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Abstract. Trastuzumab has shown significant clinical benefits 
in patients with operable and metastatic HER2-positive 
breast cancer. However, the biological mechanism of the 
additional effect of trastuzumab administered in combination 
with conventional chemotherapy is poorly understood. We 
performed a retrospective analysis of 55 patients with HER2-
positive breast cancer treated with anthracycline and taxane 
(chemotherapy alone; CT), or trastuzumab in combination with 
taxane-based chemotherapy (CT+T) for neoadjuvant chemo-
therapy. We determined the therapeutic efficacies [clinical 
(CR) and pathological complete responses (pCR)] and changes 
in the proportion of positive cells for each biomarker pre- to 
post-neoadjuvant chemotherapy for each treatment regimen. 
Clinical-CR and quasi-pCR rates defined as the absence of 
invasive tumors or only a few remaining invasive tumor cells 
were 6.9 and 31.0% in the CT group and 46.2 and 65.4% in the 
CT+T group, respectively. In the CT group, the proportion of 
estrogen receptor (ER)-/progesterone receptor (PgR)-positive 
cells decreased significantly following treatment (ER, 73.5 vs. 
50.9%; P=0.02). Changes in the proportion of ER-/PgR-positive 
cells were not noted in the CT+T group (ER, 81.9 vs. 80.3%; 
P=0.61), although a relatively greater decrease in the propor-
tion of Ki-67-positive cells was found in the CT+T group than 
that in the CT group (-26.5 vs. -13.7%). These findings indicate 
that CT+T inhibits ER-negative and Ki-67-positive breast 
cancer cells. In conclusion, trastuzumab sensitized ER-negative 
proliferative cells to cytotoxic chemotherapy. This finding may 
indicate an additional clinical effect of trastuzumab when 

administered in combination with conventional chemotherapy 
as neoadjuvant chemotherapy for HER2-positive breast cancer.

Introduction

Trastuzumab is a well-known molecular-targeting drug which 
provides significant clinical benefits to patients with human 
epidermal growth factor (HER)2-positive breast cancer (1). 
In metastatic breast cancer, the efficacy of trastuzumab was 
proven in terms of improved objective responses, resulting in 
an increase in patient survival (2,3). The additional or syner-
gistic effect of trastuzumab administered in combination with 
conventional types of chemotherapy has been suggested to play 
a role in pre-operative treatment based on improvement in the 
objective response and pathological complete response (pCR) 
rates (4,5).

Although the molecular mechanism underlying its action 
is poorly understood, evidence is available for the efficacy of 
trastuzumab in clinical practice. Briefly, trastuzumab directly 
targets the extracellular domain of HER2 and inhibits prolifer-
ation and the anti-apoptotic potential of HER2-positive breast 
cancer cells by down-regulating pathways, such as PI3K/Akt 
and MAPK (1).

However, cellular heterogeneity, such as sensitivities to 
cytotoxic agents, positivity for the estrogen receptor (ER) and 
proliferation revealed as Ki-67 expression, exists even in HER2-
positive cancers. Furthermore, the cancer stem cell (CSC) 
hypothesis, was also found to verify the existence of intrinsic 
cellular and molecular heterogeneity within each tumor (6,7).

Despite evidence for heterogeneity or the CSC hypothesis, 
which HER2-positive breast cancer cells are targeted by 
trastuzumab or which molecular pathways are involved in the 
mechanism of trastuzumab activity has yet to be elucidated. 
To resolve this issue, a retrospective analysis of HER2-positive 
breast cancer patients treated with neoadjuvant chemotherapy 
(NAC), with or without trastuzumab, was performed. The 
therapeutic efficacies and proportional changes of positive 
cells of each biomarker pre- to post-NAC for each treatment 
regimen were investigated. These changes and any discrepancy 
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in these changes may represent treatment-resistant tumor cells 
in non-responders and provide evidence of a cellular shift 
in target by trastuzumab administered in combination with 
conventional chemotherapy as NAC.

Patients and methods

Patients. A retrospective analysis of a prospectively maintained 
clinical database was performed, including patients who 
received NAC at Kumamoto City Hospital, Kumamoto City, 
Japan, from March 2002 to June 2009. Of the 144 patients 
who received NAC during this period, 55 patients with 
HER2-positive breast cancers were enrolled in this study. 
A prerequisite of the hospital's NAC inclusion criteria was 
invasive tumors of a diameter of ≥3 cm and/or showing lymph 
node involvement. All 144 patients fulfilled these criteria. The 
research protocol of the present study was approved by the 
Ethics Committee of Kumamoto City Hospital, and informed 
consent was obtained from all patients prior to treatment. 
Certain patients had also been enrolled in a prospective multi-
center phase II trial conducted by the Kyushu Breast Cancer 
Study Group or Kumamoto Breast Cancer Study Group.

Treatment regimens. The treatment regimens used in the 
present study were: 18 patients were treated concurrently 
with epirubicin and docetaxel (ET); 11 patients were treated 
with 5-fluorouracil, epirubicin, and cyclophosphamide (FEC) 
followed by docetaxel (DOC); and 26 patients were treated 
with anthracycline-based chemotherapy followed by concurrent 
trastuzumab with taxane. All 29 patients treated with ET or 
FEC followed by DOC were considered to be the conventional 
chemotherapy (CT) group.

For the ET regimen, the patients received 4 cycles of epiru-
bicin (60 mg/m2) and docetaxel (60 mg/m2) every 3  weeks. 
For the FEC followed by the DOC regimen, the patients 
received 4 cycles of 5-fluorouracil (500 mg/m2), epirubicin 
(75-100  mg/m2) and cyclophosphamide (500  mg/m2) every 
3  weeks, followed by 4  cycles of docetaxel (70-80  mg/m2) 
every 3  weeks. For the trastuzumab-containing regimens, 
the patients received 4  cycles of epirubicin (90  mg/m2) and 
cyclophosphamide (600  mg/m2) every 3  weeks, followed 
by concurrent weekly trastuzumab (4  mg/kg on day 1 and 
subsequent infusions at a dose of 2 mg/kg) with 12 cycles of 
weekly paclitaxel (80 mg/m2) or 4 cycles of FEC followed by 
concurrent weekly trastuzumab with 4  cycles of tri-weekly 
docetaxel.

Three to four weeks after completion of NAC, breast-
conserving surgery or mastectomy with sentinel node biopsy 
or axillary lymph node dissection was performed with intent 
to cure. Patients who underwent breast-conserving surgeries 
received radiotherapy to the conserved breast. Patients with 
hormone receptor (HR)-positive cancers received adjuvant 
endocrine therapy according to the patient's menopausal status.

Evaluation of clinical and pathological responses. Definitive 
diagnoses of invasive breast cancers were performed by the 
hospital's pathologist on hematoxylin and eosin-stained 
sections obtained from core needle biopsy samples. Biological 
markers were examined both at diagnosis and surgery using 
the samples of core needle biopsy and residual tumor in the 

operated breast, respectively. The variables of interest were 
tumor size, lymph node involvement, nuclear grade, proportions 
of ER-/progesterone receptor (PgR)-positive cells, HER2 status 
and Ki-67 labeling index. Immunohistochemical staining was 
performed according to a protocol described previously (8).

At least 5 microscopic fields (x40) were counted to deter-
mine the proportion of ER- and PgR-positive tumor cells, and 
the observed proportions were calculated as a percentage of 
all counted cells. The hormone receptor status was determined 
based on the dichotomic criteria as: positive if the proportion 
of cells was ≥10% and negative if the proportion was <10%. 
ER- and/or PgR-positive cells were rated as HR-positive. 
Proliferation activity was judged by immunostaining with the 
Ki-67 antibody (Dako, Glostrup, Denmark). The proportion 
of proliferating cells was determined by counting at least 500 
tumor cells. HER2 expression was initially evaluated using 
the Hercep Test (Dako). HER2 positivity was indicated by 
3+ staining intensity. The HER2 equivocal (2+ staining) was 
tested using fluorescence in situ hybridization with a threshold 
ratio of >2.0 for positive HER2:CEP17.

Tumor burden was measured by caliper and ultrasound 
after each cycle and evaluated by the Response Evaluation 
Criteria in Solid Tumors (9). The pathological responses were 
assessed in surgical specimens of the breast with reference 
to the standards of the Japanese Breast Cancer Society (10). 
Based on this criterion, pathological responses were evaluated 
based on invasive components and not carcinoma in situ. Thus, 
tumors with residual ductal carcinoma in  situ were included 
in the pCR group. Furthermore, marked changes approaching 
a complete response in only a few remaining invasive tumor 
cells were classified as near-pCR (11). Patients with pCR and 
near-pCR were classified as pathological responders, and 
their pathological responses were defined as quasi-pCR (12). 
The remaining patients were designated as pathological non-
responders.

Evaluation of changes in the proportion of positive cells for 
each biomarker. To assess the biological mechanism of the 
additional effect of trastuzumab administered in combination 
with conventional types of chemotherapy, the proportion of 
positive cells for each biomarker was determined at diagnosis 
and surgery. Using immunohistochemical staining, the tumor 
defined as pCR was excluded from the analysis, but the 
tumor defined as near-pCR with evaluable cells was included. 
To focus on ER, PgR and Ki-67 independently, a subgroup 
analysis was performed for breast tumors with 10% or higher 
proportional positivity for ER and PgR, which indicate HR-/
HER2-positive breast cancer.

Statistical analysis. Statistical comparisons were performed 
using the Chi-square test and the paired Student's t-test. A 
two-sided P-value of <0.05 was considered to be statistically 
significant. JMP 8.0 software package (SAS Institute Inc., 
Cary, NC, USA) was used for statistical analysis.

Results

Clinical and pathological responses in HER2-positive breast 
cancer. The patient characteristics at diagnosis are shown 
in Table I. No significant differences were noted in patient 
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characteristics between the CT group and the trastuzumab-
containing (CT+T) group. Clinical complete response (cCR) 
rates were 6.9% for NAC without trastuzumab and 46.2% for 
NAC with trastuzumab. The pCR rates were 13.8% for NAC 
without trastuzumab and 26.9% for NAC with trastuzumab. 
Pathological response rates (i.e., quasi-pCR) were 31.0% for 
NAC without trastuzumab and 65.4% for NAC with trastu-
zumab (Table II).

Changes in the biological markers of HR-/HER2-positive 
breast cancer. No significant differences with respect to 
the mean proportion of ER-, PgR-, and Ki-67-positive cells 
at diagnosis were noted between the CT and CT+T groups. 
The CT group showed a significantly decreased proportion of 
ER-positive cells at surgery compared to the proportion prior 
to NAC (50.9 vs. 73.5%, P=0.02) (Table III). On the other 
hand, no changes were found in the proportion of ER-positive 
cells at surgery compared to that prior to NAC (80.3 vs. 81.9%, 
P=0.61) for the CT+T group (Table III). As noted above, treat-
ment responses were significantly improved, and the tumor 
reduction ratio was significantly higher in the CT+T group 
than that in the CT group. Consequently, ER-negative cells 
were more commonly eradicated in the CT+T group (Fig. 1).

Table I. Patient characteristics at diagnosis.

	 Chemotherapy alone	 Chemotherapy+Trastuzumab
	 (n=29)	 (n=26)
	 -----------------------------------------	 ---------------------------------------------------------
Characteristics	 No. of patients (%)	 No. of patients (%)	 P-value

Age (years)	 0.62
  Median	 53	 51
  Range	 29-67	 32-67
Tumor size	 0.89
  T1	 2	 (7)	 2	 (8)
  T2	 15	 (52)	 14	 (54)
  T3	 10	 (35)	 7	 (27)
  T4	 2	 (7)	 3	 (12)
  Total	 29	(100)	 26	 (100)
Axillary nodes				    0.46
  N0	 12	 (41)	 7	 (27)
  N1	 14	 (48)	 15	 (58)
  N2	 3	 (10)	 3	 (12)
  N3	 0	 (0)	 1	 (4)
  Total	 29	(100)	 26	 (100)
Hormone receptor	 0.32
  ER- and/or PgR-positive	 14	 (48)	 16	 (62)
  ER- and PgR-negative 	 15	 (52)	 10	 (38)
  Total	 29	(100)	 26	 (100)
Menopausal status	 0.53
  Pre-menopausal	 11	 (38)	 12	 (46)
  Post-menopausal	 18	 (29)	 12	 (54)
  Total	 29	(100)	 26	 (100)

ER, estrogen receptor; PgR, progesterone receptor.

Figure 1. Trastuzumab-containing chemotherapy preferably eradicated 
ER-negative breast cancer cells compared to chemotherapy alone. The 
products of the longer and shorter diameters of each tumor are determined 
as relative tumor volumes, and the means of their products were calculated 
for each regimen with and without trastuzumab at each time point pre- and 
post-neoadjuvant chemotherapy (NAC). In each regimen, the tumor volume at 
pre-NAC was defined as 100% tumor volume, followed by calculating reduced 
tumor burdens at post-NAC for each regimen. Proportions of ER-positive 
cells are shown in the gray area of the columns. Error bars were omitted for 
improved clarity of the figure.
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Similar findings were observed for the PgR-positive 
tumors. In the CT group, the proportion of PgR-positive 
cells was significantly decreased at surgery compared to the 
proportion prior to NAC (20.1 vs. 55.4%, P=0.01) (Table III). 
In contrast, in the CT+T group, no changes were observed in 
the proportion of PgR-positive cells in the ER-positive subset 
at surgery compared to that prior to NAC (35.5 vs. 44.7%, 
P=0.40) (Table III).

Although a significant decrease in Ki-67-positive cells was 
observed in the two treatment groups, the change in propor-
tion was much greater in the CT+T group than the change in 

proportion in the CT group (-26.5 vs. -13.7%) (Table III). This 
result suggests that trastuzumab sensitizes proliferative cancer 
cells to taxane-based cytotoxic chemotherapy.

Discussion

The present study showed that HER2-positive breast cancers 
treated with anthracycline-based chemotherapy followed 
by taxane with trastuzumab showed a higher pathological 
response rate than those treated with conventional chemo-
therapy. Moreover, a discrepancy in changes in the proportion 

Table II. Clinical and pathological responses according to treatment regimens.

	 Chemotherapy alone	 Chemotherapy + Trastuzumab
	 (n=29)	 (n=26)
	 ----------------------------------------	 ----------------------------------------------------------
Responses	 No. of patients (%)	 No. of patients (%)	 P-value

Clinical response	 0.002
  cCR	 2	 (7)	 12	 (46)	
  cPR	 24	 (83)	 11	 (42)	
  cSD	 3	 (10)	 3	 (12)	
  cPD	 0	 (0)	 0	 (0)	
  Total	 29	 (100)	 26	 (100)	
Pathological response	 0.010
  Quasi-pCR	 9	 (31)	 17	 (65)	
  Non-quasi-pCR	 20	 (69)	 9	 (35)	
  Total	 29	 (100)	 26	 (100)	

cCR, clinical complete response; cPR, clinical partial response; cSD, clinical stable disease; cPD, clinical progressive disease; quasi-pCR, 
pCR plus near pCR. pCR, pathological complete response; no residual invasive carcinoma cells in the original tumor and near pCR, marked 
changes approaching a complete response in only a few remaining invasive carcinoma cells. Two criteria are defined based on the standards of 
the Japanese Breast Cancer Society (11).

Table III. Changes in biological markers prior to neoadjuvant chemotherapy and at surgery in HER2/HR-positive breast cancer.

	 Chemotherapy alone	 Chemotherapy + Trastuzumab
	 --------------------------------------------------------------------------------	 --------------------------------------------------------------------------------
	 % (±SD)	 % change	 % (±SD)	 % change

% of ER-positive cells
  At diagnosis	 73.5 (±24.2)	 -22.6	 81.9 (±25.6)	 -1.6
  After NAC 	 50.9 (±39.6)	 (P=0.02)	 80.3 (±29.3)	 (P=0.61)

% of PgR-positive cells				  
  At diagnosis	 55.4 (±30.5)	 -35.3	 44.7 (±33.3)	 -9.2
  After NAC 	 20.1 (±33.2)	 (P=0.01)	 35.5 (±18.2)	 (P=0.40)

Ki-67 labeling index
  At diagnosis	 45.1 (±20.1)	 -13.7	 45.4 (±17.1)	 -26.5
  After NAC 	 31.4 (±23.3)	 (P=0.004)	 18.9 (±19.4)	 (P=<0.0001)

Breast tumors with 10% or higher proportional positivity for ER, PgR or Ki67 were assessed independently for changes in the proportion 
from diagnosis to the proportion after NAC. Patients who achieved pCR were excluded from this analysis. Paired Student's t-test was used for 
statistical analysis. ER, estrogen receptor; PgR, progesterone receptor; SD, standard deviation.
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of ER-, PgR- and Ki-67-positive cells from pre- to post-NAC 
was noted in the two groups. Through retrospective cellular 
insight into HER2-positive cancers, we showed direct evidence 
for a shift in target in eradicated tumor cells from ER-positive 
to ER-negative by the addition of trastuzumab to taxane-based 
chemotherapies. This observation was based on the findings of 
improved objective responses and a significant reduction in total 
counts of ER-negative HER2-positive cancer cells following 
treatment with trastuzumab in combination with chemotherapy 
compared to treatment with chemotherapy alone.

Various molecular and cellular effects of trastuzumab, 
such as the activation of antibody-dependent cellular cyto-
toxicity, prevention of shedding of the extracellular domain 
(ECD) of HER2, inhibition of cell proliferation by preventing 
HER2-activated intracellular signaling and inhibition of HER2-
regulated angiogenesis, were previously reported (1,13-15). 
Trastuzumab administered in combination with conventional 
types of chemotherapy has been shown to exhibit an additional 
effect involving improvement of the pCR rate for NACs (4,5). 
However, eradication of targeted cells by the additional effect 
of trastuzumab administered in combination with conventional 
types of chemotherapy has yet to be investigated. In the present 
study, the additional effect of trastuzumab administered in 
combination with conventional types of chemotherapy was 
targeted mainly at ER-negative cells. In addition, PgR-negative 
and proliferative cells (Ki-67-positive cells) were preferably 
eradicated with trastuzumab-containing chemotherapies. 
Trastuzumab is thus considered to sensitize proliferating tumor 
cells independently of the ER genomic pathway when adminis-
tered in combination with taxane-based chemotherapies.

ER genomic pathway-independent proliferating tumor 
cells are considered to be responsible for disease recurrence 
and resistance to various types of chemotherapy. The CSC 
hypothesis similarly asserts that disease recurrence and 
treatment resistance to various types of chemotherapy and 
irradiation can be attributed to this type of tumor cell. Thus, 
ER pathway-independent proliferating cells may merge with 
treatment-resistant tumor cells, such as CSCs. Concerning 
the association between CSCs and the clinicopathological 
characteristics of breast cancer, ALDH‑1-positive breast 
cancer cells, which are putative breast CSCs, are more likely 
to be ER-negative, Ki-67-positive and HER2-positive (16,17). 
Moreover, the proportion of cells with these markers is closely 
related with poor prognosis in breast cancer. Li et al showed 
that tumorigenic cancer cells, which are phenotypically deter-
mined as CD44-positive/CD24-negative, are intrinsically 
resistant to conventional chemotherapy. These authors also 
showed that a dual inhibitor of HER1/HER2, lapatinib, regu-
lates the proportion of tumorigenic cells in a tumor (18). Thus, 
the CSC hypothesis has been accepted as clinically relevant 
and is applied to the treatment of breast cancer. Previous find-
ings and the results of the present study indicate that further 
investigation of the molecular rationale of molecular-targeting 
therapies used to overcome chemotherapy resistance in breast 
cancer is required.

The decision to define quasi-pCR by grouping bona fide 
pCR and near-pCR in this study was justified by the evidence 
that following pre-operative chemotherapy quasi-pCR predicts 
favorable disease-free survival (12). This criterion was applied to 
determine the type of tumor cell that was likely to be eradicated 

by the addition of trastuzumab to taxane-based chemotherapies. 
Findings showed the pathological response rate or quasi-pCR 
to be 65.4% in the CT+T group. These data are comparable 
with those of previous reports involving NAC with or without 
trastuzumab (4,19-21), confirming our analysis.

In conclusion, the insight gained from the present study may 
provide a biological rationale of the additional clinical efficacy 
of trastuzumab administered in combination with conventional 
types of chemotherapy. However, the molecular mechanism 
for this shift in target from ER-positive to ER-negative breast 
cancer cells in the treatment of trastuzumab-containing 
chemotherapies should be investigated. Furthermore, prospec-
tive studies testing the hypothesis that trastuzumab sensitizes 
treatment-resistant breast cancer cells or those cells responsible 
for recurrence to conventional chemotherapies are warranted.
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