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INTRODUCTION

Neoadjuvant chemotherapy (NC) is a standard treatment 
for locally advanced breast cancer (LABC) and large operable 
breast tumors, due to its safety and effectiveness as shown in 
previous studies [1-3]. Despite an increase in clinical trials, 
NC is yet to be established as the definitive treatment regimen 
for LABC. In order to optimize future treatment, it is impor-

tant to determine the optimal combination of taxanes with 
anthracyclines (doxorubicin and epirubicin), which are the 
most active agents in advanced breast cancer treatment [4]. As 
previous studies have shown, in both locally advanced and 
operable breast cancers, long-term survival can be predicted 
by the pathologic complete response (pCR) to NC [1,2,5,6]; 
pCR ranges from 5% to 15% after anthracycline-based NC, 
and this frequency improves to a range of 15% to 34% upon 
adding taxane [6]. Therefore, combinations of these two drugs 
need to be developed to facilitate clinical investigation. Several 
combinations of doxorubicin and paclitaxel have been evalu-
ated in previous studies, covering a variety of doses and sched-
ules of administration [3,7]. However, the concomitant ad-
ministration of paclitaxel and doxorubicin is associated with a 
relatively high probability of severe cardiotoxic events, despite 
its success in the remission of cancer. When administered 
concomitantly, interactions between doxorubicin and pacli-
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Purpose: Neoadjuvant chemotherapy (NC) is yet to be estab-
lished as the definitive treatment regimen for locally advanced 
breast cancer (LABC). The aim of this study was to determine 
the efficacy and toxicity of NC with epirubicin and paclitaxel. 
Methods: Between March 2007 and January 2009, 50 patients 
with LABC were enrolled in an open-label, phase II, multicenter 
study carried out at five distinct institutions. All patients were 
scheduled to receive four cycles of 60 mg/m2 epirubicin and 175 
mg/m2 paclitaxel every 3 weeks, preoperatively, unless they de-
veloped profound side effects or disease progression. After cu-
rative surgery, two additional cycles of chemotherapy were ad-
ministered to patients who had shown a positive response to 
NC. Results: In all, 196 cycles of chemotherapy were adminis-
tered preoperatively; 47 of the 50 patients (94%) underwent all 
four cycles of designated treatment. Complete disappearance of 
invasive foci of the primary tumor, and negative axillary lymph 

nodes were confirmed in eight patients (16.0%), post operation. 
The cumulative 5-year disease-free survival rate was 70.0% for 
patients with complete remission (CR) and partial remission (PR), 
and 33.3% for patients with stable disease (SD) and progressive 
disease (PD) (p=0.018). The cumulative 5-year overall survival 
was 90.0% for patients who achieved CR and PR and 55.6% for 
patients who had SD and PD (p=0.001). Neutropenia (42.0%) 
was the most common grade 3/4 toxicity. However, none of the 
toxicities resulted in cessation of the treatment. Conclusion: The 
encouraging pathologic response observed in the patients treat-
ed with epirubicin plus paclitaxel NC in this study suggests that 
epirubicin could be a substitute for doxorubicin, which is the 
most cardiotoxic agent.
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taxel are apparently responsible for the high cardiotoxicity, 
arising from the pharmacokinetic modifications of doxorubi-
cin and its cardiotoxic metabolites [8]. The increased inci-
dence of cumulative dose-related cardiotoxicity is a potential 
limitation in the long-term administration of this combina-
tion of drugs. At similar dosages, epirubicin is significantly 
less cardiotoxic than doxorubicin. Furthermore, paclitaxel 
does not appear to play a significant role in epirubicin meta-
bolism, when they are combined for treatment [9]. Although 
chronic therapy is limited, data indicate that epirubicin (4´-epi-
doxorubicin) may be administered in cumulatively higher 
doses than doxorubicin, before it triggers the onset of cardio-
toxicity and subsequent termination of chemotherapy [4,10]. 
The aim of this study was to determine the efficacy and toxici-
ty of concomitant epirubicin and paclitaxel (ET) NC.

METHODS

Eligibility
This open label, phase II, multicenter study enrolled 50 eli-

gible participants, who received treatment at five distinct insti-
tutions. Each Institutional Review Board approved the study; 
in addition, each patient provided the required informed con-
sent documentation in writing (IRB number: 1001-15). The 
participating women ranged in age from 20 to 70 years. Eligi-
bility criteria included the presence of stage III breast cancer as 
defined by the American Joint Committee on Cancer (sixth 
edition), and for the cancer to be entirely untreated prior to 
this study. The requirements to determine whether the pa-
tients met adequate performance status from the Eastern Co-
operative Oncology Group (a performance status ≤ 1), and 
including hematologic, renal, and liver functions are detailed 
in the following sentences. Requirements for the hematologic 
function included hemoglobin levels of greater than or equal 
to 10 g/dL, absolute neutrophil counts of ≥ 1.5× 109/L, and 
platelet counts of ≥ 100× 109/L. For the renal function, serum 
creatinine was required to be within the standard limits. Final-
ly, for the liver function, aspartate aminotransferase, alanine 
transaminase, and alkaline phosphatase were all required to 
have levels of ≤ 1.5 times the maximum limit of the standard 
levels, and bilirubin levels were required to be within the nor-
mal range. Each patient was required to be free of metastatic 
disease. Participants with any evidence of cardiac disease or a 
history of malignancy were excluded from this study.

Treatment
Patients were scheduled to undergo preoperative treatment 

with four cycles of 60 mg/m2 epirubicin and 175 mg/m2 pacli-
taxel every 3 weeks unless they developed profound side effects 

or disease progression. Patients were first administered epiru-
bicin over a 15- to 20-minute interval, followed immediately 
by a 3-hour intravenous infusion of paclitaxel diluted in 500 
mL of 5% dextrose. The paclitaxel was delivered via a polyeth-
ylene-lined tube, containing a cellulose acetate 0.22-µm in-line 
filter. In the premedication phase, 20 mg dexamethasone was 
administered orally to patients, at 6 and 12 hours prior to pa-
clitaxel infusion. To conclude the premedication phase, 300 mg 
cimetidine (an alternative of 50 mg ranitidine) and 50 mg di-
phenhydramine were both administered intravenously, 30 
minutes before the paclitaxel infusion. Antiemetics were ad-
ministered to patients according to the guidelines set by the in-
dividual institutions. Prophylactic use of the granulocyte colo-
ny-stimulating factor was not permitted. Patients received fur-
ther chemotherapy, with a 25% reduction in dosage for both 
epirubicin and paclitaxel upon occurrence of febrile neutrope-
nia or nonhematologic grade 3/4 toxicity; this excluded alope-
cia. In case the hypersensitivity reaction was deemed clinically 
significant, paclitaxel infusion was discontinued and appropri-
ate supportive measures were taken. Operations were per-
formed within 3 weeks of administering the fourth cycle of 
NC. After curative surgery, two additional cycles of the identi-
cal chemotherapy regimen were administered in patients who 
showed objective response to NC. Subsequently, patients re-
ceived radiotherapy, trastuzumab, or hormone therapy, based 
on their risk assessment, and human epidermal growth factor 
receptor 2 and the hormone receptor status.

Response evaluation
Response Evaluation Criteria in Solid Tumors (RECIST, 

version 1.1) was used for assessing the clinical response [11]; 
pCR was achieved when there was no residual invasive cancer 
in the breast, including or excluding ductal carcinoma in situ 
(DCIS), and there was no evidence of nodal involvement with 
invasive cancer in the surgically removed specimens.

Toxicity evaluation
Toxicity was evaluated according to National Cancer Insti-

tute Common Toxicity Criteria (NCI CTC) version 2.0. All 
patients underwent echocardiograms for evaluating their left 
ventricular ejection fraction, prior to commencing NC, and 
after four cycles of NC.

Statistical analysis
To calculate the dose intensity for each agent, we divided 

the total dosage by the total number of treatment weeks. To 
obtain the average relative total dose intensity (RDI), we cal-
culated the average delivered dose of the scheduled chemo-
therapy treatment per week as a percentage of the target dos-
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age. The Kaplan-Meier method was used to calculate the dis-
ease-free interval (DFS) and overall survival (OS). By applying 
the log-rank test, we compared the survival curves from dif-
ferent groups. This study used SPSS version 15.0 (SPSS Inc., 
Chicago, USA) for statistical analyses.

RESULTS

Patient characteristics 
The study enrolled 50 patients with locally advanced breast 

cancer, between March 2007 and January 2009. Patient char-
acteristics are shown in Table 1. The median age of patients 
was 47 years, ranging from 27 to 67 years. The median follow-
up time was 73 months, ranging from 12 to 80 months. All 
patients were assessable for toxicity and efficacy. 

Treatment
During the study, 196 cycles of chemotherapy were adminis-

tered preoperatively; 47 out of 50 patients (94.0%) received 
four cycles of the scheduled ET chemotherapy. The study had 
an average RDI of 96.2% for both paclitaxel and epirubicin. 
Treatment was terminated in three cases (6.1%) prior to the 
completion of four cycles, due to progressive disease (PD).

Efficacy
Based on the criteria defined in this study, pCR (ypT0N0+ 

ypTisN0) was observed in eight patients (16.0%); seven pa-
tients (14.0%) showed complete disappearance of the primary 
tumor (ypT0) with negative axillary lymph nodes. Residual 
DCIS with complete disappearance of invasive cancer (ypTis) 
was observed in one patient after the surgery, and 33 patients 
(66.0%) showed a partial response (PR). The overall response 
rate was 82%. Stable disease (SD) was observed in six patients 
(12.0%), and progressive disease in three patients (6.0%) (Ta-
ble 2).

Toxicity
Data pertaining to grade 2–4 toxicities, based on the NCI 

CTC v2.0, are presented in Table 3. Neutropenia (42.0%) was 
the most common grade 3/4 toxicity; however, febrile neutro-
penia occurred in only two patients (4.0%). None of the toxic-
ities resulted in cessation of the treatment. No cardiac toxicity 
or peripheral neuropathy was observed during this study, 
while each patient developed reversible alopecia. 

Survival according to the response to the chemotherapy
The cumulative 5-year DFS was 70.0% for patients who 

achieved complete response (CR) or PR and 33.3% for those 
who had SD or PD (p = 0.018) (Figure 1). The cumulative 

Table 1. Patients’ characteristics (N=50)

Characteristic No. (%)

Age (yr)* 47 (27–67)
Menopausal status
   Premenopausal 25 (50.0)
   Postmenopausal 20 (40.0)
   Unknown 5 (10.0)
Performance status (ECOG)
   0 39 (78.0)
   1 11 (22.0)
Histological type
   Invasive ductal 38 (76.0)
   Invasive lobular 1 (2.0)
   Inflammatory 1 (2.0)
   Other 10 (20.0)
Clinical T stage
   T1 5 (10.0)
   T2 24 (48.0)
   T3 8 (16.0)
   T4 13 (26.0)
Clinical N stage
   Negative 4 (8.0)
   Positive 46 (92.0)
Clinical stage
   IIIA 33 (66.0)
   IIIB 15 (30.0)
   IIIC 2 (4.0)
Post-NC pathologic T stage
   ypTis/0 9 (18.0)
   ypT1 22 (44.0)
   ypT2 15 (30.0)
   ypT3 1 (2.0)
   ypT4 3 (6.0)
Post-NC pathologic N stage
   ypN0 19 (38.0)
   ypN1 16 (32.0)
   ypN2 10 (20.0)
   ypN3 5 (10.0)
Post-NC pathologic stage 
   0 8 (16.0)
   I 4 (8.0)
   II 20 (40.0)
   III 18 (36.0)
Hormonal receptor status
   ER+ and/or PR+ 28 (56.0)
   Negative 22 (44.0)
HER2 immunohistochemistry
   0–1 22 (44.0)
   2+ 3 (6.0)
   3+ 25 (50.0)
Performed operation
   Mastectomy 37 (74.0)
   BCS 13 (26.0)

ECOG=Eastern Cooperative Oncology Group; NC=neoadjuvant chemother-
apy; ER=estrogen receptor; PR=progesterone receptor; HER2=human epi-
dermal growth factor receptor 2; BCS=breast-conserving surgery.
*Median (range).
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5-year OS was 90.0% for the patients who had CR/PR, and 
55.6% for those who had SD/PD (p= 0.001) (Figure 2).

DISCUSSION

Because of its noted safety and efficacy in treatment, NC has 
been widely accepted as the treatment of choice for LABC, and 
for early breast cancer involving an attempt to conserve the 
breast [2,12]. NC comprising a combination of doxorubicin 
with paclitaxel is more effective than treatment with anthracy-
cline in combination with other chemotherapeutic agents, or 
anthracycline alone [13,14]. In two independent studies, Gi-
anni et al. [8], and Dombernowsky et al. [15] have both report-
ed a 20% frequency of congestive heart failure in metastatic 
breast cancer patients when the patients received doxorubicin 
and paclitaxel in combination. Therefore, it is particularly im-
portant to develop regimens that may decrease the chemother-
apy-related toxicity; the doxorubicin analog, epirubicin, is less 

toxic to the heart even though it possesses a low level of innate 
cardiotoxicity. However, epirubicin is comparable with doxo-
rubicin in terms of antitumor efficacy [16]; epirubicin is also 
less myelotoxic than doxorubicin at equimolar dosages [9]. 
Dose-finding studies involving the epirubicin/paclitaxel com-
bination have not reported significant cardiac toxicity; patients 
developed grade 3 cardiotoxicity (6%) in only one trial [8,17]. 
Despite its lower cardiotoxic potential compared to its parent 
compound, epirubicin is still capable of inducing cardiac fail-
ure in 16% to 35% of patients when its cumulative doses ex-
ceed 1,000 mg/m2 [18].

The aim of this study was to determine the response and 
safety of combination chemotherapy with paclitaxel (Genexol®; 

Table 2. Response rates to neoadjuvant chemotherapy (N=50)

Response No. (%)

Overall response (CR+PR) 41 (82.0)
CR 8 (16.0)
   ypT0N0 7 (14.0)
   ypTisN0 1 (2.0)
PR 33 (66.0)
SD 6 (12.0)
PD 3 (6.0)

CR=complete response; PR=partial response; ypT0N0=no tumor and no 
lymph node metastasis after neoadjuvant chemotherapy; ypTisN0=ductal 
carcinoma in situ only and no lymph node metastasis after neoadjuvant che-
motherapy; SD=stable disease; PD=progressive disease.
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Figure 1. Disease-free survival curves according to response to neo-
adjuvant chemotherapy using the Kaplan-Meier statistical method. The 
cumulative 5-year disease-free survival rate was 70.0% for patients with 
complete remission (CR) and partial remission (PR), and 33.3% for pa-
tients with stable disease (SD) and progressive disease (PD) (p=0.018). 
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Figure 2. Overall survival curves according to response to neoadjuvant 
chemotherapy using the Kaplan-Meier statistical method. The cumula-
tive 5-year overall survival was 90.0% for patients who achieved com-
plete remission (CR) and partial remission (PR) and 55.6% for patients 
who had stable disease (SD) and progressive disease (PD) (p=0.001).
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Table 3. Severe toxicities according to NCI CTC v2.0 (N=50) 

Toxicity 
Grade 2
No. (%)

Grade 3/4
No. (%)

Hematologic toxicities 
   Leukopenia 16 (32.0) 10 (20.0)
   Neutropenia 13 (26.0) 21 (42.0)
   Febrile neutropenia 0 2 (4.0)
   Thrombocytopenia 1 (2.0) 1 (2.0)
   Anemia 11 (22.0) 0
Nonhematologic toxicities 
   Mucositis/stomatitis 6 (12.0) 0
   Anorexia 3 (6.0) 0
   Nausea/vomiting 7 (14.0) 1 (2.0)
   Diarrhea 1 (2.0) 0
   Skin reaction 0 0
   Alopecia 48 (96.0) 0
   Decrease in LVEF 0 0
   Peripheral neuropathy 3 (6.0) 0

NCI CTC=National Cancer Institute common toxicity criteria; LVEF= left ven-
tricular ejection fraction.
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CJ, Seoul, Korea) plus epirubicin for the treatment of LABC. 
Previous phase II studies have evaluated concomitant paclitax-
el and anthracycline-based NC in breast cancer [14,19]. To the 
best of our knowledge, there is only one published phase II 
study that has explored treatment with a combination of epiru-
bicin and paclitaxel for operable breast cancer, to date. The Bel-
lino et al. [20] study enrolled 48 patients with tumors > 3 cm in 
diameter; the treatment regimen comprised four cycles of 200 
mg/m2 paclitaxel and 90 mg/m2 epirubicin every 3 weeks, and 
the authors reported a 12% pCR rate. In the present study, the 
rate of pCR is higher than that reported in the previous study 
where 90 mg/m2 epirubicin and 200 mg/m2 paclitaxel were 
used concomitantly. In this study, we used lower dosages of 
epirubicin (60 mg/m2) and paclitaxel (175 mg/m2) than in the 
Bellino et al. [20] study. Most of the participants in this study 
completed all four cycles of treatment within the scheduled 
time-frame; each patient received a total dosage of 240 mg/m2 
epirubicin, compared with the 360 mg/m2 administered to 
each patient in the other studies. Similarly, the paclitaxel dos-
age was lower (175 mg/m2) in comparison with the dosage 
(200 mg/m2) administered to each patient in the previous 
study. The combination of epirubicin and paclitaxel shows ex-
cellent cardiac tolerability relative to the combination of doxo-
rubicin and paclitaxel. However, the lower rate of epirubicin-
induced cardiotoxicity in this study cannot be justified solely 
on the basis of its use in combination with paclitaxel. Two 
possible explanations include the higher stringency in patient 
selection, and the lower administered doses of both epirubicin 
and paclitaxel in this study. Moreover, according to data from 
the Gianni et al. study, concomitant administration of epirubi-
cin and paclitaxel induces an increase in glucuronidation of 
epirubicin; this leads to an increase in urinary elimination, and 
subsequent decrease in the plasma levels of epirubicinol, the 
cardiotoxic metabolite of epirubicin [8,17]. Conversely, con-
comitant administration of doxorubicin and paclitaxel causes 
the nonlinear disposition of doxorubicin. This results in in-
creased plasma concentrations of doxorubicin and its metabo-
lite doxorubicinol; the latter is capable of causing significant 
myocardial damage. A meta-analysis of collaborative trials in 
neoadjuvant breast cancer (CTNeoBC) included 12 random-
ized neoadjuvant trials (n= 13,125), and the results indicated 
that patients who achieved pCR had more favorable long-term 
outcomes [21]. In the current study, it was found that the re-
sponsive group (CR/PR) shows more favorable long-term out-
comes than the nonresponsive group (SD/PD) (Figures 1, 2). 
The progression of cancers during NC is very unusual; in our 
study, 6.0% (3 of 50 patients) incurred tumor progression dur-
ing treatment, compared to only 1.4% in the European Organ-
isation for Research and Treatment of Cancer 10902 trial, and 

3% in the National Surgical Adjuvant Breast and Bowel Project 
(NSABP) B-18 trial [12,13,22]. There were no statistically sig-
nificant differences in DFS and OS between the neoadjuvant 
and adjuvant groups with respect to the preoperative or post-
operative chemotherapy sequencing, according to the findings 
from the NSABP B-18 trial. However, there is supporting evi-
dence for preoperative chemotherapy in terms of DFS and OS 
for breast cancer patients under the age of 50 [22]. Considering 
the younger age of Korean breast cancer patients relative to 
Western women, it may be advantageous to pursue NC treat-
ment. Although cardiotoxicity is a common and deadly com-
plication when doxorubicin and paclitaxel are used concomi-
tantly for the treatment of breast cancer, it is less of an issue 
when epirubicin replaces doxorubicin. Concomitant adminis-
tration of epirubicin and paclitaxel is safe and effective, and the 
treatment warrants further evaluation.
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