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Molecular subtype can predict the response and outcome
of Chinese locally advanced breast cancer patients
treated with preoperative therapy
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Abstract. We investigated whether molecular subtype can
predict the response and prognosis in Chinese locally
advanced breast cancer (LABC) patients treated with pre-
operative therapy. LABC patients treated with preoperative
therapy in Cancer Hospital, Fudan University between
August 2001 and May 2008 were retrospectively analyzed.
Molecular subtypes were constructed from the immunohisto-
chemical results of hormonal receptors (HR) and HER2 status,
which were classified as luminal (HR*/HER2"), triple negative
(HR/HERZ2-) and HER? positive subtypes. Preoperative tumor
parameters, chemotherapy regimens and response as well as
outcome were compared among these subtypes. A total of
225 cases were included into analysis. Univariate and multi-
variate analysis showed that the pathological complete
remission (pCR) independent predictive factors were
molecular subtype and preoperative regimens. Compared
with luminal subtype, patients with HER2 positive or triple
negative tumor had significantly higher pCR rate, with odds
ratio 3.02 (95% Cl= 1.07-8.07; P=0.037) and 3.10 (95%
CI=1.01-9.52; P=0.048), respectively. However, HER2
positive or triple negative breast cancer patients were also
associated with increased recurrence (P=0.072) and death
rates (P=0.019) compared with luminal subtype in the whole
population, and was especially worse in patients with
residual disease after preoperative therapy with decreased
disease-free survival (P=0.022) and overall survival
(P=0.007). Our results show that molecular subtype can
predict the response and prognosis of Chinese LABC patients
treated with preoperative therapy. Compared with luminal
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subtype, patients with HER2 positive or triple negative
disease had increased pCR rates, but associated with
significantly worse survival, especially in those with residual
disease after preoperative therapy.

Introduction

Preoperative therapy is the standard treatment for locally
advanced breast cancer (LABC), which aims to improve
surgical options, obtain freedom from disease and gain infor-
mation on tumor response (1-3). Several randomized clinical
trials have demonstrated that patients achieved pathological
complete remission (pCR) after preoperative therapy had
better prognosis than those that did not (4-6). Breast cancer
is a heterogeneous disease, thefore tumor with the same
clinicopathological characteristics may be diverse in disease
behavior, response to therapy and outcome. Microarray
analysis has identified breast cancer subtypes with different
clinical out-comes, including luminal, normal breast-like,
Her2/Neu*, and basal-like subtypes (7-9). Recent report
revealed significantly higher pCR rate to preoperative
therapy among basal-like and HER2* subtypes compared
with luminal subtype (10). Carey et al reported that using
immunohistochemistry (IHC) to classify tumors according to
breast cancer subtype and found that basal-like and HER2
positive subtypes were associated with higher pCR rate than
luminal breast cancers (11). Furthermore, patients with triple
negative breast cancer had significantly higher pCR rate
compared those with non-triple negative disease, however,
triple negative breast cancer patients with residual disease
after preoperative therapy had worse prognosis (12). In
addition, Yin et al have recently reported that there were
some dissimilarity between Chinese breast cancer patients
and western population, which raises the question whether
this molecular subtype can also predict the response and
prognosis in Chinese LABC setting (13,14).

Based on above information, we used IHC to classify
Chinese LABC patients with several subtypes and to evaluate
whether this molecular subtype was associated with response
to preoperative therapy and long-term outcome, including
disease-free survival (DFS) and overall survival (OS).
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Materials and methods

Patients and treatment regimens. This study was retrospec-
tively conducted from a database of patients who underwent
preoperative therapy from August 2001 to May 2008 in
Cancer Hospital, Fudan University, Shanghai, China. A total
of 225 LABC patients were included in this study, they met
all of the following criteria: i) female gender; ii) an initial
diagnosis of breast cancer with T;,anyNM, or anyTN, M,
disease according to the sixth edition of the AJCC Cancer
Staging Manual; iii) no history of other malignancy; iv)
available information on clinical and pathologic tumor size,
lymph node, estrogen receptor (ER), progesterone receptor
(PR) and HER?2 status; v) at least three cycles of preoperative
chemotherapy was administered; vi) did not receive
trastuzumab-containing preoperative therapy. Follow-up
information regarding relapse and survival status was
conducted through the retrieval of follow-up medical records
kept in the out-patient department and personal contact with
the patients.

Preoperative regimens contained vinorelbine plus
epirubicin (VE, V 25 mg/m? i.v. days 1 and 8 plus E 60 mg/
m?i.v. day 1, repeated every 3 weeks); paclitaxel plus carbo-
platin (PCb, paclitaxle 80 mg/m? plus carboplatin AUC=2
infusion days 1, 8 and 15, repeated every 4 weeks); cyclo-
phosphamide, epirubicin and fluorouracil (CEF, C 500 mg/m?
i.v., E 75 mg/m? i.v. and F 500 mg/m? infusion day 1, repeated
every 3 weeks); cyclophosphamide, pirarubicin and fluoro-
uracil (CTF, C 500 mg/m? i.v., THP 50 mg/m? infusion, and
F 500 mg/m? infusion day 1, repeated every 3 weeks); CEF
followed by docetaxel (CEF-T, docetaxel 75 mg/m? infusion
day 1, repeated every 3 weeks); and epirubicin plus docetaxel
(ET, E 60 mg/m?i.v., T 75 mg/m? infusion, every 3 weeks).

IHC pathological analysis and molecular classification. ER,
PR and HER?2 status of core biopsy samples were assessed
by IHC which was carried out in the department of pathology,
Cancer Hospital, Fudan University. The cut-off for ER and
PR positivity was defined as >1% tumor cells with nuclear
staining. HER2 was considered positive when HER2 mem-
brane staining was scored 3+ by IHC or amplification by
fluorescence in situ hybridization (FISH), whereas cases with
0-1+ were regarded as negative. Patients with HER2*" were
considered as negative without FISH confirmation.

Patients were categorized based on the hormonal receptor
(HR) and HER?2 status of their primary tumors. HR* was
defined as ER/PR*, whereas HR- as both ER- and PR-. These
three breast cancer subtypes were classified as follows: luminal
(HR*/HER2"), triple negative (HR/HER?2") and HER? positive.

Statistical analysis. pCR was defined as non-invasive tumor
cell in breast and axillary samples. Events for calculation of
DFS included all local and regional recurrences, distant
metastasis, secondary malignant carcinoma, contralateral
breast cancer and all deaths. DFS was measured from the
date of initial diagnosis to the date of last follow-up or above
events (15). OS was defined as the time interval from the
date of initial diagnosis to the date of last follow-up or death.
Multinomial logistic regression analysis was used to compare
the baseline tumor features between these three subtypes.
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Table I. Patient characteristics.

Characteristic No. (%)
Age at diagnosis

<50 years 116 51.6

>50 years 109 484
Menopausal status

Pre/Peri-menopausal 116 51.6

Post-menopausal 109 484
Histopathology type

Invasive ductal carcinoma 183 81.3

Non-invasive ductal carcinoma 42 18.7
Pre-tumor status

Ty 41 18.2

T, 131 58.2

T, 53 23.6
Pre-lymph node status

N, 42 18.7

N, 27 120

N, 130 57.8

N; 26 115
Estrogen receptor status

Negative 106 47.1

Positive 119 529
Progesterone receptor status

Negative 107 47.6

Positive 118 524
HER2 status

Negative 160 71.1

Positive 65 289
Molecular subtype

Luminal 107 47.6

HER2* 65 28.9

Triple negative 53 23.6

Kaplan-Meier probability curves were calculated and tested
for differences by log-rank test. All statistical tests were two-
sided at the 5% level of significance and were performed using
SPSS statistical software version 13.0 (SPSS Co., Chicago,
IL). Odds ratios (OR) were presented with their 95% confi-
dence intervals (CI).

Results

Patient characteristics and preoperative treatment. A total of
225 patients were eligible for last analysis. The mean age was
49.4 (24-78) years. Expression of ER, PR or HER2 was
observed in 119 (52.8%), 118 (52.4%) and 65 (28.9%)
patients, respectively. Patients (n=53 and n=26) were
diagnosed with T, tumors and supraclavicle lymph node



ONCOLOGY REPORTS 23: 1213-1220, 2010 1215
Table II. Patient baseline characteristics stratified by molecular subtype (n=225).
Triple negative
Characteristics® OR 95% CI OR 95% CI P-value
Age at disgnosis (years) 0.039
<50 years 0.90 0.38-2.12 295 1.13-7.74
>50 years 1 1
Menopausal status 0.247
Pre/Peri-menopausal 0.55 0.23-1.29 0.53 0.21-1.34
Post-menopausal 1 1
Histopathology 0.802
IDC 0.80 0.35-1.82 0.79 0.33-1.86
Non-IDC 1 1
Pre-tumor status 0.327
Ty 1.80 0.64-5.06 2.06 0.70-6.05
T; 2.04 0.90-4.64 2.06 0.83-5.11
T, 1 1
Pre-lymph node status 0.827
N, 0.84 0.24-2.96 0.81 0.24-2.74
N, 1.03 0.27-3.89 0.37 0.08-1.66
N, 0.83 0.29-2.39 0.70 0.25-1.99
N, 1 1

2The reference category for subtype characteristics (multinomial logistic regression) is ‘Luminal’; OR, odds ratio; CI, confidence interval;

IDC, invasive ductal carcinoma.

involvement, respectively. One hundred and seven patients
(47.6%) were designed as having luminal breast cancer, 65
patients (28.9%) as HER2 positive breast cancer and 53
patients (23.6%) as triple negative breast cancer (Table I).
Overall distribution of age at diagnosis (P=0.039) was
recorded to have a substantial difference among four
subtypes. Triple negative subtypes occurred more in younger
patients than luminal subtype (OR=2.95, 95% CI=1.13-7.74).
There were no significant differences in tumor stage, lymph
node involvement, histo-pathology type among these
subtypes (Table II).

Of the patients, 147 received anthracycline (non-taxane)-
containing regimens, including VE, CTF, CEF. Taxane (non-
anthracycline)-containing regimens were assigned to 64
patients mainly with PCb regimen, and 14 patients were
treated with CEF-T or ET regimen. The mean cycle was 3.97
(3-8). One hundred and eighty-one patients were treated with
3-4 cycles preoperative therapy, and 44 patients received
more than 4 cycles of treatment. Additional adjuvant
chemotherapy was assigned to patients who did not receive
6 cycles of preoperative therapy and all patients received a
total of 6-8 cycles of chemotherapy. In total, 127 patients
received adjuvant endocrine therapy and only 3 patients did
not receive adjuvant radiotherapy.

Correlation between molecular subtype and pCR to pre-
operative therapy. Overall, 28 patients (12.4%) achieved

pCR and 197 patients with residual disease (RD) after
preoperative therapy. Triple negative and HER?2 positive
subgroups were associated with the highest rate of pCR, 17.0
and 18.5%, respectively, whereas luminal tumors had a pCR
rate of 6.5%. In multivariate analysis, preoperative therapy
regimen and molecular subtype were independent factors
to predict the pCR rate. Compared with luminal subtype,
increased pCR rates were observed for patients with triple
negative subtype (OR=3.10; 95% CI=1.01-9.52; P=0.048)
or HER?2 positive subtype (OR=3.06; 95% CI=1.07-8.72;
P=0.037). Furthermore, patients treated with taxane-
containing regimens (PCb, CEF-T and ET) were association
with higher pCR rates, P<0.001 (Table III).

Correlation of molecular subtype with prognosis. After a
mean follow-up of 32.5 months (8-82 months), 67 cases were
recorded to have disease recurrence or death. Forty-six
patients died and 21 patients are alive after disease recurrence.
The 5-year estimated DFS was 67.4% for luminal subgroup,
compared with 45.1% for HER?2 positive subtype, and 44.2%
for triple negative disease, respectively (P=0.072, Fig. 1). In
the whole population, luminal subtype was associated with
better OS compared with HER2 positive subtype and triple
negative disease, the 5-year estimated OS was 78.7, 61.4
and 53.6%, respectively (P=0.019, Fig. 2). For patients who
achieved pCR after preoperative therapy, the DFS was 100%
which was significant higher than patients with RD (P=0.007,
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Table III. Logistic regression analysis of factors associated with pCR.

Pathological response Univariate Multivariate analysis

Characteristic PCR (n=28) Non-pCR (n=197) P-value OR 95% CI P-value
Age at diagnosis 0.303

<50 years 17 99 Referent

>50 years 11 98 0.95 0.28-3.20 0.934
Menopausal status 0.303

Pre/Peri-menopausal 17 99 Referent

Post-menopausal 11 98 0.52 0.20-1.36 0.180
Preoperative therapy regimen <0.001

Anthracycline (non-taxane)-containing 6 141 Referent

Taxane (non-anthracycline)-containing 19 45 9.83 3.65-2647 <0.001

Anthracycline + Taxane 3 11 6.77 1.43-31.97 0.016
Preoperative therapy cycles 0.455

3-4 24 157 Referent

>4 4 40 1.00 0.20-5.06 0.996
Histopathology type 0.361

IDC 21 162 Referent

Non-IDC 7 35 0.65 0.22-1.95 0.443
Pre-tumor status 0.642

Tos 6 35 Referent

T, 13 117 0.85 0.23-3.13 0.802

T, 8 45 1.71 0.44-6.63 0.440
Pre-lymph node status 0431

Ny 8 34 Referent

N, 2 25 0.27 0.04-1.62 0.152

N, 14 116 0.31 0.10-0.95 0.040

Ns 4 22 0.55 0.12-2.46 0.429
Estrogen receptor status 0.127 - - -

Negative 17 89

Positive 11 108
Progesterone receptor status 0.136 - - -

Negative 17 90

Positive 11 107
HER?2 status 0.086 - - -

Negative 16 144

Positive 12 53
Molecular subtypes 0.047

Luminal 7 100 Referent

HER?2 positive 12 53 3.06 1.07-8.72 0.037

Triple negative 9 44 3.10 1.01-9.52 0.048

OR, odds ratio; CI, confidence interval; IDC, invasive ductal carcinoma.

Fig. 3), and apt to have better OS (P=0.052, Fig. 4). In multi- (HR=2.02; 95% CI=1.09-3.76; P=0.025) compared with
variate analysis, a significantly decreased DFS was observed  luminal subtype. Other factors associated with worse DFS
for patients with HER2 positive [hazard ratio (HR) = 2.07; were higher tumor stage and higher lymph node stage.
95% CI=1.17-3.67; P=0.013)] or triple negative disease  Similarly, molecular subtype was also an independent factor
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Figure 1. Correlation between breast cancer subtypes and DFS in the whole
patients.
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Figure 2. Correlation between breast cancer subtypes and OS in the whole
patients.

to predict the OS. Compared with luminal subtype, patients
with HER?2 positive (HR=2.92; 95% Cl=1.44-5.95; P=0.003)
or triple negative disease (HR=2.90; 95% CI=1.37-6.15;
P=0.005) had shorter OS. Furthermore, in patients with RD,
luminal subtype was also associated with better prognosis,
with P-value 0.022 and 0.007 in cases of DFS and OS,
respectively (Figs. 5 and 6).

Discussion

Breast cancer is a heterogeneous disease and can be classified
with different subtypes using clinical and pathological factors.
Microarray results had indentified three major subtypes of
breast cancer that had differing prognosis (8). There are
several studies using IHC methods to construct this breast
cancer subtype and evaluate the relationship between
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Figure 4. OS according to pathological response.

preoperative response (10-12) and long-term survival
(9,10,13,16,17). However, there were relative few studies
focused on LABC using this method to predict the response
and outcome mainly due to the low incidence in advanced
countries (2). Our study aimed to evaluate the predictive and
prognostic accuracy of molecular subtype approximately by
ER, PR and HER2 in Chinese LABC patients treated with
preoperative therapy. In our study, multivariate analysis
showed that molecular subtype was an independent factor to
predict the pCR rate, compared with luminal breast cancer,
patients with triple negative subtype or HER2 positive sub-
type had higher pCR rate. Moreover, with a mean follow-
up of 32.5 months, patients with triple negative or HER2
positive disease were associated with poor prognosis
compared with luminal breast cancer (DFS, P=0.072; OS,
P=0.019), especially in those patients with RD (DFS, P=0.022;
OS, P=0.007).
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patients.

Approximately 15-25% of breast cancers exhibited HER2
overexpression (18-20). In our study, 28.9% Chinese LABC
patients were diagnosed with HER2 positive disease which
was somewhat higher than these reports, but was similar with
a previous report from our center (32.4% in 1993 patients),
however, the incidence of triple negative disease was slightly
higher than the previous report (23.6 vs. 18.6%) which can
be explained by the relative advanced stage of disease and
the ethnicity of the Chinese Han People (13). In western
countries, triple negative breast cancer was associated with
relatively large tumors, slightly more nodes involved (21)
and high p53 protein expression (22). Bauer et al have also
demonstrated that women with triple negative breast cancers
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were significantly more likely to be under the age of 40 years
(16). In our series, the incidence of triple negative disease
was also significantly higher in younger patients compared
with other subtypes, but there was no difference in clinical
tumor stage and regional lymph node involvement among
these subtypes, and therefore, it is important to recognize
that breast cancer is clinically heterogeneous and should
take into account also the race as well as other factors.

Previous reports demonstrated that response to pre-
operative therapy can predict the subsequent outcome of
breast cancer (4-6,23), which makes pCR a valuable
intermediate end-point for evaluation efficacy of preoperative
therapy regimens. However, the pCR rates of traditional
chemotherapy were less than 30% which indicated that we
need further chemosensitive subpopulations or other
effective target therapies to improve the response. Rouzier
et al demonstrated that using gene expression profiling,
patients with basal-like and HER?2 positive diseases were
associated with the highest rate of pCR, 45 and 45%, respec-
tively, whereas the luminal tumors had a pCR rate of only
6% (10). In addition, using IHC profiles (ER, PR and HER2)
to subtype patients with breast cancer it was found that triple
negative and HER?2 positive subtypes were more sensitive to
anthracycline-based neoadjuvant chemotherapy than luminal
diseases (11). Recently, in large series of patients treated
with preoperative chemotherapy, triple negative breast cancer
also had significantly higher pCR rate than non-triple negative
disease (12). In our study, we demonstrated that triple negative
and HER?2 positive LABC had higher pCR rates, 17.0 and
18.5%, respectively, whereas luminal tumors had only 6.5%,
which was similar to these early breast cancer series (13). In
studies limited to ER* tumors only, the pCR rates to combi-
nation anthracycline and taxane preoperative chemotherapy
were between 6 and 12%, which may be explained by the
high proportion of low recurrence score population in luminal
subtype (24). Patients with triple negative or HER2 positive
disease had high pCR rates, potential reason was that these
two subtypes were characterized by the high expression of
the proliferation cluster of genes (8), which is mirrored by
other more conventional indexes of proliferation as well.

In large series of early breast cancer not treated with
preoperative therapy, HER2 positive had the worst outcome
with 11th year recurrence-free survival 72.89% compared
with 75.8 and 78.4% for triple negative and luminal disease
(13). Dent et al showed an increased likelihood of distant
recurrence and death within 5 years of diagnosis in triple
negative disease of 1601 women with breast cancer (21). In
another preoperative therapy study, Carey et al evaluated
pCR rates to preoperative chemotherapy in molecular sub-
types of breast cancer and found a high pCR rate in the triple
negative group which paradoxically had significantly decreased
distant DFS and OS compared with the luminal subtype (11).
In our series of LABC patients, patients with triple negative
and HER?2 positive disease both had worse prognosis com-
pared with luminal subtype, especially in patients with RD
after preoperative disease, with 5 year estimated DFS 44.2,
45.1 and 67.4% in the whole population, respectively.
Potential reasons may be the advanced stage of disease,
relatively small proportions of chemosensitive tumors in
triple negative or HER2 positive subtypes, lacking adjuvant
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endocrine therapy in triple negative disease, and excluding
HER?2 positive patients treated with trastuzumab which has
been demonstrated to significantly improve the outcome of
HER?2 positive breast cancer (25-27). In addition, triple
negative or HER2 positive disease remaining RD after
preoperative disease, further effective target therapy and
other new drugs should be incorporated into treatment to
reduce the recurrence rate. However, among those with pCR
response, the patients had excellent outcome and all of them
remained disease-free in this relative short follow-up period.
Given the lower pCR and better outcome in luminal breast
cancer, it is possible that pCR is a less useful intermediate
end-point for outcome among luminal tumors compared with
the other two subtypes.

Our study has some potential limitations due to its retro-
spective nature. Most of patient received three to four cycles
of preoperative chemotherapy and majority received additional
adjuvant chemotherapy which may affect the relationship
between pathological response and long-term outcome.
Besides, we excluded all HER2 positive patients treated with
trastuzumab, which was accepted as the standard treatment
for HER2 positive disease, and certainly decreased the survival
in this set of population. Finally, HER2 with 2+ IHC results
were classified as HER2- negative disease without FISH
confirmation may cause the decreasing size of HER2 positive
subtype.

In conclusion, molecular subtype approximated by ER,
PR and HER2 can predict the pathological response and
prognosis of Chinese LABC patients treated with pre-
operative therapy. Compared with luminal subtype, patients
with HER2 positive or triple negative disease were
associated with higher pCR rates, in addition, those patients
who achieved a pCR after preoperative therapy had an
excellent outcome. However, patients with HER2 positive or
triple negative disease had significantly worse outcome and
were associated with increased death and recurrence rates,
especially in those with RD after preoperative therapy, which
illustrates it is necessary to develop novel target drugs and
combinations to improve the outcome for these two subtypes
of patients with RD after current preoperative chemo-
therapies.
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