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Abstract

Background: Severe neutropenia, including febrile neutropenia, is a 
major toxicity of systemic chemotherapy that leads to delays in treat-
ment, higher costs, and mortality. Severe neutropenia may occur dur-
ing neoadjuvant chemotherapy even when the patients are free from 
known risk factors. Pegfilgrastim, a covalent conjugant of filgrastim 
that stimulate the production of neutrophils, is used for prevention. 
The current study aimed to reveal the characteristics of patients who 
need pegfilgrastim for primary prophylaxis to prevent severe neutro-
penia, including febrile neutropenia and grade 3 neutropenia, during 
neoadjuvant chemotherapy.

Methods: A retrospective analysis of 83 patients treated with neoad-
juvant adriamycin/cyclophosphamide followed by docetaxel chem-
otherapy was performed. The factors which associated with severe 
neutropenia were examined by univariate and multivariate analyses.

Results: Severe neutropenia developed in one of 22 patients (5%) 
with pegfilgrastim for primary prophylaxis and in 17 of 61 patients 
(28%) without it. In 83 patients, the incidence of severe neutropenia 
was significantly decreased in the patients with pegfilgrastim for pri-
mary prophylaxis shown by the univariate analysis (P = 0.023) and 

multivariate analysis (P = 0.030). In 61 patients without pegfilgrastim 
for primary prophylaxis, the univariate analysis showed that severe 
neutropenia was associated with tumor size (P = 0.004), clinical stage 
(P = 0.009), and cancer antigen 15-3 (CA15-3) (P = 0.026). The multi-
variate analysis showed that clinical stage was associated with severe 
neutropenia (P = 0.021).

Conclusions: The current study demonstrated that advanced stage 
is a risk for severe neutropenia in patients treated with neoadjuvant 
adriamycin/cyclophosphamide followed by docetaxel chemotherapy. 
Given that prophylaxis with pegfilgrastim was associated with signif-
icantly lower incidence of severe neutropenia, patient with advance 
stage breast cancer may benefit from pegfilgrastim during neoadju-
vant chemotherapy.

Keywords: Advanced stage; Breast cancer; Neoadjuvant chemother-
apy; Neutropenia

Introduction

Neoadjuvant chemotherapy (NAC) had been developed as a 
systematic treatment before a definitive operation for the treat-
ment of locally advanced or inoperable breast cancer [1]. In 
addition to its impact on surgery, the role of NAC has expand-
ed to monitor the individual drug response which could predict 
the risk of recurrence, especially in triple-negative breast can-
cer and human epidermal growth factor receptor 2 (HER-2)-
positive breast cancers [1, 2]. Severe neutropenia, including 
febrile neutropenia (FN), is one of the major toxicities dur-
ing systemic chemotherapy, resulting in the delay of treatment 
and hospitalization, higher costs, and increased mortality [3-
5]. Clinical practice guidelines recommend prophylaxis with 
granulocyte colony-stimulating factor, such as pegfilgrastim, 
for patients with a higher risk for FN during chemotherapy [6-
8]. Many previous studies on chemotherapy for breast cancer 
demonstrated that older age and a low pretreatment absolute 
neutrophil count were associated with FN [9, 10]. However, 
patients without these factors sometimes develop severe neu-
tropenia during NAC.
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Adriamycin/cyclophosphamide (AC) followed by doc-
etaxel (DTX) chemotherapy is widely used as regimens of ne-
oadjuvant and adjuvant chemotherapy for breast cancer [11]. 
Although many studies on FN in patients with breast cancer 
have been conducted with the AC-DTX regimen and have 
described the risk factors for FN with this regimen based on 
the statistical data, few have mentioned the underlying mecha-
nisms of developing FN [12, 13]. Moreover, these studies fo-
cused on patients with FN, not patients with grade 3 neutro-
penia. Considering that coronavirus disease 2019 is prevalent 
all over the world [14] and that preventing severe neutropenia 
has become more important than ever, we focused on not only 
FN but also grade 3 neutropenia, which could delay treatment 
and lead to FN.

The current study aimed to reveal the characteristics of 
patients who need pegfilgrastim for primary prophylaxis of 
severe neutropenia, including FN and grade 3 neutropenia, 
during neoadjuvant AC-DTX chemotherapy. We demonstrated 
that higher stage of breast cancer is significantly associated 
with developing severe neutropenia in patients treated with 
neoadjuvant AC-DTX chemotherapy.

Materials and Methods

Ethics approval

This study was approved by the Institutional Review Board of 
the Niigata University Graduate School of Medical and Den-
tal Sciences, Niigata, Japan (2018-0137). All patients included 
in this study provided written consent for treatment. Patients 

were not needed to provide well informed consent to this re-
search because the evaluation applied unidentified clinical in-
formation. This study was conducted in compliance with ethi-
cal standards of the responsible institution on human subjects 
as well as with Helsinki Declaration.

Study cohort

One hundred thirty-eight patients with breast cancer received 
NAC and surgery at the Niigata University Medical and Dental 
Hospital between 2010 and 2019 (Fig. 1) were included in this 
study.

Inclusion and exclusion criteria

Patients treated with NAC with AC-paclitaxel (PTX), fluo-
rouracil/epirubicin hydrochloride/cyclophosphamide (FEC)-
DTX, DTX/cyclophosphamide (TC), and in combination with 
hormone therapy were excluded (Fig. 1). Among 103 patients 
treated with neoadjuvant AC-DTX chemotherapy, patients 
with treatment deviations, bilateral breast cancer, metachronal 
breast cancer, pregnancy, double cancer, and allergies were ex-
cluded to minimize other confounding factors. Male patients 
and non-Japanese patients were also excluded.

Systemic treatment

The patients received four cycles of adriamycin (60 mg/m2) 
and cyclophosphamide (600 mg/m2) followed by four cycles of 

Figure 1. The CONSORT diagram with inclusion and exclusion criteria. Eighty-three patients were included for analysis. AC: 
adriamycin/cyclophosphamide; DTX: docetaxel; FEC: fluorouracil/epirubicin hydrochloride/cyclophosphamide; PTX: paclitaxel; 
TC: docetaxel/cyclophosphamide.
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DTX (75 mg/m2) every 21 days. Blood counts were measured 
before each cycle by chemistry assays. The patients who were 
referred to our institution with fever or general malaise and 
diagnosed with FN or severe neutropenia (grade 3 and grade 4) 
were counted. According to the Common Terminology Criteria 
for Adverse Events (CTCAE) version 4.0, we defined FN as 
neutropenia (< 500 neutrophils/mm3 or < 1,000 neutrophils/
mm3 for over 48 h) with a febrile event (oral temperature ≥ 
38.3 °C or ≥ 38.0 °C for over 1 h). Grade 3 neutropenia was de-
fined as neutropenia (< 1,000 neutrophils/mm3). Administra-
tion of pegfilgrastim for prophylaxis and dose reductions/de-
lays of the NAC were decided by the physicians respectively.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 
version 23. We compared continuous variables with the Mann-
Whitney U-test and categorical variables using Fisher’s exact 
test as the univariate analyses. A logistic regression model was 
used to identify the independent factors which were associated 
with severe neutropenia in the multivariate analysis. The vari-
ables with P values less than 0.10 in the univariate analyses 
were entered into the model. Two-sided P values less than 0.05 
were considered statistically significant.

Results

The incidence of severe neutropenia in Japanese patients 
with breast cancer

A total of 83 Japanese patients with breast cancer receiving 
AC-DTX as NAC were included in the current study. Eighteen 
of 83 patients (22%) were diagnosed with severe neutropenia, 
including FN (Table 1). Twenty-two of 83 patients (27%) re-
ceived pegfilgrastim for primary prophylaxis, and 61 of 83 pa-
tients (73%) did not receive pegfilgrastim for primary proph-
ylaxis (Table 1). Severe neutropenia developed in one of 22 
patients (5%) with pegfilgrastim for primary prophylaxis and 
in 17 of 61 patients (28%) without pegfilgrastim for primary 
prophylaxis. Severe neutropenia also developed during the AC 
regimen in 10 of 83 patients (12%) and during the DTX regi-
men in eight of 83 patients (10%).

Pegfilgrastim for primary prophylaxis has a preventive 
effect on severe neutropenia

We confirmed the preventive effect of pegfilgrastim for prima-
ry prophylaxis on severe neutropenia. The univariate analysis 
showed that the incidence of severe neutropenia was signifi-
cantly decreased in the patients with pegfilgrastim for primary 
prophylaxis (P = 0.023, Table 1). The multivariate analysis 
showed that pegfilgrastim for primary prophylaxis was as-
sociated with preventing from severe neutropenia in patients 
with breast cancer (odds ratio, 0.063; 95% confidence interval, 
0.005 - 0.770, P = 0.030). In addition, tumor size was asso-

ciated with developing severe neutropenia (odds ratio, 0.081; 
95% confidence interval, 1.090 - 127.885, P = 0.042).

Advanced stage was significantly associated with develop-
ment of severe neutropenia

Next, we explored the characteristics of patients which were 
associated with severe neutropenia in 61 patients without peg-
filgrastim for primary prophylaxis to select the appropriate 
candidate for the primary prophylaxis. The univariate analy-
sis showed that severe neutropenia was associated with tumor 
size (P = 0.004), clinical stage (P = 0.009), and cancer antigen 
15-3 (CA15-3) (P = 0.026) (Table 2). The univariate analysis 
also showed that severe neutropenia tended to be associated 
with lymph node metastasis (P = 0.067) and carcinoembryonic 
antigen (CEA) (P = 0.088) (Table 2). The multivariate analy-
sis showed that clinical stage was associated with developing 
severe neutropenia (odds ratio, 5.194; 95% confidence inter-
val, 1.288 - 20.946, P = 0.021). Among 17 patients with severe 
neutropenia, severe neutropenia developed during the AC regi-
men in 10 of 17 patients (59%), whereas severe neutropenia 
developed during the DTX regimen in seven of 17 patients 
(41%). Clinical stage III tended to be associated with severe 
neutropenia in the earlier phase of chemotherapy (during the 
AC regimen), whereas clinical stage II tended to be associated 
with severe neutropenia in the later phase (during the DT regi-
men) (P = 0.059) (Table 3).

Discussion

NAC needs to be performed without adverse events including 
severe neutropenia to avoid delay of surgical treatment. Many 
guidelines, including those from the American Society of Clin-
ical Oncology [6], National Comprehensive Cancer Network 
[7], and European Platform of Cancer Research [8], have clas-
sified AC regimens into the intermediate-risk group for FN, and 
patients are selected for primary prophylaxis with pegfilgrastim 
based on risk indices such as that from the Multinational As-
sociation for Supportive Care in Cancer (MASCC) [15]. How-
ever, we sometimes found patients with severe neutropenia 
whose conditions did not meet these standards. The current 
study showed that higher stage of breast cancer is significantly 
associated with developing severe neutropenia during NAC 
among patients without pegfilgrastim for primary prophylaxis. 
Our results indicated the importance of recognizing tumor fac-
tors when selecting patients for primary prophylaxis with peg-
filgrastim during neoadjuvant AC-DTX chemotherapy.

The current study demonstrated that higher clinical stage 
was associated with developing severe neutropenia in patients 
with breast cancer during neoadjuvant AC-DTX chemother-
apy. A previous study reported that patients with metastatic 
breast cancer developed FN more easily than patients with 
early breast cancer during AC-DTX chemotherapy [16]. It has 
also been reported that there are more FN events in patients 
treated with NAC than in those treated with adjuvant chemo-
therapy and that NAC was an independent risk factor for FN 
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[17]. These results indicate that patients with a higher tumor 
burden may be associated with the development of FN dur-
ing chemotherapy. The current study also demonstrated that 
patients with a higher tumor burden (clinical stage III) tended 
to develop severe neutropenia earlier than patients with less 
tumor burden (clinical stage II) among the group of patients 

with severe neutropenia (Table 3). Taken together, the higher 
tumor burden might contribute to the development of neutro-
penia during NAC.

How does tumor burden affect the host to promote neu-
tropenia development during NAC? Tumor microenvironment 
(TME), composed with different cell types such as neutrophils, 

Table 1.  Univariate and Multivariate Analyses of the Factors Which Associated With Severe Neutropenia Among 83 Patients

Variables
No. Univariate Multivariate

Total  
(n = 83)

With neutro-
penia (n = 18)

Without neutro-
penia (n = 65) P value OR (95% CI) P value

Age 0.379
  Median (range) 51 (27 - 74) 49 (27 - 69) 53 (34 - 74)
Tumor size 0.081
  cT1 - 3 77 (93%) 15 (83%) 62 (95%) 1
  cT4 6 (7%) 3 (17%) 3 (5%) 11.805 (1.090 - 127.885) 0.042
Lymph node metastasis 0.290
  cN0 - 1 71 (86%) 14 (78%) 57 (88%)
  cN2 - 3 12 (14%) 4 (22%) 8 (12%)
Cancer stage 0.134
  cStage II 62 (74%) 11 (61%) 51 (78%)
  cStage III 21 (26%) 7 (39%) 14 (22%)
HR status 0.437
  Negative 44 (53%) 11 (61%) 33 (51%)
  Positive 39 (47%) 7 (39%) 32 (49%)
HER-2 status 0.583
  Negative 46 (55%) 11 (61%) 35 (54%)
  Positive 37 (45%) 7 (39%) 30 (46%)
Ki-labeling index 0.256
  Ki ≥ 30% 58 (70%) 13 (72%) 45 (69%)
  Ki < 30% 19 (23) 2 (11%) 17 (26%)
  Unknown 6 (7%) 3 (17%) 3 (5%)
RECIST 0.155
  cCR + cPR 76 (84%) 15 (83%) 61 (94%)
  cSD 7 (16%) 3 (17%) 4 (6%)
Pegfilgrastim for primary prophylaxis 0.023
  Absence 61 (73%) 17 (94%) 44 (68%) 1
  Presence 22 (27%) 1 (6%) 21 (32%) 0.063 (0.005 - 0.770) 0.030
CEA (cutoff 5.8) 0.302
  Negative 67 (81%) 13 (72%) 54 (83%)
  Positive 16 (19%) 5 (28%) 11 (17%)
CA15-3 (cutoff 23) 0.290
  Negative 71 (86%) 14 (78%) 57 (88%)
  Positive 12 (14%) 4 (22%) 8 (12%)

cStage: clinical stage; CR: complete response; HR: hormone receptor; HER-2: human epidermal growth factor receptor 2; PR: partial response; 
RECIST: Response Evaluation Criteria in Solid Tumors; SD: stable disease; OR: odds ratio; CI: confidence interval; CA15-3: cancer antigen 15-3; 
CEA: carcinoembryonic antigen.
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Table 2.  Univariate and Multivariate Analyses for Severe Neutropenia Among 61 Patients Without Pegfilgrastim for Primary Prophy-
laxis

Variables
No. Univariate Multivariate

Total (n = 61) With neutropenia  
(n = 17)

Without neutropenia  
(n = 44) P value OR (95% CI) P value

Age 0.559
  Median (range) 49 (27 - 74) 49 (27 - 69) 53 (34 - 74)
Tumor size 0.004
  cT1 - 3 58 (95%) 14 (82%) 44 (100%)
  cT4 3 (5%) 3 (18%) 0 (0%)
Lymph node metastasis 0.067
  cN0 - 1 54 (89%) 13 (76%) 41 (93%)
  cN2 - 3 7 (11%) 4 (24%) 3 (7%)
Cancer stage 0.009
  cStage II 49 (80%) 10 (59%) 39 (89%) 1
  cStage III 12 (20%) 7 (41%) 5 (11%) 5.194 (1.288 - 20.946) 0.021
HR status 0.437
  Negative 31 (51%) 10 (59%) 21 (48%)
  Positive 30 (49%) 7 (41%) 23 (52%)
HER-2 status 0.929
  Negative 40 (66%) 11 (65%) 29 (66%)
  Positive 21 (34%) 6 (35%) 15 (34%)
Ki-labeling index 0.158
  Ki ≥ 30% 39 (64%) 12 (71%) 27 (61%)
  Ki < 30% 16 (26%) 2 (12%) 14 (32%)
  Unknown 6 (10%) 3 (17%) 3 (7%)
RECIST 0.203
  cCR + cPR 56 (92%) 14 (82%) 42 (95%)
  cSD 5 (8%) 3 (18%) 2 (5%)
CEA (cutoff 5.8) 0.088
  Negative 51 (84%) 12 (71%) 39 (89%)
  Positive 10 (16%) 5 (29%) 5 (11%)
CA15-3 (cutoff 23) 0.026
  Negative 55 (90%) 13 (76%) 42 (95%) 1
  Positive 6 (10%) 4 (24%) 2 (5%) 6.074 (0.904 - 40.819) 0.063

cStage: clinical stage; CR: complete response; HR: hormone receptor; HER-2: human epidermal growth factor receptor 2; PR: partial response; 
RECIST: Response Evaluation Criteria in Solid Tumors; SD: stable disease; OR: odds ratio; CI: confidence interval; CA15-3: cancer antigen 15-3; 
CEA: carcinoembryonic antigen.

Table 3.  Association Between Clinical Stage and Period of Observed Severe Neutropenia in 17 Patients Without Pegfilgrastim for 
Primary Prophylaxis

Observed neutropenia During AC During DTX Total P value
cStage II 4 (40%) 6 (60%) 10 0.059
cStage III 6 (86%) 1 (14%) 7
Total 10 7 17

AC: adriamycin and cyclophosphamide; DTX: docetaxel; cStage: clinical stage.
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macrophages, and monocytes, produces a variety of chemical 
mediators including cytokines, growth factor, exosomes and 
chemokines, and these mediators affect on cell differentiation 
and/or self-renewal of hematopoietic stem cells [18-20]. For 
example, myeloid-derived suppressor cell (MDSC), which is 
one of the major tumor-infiltrating myeloid cells, influences the 
hematopoietic stem cells [21]. The mouse 4T1 breast cancer 
cells released colony-stimulating factor-1 (CSF-1), leading to 
promote bone marrows output of MDSCs [22]. Chemotherapy 
produced CSF-2 from various cancers, leading to induce the 
differentiation of monocytes into MDSCs in bone marrow [23]. 
TME could threaten the homeostasis of the stem cell niche dur-
ing NAC (Fig. 2). Based on this hypothesis, it is also reasonable 
that cancer stage is not associated with neutropenia in patients 
treated with adjuvant chemotherapy (Fig. 2) [24, 25].

There are limitations in the current study. First, this was a 
single-institution retrospective analysis with a small number 
of patients; however, we think the selection bias is minimal 
because consecutive breast cancer patients treated with neoad-
juvant AC-DTX chemotherapy at our institution between 2010 
and 2019 were enrolled. Second, we registered patients with 
severe neutropenia by patient consultation. It is possible that 
we underestimated the number of patients with mild neutrope-

nia, since we did not include patients who did not visit our hos-
pital due to their mild symptoms. Importantly, however, mul-
tivariate analysis revealed that clinical stage was significantly 
associated with developing severe neutropenia in our study. In 
conclusion, patients with higher clinical stage of breast cancer 
might have to be considered for primary prophylaxis with peg-
filgrastim during neoadjuvant AC-DTX chemotherapy.
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Figure 2. The comparison of responses after chemotherapy between patients treated with neoadjuvant chemotherapy and those 
treated with adjuvant chemotherapy. There were plenty of TME-derived soluble and bioactive factors (cytokines, growth factors, 
exosomes, and chemokines) during neoadjuvant chemotherapy, whereas there were no TME in adjuvant chemotherapy. TME: 
tumor microenvironment.
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