping at ≥ 85%, which is nec-
essary for the appropriate intensity of perioperative breast 
cancer chemotherapy. The median RDI of epirubicin and 
cyclophosphamide was 94.6% (IQR 90.7–97.7%) and 97.0% 
(IQR 93.5–99.5%), respectively. In patients undergoing a 
primary prophylactic administration of G-CSF and in those 
not undergoing it, an RDI > 85.0% was maintained in most 
patients (Fig. 3a, b). The percentage of patients who were 
able to maintain an RDI > 85.0% was 85.7% in patients 
undergoing a secondary prophylactic administration of 
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Fig. 1  The effect of primary prophylaxis of G-CSF in epirubicin 
and cyclophosphamide therapy. a, b, c The incidence rate for febrile 
neutropenia (FN), grade 4 leucopenia/neutropenia, and emergency 
hospitalization in Tokushima University Hospital or other hospi-
tals. The frequency of occurrence rate for FN in the G-CSF primary 
prophylaxis administration and non-administration groups was 0.0% 
and 23.9%, respectively. The frequency of occurrence rate for grade 
4 leucopenia/neutropenia in the G-CSF primary prophylaxis admin-

istration and non-administration groups was 27.3% and 64.8%, 
respectively. The frequency of occurrence rate for emergency hospi-
talization in the G-CSF primary prophylaxis administration and non-
administration groups was 9.1% and 27.3%, respectively. d The anti-
microbial agent use rate. The frequency rate for antimicrobial agent 
use in the G-CSF primary prophylaxis administration and non-admin-
istration groups was 27.3% and 71.6%, respectively. Statistical analy-
ses were performed using Fisher’s exact test. *p < 0.05; **p < 0.01
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G-CSF and 78.4% in patients with only a therapeutic admin-
istration of G-CSF (Fig. 3b).

Risk factors for RDI reduction

We evaluated whether there were factors contributing to the 
development of a lowering RDI. Developing FN, grade 4 
leucopenia/neutropenia, and anemia at grade 3 or higher 
were found to be significant risk factors for RDI reduc-
tion in EC therapy in the univariate analysis [odds ratio 

(OR) 3.59, 95% confidence interval (CI) 1.31–11.00; OR 
5.76, 95% CI 2.39–14.97; OR 7.46, 95% CI 1.21–143.88, 
respectively, Table 2]. However, in the multivariate analy-
sis, only grade 4 leucopenia/neutropenia was identified as a 
risk factor for RDI reduction in EC therapy (OR 5.08, 95% 
CI 2.07–13.39; Table 2). There were no significant factors 
involved in RDI reduction in terms of the patient charac-
teristics. Additionally, we investigated whether there were 
specific risk factors for severe leucopenia/neutropenia in the 
patient characteristics. The odds ratios of age (≥ 65 years), 
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Fig. 2  The effect of secondary prophylaxis of G-CSF in epirubicin 
and cyclophosphamide therapy. This analysis only included patients 
who had received G-CSF as secondary prophylaxis (n = 14). a, b 
The incidence rate for febrile neutropenia (FN) and grade 4 leucope-
nia/neutropenia. a The frequencies of occurrence rate for FN in the 
G-CSF secondary prophylaxis group pre-and post-administration 

were 49.2% and 7.1%, respectively. b The frequencies of occur-
rence rate for grade 4 leucopenia/neutropenia in G-CSF second-
ary prophylaxis pre-and post-administration were 92.9% and 28.6%, 
respectively. Statistical analyses were performed using Bowker’s test. 
*p < 0.01
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Fig. 3  The effect of secondary prophylaxis of G-CSF in epirubicin 
and cyclophosphamide therapy. The average relative dosing intensity 
(ARDI) of epirubicin and cyclophosphamide (a) and the percent-
age of patients with an ARDI > 85%, and (b) according to the use 
of G-CSF. a The median ARDI in the primary prevention, second-
ary prevention, therapeutic administration, and non-administration 

groups was 96.0%, 91.3%, 94.3%, and 97.0%, respectively. b The 
percentage of patients who maintained an ARDI > 85% in the pri-
mary prevention, secondary prevention, therapeutic administration, 
and non-administration groups was 100%, 85.7%, 78.4%, and 95.7%, 
respectively
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BMI (≥ 25), a history of chemotherapy treatment, white 
blood cell counts [< lower limit of normal (LLN)], and neu-
trophil counts (< LLN) were 2.24 (95% CI 0.88–5.73), 0.44 
(95% CI 0.18–1.08), 1.33 (95% CI 0.31–5.68), 2.00 (95% CI 
0.20–19.95), and 0.96 (95% CI 0.15–6.06), respectively, and 
no significant factor was detected.

Discussion

Cancer chemotherapy involving the use of anthracycline 
anticancer drugs is an indispensable treatment for many 
patients with early-stage breast cancer patients [17, 18]. It 
has been reported that the frequency of FN expression in 
EC therapy was from 3.0 to 5.4% among German patients, 
13.8% among patients who were primarily Chinese, and 
25.2% among Korean patients [9, 10, 19, 20]. The side effect 
profile of each chemotherapy differs among ethnic groups 
and it is important to evaluate safety specifically in relation 
to each ethnic group. To our knowledge, there has been no 
previous report on the frequency of FN expression in EC 
therapy among Japanese patients. In this study, EC therapy 
was observed to be a strong myelosuppressive treatment for 
Japanese patients. We showed that the frequencies of grade 
4 leucopenia/neutropenia and FN were 65.9% and 23.9% 
without primary prophylactic G-CSF. Of 88 patients who 
did not receive primary prophylaxis with G-CSF, 65 patients 
(73.9%) required therapeutic administration of G-CSF. The 
risk of hematologic toxicity is considered high in Japanese 

compared to Western patients and, in this regard, the results 
of this study corresponded with previous reports [8, 15, 16, 
21]. Pegfilgrastim is effective for suppressing the onset of 
FN caused through cancer chemotherapy, and it was used in 
25 patients (25.3%) in this study. G-CSF support using peg-
filgrastim was effective in reducing the incidence of FN and 
severe leucopenia/neutropenia. Broad-spectrum antimicro-
bial agents are used when treating FN, and fluoroquinolone 
antibiotics are recommended for FN prophylaxis. However, 
it has been reported that infections such as bacteremia are 
being generated as a result of widespread use of broad-spec-
trum antimicrobial drugs that has led to resistant bacteria 
[22, 23]. The frequency of antibiotic use was significantly 
lower in patients who received pegfilgrastim as primary pre-
vention (27.3% vs. 71.6%). It appears that using a primary 
administration of G-CSF in EC therapy also inhibits the 
emergence and increase of drug-resistant bacteria.

Neoadjuvant/adjuvant breast cancer chemotherapy 
requires maintaining an RDI > 85% to be effective. Bona-
donna et al. reported that patients who were able to maintain 
a scheduled dose > 85% had better progression-free survival 
and overall survival (OS) than patients with a scheduled 
dose < 85% among perioperative patients with breast cancer 
who received cyclophosphamide, methotrexate, and fluoro-
uracil therapy [5]. Significantly, the prognosis of patients 
with a scheduled dose < 85% was the same as a control group 
who did not receive chemotherapy [5]. In a retrospective 
study concerning patients with early-stage breast cancer who 
received anthracycline-based adjuvant chemotherapy, it was 

Table 2  Risk factors for dose reduction/delays of chemotherapy

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Ccr, creatinine clearance; EC, epirubicin and cyclo-
phosphamide; HGB, hemoglobin; LLN, lower limit of normal; ULN, upper limit of normal; WBC, white blood cell; n.s., not statistically signifi-
cant

Variables Univariate analysis Multivariate analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Patient characteristics
 Age ≥ 65 years (vs. < 65) 2.07 (0.87, 5.05) n.s. -
 BMI ≥ 25 (vs. < 25) 0.63 (0.25, 1.52) n.s. -
 Previous chemotherapy (vs. none) 0.87 (0.20, 3.51) n.s. -

Laboratory data
 WBC/neutrophil count < LLN (vs. ≥ LLN) 1.11 (0.20, 6.29) n.s. -
 HGB < LLN (vs. ≥ LLN) 1.94 (0.45, 9.93) n.s. -

AST/ALT > ULN (vs. ≤ LLN) 0.62 (0.22, 1.63) n.s. -
 Ccr < 60 mL/min (vs. ≥ 60 mL/min) 1.68 (0.72, 3.99) n.s. -

Adverse events induced due to EC therapy
 FN (vs. none) 3.59 (1.31, 11.00) 0.01 -
 Grade 4 WBC/neutrophil count decreased (vs. none) 5.76 (2.39, 14.97) <0.01 5.08 (2.07, 13.39) <0.01
 Grade 3/4 anemia (vs. none) 7.46 (1.21, 143.88) 0.03 3.94 (0.61, 77.14) n.s.
 Grade 3/4 platelet count decreased (vs. none) 2.27 (0.21, 49.70) n.s. -
 Grade 3/4 AST/ALT increased (vs. none) 1.11 (0.20, 6.29) n.s. -
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reported that disease-free survival and OS among the patient 
group with an RDI > 85% had been significantly longer than 
among the patient group with an RDI < 85% [6]. Almost 
50% of the patients enrolled in this study experienced dose 
reduction and/or delays in EC therapy. However, the ARDI 
in this study was maintained at a high level, with 85 patients 
(85.9%) able to maintain ARDI of ≥ 85%. We found the risk 
factors for a reduction in ARDI were severe leucopenia/neu-
tropenia and the onset of FN. In several previous studies, 
various factors such as age, BMI, and laboratory data prior 
to chemotherapy administration have been reported as risk 
factors for leukocytes and neutropenia [24–27]. Patients with 
early-stage breast cancer are likely to have less risk of hema-
tologic toxicity because they tend to be younger, and have 
undergone fewer chemotherapy treatments and less radiation 
therapy compared with patients with advanced cancer and 
other carcinomas [28–30]. In this study, no risk factors for 
hematologic toxicity such as age and bone marrow function 
before EC therapy administration were identified, as pre-
dicted. FN and severe hematologic toxicity were primarily 
responsible for lowering treatment intensity, and G-CSF was 
used prophylactically and therapeutically, which eventually 
allowed the maintenance of a high ARDI. Although EC 
therapy involves a high emetic risk regimen, dose reduc-
tion and delay due to nausea and vomiting were limited 
(3.0%). Aprepitant, dexamethasone, and palonosetron were 
used for all patients as antiemetic therapies, and olanzapine 
and metoclopramide were used according to specific case 
requirements. It appeared that nausea and vomiting were 
sufficiently manageable with these antiemetic agents.

This study was a retrospective study, concerned with the 
possibility of FN occurrence as a side effect, but it could not 
exclude other possible side effects, which is a major limita-
tion of this study. Among the patients investigated, there 
may have been patients who had been hospitalized or who 
had received antibiotics at other hospitals. If this had been 
the case, then these factors were likely to have played some 
role. Furthermore, in terms of FN occurrence and emergency 
hospitalization, although we observed the efficacy of G-CSF 
prophylactic administration, the lack of statistical signifi-
cance found may be due to limited power because of the 
small number of patients who received G-CSF for primary 
or secondary prophylaxis. However, since few patients who 
received G-CSF prophylactic administration developed FN 
and required emergency hospitalization, we consider that 
G-CSF prophylactic administration is effective for EC 
therapy.

In conclusion, we showed that the incidence rate of FN 
induced due to EC therapy in Japanese patients was ≥ 20%, 
indicating a high risk rate. In addition, we found that pri-
mary and secondary prophylactic administrations of G-CSF 
were effective in reducing the risk of FN. It appears from 
these findings that it is appropriate to perform primary 

prophylactic administration of G-CSF in EC therapy. In 
recent years, cancer chemotherapy has been increasingly 
administered at outpatient departments to maintain patient 
quality of life. Most of the cases in this study involved outpa-
tients undergoing EC therapy. We recommend prophylactic 
administration of G-CSF to facilitate a safer and more effec-
tive EC therapy.
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