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Abstract: We recently reported that neoadjuvant 5-FU, epirubicin, and cyclophosphamide 

(FEC) followed by weekly paclitaxel and/or trastuzumab induced a high pathological com-

plete response (pCR) rate in hormone-negative patients. The present study examined the 

therapeutic efficacy of neoadjuvant FEC followed by triweekly docetaxel and/or trastuzumab 

in the treatment of hormone-positive patients. Between February 2012 and December 2013, 

16 hormone-positive patients with local breast cancer (luminal A type: six patients; luminal B 

type: two patients; luminal HER2 type: eight patients) were included in the study. The histo-

logical type of the primary cancer was invasive ductal carcinoma in all patients. The cancer 

stages in the 16 women who received this regimen were stage I in five (31.3%), IIA in four 

(25.0%), IIB in five (31.3%), IIIB in one (6.3%), and IIIC in one (6.3%). Regarding clinical 

TNM classification, five patients were T1N0M0, one was T1N1M0, three were T2N0M0, 

five were T2N1M0, one was T3N2M0, and one was T4N0M0. The pCR was evaluated using 

resected tissue after neoadjuvant chemotherapy according to the evaluation criteria of the 

Japanese Breast Cancer Society. Patients were classified into pathologic responders (grade 2: 

50.0% of all patients: 2/6 of luminal A type; 6/8 of Luminal HER2 type) and nonresponders 

(grades 0 and 1: 50.0% of all patients: 4/6 of luminal A type; 2/2 of luminal B type; 2/8 of 

luminal HER2 type) according to the grade of the tumor. The pCR rate was 0%. Hematologic 

and nonhematologic toxicity was reversible and manageable. This study demonstrated that 

neoadjuvant FEC followed by triweekly docetaxel and/or trastuzumab did induce a high 

pathologic response in luminal HER2 type, but not in luminal A and B types, and did not 

induce a high pCR rate in the hormone-positive patients.

Keywords: luminal type, surgery, therapeutic efficacy

Introduction
Neoadjuvant chemotherapy is one option of standard therapies in breast cancer. It has 

been shown that neoadjuvant chemotherapy and adjuvant chemotherapy result in 

the same survival rate.1 Taxane chemotherapy improved the breast cancer patient 

outcomes in the adjuvant setting.2 However, in some studies, the benefit was difficult 

to evaluate because because of biologically heterogeneous populations and other 

factors, compared with anthracycline control regimens.2 Docetaxel is used for treating 

patients with locally advanced or metastatic breast cancer and/or with unsuccessful 

anthracycline-based chemotherapy.3 The drug promotes tubulin polymerization and 

stabilizing microtubule assembly, and prevents physiological microtubule dynamics.3 

Clinically, it inhibits the proliferation of breast cancer cells, but results in several 

adverse effects in normal cells.3
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The PACS 01 trial concluded that sequential adjuvant 

chemotherapy with 5-FU, epirubicin, and cyclophosph-

amide (FEC) followed by docetaxel significantly improved 

disease-free survival and overall survival in node-positive 

breast cancer patients.4 A pooled analysis of the PACS 01 and 

BCIRG 001 studies suggested that the proportional reduction 

in the risk of death due to taxanes was almost identical in 

women with no ER expression and in women whose tumor 

stained positively in .85% of cancer cells.5 It is suggested 

that the addition of taxanes to anthracyclines seemed to over-

come the relative chemorefractoriness of hormone receptor-

positive tumors. Therefore, the taxanes should be considered 

a step forward in the adjuvant treatment of women with 

hormone receptor-positive breast cancer, at least in the groups 

with positive axillary lymph nodes. On the other hand, other 

studies reported that pathological complete response (pCR) 

rates of 6%–10% and up to 55% were observed in hormone 

receptor-positive and -negative patients, respectively.6,7 The 

results suggest that hormone-positive breast cancer is less 

sensitive to chemotherapy, and therefore, hormone receptor 

status is associated with achieving a pCR. Consistent with 

this, a previous study suggested that taxane-based therapy 

improved outcomes in hormone receptor-negative disease or 

HER2-positive disease, but that it may not show any benefit 

in hormone receptor-positive, HER2-negative disease.8

In the present study, between February 2012 and 

December 2013, FEC followed by triweekly docetaxel and/or 

trastuzumab was administered in 16 hormone-positive patients 

with local breast cancer (luminal A type: six patients; luminal 

B type: two patients; luminal HER2 type: eight patients). This 

study investigated the therapeutic efficacy of neoadjuvant FEC 

and triweekly docetaxel and/or trastuzumab.

Patients and method
Ethics statement
Only demographic data of patients were stored in the database 

in National Hospital Organization Kure Medical Center and 

Chugoku Cancer Center to enable retrieval of files manu-

ally based on patient identification numbers. All data were 

anonymously analysed without individual patient consent due 

to the retrospective nature of the study. The Review Board 

Ethics Committee waived the need for individual informed 

consent and approved the study (approval number 26-68, 

date March 6, 2015).

Patients
Between February 2012 and December 2013, 16 hormone-

positive patients with local breast cancer (luminal A type: 

six patients; luminal B type: two patients: luminal HER2 

type: eight patients) were included in the study. All patients 

had three or four cycles of FEC (fluorouracil 500 mg/m2, 

epirubicin 100 mg/m2, cyclophosphamide 500 mg/m2 once 

every 3 weeks) followed by three or four cycles of docetaxel 

(100 mg/m2 once every 3 weeks) or three or four cycles of tri-

weekly trastuzumab (8 mg/kg week 1; 6 mg/kg/every 3 weeks 

thereafter, if HER2-positive). The difference of number 

of treatment regimens was due to the therapeutic efficacy 

using diagnostic imaging during the treatment period. The 

mean age of the patients at the time of paclitaxel regimen 

administration was 50.5 years (range 23–68) (Table 1). The 

histological type of the primary cancer was invasive ductal 

Table 1 Patient characteristics (n=16)

Median age, years (range) 50.5 (23–68)
Sex
  Male/female 0/16
ECOG performance status, n (%)
  0 16 (100)
  $1 0 (0)
Molecular subtypes, n (%)
 L uminal A type 6 (37.5)
 L uminal B type 2 (12.5)
 L uminal HER2 type 8 (50.0)
AJCC stage of recipients of this regimen, n (%)
 I  5 (31.3)
 IIA  4 (25.0)
 II B 5 (31.3)
 III B 1 (6.3)
 III C 1 (6.3)
TNM classification, n (%)
  T1N0M0 5 (31.3)
  T1N1M0 1 (6.3)
  T2N0M0 3 (18.8)
  T2N1M0 5 (31.3)
  T3N2M0 1 (6.3)
  T4N0M0 1 (6.3)
Number of FEC regimens, n (%)
  3 4 (25.0)
  4 12 (75.0)
Number of triweekly docetaxel regimens, n (%)
  3 3 (37.5)
  4 5 (62.5)
Number of triweekly docetaxel plus trastuzumab regimens, n (%)
  3 1 (12.5)
  4 7 (87.5)
Pathological responses of the tumor and dissected lymph nodes, n (%)
 G rade 0 2 (12.5)
 G rade 1a 0 (0)
 G rade 1b 6 (37.5)
 G rade 2a 6 (37.5)
 G rade 2b 2 (12.5)
 G rade 3 (pathological complete response) 0 (0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AJCC, American 
Joint Committee on Cancer; FEC, 5-FU, epirubicin, and cyclophosphamide.
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carcinoma in all patients. The cancer stages in the 16 women 

who received this regimen were stage I in five (31.3%), IIA in 

four (25.0%), IIB in five (31.3%), IIIB in one (6.3%), and IIIC 

in one (6.3%) women. Regarding clinical TNM classification, 

five patients were T1N0M0, one was T1N1M0, three were 

T2N0M0, five were T2N1M0, one was T3N2M0, and one 

was T4N0M0. Concomitant medication that did not interfere 

with the evaluation of FEC and paclitaxel could be given 

at the discretion of the investigator, including antiemetics, 

antidiarrheal therapy, corticosteroids, and antihistamines. 

Granulocyte colony-stimulating factor was allowed according 

to the American Society of Clinical Oncology guidelines 

and standard practice, including prophylactic use of growth 

factors. Other antitumor therapies were not allowed.

Pathology assessment
Pretreatment estrogen (ER) and progesterone receptor status 

were assessed by immunohistochemistry, and HER2 status 

was assessed by either fluorescent in situ hybridization or 

a validated immunohistochemistry method as previously 

described.9–11 Patients with HER2-receptor overexpression 

at the 3+ level (PATHWAY® HER2, clone 4B5; Ventana 

Medical Systems Inc., Tucson, AZ, USA) were immedi-

ately eligible for inclusion. pCR was defined as the absence 

of invasive carcinoma both in the breast and the axilla, 

regardless of the presence of carcinoma in situ.9 Primary 

tumor pCR was defined as absence of invasive carcinoma 

in the breast.9 When immunostaining was observed in more 

than 1% of tumor nuclei, the tumor was considered to be 

positive for the ER or progesterone receptors.11,12 Breast 

cancers were classified into five subtypes as previously 

described.11,12 Pathological responses of the tumor and 

dissected lymph nodes were classified according to the 

evaluation criteria of the Japanese Breast Cancer Society13 

using a five-histological-grade scale (grades 0, 1a, 1b, 2, 

and 3) as previously described.11,14

Results
The pathological response was evaluated using resected tissue 

after neoadjuvant chemotherapy. Of the tumors investigated, 

12.5% (2/16: 1/6 of luminal A type; 1/2 of luminal B type) were 

histological response grade 0, 37.5% (6/16: 3/6 of luminal A 

type; 1/2 of luminal B type; 2/8 of luminal HER2 type) were 

grade 1b, 37.5% (6/16: 2/6 of luminal A type; 4/8 of luminal 

HER2 type) were grade 2a, and 12.5% (2/16: 2/8 of luminal 

HER2 type) were grade 2b. Patients were classified into patho-

logic responders (grade 2: 50.0% of all patients: 2/6 of luminal 

A type; 6/8 of luminal HER2 type) and nonresponders (grades 

0 and 1: 50.0% of all patients: 4/6 of luminal A type; 2/2 of 

luminal B type; 2/8 of luminal HER2 type) according to the 

grade of the tumor. The pCR rate was 0%. There was a sig-

nificant difference in pathological response detected between 

the docetaxel and docetaxel/trastuzumab regimen (P=0.046, 

chi-square tests). However, the status of tumor size or stage 

classification did not affect the pCR statistically.

All 16 patients were evaluated for toxicity using the 

Common Terminology Criteria for Adverse Events (CTCAE) 

version 4.0 (http://ctep.cancer.gov/protocolDevelopment/

electronic_applications/ctc.htm#ctc_40). Hematologic toxic-

ity was reversible and manageable. In FEC regimen, patients 

reported grade 3 anemias (18.8%) and grade 4 neutropenia 

(68.8%) (Table 2). Although grade 4 neutropenia occurred, 

the patients were treated with granulocyte colony-stimulating 

factors. The grade 3/4 nonhematologic toxicities were nau-

sea (25.0%), vomiting (12.5%), and fatigue (6.3%). Also, 

no treatment-related deaths were noted. Eighty-seven point 

five percent of patients on either the docetaxel or docetaxel/

trastuzumab regimen reported grade 4 neutropenia (87.5%) 

(Table 3). The grade 3/4 nonhematologic toxicities were 

nausea (12.5%), appetite loss (12.5%), fatigue (6.3%), 

stomatitis (6.3%), and hand–foot skin reaction (6.3%). No 

treatment-related deaths were noted. Because these toxici-

ties were mild, the dose omission of FEC or docetaxel and/

or trastuzumab combination therapy was rare, and the study 

achieved favorable compliance.

Table 2 All adverse events of FEC (N=16)

Adverse event  
of FEC

Grade 1 Grade 2 Grade 3 Grade 4

N % N % N % N %

Anemia 7 43.8 2 12.5 3 18.8 0 0
Neutropenia 0 0 1 6.3 4 25.0 11 68.8
Nausea 4 25.0 6 37.5 4 25.0 0 0
Vomiting 1 6.3 0 0 2 12.5 0 0
Fatigue 14 87.5 0 0 1 6.3 0 0
Palpitations 1 6.3 0 0 0 0 0 0
Dyspnea 1 6.3 0 0 0 0 0 0
Myalgia 3 18.8 0 0 0 0 0 0
Sore throat 3 18.8 0 0 0 0 0 0
Headache 5 31.3 0 0 0 0 0 0
Lumbago 1 6.3 0 0 0 0 0 0
Insomnia 1 6.3 0 0 0 0 0 0
Appetite loss 9 56.3 0 0 0 0 0 0
Stomatitis 5 31.3 0 0 0 0 0 0
Abdominal pain 1 6.3 0 0 0 0 0 0
Dysgeusia 2 12.5 0 0 0 0 0 0
Diarrhea 3 18.8 1 6.3 0 0 0 0
Constipation 8 50.0 0 0 0 0 0 0
Fever 3 18.8 0 0 0 0 0 0
Dizziness 2 12.5 0 0 0 0 0 0

Abbreviation: FEC, 5-FU, epirubicin, and cyclophosphamide.
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Table 3 All adverse events of docetaxel alone (N=8) and 
docetaxel plus trastuzumab (N=8)

Grade 1 Grade 2 Grade 3 Grade 4

N % N % N % N %
Adverse event of docetaxel alone
Anemia 3 37.5 2 25.0 0 0 0 0
Neutropenia 0 0 1 12.5 0 0 7 87.5
Nausea 1 12.5 2 25.0 2 25.0 0 0
Fatigue 3 37.5 3 37.5 1 12.5 0 0
Fever 0 0 0 0 0 0 0 0
Myalgia 1 12.5 0 0 0 0 0 0
Lumbago 1 12.5 0 0 0 0 0 0
Joint pain 3 37.5 0 0 0 0 0 0
Leg pain 0 0 0 0 0 0 0 0
Insomnia 2 25.0 0 0 0 0 0 0
Peripheral neuropathy 1 12.5 1 12.5 0 0 0 0
Appetite loss 2 25.0 0 0 2 25.0 0 0
Dyspepsia 2 25.0 0 0 0 0 0 0
Stomatitis 0 0 0 0 0 0 0 0
Dysgeusia 2 25.0 1 12.5 0 0 0 0
Diarrhea 4 50.0 0 0 0 0 0 0
Constipation 2 25.0 0 0 0 0 0 0
Dyspnea 1 12.5 0 0 0 0 0 0
Cough 4 50.0 0 0 0 0 0 0
Hand–foot skin reaction 3 37.5 0 0 0 0 0 0
Pruritus 0 0 0 0 0 0 0 0
Rash 1 12.5 0 0 0 0 0 0
Face edema 1 12.5 0 0 0 0 0 0
Limb edema 1 12.5 0 0 0 0 0 0
Adverse event of docetaxel and trastuzumab
Anemia 1 12.5 6 75.0 0 0 0 0
Neutropenia 0 0 1 12.5 0 0 7 87.5
Nausea 2 25.0 0 0 0 0 0 0
Fatigue 4 50.0 3 37.5 0 0 0 0
Fever 1 12.5 0 0 0 0 0 0
Myalgia 1 12.5 0 0 0 0 0 0
Lumbago 0 0 0 0 0 0 0 0
Joint pain 0 0 0 0 0 0 0 0
Leg pain 1 12.5 0 0 0 0 0 0
Insomnia 0 0 0 0 0 0 0 0
Peripheral neuropathy 2 25.0 0 0 0 0 0 0
Appetite loss 1 12.5 0 0 0 0 0 0
Dyspepsia 1 12.5 0 0 0 0 0 0
Stomatitis 1 12.5 1 12.5 1 12.5 0 0
Dysgeusia 2 25.0 0 0 0 0 0 0
Diarrhea 7 87.5 0 0 0 0 0 0
Constipation 2 25.0 0 0 0 0 0 0
Dyspnea 0 0 0 0 0 0 0 0
Cough 3 37.5 1 12.5 0 0 0 0
Hand–foot skin reaction 0 0 0 0 1 12.5 0 0
Pruritus 1 12.5 0 0 0 0 0 0
Rash 3 37.5 0 0 0 0 0 0
Face edema 0 0 0 0 0 0 0 0
Limb edema 1 12.5 0 0 0 0 0 0

Discussion
In the present study, patients were classified into pathologic 

responders (grade 2: 50.0% of all patients: 33.3% of lumi-

nal A type; 0% of luminal B type; 75.0% of luminal HER2 

type) according to the grade of the tumor. The pCR rate was 

0%. We recently reported that neoadjuvant FEC followed 

by weekly paclitaxel and/or trastuzumab induced a high 

pathologic response in the hormone-negative patients.11 

However, the present study suggests that neoadjuvant FEC 

followed by triweekly docetaxel and/or trastuzumab did 

induce a high pathologic response in luminal HER2 type, 

but not in luminal A and B types, and did not induce a high 

pCR rate in the hormone-positive patients. Consistent with 

this, Rouzier et al15 evaluated the gene expression profiles 

of patients treated with neoadjuvant chemotherapy of FEC 

followed by weekly paclitaxel and reported that the pCR rate 

was 45% for the basal-like and HER2-positive subtypes and 

6% for the luminal tumors.

The conversion of an inoperable breast cancer to an 

operable one has clinical significance.16 pCR is considered 

predictive of a long-term outcome in several neoadjuvant 

trials,17 and this finding has been confirmed in two studies.18,19 

The meta-analysis from the Collaborative Trials in Neoad-

juvant Breast Cancer18 included 12 randomized neoadjuvant 

trials (n=13,125) and results have shown that individual 

patients who achieved a pCR had a more favorable long-

term outcome.

In the present study, neoadjuvant FEC followed by tri-

weekly docetaxel and trastuzumab did induce a high patho-

logic response in luminal HER2 type, but not in luminal A 

type. Therefore, there is a possibility that adjuvant taxanes 

provide different benefits for special patient subgroups, 

especially HER2-positive subgroups.3 Moreover, the benefits 

of adjuvant docetaxel were demonstrated in the whole breast 

cancer population.19 However, further investigation is needed 

to identify the patients who do not necessarily obtain benefit 

from docetaxel treatment. Some investigators reported that 

luminal A tumors should receive endocrine therapy only and 

should avoid neoadjuvant chemotherapy.20–22 However, in 

breast cancer patients, neoadjuvant chemotherapy may not 

only induce a pCR, but also change the choice of surgery. In 

the present study, for luminal A type treated with FEC fol-

lowed by triweekly docetaxel, although none achieved a pCR, 

33% of luminal A patients were classified into pathologic 

responders (grades 2 and 3). However, a delay in surgery 

and hormonal therapy after treating with non-effective neo-

adjuvant chemotherapy is problematic.23 Therefore, further 

investigations are needed to discuss whether luminal A 

tumors should receive neoadjuvant chemotherapy. Consistent 

with this, previous reports24–26 suggested that the neoadjuvant 

treatment for luminal A tumors promoted breast-conserving 

surgery, and that it was one of the effective treatment options 

for this groups.
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The pCR rate of the trastuzumab-containing neoadjuvant 

chemotherapies was reported to be 43%–65%,27 because 

trastuzumab-based therapy for neoadjuvant chemotherapy 

was a promising alternative for the HER2 subtype. It was 

suggested that the addition of trastuzumab for neoadjuvant 

chemotherapy is useful for patients with a HER2-positive 

tumor.23 In the present study, neoadjuvant FEC followed 

by triweekly docetaxel and/or trastuzumab did induce a 

high pathologic response in luminal HER2 type. Therefore, 

incorporation of trastuzumab to the neoadjuvant regimen 

should be considered in patients with both an ER- and HER2-

positive tumor.

In the present study, the toxicity profile regarding FEC 

and triweekly docetaxel and/or trastuzumab administration 

in our study was generally acceptable (Tables 2 and 3). 

Consistent with this, it was reported that this regimen is 

an acceptable neoadjuvant treatment option for hormone-

positive breast cancer.28

Conclusion
Recent clinical studies, including this study, have demon-

strated that neoadjuvant FEC followed by triweekly docetaxel 

and/or trastuzumab did induce a high pathologic response 

in luminal HER2 type, but not in luminal A and B types, 

and did not induce a high pCR rate in the hormone-positive 

patients.
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