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Abstract. The aim of the present study was to investigate 
whether breast cancer patients with changes from positive 
to negative in the hormone receptor following neoadjuvant 
chemotherapy (NAC) could benefit from adjuvant endocrine 
therapy (ET). Between December 2000 and November 2010, 
97 eligible patients with a positive-to-negative switch of the 
hormone receptor status following NAC were identified. 
All the patients were categorized into two groups on the 
basis of the administration of ET: 57 ET-administered and 
40 ET-naïve patients. Survival analyses were performed to 
examine the prognostic value of ET administration, as well 
as other clinical and pathological variables. The adminis-
tration of ET was associated with a significantly improved 
disease-free survival (DFS) (P=0.018) in patients with a posi-
tive-to-negative switch of the hormone receptor status. The 
5-year DFS rates were 77.0 and 55.5% in ET-administered 
and ET-naïve patients, respectively. The 5-year overall 
survival (OS) rate for ET-administered was also higher than 
that of the ET-naïve patients (81.3 vs. 72.7%, P=0.053), but 
the difference between the two groups did not reach a statis-
tical significance. The present study revealed that patients 
with the hormone receptor that was altered from positive to 
negative following NAC benefit from ET, and the hormone 
receptor status should be evaluated not only in specimens 
obtained during post-NAC surgery, but also in specimens 
biopsied prior to NAC.

Introduction

The reliable determination of predictive factors of breast 
cancer is a prerequisite for selection of optimal therapeutic 
strategy. Estrogen receptor (ER) and progesterone receptor are 
currently the established tumor markers guiding routine use 
of endocrine therapy (ET). Neoadjuvant chemotherapy (NAC) 
is the standard treatment in the early years for patients with 
locally advanced breast cancer, and thus far, it is an increasingly 
used option for operable breast cancer (1,2). Certain studies 
have reported that the ER and progesterone receptor status 
may alter during the course of NAC (3-6). However, limited 
studies have been performed regarding whether patients with 
a hormone receptor change from positive to negative following 
NAC could gain any benefit from adjuvant ET. The present 
study aimed to determine whether ET could provide any 
benefit in this subpopulation of patients with breast cancer.

Materials and methods

Patients. A total of 97 out of 687 (14.1%) primary breast cancer 
patients who were treated with NAC at the Comprehensive 
Breast Health Center (Ruijin Hospital, Shanghai, China) 
between December 2000 and November 2010 were retro-
spectively collected. The eligibility criteria included female 
unilateral breast cancer patients treated with ≥3 and ≤6 cycles 
of NAC. The following data were also required: Age, meno-
pausal status, clinical tumor size and lymph node status, 
pathological axillary lymph node involvement and follow-up 
information. Only the patients with a positive-to-negative 
switch in the hormone receptor status following NAC were 
included in the study. All the patients were classified into two 
groups on the basis of ET administration: 57 ET-administered 
and 40 ET-naïve patients.

Treatment modalities. For the majority of patients, NAC 
treatment was supplemented with one of the following three 
protocols: NE (25 mg/m2 vinorelbine on day 1 and day 8 plus 
60 mg/m2 epirubicin on day 1, every 21 days), CEF (500 mg/m2 
cyclophosphamide on day 1, 75 mg/m2 epirubicin on day 1 
and 500 mg/m2 fluorouracil on day 1, every 21 days) and ED 
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(75 mg/m2 epirubicin on day 1 plus 75 mg/m2 docetaxel on 
day 1, every 21 days). The other NAC regimens included PCb 
(paclitaxel and carboplatin) and DCb (docetaxel and carbo-
platin).

All the patients underwent radical surgery. Adjuvant 
chemotherapy was administered following surgery, and a total 
of 6-8 courses of chemotherapy were completed according to 
the preference of the physician treating the patient on the basis 
of the clinical and pathological findings following the surgery. 
Radiotherapy was applied subsequent to the completion of the 
adjuvant chemotherapy. The prescription of ET and the choice 
of the specific drugs were also determined according to the 
physician and/or the patient's preferences. Only one patient with 
human epidermal growth factor receptor 2 (HER2)-positive 
disease received trastuzumab.

Assessment of response. The clinical assessment of the 
response was based on the clinical measurements in the longest 
diameter of the tumor and node according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) 1.1 (7) and was 
classified as follows: Complete response (CR), the disappear-
ance of the disease; partial response (PR), ≥30% decrease; 
progressive disease (PD), ≥20% increase in the sum of the 
longest diameter of the target lesions or the appearance of new 
lesions; and stable disease (SD), neither sufficient shrinkage 
to qualify for PR or a sufficient increase to qualify for PD. 
The pathological complete response (pCR) was defined as the 
absence of invasive tumor in the breast and axillary lymph 
node. The patients with pCR following NAC were excluded 
from the analysis, as the hormone receptor status subsequent 
to surgery could not be accurately evaluated.

Hormone receptor and HER2 status determination. All the 
patients underwent a 14-gauge core needle biopsy (CNB) prior 
to NAC. The ER, progesterone receptor and HER2 status of 
CNB and the surgical specimens were determined by immu-
nohistochemistry (IHC). Positive staining for ER/progesterone 
receptor was defined as nuclear staining in ≥10% of the tumor 
cells. The hormone receptor was defined as positive if the ER 
and/or progesterone receptor were positive and as negative 
if the ER and progesterone receptor were negative. HER2 
positivity was considered as HER2 3+ by IHC or positive on 
fluorescence in situ hybridization (FISH), whereas cases with 
0-1+ or 2+ without FISH detecting were regarded as negative. 
The following antibodies were used for the IHC test: Anti-ER, 
clone 1D5 (rabbit monoclonal; Gene Corp., Capinteria, CA, 
USA); progesterone receptor, clone PR636 (mouse mono-
clonal; Dako, Carpinteria, CA, USA); and HER2, c-erbB-2 
(2000-2008, rabbit polyclonal; Dako) or 4B5 (2009-2010, 
rabbit monoclonal; Roche, Basel, Switzerland).

Statistical analysis. The χ2 test was applied to evaluate the 
association between the administration of ET and the other 
parameters studied. Fisher's exact test was performed when 
necessary. The disease‑free survival (DFS) interval was defined 
as the time from the date of the first administration of NAC to 
the earliest occurrence of all the local, regional or distant recur-
rences, all the second cancers and contralateral breast cancers, 
and all the fatalities. The overall survival (OS) was defined as 
the time from the date of the first administration of NAC to all 

the mortalities, whether they were breast cancer-related or not. 
DFS and OS were estimated using the Kaplan-Meier analysis 
and the survival curves were compared using the log-rank test. 
Multivariate Cox regression analysis with stepwise selection 
was used to estimate the hazard ratio (HR), 95% confidence 
interval (CI) and the effects of the clinical and pathological 
variables. All the statistical tests were two-sided and P<0.05 
was considered to indicate a statistically significant difference. 
The software package SPSS 16.0 for Windows XP (SPSS, Inc., 
Chicago, IL, USA) was used for analysis.

Results

Patient characteristics and treatment. A total of 97 eligible 
patients without pCR following NAC were identified to 
have a positive-to-negative change in the hormone receptor 
status. The median age was 51 years (range, 31-74 years) 
and 55.7% of these patients were premenopausal. A total of 
30 patients (30.9%) had stage IIb disease, 37 (38.1%) exhib-
ited stage IIIa disease and the remaining patients (30.9%) had 
stage IIIb-IIIc.

The majority of the patients received one of the following 
three NAC regimens: NE (38.1%), CEF (36.1%) and ED (14.4%). 
The remaining patients received either the PCb (7.2%) or DCb 
(4.1%) regimen. As for the clinical tumor response according 
to RECIST 1.1, CR was documented in 20 patients (20.6%), 
53 (54.6%) obtained PR, SD was observed in 21 (21.6%) and 
three (3.1%) had PD.

A total of 57 patients (58.8%) received ET (47 with 
tamoxifen only, 39 with aromatase inhibitors only and 11 with 
tamoxifen and aromatase inhibitors). The correlation between 
the characteristics of the patients and ET administration are 
summarized in Table I. The patients treated with or without 
ET did not differ significantly in their clinical or pathological 
characteristics.

Hormone receptor status and HER2 status. A total 
of 77 patients (79.4%) had ER-positive/progesterone 
receptor-positive tumors, 14 (14.4%) had ER-positive/proges-
terone receptor-negative tumors and six (6.2%) exhibited 
ER-negative/progesterone receptor-negative tumors. A positive 
pre- and post-NAC HER2 status was observed in 10 (10.3%) 
and 11 patients (11.3%), respectively. Two patients had a 
positive-switch of HER2 status following NAC and a nega-
tive-switch of HER2 status was observed in one patient. The 
pre-NAC ER/progesterone receptor status and pre/post-NAC 
HER2 status are shown in Table II.

DFS and OS. After a median follow-up of 68 months (range, 
14-103 months), the overall DFS and OS rates were 61.9 and 
70.1%, respectively. The Kaplan-Meier curves for DFS in 
the two groups are shown in Fig. 1. The differences between 
the two curves were statistically significant, as determined 
by the log-rank test (P=0.018). The 5-year DFS rates in 
ET-administered and ET-naïve patients were 77.0 and 55.5%, 
respectively. The Kaplan-Meier curves for OS are shown in 
Fig. 2. The 5-year OS rate for ET-administered was higher 
than that of the ET-naïve patients (81.3 vs. 72.7%, P=0.053), but 
the difference between the two groups did not reach statistical 
significance. In the exploratory subgroup analysis according to 
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HER2 status, administration of ET was also associated with an 
improved DFS, with P-values of 0.013 and 0.122 in the cases 
of HER2-positive and -negative disease, respectively (Figs. 3 
and 4). The other results of univariate analysis are summarized 
in Table III. The factors associated with an inferior DFS were 
pre-NAC HER2 positivity, higher clinical stage, involvement 
of lymph nodes and omission of ET (P<0.05). Similarly, higher 
clinical stage and involvement of lymph node were associated 
with an inferior OS (P<0.05).

Multivariate analysis. The results of the multivariate step-
wise Cox regression analysis of DFS and OS are shown in 
Table III. The following variables were included as probable 
prognostic factors in the Cox proportional hazard model: Age 
(<50 vs. >50 years), menopausal status (premenopausal vs. 

postmenopausal), pre-NAC HER2 status (positive vs. nega-
tive), NAC regimen (NE vs. CEF vs. ED vs. others), NAC cycle 
(3-4 vs. 5-6), initial clinical stage (IIb vs. IIIa vs. IIIb-IIIc), 
clinical tumor response (CR vs. PR vs. SD+PD), pathological 
axillary lymph node status (positive vs. negative) and adjuvant 
therapies (ET, chemotherapy and radiation therapy; yes vs. no). 
Four of these variables (pre-NAC HER2 status, initial clinical 
stage, pathological axillary lymph node status and the use of 
adjuvant ET) were identified as the independent predictors for 
DFS by the stepwise Cox regression model. Similarly, three of 
these variables (pre-NAC HER2 status, initial clinical stage 
and pathological axillary lymph node status) were identified 
as the variables affecting the OS.

Figure 1. Correlation between the use of ET and DFS in all the patients 
(P=0.018). ET, endocrine therapy; DFS, disease-free survival.

Figure 2. Correlation between the use of ET and OS in all the patients 
(P=0.053). ET, endocrine therapy; OS, overall survival.

Figure 3. Correlation between the use of ET and DFS in patients with 
HER2-positive breast cancer (P=0.013). ET, endocrine therapy; DFS, 
disease-free survival; HER2, human epidermal growth factor receptor 2.

Figure 4. Correlation between the use of ET and DFS in patients with 
HER2-negative breast cancer (P=0.122). ET, endocrine therapy; DFS, 
disease-free survival; HER2, human epidermal growth factor receptor 2.
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Discussion

The discordance in hormone receptor and HER2 status 
between CNB and excision specimens has been reported in 
numerous retrospective studies with inconsistent results. A 
meta-analysis by Chen et al (8) confirmed the high diagnostic 
accuracy of CNB in evaluating hormone receptor and HER2 
status compared to open-excision biopsy in breast cancer 
patients without NAC. The meta-analysis by Zhang et al (9) 
concluded that in the patients receiving NAC, the hormone 
receptor status was significantly altered by the chemotherapy 
and re-evaluation of the hormone receptor status following 
NAC should be considered. Regarding the high accuracy 
of CNB in evaluating hormone receptor status, this type of 
discordance is primarily caused by NAC.

A small number of retrospective studies have reported the 
discordances in the hormone receptor status to range from 
8-33% (3-6), and the reported changes are equally distributed 
between a positive and negative switch in the hormone receptor 
status. Therefore, ET may be significant in patients with a 
negative-to-positive switch of hormone receptor status and more 
attention was administered to the effect of ET in patients with 
hormone receptor status changed from positive to negative in the 
present study. To the best of our knowledge, the present study is 
the first to focus on the effect of ET in patients who exhibited 
a positive-to-negative switch in the hormone receptor status 
following NAC. In the study, the long‑term benefit of ET in this 
subpopulation of patients was confirmed. The 5‑year DFS rates 
in ET‑administered were significantly higher than that of the 
ET-naïve patients (77.0 vs. 55.5%), whereas the 5-year OS rates 
had a non‑statistically significant increase subsequent to the use 
of ET (81.3 vs. 72.7%). Similar results have been reported in 
a previous study of 59 patients who showed hormone receptor 
status conversion following NAC; the DFS of 47 ET-administered 
was significantly longer compared to the 12 ET‑naïve patients 
(HR, 0.19, 95% CI: 0.06-0.60, P<0.004) (4). However, the study 
only included 30 patients with a positive-to-negative change 
of the hormone receptor status and all those ET-naïve patients 
exhibited a negative-to-positive change.

The mechanisms for the change in the hormone receptor 
status in breast cancer caused by chemotherapy are complicated. 
Chemotherapy has been indicated to be able to target chemo-
sensitive tumor cells (such as hormone receptor-negative cells) 
and leave the insensitive tumor cells with a different biology 

Table I. Patient characteristics, stratified by the use of adjuvant 
endocrine therapy.

 Adjuvant endocrine therapy
 ------------------------------------------------
 No Yes
Characteristics n=40 (%) n=57 (%) P-value

Age, years
  <50 18 (45.0) 27 (47.4) 0.839
  >50 22 (55.0) 30 (52.6)
Menopausal status
  Premenopausal 23 (57.5) 31 (54.4) 0.837
  Postmenopausal 17 (42.5) 26 (45.6)
Pre-NAC ER
  Positive 38 (95.0) 53 (93.0) 1.000
  Negative 2 (5.0) 4 (7.0)
Pre-NAC
progesterone receptor
  Positive 35 (87.5) 48 (84.2) 0.773
  Negative   5 (12.5)   9 (15.8)
Pre-NAC HER2   
  Positive   6 (15.0) 4 (7.0) 0.310
  Negative 34 (85.0) 53 (93.0)
NAC   
  NE 16 (40.0) 21 (36.8) 0.663
  CEF 12 (30.0) 23 (40.4)
  ED   6 (15.0)   8 (14.0)
  Others   6 (15.0) 5 (8.8)
NAC cycles   
  3-4 31 (77.5) 48 (84.2) 0.436
  5-6   9 (22.5)   9 (15.8)
Initial clinical stage   
  IIb 10 (25.0) 20 (35.1) 0.575
  IIIa 16 (40.0) 21 (36.8)
  IIIb-IIIc 14 (35.0) 16 (28.1)
Clinical tumor 
response   
  CR   5 (12.5) 15 (26.3) 0.248
  PR 25 (62.5) 28 (49.1)
  SD+PD 10 (25.0) 14 (24.6)
pALN   
  Positive 26 (65.0) 42 (73.7) 0.377
  Negative 14 (35.0) 15 (26.3)
Adjuvant 
chemotherapy   
  Yes 37 (92.5) 50 (87.7) 0.517
  No 3 (7.5)   7 (12.3)
Adjuvant radiation 
therapy
  Yes 32 (80.0) 45 (78.9) 1.000
  No   8 (20.0) 12 (21.1)

NAC, neoadjuvant chemotherapy; ER, estrogen receptor; HER2, human 
epidermal growth factor receptor 2; NE, vinorelbine, epirubicin; CEF, 
cyclophosphamide, epirubicin, fluorouracil; ED, epirubicin, docetaxel; 
CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease; pALN, pathological axillary lymph node.

Table II. Number of patients classified by ER, progesterone 
receptor and HER2 statuses prior and subsequent to neoadju-
vant chemotherapy (n=97).

Pre-NAC ER/  Pre/post-NAC HER2
progesterone  --------------------------------------------------------------------------
receptor +/+ +/- -/+ -/-

+/+ 7 0 2 68
+/- 2 0 0 12
-/+ 0 1 0   5

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; 
NAC, neoadjuvant chemotherapy.
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(such as hormone receptor-positive cells) behind in the residual 
disease, leading to a negative-to-positive change of the hormone 
receptor. Another possible explanation for a negative-to-posi-
tive change of the hormone receptor may be the heterogeneity 
of the breast carcinoma, as well as the insufficiency of CNB 
material. The mechanism of the positive-to-negative switch of 
the hormone receptor status during NAC is more complex. The 

critical review by van de Ven et al (10) hypothesized that this 
could be the result of lowered circulating levels of estrogens 
caused by ovarian insufficiency during chemotherapy, which 
may cause downregulation of the ER and/or progesterone 
receptor of the tumor leading to estrogen-independent growth. 
This is, at least in part, a plausible explanation for the clear 
downregulation of the hormone receptor following NAC. The 

Table III. Univariate and multivariate prognostic analysis of DFS and OS.

 DFS OS
 ------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------
 Univariate Multivariate  Univariate Multivariate
Characteristics P-value P-value HR (95% CI) P-value P-value HR (95% CI)

Age, years  
  <50 0.658 NS  0.498 NS   
  >50      
Menopausal status  
  Premenopausal 0.896 NS  0.798 NS   
  Postmenopausal      
Pre-NAC HER2      
  Positive 0.016a 0.008a 3.412 (1.370-8.499)a 0.242 0.028a 3.533 (1.149-10.869)a

  Negative   1a   1a

NAC  
  NE 0.406 NS  0.299 NS
  CEF      
  ED      
  Others      
NAC cycle 
  3-4 0.274 NS  0.292 NS   
  5-6      
Initial clinical stage      
  IIb 0.004a 0.027a 1a 0.005a 0.021a 1a

  IIIa   3.930 (1.095-14.096)a   15.438 (1.680-141.856)a

  IIIb-IIIc   5.843 (1.600-21.340)a   23.271 (2.445-221.488)a

Clinical tumor response  
  CR 0.329 NS  0.590 NS   
  PR      
  SD+PD      
pALN      
  Positive 0.003a 0.035a 2.819 (1.074-7.404)a 0.002a 0.031a 5.068 (1.161-22.125)a

  Negative   1a   1a

Adjuvant endocrine therapy      
  Yes 0.018a 0.039a 0.479 (0.238-0.964)a 0.053 0.092 0.497 (0.221-1.121)
  No   1   1
Adjuvant chemotherapy  
  Yes 0.961 NS  0.844 NS   
  No      
Adjuvant radiation therapy  
  Yes 0.439 NS  0.055 NS   
  No      

aStatistically significant. DFS, disease‑free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; NS, not specified; NAC, neoadju-
vant chemotherapy; HER2, human epidermal growth factor receptor 2; NE, vinorelbine, epirubicin; CEF, cyclophosphamide, epirubicin, fluorouracil; 
ED, epirubicin, docetaxel; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; pALN, pathological axillary 
lymph node.
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present study revealed that this type of breast cancer responded 
to ET, regardless of the underlying mechanism.

With regards to a recent International Expert Consensus, 
breast cancer can be divided into four intrinsic subtypes on 
the basis of ER, progesterone receptor, HER2 and Ki67 
status (11). Patients with different subtypes of breast cancer 
exhibit distinct responsiveness to systemic treatment, as well 
as diverse outcomes (12-14). All the patients in the present 
study had luminal breast cancer prior to NAC and basal-like 
or HER2-positive breast cancer following surgery. The results 
indicated that although the breast cancer was apparently endo-
crine non-responsive (including basal-like or HER2-positive 
subtypes) subsequent to surgery, breast cancers with a luminal 
subtype that was confirmed prior to NAC act like hormonal 
responsive breast cancer and had a favorable prognosis with 
the use of ET. Furthermore, luminal breast cancers have 
been reported to exhibit varied sensitivity to ET, which may 
be largely, but not exclusively, affected by HER2 status. The 
multivariate analysis indicated that the benefit of ET was inde-
pendent of the HER2 status. HER2-positive breast cancers 
appeared to be more responsive than HER2-negative ones. 
Due to the limited sample size of the subgroup analysis, this 
result required further study in a large cohort of patients.

In conclusion, the present study demonstrated that the 
hormone receptor status should be evaluated not only in the 
CNB specimens obtained prior to NAC, but also in specimens 
obtained during post-NAC surgery. The mechanism of the 
positive-to-negative switch of the hormone receptor status 
during NAC remains unclear, however, ET is warranted in 
patients with a pre-NAC-positive hormone receptor status, 
even though it becomes negative postoperatively.
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