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Purpose: Pathologic complete response (pCR) has been sug-
gested as a surrogate prognostic indicator in breast cancer
patients treated with neoadjuvant chemotherapy. We assessed
whether the likelihood of pCR and survival is associated with the
immunohistochemistry-based molecular subtypes. Methods:
We retrospectively analyzed the records of 276 patients with
breast cancer who received neoadjuvant chemotherapy between
January 2000 and January 2010. Patients were classified into four
molecular subtypes based on the immunohistochemistry profiles
of estrogen receptor, progesterone receptor, and HER2/neu.
Logistic regression was used to analyze variables associated
with pCR. Results: The pCR was achieved in 45 patients (16.3%).
The triple negative subtype was an independent predictive factor
for pCR (odds ratio, 3.21; 95% confidence interval, 1.20-8.56;
p=0.020), and the ERBB-2 subtype showed a trend for higher
pCR rates (odds ratio, 3.03; 95% confidence interval, 0.93-9.89;

p=0.067) compared with the luminal A subtype. In 99 patients
with HER2/neu-positive breast cancer, pCR rates were higher in
those who received trastuzumab (31.7%) than those treated with
conventional chemotherapy regimens (17.2%, p=0.023). The
pCR was significantly associated with prolonged progression-
free survival (p=0.008). The triple negative subgroup had shorter
progression-free survival (p=0.001) and overall survival (p=0.001)
than the other subgroups. Conclusion: We demonstrated that the
triple negative and ERBB-2 subtypes are more likely to obtain
pCR when neoadjuvant chemotherapy is given, compared to the
luminal A subtype. Despite the high pCR rate, the triple negative
subtype showed worse survival outcomes, paradoxically, primar-
ily due to patients who had residual disease.
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INTRODUCTION

Neoadjuvant chemotherapy (NACT') was initially used for
inoperable locally advanced and inflammatory breast cancer
[1,2]. Recently, NACT has become a standard treatment option
for patients with primary operable disease when breast con-
servation is desired [3,4]. Although several NACT regimens
have been investigated, survival benefit is not clear compared
to adjuvant chemotherapy [3,4]. However, NACT has poten-
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tial advantages over adjuvant chemotherapy because it down-
stages the tumor prior to surgery, thereby allowing breast con-
servation, and it enhances drug delivery due to the maintenance
of intact vasculature in NACT [4,5].

However, not all patients with breast cancer benefit from
NACT. There may be identifiable subgroups that benefit more
from this treatment than other subgroups. Therefore, numer-
ous surrogate endpoints have been investigated in the setting
of NACT. Among these, pathologic complete response (pCR),
defined by the absence of invasive residual tumor in the breast
and lymph nodes, has been strongly suggested as a surrogate
indicator of long-term prognosis. It has also been used as a
primary endpoint in many clinical trials for neoadjuvant che-
motherapy although there are still controversies surrounding
this [4,6]. The above suggests that identification of the predic-
tive factors for pCR might be important in addressing adequate
therapeutic approaches.

Recent studies have used gene expression profiling to classify
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breast cancers into molecularly distinct subgroups, and have
suggested that this categorization could be used for the predic-
tion of prognosis [7,8]. In patients treated with NACT, molec-
ular subtype by gene expression profiling could also effectively
identify patients who are likely to achieve pCR [8]. However,
this is not widely available in daily clinical practice. Thus, mo-
lecular subtyping based on clinically available immunohisto-
chemical markers has been considered a more practical ap-
proach to identification of the corresponding subgroups based
on gene expression profiling [9-12]. In this study, we therefore
assessed whether the likelihood of pCR and survival are asso-
ciated with the Immunohistochemistry (IHC)-based molecu-
lar subtypes in patients with breast cancer who received NACT.

METHODS

Patients

Between January 2000 and January 2010, 316 patients with
breast cancer (diagnosed by core needle biopsy) were given
NACT at Asan Medical Center (Seoul, Korea). There was no
patient who had metastatic disease. Due to the lack of full
immunohistochemical data, 40 patients were excluded; there-
fore, total 276 patients were included in this analysis. All clini-
copathologic data were collected by review of medical records.
This study was approved by Asan Medical Center Institutional
Review Board (IRB number of our study is 2010-0630).

Staging and immunohistochemistry

Initial staging included consideration of medical history,
physical examination, complete blood count, chemistry with
electrolytes, chest X-ray, mammography, and breast ultra-
sound. Computed tomography (CT) of the chest and mag-
netic resonance imaging (MRI) of breast were performed if
clinically indicated. After surgery, patients were staged accord-
ing to the American Joint Committee on Cancer (AJCC) sixth
edition [13].

Immunohistochemical assay was used to test for the expres-
sion of the estrogen receptor (ER), progesterone receptor (PR),
and HER2/neu. The positivity of ER (1:30 dilution; Dinona,
Seoul, Korea) and PR (1:100 dilution; Dinona) was defined by
the Allred score when strong nuclear staining was observed in
at least 3/8 of tumor cells examined [14]. Immunostaining for
HER2/neu (1:250 dilution; Dako, Glostrup, Denmark) was
considered positive in the case of strong (3+) membranous
staining in at least 10% of tumor cells, or in the case of 2+ with
unequivocal amplification by fluorescence in situ hybridization
(FISH). According to the IHC features on core biopsies before
NACT, patients were classified into the previously suggested
IHC-based molecular subgroups as follows: luminal A (ER+
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or PR+/HER2/neu-), luminal B (ER+ or PR+/HER2/neu+),
ERBB-2 (ER- and PR-/HER2/neu+), and triple negative (ER-,
PR- and HER2/neu-) [9,10].

Treatment and surveillance

The NACT regimen and the extent of surgical resection
were at the discretion of the medical oncologist and surgeon
in charge, and were based on response to NACT and patient
preference. The greatest diameters of the breast and lymph
node tumors were measured prior to each cycle of chemo-
therapy and surgery. Mammography, ultrasound, and MRI
were performed during (after three or four cycles) and at the
end of chemotherapy.

Statistical analysis

The primary end point was pCR which was defined as the
absence of residual invasive tumor in the primary breast and
lymph nodes at the time of surgery, regardless of the presence
of ductal carcinoma in situ. The secondary end point was pro-
gression-free survival (PFS). Logistic regression was used to
analyze variables associated with pCR, and the odds ratio (OR)
and 95% confidence interval (CI) were presented. All variables
were subjected to univariate analyses, and then the variables
that were associated (p<0.1) were analyzed in a stepwise mul-
tivariate logistic regression model. Hormone receptor and HER2/
neu status were not included in the multivariate model to avoid
multicollinearity, because of the correlation between these fac-
tors and IHC-based molecular subtypes. PES was defined as
the time from diagnosis to relapse, clinically inoperable disease
or death from any cause, and was censored at the last follow-up
visit. Overall survival (OS) was defined as the time from diag-
nosis to death from any cause, and was censored at the last
follow-up visit for the patients who were still alive. Survival
probabilities were estimated using the Kaplan-Meier method
and compared using the log rank test. Chi-square or Fisher’s
exact test was used to analyze the categorical variables. A two-
sided p-value <0.05 was considered statistically significant.
SPSS version 18.0 (SPSS Inc., Chicago, USA) was used for
statistical analysis.

RESULTS

Patient characteristics

Baseline characteristics of the study population are summa-
rized in Table 1. At the time of diagnosis, 72 patients (26.1%)
had primary operable, 132 (47.8%) had locally advanced, and
72 (26.1%) had inflammatory breast cancer. The median age
was 44 years (range, 20-78 years). The IHC-based molecular
subtypes indicated that 108 patients (39.1%) were luminal A,
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48 (17.4%) were luminal B, 51 (18.5%) were ERBB-2, and 69
(25.0%) were triple negative subtype. Breast conserving sur-
gery was performed in 88 patients (31.9%), and most of them
(86 patients) had primary operable/locally advanced breast
cancer. Surgery was not performed in 8 patients (2.9%) owing
to tumor progression or unresponsiveness to chemotherapy.

Table 1. Patient characteristics (n=276)

Characteristic No. (%)
Age (yn)* 44 (20-78)
Cancer type

Primary operable 72 (26.1)

Locally advanced 132 (47.8)

Inflammatory 72 (26.1)
Histology

Ductal carcinoma 267 (96.7)

Lobular carcinoma 3(1.1)

Others 6(2.2)
Hormone receptor status

ER+ or PR+ 156 (56.5)

ER- and PR- 120 (43.5)
HER2/neu status

Negative 177 (64.1)

Positive 99 (85.9)
Histologic grade

Low (1-2) 128 (46.4)

High (3) 106 (38.4)

Unknown 42 (15.2)
Clinical T stage

cTx™-cT2 122 (44.2)

cT3-cT4 154 (55.8)
Nodal status

Negative 46 (16.7)

Positive 230 (83.3)
Neoadjuvant chemotherapy regimen

Anthracycline-based 57 (20.7)

Anthracycline/taxane-based 151 (54.7)

Trastuzumab containing 41 (14.9)

Others* 27 (9.8)
No. of CTx cycle* 6(2-12)
Surgery

Breast conserving 88(31.9)

Mastectomy 179 (64.8)

Lymph node dissection only 1(0.4)

No surgery 8 (2.9
IHC-based molecular subtype

Luminal A 108 (39.1)

Luminal B 48 (17.4)

ERBB-2 51(18.95)

Triple negative 69 (25.0)

ER=estrogen receptor; PR=progesterone receptor; CTx=chemotherapy;
|HC =immnuhistochemistry.

*Median (range); "There was one patient with absence of tumor in primary
breast (cTx) and regional lymph node metastasis (cN2). This patient under-
went only lymph node dissection; *Taxane-based (without anthracycline) and
capecitabine-based regimens.

http://dx.doi.org/10.4048/jbc.2012.15.2.203

205

Anthracycline/taxane-based regimen was given to 151 patients
(54.7%), anthracycline-based regimen (without taxane) to 57
(20.7%), and trastuzumab-containing regimen to 41 (14.9%; 22
with luminal B and 19 with ERBB-2 subtype). Patients received
a median of six cycles (range, 2-12) of NACT. In 63 patients
(22.8%), a median of 4 cycles (range, 1-8) of postoperative
adjuvant chemotherapy was administered. Table 2 shows the
relationship between the clinicopathologic factors and the IHC-
based molecular subtypes. There were significant differences
in distribution of histologic grade, nodal status, and chemo-
therapy regimen among the IHC-based molecular subtypes.

Pathologic response to neoadjuvant chemotherapy

A total of 45 patients (16.3%) achieved pCR in the primary
breast and lymph nodes; 16 (5.8%) had residual disease only
in the lymph nodes; and 96 (34.8%) had residual disease only
in the primary breast. In 119 patients (43.1%), residual tumors
were observed in both the primary breast and lymph nodes.
The pCR was obtained in 40 patients (19.6%) with primary
operable/locally advanced tumors, but obtained in only 5 (6.9%)
with inflammatory breast cancer. Among IHC-based molecu-
lar subtypes, pCR rates were highest in the ERBB-2 subtypes
(29.4%), followed by the triple negative (20.3%), luminal B
(16.7%), and luminal A (7.4%) subtypes.

Predictive factors for pCR

Univariate analyses indicated that cancer type, hormone-
receptor status, HER2/neu status, clinical T stage, trastuzumab-
containing regimen, and the ERBB-2 and triple negative sub-
types were associated with improved pCR (Table 3).

Multivariate analysis was performed with inclusion of cancer
type, clinical T stage, nodal status, histologic grade, chemother-
apy regimens, and IHC-based molecular subtypes (Table 4).
The triple negative subtype was an independent predictive
factor for pCR (OR, 3.21; 95% CI, 1.20-8.56; p=0.020), and
the ERBB-2 subtype showed a trend for higher pCR rates (OR,
3.03; 95% CI, 0.93-9.89; p=0.067) compared with the luminal
A subtype. In addition, clinical T stage (cT3/T4 vs. cT1/T2; OR,
0.21; 95% CI, 0.09-0.46; p<0.001) and trastuzumab-contain-
ing regimen (vs. anthracycline-based regimen; OR, 8.23; 95%
CI, 1.85-36.71; p=0.006) were significantly associated with
pCR. The anthracycline/taxane-based regimen showed a ten-
dency for association with improved pCR (OR, 2.78; 95% CI,
0.93-8.32; p=0.069) compared to the anthracycline-based
regimen.

Trastuzumab as a part of neoadjuvant chemotherapy in

HER2/neu-positive breast cancer
In 99 patients with HER2/neu-positive breast cancer, 41
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Table 2. Relationship between clinicopathologic characteristics and IHC-based molecular subtype

Changhoon Yoo, et al.

Variable Luminal A Luminal B ERBB-2 TN p-value
No. (%) No. (%) No. (%) No. (%)

Age (yr)
<45 66 (61.1) 31(64.6) 22 (43.1) 43 (62.3) 0.093
>45 42 (38.9) 17 (35.4) 29 (56.9) 26 (37.7)

Cancer type
Primary operable 32(29.6) 13(27.1) 10(19.6) 17 (24.6) 0.403
Locally advanced 56 (51.9) 21 (43.8) 25 (49.0) 30 (43.5)
Inflammatory 20 (18.5) 14(29.2) 16 (31.4) 22 (31.9

Histologic grade
Low 69 (77.5) 20 (47.6) 24 (53.3) 15(25.9) <0.001
High 20 (22.5) 22 (52.4) 21 (46.7) 43 (74.1)

Clinical T stage
cTx-cT2 50 (46.3) 21(43.8) 17 (33.3) 34 (49.3) 0.343
cT3-cT4 58 (63.7) 27 (56.3) 34 (66.7) 35 (50.7)

Nodal status
Negative 30(27.8) 5(10.4) 4(7.8) 7(10.1) 0.001
Positive 78(72.2) 43 (89.6) 47 (92.2) 62 (89.

Chemotherapy regimen
Anthracycline-based 34 (31.5) 5(10.4) 239 16 (23.2) <0.001
Anthracycline/taxane-based 64 (59.3) 19 (39.6) 22 (43.1) 46 (66.7)
Trastuzumab containing 0(0.0) 22 (45.9) 19(37.3 0(0.0
Others 10(9.3) 242 8(15.7) 7(10.1)

Surgery
Breast conserving surgery 36 (33.3) 13 (27.1) 12 (23.5) 27 (39.1) 0.148
Mastectomy 71(65.8) 33(68.9) 39 (76.5) 36 (52.2)
No surgery 1(0.9 2(4.1) 0(0.0) 5(7.2)

IHC =immunohistochemistry; TN =triple negative.
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Figure 1. Progression-free survival according to the status of pathologic
complete response (pCR) following neoadjuvant chemotherapy.

patients (41.4%) were given trastuzumab as a part of NACT.
The combination of trastuzumab and paclitaxel was used in
all patients, and median six cycles (range, 3-12) were given.
Patients who received trastuzumab (31.7%) achieved much
higher pCR rates than those treated with conventional che-
motherapy regimens (17.2%). Univariate logistic regression
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analysis showed a tendency for the relationship (p=0.097).
However, this was statistically significant (OR, 3.62; 95%CI,
1.19-10.97; p=0.023) after adjustment for confounding factors,
such as cancer type, clinical T stage, histologic grade, and hor-
mone receptor status.

Survival outcomes

With a median follow-up of 32.3 months (range, 5-110
months), median PFS and OS were not reached in all the
patients at the time of the analysis. The pCR was significantly
associated with prolonged PFS (hazard ratio [HR], 0.32; 95%
CI, 0.13-0.78; p=0.008) (Figure 1). However, we could not find
an association with OS (HR, 0.39; 95% CI, 0.12-1.25; p=0.101).

Although patients with the triple negative subtype had sig-
nificantly higher pCR rates, this subgroup had shorter PFS (HR,
2.20;95% CI, 1.40-3.46; p=0.001) and OS (HR, 2.81; 95% CI,
1.56-5.08; p=0.001) than those without the triple negative
subtype (Figure 2). Patients who had residual disease in the
triple negative subgroup showed significantly worse PFS (HR,
2.49;95% CI, 1.56-3.98; p<0.001) and OS (HR, 3.02; 95% CI,
1.63-5.60; p<0.001) than those in other subgroups. However,
among patients who achieved pCR, there was no significant
effect of the triple negative status on PFS (p=0.661) or OS

http://dx.doi.org/10.4048/jbc.2012.15.2.203
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Table 3. Univariate analysis for pathologic complete response

Univariate analysis

Variable No. NE;.C& | OR 95% Cl p-value

Age (yn) 0.393
<45 162 29 (17.9) 1.00 -
>45 114 16 (14.0) 0.75 0.39-1.45

Cancer type 0.017
Primary operable/locally advanced 204 40 (19.6) 1.00 -
Inflammatory 72 5(6.9) 0.31 0.12-0.81

Hormone receptor status 0.003
ER+ or PR+ 156 16 (10.3) 1.00 -
ER- and PR- 120 29 (24.2) 2.79 1.43-5.42

HER2/neu status 0.022
Negative 177 22 (12.4) 1.00 -
Positive 99 23(23.2) 213 1.12-4.07

Histologic grade 0.064
Low (1-2) 128 18 (14.1) 1.00 -
High (3) 106 25 (23.6) 1.89 0.97-3.69

Clinical T stage <0.001
cTx/T2 122 32(26.2) 1.00 -
cT3/T4 154 13 (8.4) 0.26 0.13-0.52

Nodal status 0.279
Negative 46 5(10.9) 1.00 -
Positive 230 40 (17.4) 1.73 0.64-4.64

Chemotherapy regimens
Anthracycline-based 57 5(8.8) 1.00 -
Anthracycline/taxane-based 151 24 (15.9) 1.97 0.71-5.43 0.192
Trastuzumab containing 4 13(31.7) 4.83 1.56-14.93 0.006
Others 27 3(11.1) 1.30 0.29-5.89 0.734

No. of chemotherapy cycle 0.874
<6 175 29 (16.6) 1.0 -
>6 101 16 (15.8) 0.95 0.49-1.85

IHC-based molecular subtype
Luminal A 108 8(7.4) 1.00 -
Luminal B 48 8(16.7) 2.50 0.88-7.12 0.086
ERBB-2 51 15 (29.4) 5.21 2.04-13.32 0.001
Triple negative 69 14(20.9) 3.18 1.26-8.06 0.015

pCR=pathologic complete response; OR=odds ratio; Cl=confidence interval; ER=estrogen receptor; PR =progesterone receptor; IHC =immnuhistochemistry.
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Figure 2. Progression-free survival (A) and overall survival (B) according to the triple negative status.
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Figure 3. Progression-free survival (A) and overall survival (B) according to the pathologic complete response (pCR) and triple negative (TN) statuses.

Table 4. Multivariate analysis for pathologic complete response

Multivariate analysis
Variable
OR 95% Cl p-value

Clinical T stage <0.001

cT1/T2 1.00 -

cT3/T4 0.21 0.09-0.46
Chemotherapy regimens

Anthracycline-based 1.00 -

Anthracycline/taxane-based 2.78 0.93-8.32 0.069

Trastuzumab containing 8.23 1.85-36.71 0.006

Others 1.65 0.32-8.53 0.550
Molecular subtypes

Luminal A 1.00 -

Luminal B 1.08 0.28-4.14 0.909

ERBB-2 3.03 0.93-9.89 0.067

Triple negative 3.21 1.20-8.56 0.020
OR=0d(ds ratio; Cl=confidence interval.
(p=0.315) (Figure 3).

DISCUSSION

Molecular classification based on gene expression profiling
has led to a better understanding of biological phenotypes of
breast cancer [15]. This is useful in the prediction of chemosen-
sitivity as well as prognosis [8]. However, technical complexity
and high costs of this procedure have limited its clinical appli-
cation. Thus, combination of immunohistochemical profiles
(ER, PR, and HER2/neu) has been investigated as a substitute
for the molecular subtypes using gene expression profiles,
although these do not exactly correspond [9-12]. In this study,
we found that the IHC-based molecular subtypes effectively
stratified breast cancer for the likelihood of pCR to NACT.
Among the four THC-based molecular subtypes, the luminal A
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subgroup showed the least likelihood of pCR to NACT. Patients
with the triple negative subtype were more likely to achieve
pCR than those with luminal A breast cancer, although this
subtype, which largely overlaps the basal-like phenotype [10],
is well-known to have aggressive clinical features and poor prog-
nosis [16]. The ERBB-2 subtype showed a tendency for improved
PCR. Our results support those of previous reports that used
gene expression profiling and immunohistochemical markers,
which the basal-like and ERBB-2 phenotypes have better che-
mosensitivity to NACT than the luminal phenotype [8,10,11].
With regard to the ERBB-2 subtype, however, it is hard to direct-
ly compare our results with those of previous studies in which
trastuzumab was not used, because 31% of our patients with
the ERBB-2 subtype received trastuzumab as a part of NACT.

PCR was observed in 16.3% of our patients and was a good
predictor for prolonged PES, as was shown in previous studies
[4,6]. Although we could not find differences in OS according
to pCR, it should be considered that the follow-up duration of
this study is relatively short and palliative therapy might affect
survival after recurrence or progression. Despite its greater sen-
sitivity to NACT, the triple negative subgroup had poor surviv-
al outcomes compared to other subgroups. This phenomenon
was previously described as the “triple negative paradox” [10,
17]. This result was mainly caused by the earlier relapses in
patients with this subtype, who failed to achieve pCR. Con-
versely, triple negative status did not affect the survival of pa-
tients with pCR [17]. These findings suggest that the triple
negative subtype is a heterogeneous disease, with diverse che-
mosensitivity, and it could be subdivided in the future.

On the basis of these findings, we believe that tailored ther-
apeutic strategies according to each IHC-based molecular sub-
type should be considered in patients with breast cancer who
are about to receive neoadjuvant therapy. Previous studies have
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shown that patients with hormone receptor-positive breast
cancer are less likely to achieve pCR [6,18]. A recent random-
ized phase II trial showed that neoadjuvant endocrine therapy
is effective in ER-positive tumors, producing similar pCR rates
as NACT, and better tolerability than NACT [19]. Therefore,
neoadjuvant endocrine therapy may be a promising alternate
strategy in luminal A breast cancer [20]. In HER2/neu-posi-
tive patients, recent phase III studies have shown that pCR
rates were significantly improved with the addition of trastu-
zumab to conventional chemotherapy [21-23]. We also found
that pCR rates in patients with HER2/neu-positive tumors
were nearly double for the trastuzumab-treated group, com-
pared with the non-trastuzumab-treated group. The differences
between two groups were statistically significant after adjust-
ment for confounding factors. Taking these results together,
we believe that trastuzumab should be incorporated in NACT
for HER2/neu-positive breast cancer. In patients with the triple
negative subtype, because the prognosis of those who failed to
achieve pCR is very poor, achievement of the highest possible
PCR may be particularly important. Therefore, enhancing the
efficacy of NACT with the addition of new drugs, such as plat-
inum or PARP inhibitors, might be required to improve the
survival of this subgroup [24].

Our results, which are based on a large number of patients
treated at a single medical center, could confirm previous
observations regarding predictive factors for pCR and clinical
course after NACT. However, our study has several limitations.
The data was retrospectively analyzed and the study popula-
tion was not homogeneous in terms of cancer type and NACT
regimens. Although the effects of such variables on the likeli-
hood of pCR were adjusted for in this analysis, the possibility
of confounding still exists. In addition, we categorized breast
cancer into four subtypes using ER, PR, and HER2/neu status.
This may cause misclassification in some patients, compared
to original molecular subtypes using the gene expression pro-
filing. However, additional biomarkers including Ki-67 expres-
sion, which might be useful for better classification [12], were
not available in this study.

In conclusion, we demonstrated that the triple negative and
ERBB-2 subtypes of breast cancer are more likely to obtain pCR
to NACT, compared to the luminal A subtype. Despite high
pCR rates, the triple negative subtype paradoxically showed
worse survival outcomes, primarily due to patients who had
residual disease following NACT. Individualized strategies in
neoadjuvant therapy should be considered in patients with
breast cancer, and further studies to define the biological phe-
notypes are warranted.
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