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Abstract: Background: To investigate the prognostic value of hormone receptor (HR) status conversion after neoad-
juvant chemotherapy (NAC) in patients with primary breast cancer. Methods: 267 stage II-III breast cancer patients 
treated with NAC who had residual disease in the breast after NAC were retrospectively studied. The patients were 
divided into four groups based on the HR status: Group A, patients with HR-positive both before and after NAC; 
Group B, patients with HR status positive-to-negative change; Group C, patients with HR status negative-to-positive 
change; Group D, patients with HR-negative both before and after NAC. Patients with positive HR status (regard-
less of before or after NAC) were treated with adjuvant endocrine therapy, and a survival analysis was performed. 
Results: In total, 15.7% of patients had HR status change after NAC. progression-free survival (PFS) in Group A was 
similar to that in Group C (hazard ratio, 1.16; P = 0.652), but that in Group B was significantly lesser than that in 
Group A (hazard ratio, 6.88; P = 0.001), and that in Group C was significantly longer than that in Group D (hazard 
ratio, 6.88; P = 0.001). A similar pattern of results was obtained for overall survival (OS). Conclusions: The switch 
of HR status after NAC is remarkable for breast cancer. An HR switch may identify patients who would benefit from 
adjuvant endocrine therapy and impact the long-term outcome.
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Introduction

Breast cancer is the most common malignancy 
found in women worldwide, with a relatively 
high incidence of 20% of all malignancies [1]. 
Neoadjuvant chemotherapy (NAC) has been a 
relatively standard treatment for locally ad- 
vanced and initially inoperable breast cancer. 
This strategy allows patients to undergo breast-
conserving surgery and provides information 
on the efficacy of chemotherapy [2].

Before the initiation of NAC, core-needle biopsy 
(CNB) is usually performed to establish the his-
tological diagnosis. NAC for breast cancer is 
evolving and subsequent adjuvant systemic 
treatment is mainly based on the presence of 
the estrogen receptor (ER), progesterone recep-
tor (PR) and human epidermal growth factor 
receptor 2 (HER2) statuses on the core needle 
biopsy. Breast cancer is a composite, and 

immunohistochemistry allows the definition of 
three main subgroups with different therapeu-
tic responses and different outcomes, including 
luminal tumors, HER2-positive and triple-nega-
tive subtype [3]. The effect of NAC varies 
according to the intrinsic subtype of tumors. 
Patients with HER2-overexpressed and triple-
negative breast cancer have better responses 
and higher pathologic complete response (pCR) 
rates to NAC [4]. On the other hand, HR-positive 
breast cancer is widely known as a subtype with 
favorable prognosis despite lower sensitivity to 
chemotherapy. Adjuvant endocrine therapy is 
indicated in all patients with a positive hormone 
receptor (HR) status, which is defined as ER 
positive and/or PR positive. Several retrospec-
tive breast cancer studies have suggested that 
NAC significantly altered estrogen receptor (ER) 
or progesterone receptor (PR) status [5-9], how-
ever, it is not well known whether these recep-
tors change after NAC, requiring a change in 
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further adjuvant systemic treatment, and 
whether an HR switch may identify patients 
who would benefit from adjuvant endocrine 
therapy and impact the long-term outcome. The 
current study was therefore conducted with the 
objective of evaluating the frequency and 
impact of change in the HR status on the long-
term outcomes in the breast cancer patients 
receiving NAC.

Materials and methods

Patients

We selected 296 female patients with primary 
breast carcinoma treated with both NAC and 
surgery, which were diagnosed from 2008 to 
2013 by needle core biopsy at Guangxi 
University Affiliated Tumor Hospital (China). A 
complete history of patient characteristics, clin-
ical and imaging examinations (e.g., bilateral 
mammography, breast ultrasound, or MRI), and 
the pathologic assessments of morphologic 
and biologic features were collated. Patients 
with metastatic diseases before surgery, bilat-
eral breast cancer and inflammatory breast 
cancer were not included in this study. Patients 
without both surgical pathology reports for pre- 
and post-neoadjuvant chemotherapy and 
tumors without complete hormone receptor 
expression profiles corresponding pre- and 
post-neoadjuvant chemotherapy were exclud-
ed. The clinical stages of the patients ranged 
from cT2N0M0 to cT3dN3M0. The patients 
were classified into four groups on the basis of 
the HR status of their lesions before and after 
NAC: Group A, 135 patients with lesions that 
were HR-positive both before and after NAC; 
Group B, 28 patients with lesions showing HR 
status positive-to-negative change; Group C, 
14 patients with lesions showing HR status 
negative-to-positive change; Group D, 90 
patients with lesions that were HR-negative 
both before and after NAC. The mean age at the 
time of diagnosis of breast cancer was almost 
the same in the four groups. Patients with posi-
tive HR status (regardless of before or after 
NAC) were treated with adjuvant endocrine 
therapy following chemotherapy.

Treatment

NAC was assigned to each patient according to 
their risk on the basis of clinical parameters, 
also in accordance with the recommendation 

by the St. Gallen International Expert Consensus 
at the time. The NAC regimens included FEC 
(5-fluorouracil 500 mg/m2, epirubicin 100 mg/
m2, and cyclophosphamide 500 mg/m2, every 
3 weeks), AC (doxorubicin 50 mg/m2, and cyclo-
phosphamide 500 mg/m2, every 3 weeks) fol-
lowed by T (docetaxel 75 mg/m2 every 3 weeks) 
each for 4 cycles, AT (doxorubicin 50 mg/m2, 
docetaxel 75 mg/m2 every 3 weeks) and TEC 
(docetaxel 75 mg/m2 and cyclophosphamide 
600 mg/m2 every 3 weeks). Chemotherapy was 
administered for a median of 4 cycles (range 
2-6 cycles) before surgery. All the patients 
underwent mastectomy plus axillary lymph 
node dissection within 4 weeks after NAC at 
Guangxi University Affiliated Tumor Hospital. 
Additional courses of adjuvant chemotherapy, 
including anthracycline-based and/or taxane-
based regimens, were administered after oper-
ation to complete a total of 6-8 courses of adju-
vant chemotherapy according to their risk on 
the basis of clinical parameters and pathologic 
evaluations after surgery. Radiotherapy was 
applied after the completion of adjuvant che-
motherapy. All of the patients with HR-positive 
tumors before NAC or HR-positive residual 
tumors after NAC received standard endocrine 
therapy for 5 years (tamoxifen for premeno-
pausal patients, aromatase inhibitor for post-
menopausal patients or sequential tamoxifen 
and aromatase inhibitor).

Evaluation of NAC response

The clinical response to NAC was evaluated by 
physical and imaging examinations according 
to RECIST. No clinical evidence of tumor in the 
breast and axillary lymph nodes was defined as 
a complete response (CR). Reduction in the 
greatest tumor diameter exceeded 30% was 
graded as a partial response (PR). Tumor reduc-
tion less than 30% or an increase up to 20% in 
the greatest diameter was considered as a sta-
ble disease (SD). Tumors that increase of more 
than 20% in the greatest diameter or appear-
ance of new disease were considered as a pro-
gressive disease (PD). The achievement of 
pathologic complete response (pCR) on postop-
erative specimens was defined as the absence 
of invasive residuals in breast or nodes.

Clinical outcome assessment

All patients were followed-up until the date of 
death or when censored at the latest date 
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was 42 months. Overall survival was defined as 
the time from the date of operation to death or 
when censored at the latest date if patients 
were still alive. DFS was defined as the length 
of time from the date of operation to events 
such as local relapse or distant metastases, 
the occurrence of a new primary tumor, or 
death without evidence of cancer.

Immunohistochemical analysis

ER, PR, HER-2 status and Ki-67 index were 
evaluated before and after NAC by immunohis-
tochemistry (IHC). All immunohistochemical 
analyses were carried out in a single reference 
laboratory and evaluated by light microscopy 
blindly and independently by two pathologists. 
The cutoff value for ER positivity and PR positiv-
ity was 1% positive tumor cells with nuclear 
staining. HR positivity was defined as positivity 
for ER and/or PR. HER2 protein overexpression 
was defined as with 3+ complete membrane 
staining. Ki-67 positivity was scored as the per-
centage of nuclear stained cells greater than 
14% (at least 500) in each case. Antibodies, 
dilutions and suppliers were as follows: ER 
(M7047, clone 1D5, 1: 100 dilution, Dako), PR 
(M3569, clone PgR636, 1: 100 dilution, Dako), 
Ki-67 (MIB1, 1: 100 dilution; Dako); HER-2 
(polyclonal, 1: 100 dilution; Dako, Carpenteria, 
CA, USA).

Statistical analysis

Analyses were conducted using SPSS v16.0 
(SPSS Inc., Chicago, IL). The relationship 
between HR alterations and other characteris-
tics was evaluated using Chi-square or Fisher’s 
exact test. Univariate and multivariate analyses 
to determine independent prognostic factors 
were performed by the Cox proportional model. 
Variables with a P < 0.05 were accepted for the 

Table 1. Patient and baseline tumor character-
istics
Characteristic N (%)
Age, ≤45 years 152 (56.9)
Menopausal status
    Premenopausal 163 (61.0)
    Postmenopausal 104 (39.0)
Stage
    2 113 (42.3)
    3 154 (57.7)
Tumor size (cm)
    ≤2.0 49 (18.4)
    >2.0 118 (81.6)
Clinical nodal status
    Negative 73 (27.3)
    Positive 194 (72.7)
Nuclear grade
    1 22 (8.2)
    2 65 (24.4)
    3 180 (67.4)
HR status 
    Negative 104 (39.0)
    Positive (>1%) 163 (61.0)
HER2 status
    Positive 129 (48.3)
    Negative 138 (51.7)
Ki-67 index
    ≤14% 58 (21.7)
    >14% 209 (78.3)
Histology
    Invasive ductal carcinoma 254 (95.1)
    Others 13 (4.9)
NAC regimens
    FEC 107 (40.1)
    TEC 72 (27.0)
    AT 30 (11.2)
    AC followed by T 58 (21.7)
Clinical response
    CR 38 (14.2)
    PR 197 (73.8)
    SD/PD 32 (12.0)
NAC, neoadjuvant chemotherapy; HR, hormone receptor; 
HER-2, human epidermal receptor; FEC, 5-fluorouracil + epi-
rubicin + cyclophosphamide; TEC, docetaxel + epirubicin + 
cyclophosphamide; AT, doxorubicin + docetaxel; AC followed 
by T, doxorubicin + cyclophosphamide followed by docetaxel; 
CR, complete response; PR, partial response; SD/PD, stable 
disease or progression of disease.

(December 30th 2013). The median duration 
of follow-up for all of the patients in this study 

Table 2. Estrogen receptor and progesterone 
receptor statuses in cases pre- and post-
neoadjuvant chemotherapy
(ER, PR) pre-NAC (ER, PR) post-NAC (n)

(+, +) (+, -) (-, +) (-, -)
(+, +) 43 8 11 3
(+, -) 9 27 6 10
(-, +) 9 7 15 15
(-, -) 3 8 3 90
NAC, neoadjuvant chemotherapy; ER, estrogen receptor; 
PR, progesterone receptor. n, numbers of patients.
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multivariate model. Kaplan-Meier and the log-
rank test were employed to evaluate the distri-
bution of DFS and OS. All P values reported in 
this analysis were two sided, and a P value of 
less than 0.05 was considered significant.

tus regardless of pre- or post-NAC had been 
treated with endocrine therapy. None of the 
HER2-positive patients were administered 
trastuzumab during neoadjuvant or adjuvant 
chemotherapy in this study.

Table 3. Correlation between patients’ characteristics, pre-neoadjuvant che-
motherapy and HR conversion

Characteristic
Group A 

(HR+→HR+) 
(n = 135)

Group B 
(HR+→HR-) 

(n = 28)

Group C 
(HR-→HR+) 

(n = 14)

Group D 
(HR-→HR-) 

(n = 90)
P value*

Age NS
    ≤45 years 77 16 9 50
    >45 years 58 12 5 40
Menopausal status NS
    Premenopausal 81 18 9 55
    Postmenopausal 54 10 5 35
Stage NS
    2 62 8 5 38
    3 73 20 9 52
Tumor size (cm) 0.018
    ≤2.0 18 21 1 9
    >2.0 117 7 13 81
Clinical nodal status NS
    Negative 40 4 4 25
    Positive 95 24 10 65
Nuclear grade 0.003
    1 11 3 0 8
    2 35 2 1 27
    3 89 23 13 55
HER2 status NS
    Positive 57 21 8 43
    Negative 78 7 6 47
Ki-67 index NS
    ≤14% 25 8 5 20
    >14% 110 20 9 70
NAC regimens NS
    FEC 57 16 7 28
    TEC 26 8 5 30
    AT 17 1 0 12
    AC followed by T 35 3 2 20
Clinical response NS
    CR 12 2 7 17
    PR 98 22 7 70
    SD/PD 25 4 0 3
*The significance of differences in variables between the patients with and without HR conver-
sion was evaluated. NS, not significant; NAC, neoadjuvant chemotherapy; HR, hormone recep-
tor; HER-2, human epidermal receptor; FEC, 5-fluorouracil + epirubicin + cyclophosphamide; 
TEC, docetaxel + epirubicin+ cyclophosphamide; AT, doxorubicin + docetaxel; AC followed by 
T, doxorubicin + cyclophosphamide followed by docetaxel; CR, complete response; PR, partial 
response; SD/PD, stable disease or progression of disease.

Results

Patient character-
istics

Table 1 summarizes 
the characteristics 
of patients in this 
study. Overall, amo- 
ng the 296 NAC-
administered patie- 
nts, pCR was achi- 
eved in 9.8% of 
patients (29/296). 
Complete respond-
ers were excluded 
from this study be- 
cause a retest of bio-
markers in surgery 
specimens was not 
possible. The medi-
an age of the remain-
ing 267 non-pCR 
patients was 46 
years (range 22-73 
years), and 61.0% of 
these patients were 
premenopausal. The 
distribution of these 
patients in the four 
groups was as fol-
lows: Group A, 135 
(45.0%) patients; Gr- 
oup B, 28 (15.8%) 
patients; Group C, 
14 (6.5%) patients 
and Group D, 90 
(32.7%) patients.

All patients under-
went 2-6 cycles of 
NAC using a chemo-
therapy regimen of 
FEC (40.1%), TEC 
(27.0%), AT (11.2%), 
or AC followed by T 
(21.7%). All patients 
whose lesions show- 
ed positive HR sta-
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Change in HR status

The ER, PR status was retested by using IHC of 
the operation specimens in 267 patients with 
residual invasive carcinoma. The pre- and post-
NAC ER and PR status are shown in Table 2. 
The HR status changed from positive to nega-
tive in 17.2% (28 of 163) of patients, meanwhile 
the HR status changed from negative to posi-
tive in 13.5% (14 of 104) of patients. The 
changes in the ER or PR status were observed 
not only in cases with borderline positive 
(grades 1-2) staining but also in those with 
strongly positive (grades 3-5) staining.

Relationship between HR conversion and clini-
cal variables

A correlation in HR conversion and other vari-
ables, including age, menopausal status, tumor 
size, node status, HER-2 status, Ki-67 index, 
and nuclear grade, were performed to investi-
gate the differences in the clinical characteris-
tics and biomarkers for predicting HR conver-
sion after NAC. As showed in Table 3, the 
patients with or without HR conversion did not 
differ by age, menopausal status, node status, 
tumor size, NAC regimens or cycles, and clinical 
response. Conversions of HR-positive to 
HR-negative were more frequently observed in 
HER-2-positive patients compared to HER-2 
negative (P = 0.023). However, no significant 
differences in HER2 levels were detected in 
patients with HR-negative tumors changed to 
HR-positive. HR conversions was also observed 
more frequently in poorly differentiate tumors 
(grade 3, P = 0.038). Besides, a relatively high 
proportion of high Ki-67 indexes were observed 
in tumors with HR alteration compared to 
tumors in which HR status remained negative 
(62% vs. 34%, P = 0.016).

HR alteration and patient outcomes

The median duration of follow-up was 42 
months. Figures 1 and 2 shows the Kaplan-
Meier curves for PFS and OS in the four groups, 
respectively. The differences among the curves 
were statistically significant as determined by 
the log rank test (P = 0.026 and P = 0.014). The 
3-year DFS rates in Groups A, B, C, and D were 
68.9, 32.1, 64.3, and 43.3%, respectively; 
meanwhile, the 4-year OS rates in Groups A, B, 
C, and D were 94.1, 32.1, 92.9, and 48.9%, 
respectively. The PFS of Groups A and C was 
similar (hazard ratio, 0.83; 95% CI, 0.36-2.17, P 
= 0.484), whereas that of Group B was signifi-
cantly shorter than that of Group A (hazard 
ratio, 0.39; 95% CI, 0.16-0.92, P = 0.024), and 
that in Group C was significantly longer than 
that in Group D (hazard ratio, 0.58; 95% CI, 
0.22-1.43, P = 0.046). The OS analysis was 
similar with the PFS, except that there was no 
significant difference between group C and 
group D (P = 0.452). We evaluated the clinical 
variables at baseline predicting for PFS using 
logistic regression analyses (Table 4). Age (P = 
0.021), tumor size (P = 0.006), nuclear grade (P 
= 0.037), pre-NAC node metastasis (P = 0.035), 

Figure 1. Kaplan-Meier curves of progression-free 
survival (PFS) in four groups. Crosslet “+” indicate 
censored data points. Log-rank test was significant 
for PFS (P = 0.026).

Figure 2. Kaplan-Meier curves of overall survival 
(OS) in four groups. Crosslet “+” indicate censored 
data points. Log-rank test was significant for OS (P 
= 0.014).
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post-NAC node metastasis (P = 0.018), post-
NAC HER2 status (P = 0.023), post-NAC Ki67 
labeling index (P = 0.003) and clinical response 
(P = 0.001) were identified as independent pre-
dictive factors for PFS in univariate analysis. In 
multivariate analysis, Age (P = 0.043), tumor 
size (P = 0.026), post-NAC node metastasis (P 
= 0.037), post-NAC HER2 status (P = 0.008), 

post-NAC Ki67 labeling index (P = 0.012) and 
clinical response (P = 0.001) remained signifi-
cant and HR expression was marginally signifi-
cant (P = 0.051).

Next, we investigated the differences in the 
variables for predicting OS. Tumor size (P = 
0.002), nuclear grade (P = 0.029), pre-NAC 

Table 4. Univariate and multivariate logistic regression models of baseline characteristics predictive 
of PFS
Characteristic Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value
Age (y): >45 vs. ≤45 2.13 1.01-4.53 0.021 3.05 1.03-6.39 0.043
Menopause: pre vs. post 1.54 0.65-3.12 0.208
Tumor size (cm): >2.0 vs. ≤2.0 2.34 1.18-5.32 0.006 2.64 1.02-5.66 0.026
Nuclear grade: G2-3 vs. G1 1.87 0.76-3.65 0.037 1.66 0.81-4.22 0.204
pre-NAC axillary lymph node: Positive vs. negative 1.86 0.83-3.29 0.035 1.62 0.65-4.18 0.203
pre-NAC HER2 status: Positive vs. negative 1.02 0.54-2.27 0.813
pre-NAC Ki-67 labeling index (%): >14 vs. ≤14 1.35 0.61-2.83 0.439
post-NAC axillary lymph node: Positive vs. negative 2.85 1.12-5.26 0.018 3.52 1.07-6.25 0.037
post-NAC HER2 status: Positive vs. negative 2.21 0.93-4.87 0.023 3.02 1.10-6.03 0.008
post-NAC Ki-67 labeling index (%): >14 vs. ≤14 2.64 1.20-5.24 0.003 2.86 1.09-5.21 0.012
Clinical response: SD/PD vs. PR/CR 4.35 1.18-10.86 0.001 6.12 1.24-13.66 0.001
group A vs. group B 0.48 0.22-0.97 0.003 0.39 0.16-0.92 0.024
group A vs. group C 0.83 0.36-2.17 0.484
group B vs. group C 1.02 0.48-2.45 0.436
group C vs. group D 0.55 0.28-1.46 0.039 0.58 0.22-1.43 0.046
NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER-2, human epidermal receptor; CR, complete response; PR, partial response; SD/
PD, stable disease or progression of disease. 

Table 5. Univariate and multivariate logistic regression models of baseline characteristics predictive 
of OS
Characteristic Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value
Age (y): >45 vs. ≤45 1.63 0.76-2.83 0.221
Menopause: pre vs. post 1.66 0.72-3.48 0.214
Tumor size (cm): >2.0 vs. ≤2.0 3.87 1.05-9.33 0.002 2.58 1.14-10.18 0.013
Nuclear grade: G2-3 vs. G1 2.14 0.86-5.64 0.029 1.84 0.71-6.32 0.486
pre-NAC axillary lymph node: Positive vs. negative 1.78 0.66-4.21 0.048 1.86 0.83-3.29 0.335
pre-NAC HER2 status: Positive vs. negative 1.22 0.49-3.66 0.353
pre-NAC Ki67 labeling index (%): >14 vs. ≤14 1.11 0.33-4.82 0.814
post-NAC axillary lymph node: Positive vs. negative 3.62 1.24-7.52 0.004 3.94 1.06-5.72 0.037
post-NAC HER2 status: Positive vs. negative 2.57 1.03-6.17 0.033 2.07 0.77-4.62 0.208
post-NAC Ki-67 labeling index (%): >14 vs. <14 2.87 1.08-7.66 0.026 1.69 0.59-4.96 0.314
Clinical response: SD/PD vs. PR/CR 3.22 1.12-12.48 0.016 2.59 1.21-10.46 0.054
group A vs. group B 0.31 0.18-0.82 0.006 0.55 0.26-1.04 0.033
group A vs. group C 0.86 0.25-1.84 0.234
group B vs. group C 1.22 0.55-2.58 0.162
group C vs. group D 0.42 0.24-1.33 0.022 0.66 0.31-1.65 0.452
NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER-2, human epidermal receptor; CR, complete response; PR, partial response; SD/
PD, stable disease or progression of disease.
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node metastasis (P = 0.048), post-NAC node 
metastasis (P = 0.004), post-NAC HER2 status 
(P = 0.033), post-NAC Ki67 labeling index (P = 
0.026) and clinical response (P = 0.016) were 
identified as independent predictive factors for 
OS in univariate analysis. Tumor size (P = 0.013) 
and post-NAC node metastasis (P = 0.037) 
were identified by the stepwise selection meth-
od in the multivariate Cox regression model as 
the variables affecting the OS, as show in Table 
5.

Discussion

Neoadjuvant systemic treatment is increasingly 
used for breast cancer and there is a trend for 
tailored therapies currently based on the pres-
ence of ER, PR and HER2-receptor in the tumor. 
The discordance in ER, PR and HER-2 between 
CNB and excision specimens has been report-
ed in the neoadjuvant setting, but these results 
have not been consistent. A change in HR or 
HER2 status would have important therapeutic, 
prognostic and financial consequences for both 
patients and health care providers. With the 
growing use of NAC, it is important to know 
whether these therapies modulate these mark-
ers and the possible consequences for subse-
quent adjuvant systemic therapy. Two reviews 
[10, 11] summarized published data and con-
cluded that NAC seems able to change ER and 
PR receptors expression and status, but HER2 
amplification appears to be more stable. Our 
present study focuses on the effect of NAC on 
HR changes and the long-term outcomes and 
impact of adjuvant endocrine therapy in 
patients with HR status conversion after NAC.

In our study, 267 patients were retrospective 
analysis, the ER and PR status changes were 
observed in 21.3% and 20.2% of the patients 
included, respectively. The overall frequency of 
patients with HR status conversion was 15.7%, 
among them, 17.2% of HR-positive tumors 
changed to HR negative, while 13.5% of 
HR-negative tumors changed to HR positive. 
These results are similar to previous studies 
[12, 13]. Interestingly, the incidence of 
HR-positive tumors changed to HR negative 
was more frequently observed in HER-2-positive 
tumors than HER-2-negative tumors. Besides, 
HR status conversion was observed more fre-
quently in tumors that with a poorly differenti-
ated. A relatively high proportion of high Ki-67 
indexes were observed in tumors with HR alter-

ation compared to tumors in which HR status 
remained negative. Other clinicopathological 
features, such as age, menopausal status axil-
lary node status and tumor size were not asso-
ciated with HR conversions significantly. Except 
for random changes that due to heterogeneity, 
laboratory procedures or observer variability, 
the possible mechanisms for a change in recep-
tor status or expression in breast cancer cells 
caused by chemotherapy are complicated. 
Chemotherapy might directly or indirectly 
change the biology of tumor cells; one explana-
tion is that, targeting chemosensitive tumor 
cells with chemotherapeutic agents may leaves 
insensitive tumor cells with different biology 
behind in the residual disease. In addition, 
change in receptor status and biology may as a 
survival mechanism of tumor cells, leading to 
resistance of a specific therapy. Moreover, as 
the expression of ER, PR and HER2 are highly 
dependent on each other, modulating one 
receptor with NAC can change the expression 
of other receptors as well [14]. Although the 
exact mechanism of HR conversion is not clear, 
most investigators believe that chemotherapy 
may have an effect on HR status.

Little is known about the predictive or prognos-
tic value of a changed receptor status. A few 
studies have demonstrated the correlations 
between HR conversion and treatment res- 
ponse, but discordant conclusions were drawn. 
Chen et al. [15] have reported that patients 
with a HR positive to negative switch benefit 
less from endocrine therapy compared to 
patients whose HR status remains stable. In 
contrast, Tacca et al. [16] and Hirata et al. [8] 
observed that no significant difference in PFS 
and OS rates between endocrine therapy-
administered patients with HR-negative switch 
lesions and those of endocrine therapy-admin-
istered patients with lesions that were 
HR-positive both before and after NAC, but they 
demonstrated that a positive switch of the 
HR-status could be an indicator for a better out-
come. In the present study, the survival analy-
ses show that a positive switch of the HR-status 
was significantly correlated with better PFS and 
OS in patients that were treated with adjuvant 
endocrine therapy compared to those with neg-
ative-HR status remains stable who were not. 
Furthermore, patients with negative switch of 
HR-status may benefit less from endocrine 
therapy compared to patients whose HR status 
remains positive, for both PFS and OS. However, 
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the PFS and the OS of endocrine therapy admin-
istered patients with a positive switch of HR 
status were similar to those with lesions that 
were HR-positive status both before and after 
NAC. These findings indicate that a positive 
switch of the HR status could be an indicator 
for a better outcome, while a negative switch 
seemed to be associated with a worse progno-
sis, and it is necessary to determine the HR sta-
tus of the lesions both before and after NAC 
and to administer endocrine therapy to patients 
with HR status conversion.

The strengths of our study were as follow: in 
concordance with published data, we did find 
significant changes in IHC expression of ER, PR 
in breast cancer with neoadjuvant chemothera-
py; more importantly, we also demonstrated 
that HR status conversion was observed more 
frequently in tumors with positive HER2 status, 
poorly differentiated and a relatively high pro-
portion of Ki-67 indexes; another important 
finding in our study was that the PFS and OS for 
patients whose tumors changed from HR posi-
tivity to negativity with chemotherapy may be 
worse than that of patients whose tumors 
remained positive after chemotherapy, while 
that tumors changed from HR negativity to pos-
itivity may be better than that remained 
positive.

Limitations of our study should be highlighted. 
First, this is a retrospective study; some uncon-
trollable factors may affect the prognosis of the 
patients. Secondly, the existence of tumor het-
erogeneity has led to concerns that core biop-
sies may not be representative of the tumor 
tissue as a whole as they are often restricted to 
the superficial aspects of the tumor.

In conclusion, NAC seems able to change ER 
and PR receptors expression and status. The 
HR-negative switch can lead to a poor outcome 
regardless of adjuvant endocrine therapy, and 
the HR-positive switch appears to be signifi-
cantly correlated with better outcome. Until 
more comparable studies are done, retesting of 
the hormone receptors should be considered in 
certain situations to optimize adjuvant system-
ic therapy, and adjuvant endocrine therapy 
appears to be suitable for patients with posi-
tive-HR status at least once, that is, either 
before or after NAC. Moreover, further research 
is warranted to understand the relationship 
between NAC and hormonal pathways and 

explore strategies to manipulate it for thera-
peutic benefit.

Acknowledgements

This study was supported by The Key Projects 
of Health Department in Guangxi province, 
China (No. 2010079).

Disclosure of conflict of interest

None.

Address correspondence to: Chang-Yuan Wei, 
Department of Breast Surgery, Guangxi Medical 
University Tumor Hospital, He Di Rd. 71#, Nanning 
530021, Guangxi Province, P. R. China. Tel: (86)-
771-5332606; Fax: (86)-771-5312000; E-mail: gxzl-
rx@hotmail.com

References

[1] Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA: Cancer J Clin 2013; 63: 
11-30.

[2] Fisher B, Bryant J, Wolmark N, Mamounas E, 
Brown A, Fisher ER, Wickerham DL, Begovic M, 
DeCillis A and Robidoux A. Effect of preopera-
tive chemotherapy on the outcome of women 
with operable breast cancer. J Clin Oncol 1998; 
16: 2672-2685.

[3] Rastogi P, Anderson SJ, Bear HD, Geyer CE, 
Kahlenberg MS, Robidoux A, Margolese RG, 
Hoehn JL, Vogel VG and Dakhil SR. Preopera-
tive chemotherapy: updates of national surgi-
cal adjuvant breast and bowel project proto-
cols B-18 and B-27. J Clin Oncol 2008; 26: 
778-785.

[4] Dowsett M and Dunbier AK. Emerging biomark-
ers and new understanding of traditional 
markers in personalized therapy for breast 
cancer. Clin Cancer Res 2008; 14: 8019-8026.

[5] Colleoni M, Viale G, Zahrieh D, Pruneri G, Gen-
tilini O, Veronesi P, Gelber RD, Curigliano G, 
Torrisi R and Luini A. Chemotherapy Is More Ef-
fective in Patients with Breast Cancer Not Ex-
pressing Steroid Hormone Receptors A Study 
of Preoperative Treatment. Clin Cancer Res 
2004; 10: 6622-6628.

[6] Taucher S, Rudas M, Gnant M, Thomanek K, 
Dubsky P, Roka S, Bachleitner T, Kandioler D, 
Wenzel C and Steger G. Sequential steroid hor-
mone receptor measurements in primary 
breast cancer with and without intervening pri-
mary chemotherapy. Endocr Relat Cancer 
2003; 10: 91-98.

[7] Kasami M, Uematsu T, Honda M, Yabuzaki T, 
Sanuki J, Uchida Y and Sugimura H. Compari-
son of estrogen receptor, progesterone recep-

mailto:gxzlrx@hotmail.com
mailto:gxzlrx@hotmail.com


Hormone receptor conversion and prognosis in breast cancer

4094 Int J Clin Exp Pathol 2014;7(7):4086-4094

tor and Her-2 status in breast cancer pre-and 
post-neoadjuvant chemotherapy. Breast 2008; 
17: 523-527.

[8] Hirata T, Shimizu C, Yonemori K, Hirakawa A, 
Kouno T, Tamura K, Ando M, Katsumata N and 
Fujiwara Y. Change in the hormone receptor 
status following administration of neoadjuvant 
chemotherapy and its impact on the long-term 
outcome in patients with primary breast can-
cer. Br J Cancer 2009; 101: 1529-1536.

[9] Neubauer H, Gall C, Vogel U, Hornung R, Wall-
wiener D, Solomayer E and Fehm T. Changes in 
tumour biological markers during primary sys-
temic chemotherapy (PST). Anticancer Res 
2008; 28: 1797-1804.

[10] Van de Ven S, Smit V, Dekker T, Nortier J and 
Kroep J. Discordances in ER, PR and HER2 re-
ceptors after neoadjuvant chemotherapy in 
breast cancer. Cancer Treat Rev 2011; 37: 
422-430.

[11] Zhang N, Moran MS, Huo Q, Haffty BG and 
Yang Q. The hormonal receptor status in breast 
cancer can be altered by neoadjuvant chemo-
therapy: a meta-analysis. Cancer Invest 2011; 
29: 594-598.

[12] Burcombe R, Makris A, Richman P, Daley F, 
Noble S, Pittam M, Wright D, Allen S, Dove J 
and Wilson G. Evaluation of ER, PgR, HER-2 
and Ki-67 as predictors of response to neoad-
juvant anthracycline chemotherapy for opera-
ble breast cancer. Br J Cancer 2005; 92: 147-
155.

[13] Shet T, Agrawal A, Chinoy R, Havaldar R, Par-
mar V and Badwe R. Changes in the tumor 
grade and biological markers in locally ad-
vanced breast cancer after chemotherapy-im-
plications for a pathologist. Breast J 2007; 13: 
457-464.

[14] Dati C, Antoniotti S, Taverna D, Perroteau I and 
De Bortoli M. Inhibition of c-erbB-2 oncogene 
expression by estrogens in human breast can-
cer cells. Oncogene 1990; 5: 1001.

[15] Chen S, Chen CM, Yu KD, Zhou RJ and Shao 
ZM. Prognostic Value of a Positive-to-negative 
Change in Hormone Receptor Status after 
Neoadjuvant Chemotherapy in Patients with 
Hormone Receptor-positive Breast Cancer. 
Ann Surg Oncol 2012; 19: 3002-3011.

[16] Tacca O, Penault-Llorca F, Abrial C, Mouret-
Reynier MA, Raoelfils I, Durando X, Achard JL, 
Gimbergues P, Cure H and Chollet P. Changes 
in and prognostic value of hormone receptor 
status in a series of operable breast cancer 
patients treated with neoadjuvant chemother-
apy. Oncologist 2007; 12: 636-643.


