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Background: The discordance of estrogen receptor (ER), progesterone receptor (PR), human epidermal 
growth factor receptor 2 (HER2), and Ki-67 cell nuclear proliferation antigen status in patients with locally 
advanced breast cancer pre- and post-neoadjuvant chemotherapy (NAC) is quite common. This study aimed 
to assess the frequency of changes in receptor status after NAC in patients with invasive ductal breast cancer 
and the prognostic impact of such changes. 
Methods: The study comprised 670 patients who were diagnosed with invasive ductal breast carcinoma 
and treated with both NAC and surgery from 2012–2017. Hormone receptor (HR; including ER and 
PR), HER2, and Ki-67 status was assessed before NAC and in residual invasive tumor cells of the surgical 
specimens. The prognostic impact of receptor conversions in breast cancer patients treated with NAC was 
evaluated in this retrospective study.
Results: The conversion of ER was related to overall survival (OS; P=0.008) and disease-free survival (DFS; 
P=0.004). Patients whose ER status was always positive had the best prognosis, and those who were always 
negative had the worst prognosis. Similar results were also found for PR status, as the conversion of PR 
status was also related to OS (P<0.001) and DFS (P<0.001). At the same time, the conversion of Ki-67 status 
was related to OS (P=0.042) and DFS (P=0.037), and patients whose Ki-67 status was ≤20% persistently 
after NAC had the best survival among the 4 groups, while those whose Ki-67 status changed from ≤20% to 
>20% after NAC had the worst survival. Nevertheless, there was no statistical significance in the conversion 
of HER2 status. In multivariate Cox regression analyses, PR conversion and post-neoadjuvant pathological 
lymph node stage (ypN) were independent prognostic factors for DFS (P=0.008, <0.001) and OS (P=0.002, 
<0.001). 
Conclusions: Changes in receptor status between pre-treatment and residual disease after NAC are 
common. Moreover, these alterations have an impact on the survival outcome of invasive ductal breast cancer 
patients. Thus, receptor status should be re-evaluated routinely before and after NAC to guide individualized 
treatment.
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Introduction

Neoadjuvant chemotherapy (NAC) has been regarded as 
a standard treatment for breast cancer before surgery, and 
is beneficial for tumor downstaging, increasing the rate of 
breast-conserving surgery, and assessing the response of 
the tumor to chemotherapy (1,2). Accumulating evidence 
has indicated that pathological complete response (pCR) 
following NAC serves as a crucial surrogate marker for 
prolonged survival outcomes and is therefore widely used as 
the primary endpoint in multiple NAC trials (3-5). In fact, 
most patients have residual disease at surgery, while only a 
small group of patients reach a pCR after NAC (5).

The prognosis and therapeutic response of breast cancer 
patients are significantly correlated with the expression 
status of the estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 2 (HER2), 
and Ki-67. The role of HR is to formulate the regimen 
of endocrine therapy, and for HER2, is that whether it is 
suitable to carry out targeted therapy. Both of the receptors, 
with the addition of Ki-67, can divide the breast cancer (BC) 
into several subtypes. Therefore, we can draw up a regimen 
of chemotherapy for each of the patients accordingly. All of 
the therapy can prevent tumor recurrence and metastasis 
in order to increase the rate of overall survival (OS) and 
disease-free survival (DFS) (6). Additionally, the receptor 
status before the initiation of NAC is required for the 
subsequent treatment planning. Therefore, in order to 
devise accurate individual NAC treatments according to 
the characteristics of tumors, routine examinations are 
performed to evaluate the status of ER, PR, HER2, and  
Ki-67 of the primary tumors. Meanwhile, the status of these 
biomarkers after NAC is also important for determining 
adjuvant systemic therapy. For instance, if patients had 
increased expression of hormone receptor (HR), HER2, 
and Ki-67 following NAC, and examinations for the 
immunohistochemical status in surgical specimens had not 
been performed, it may lead to a poor clinical outcome due 
to the lack of adjuvant hormonal treatment, anti-HER2 
regimens, and adjuvant chemotherapy after surgery. 

In this research, we have discovered discordance in the 

status of HR, HER2 and Ki-67 in patients with locally 
advanced breast cancer pre- and post-NAC, which means 
the status of HR and HER2 changed from positive to 
negative, negative to positive or even be stable, for Ki-67,  
the status changed from ≤20% to >20%, >20% to ≤20%, 
persistent ≤20% or persistent >20%. In previous studies, 
accumulating evidence has indicated a discordance in 
the expression of ER, PR, HER2, and Ki-67 pre- and 
post-NAC, and this conversion may serve as a potential 
prognostic factor, but the researchers just described a 
phenomenon about how the biomarkers change, and 
they didn’t illustrate why the change happened (7-10). 
Determining the relationship between the discordance in 
receptor expression status pre- and after NAC and long-
term survival outcomes prompts us to not only evaluate 
the response of the breast tumor to NAC but to adjust 
appropriate adjuvant treatments for breast cancer patients, 
but the previous researches simply divide the receptor status 
of study population into 2 group: stable and converted, 
which is incomplete to evaluate the relationship between 
conversion of receptor and OS, DFS (11). In this study, we 
innovatively divided the status of each receptor into four 
group and evaluated the relationship between discordance 
in status of receptors pre- and after NAC and long-term 
survival outcomes of patients with breast cancer. And we 
found out that PR conversion and ypN were independent 
prognostic factors for DFS and OS. Additionally, the 
frequency of receptor conversion after NAC varies in 
different studies. The discrepancy of receptor status 
between pre-surgery core needle biopsy (CNB) and 
surgical excision samples raises the question of whether re-
testing the receptor status post-NAC should be routinely 
performed. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-21-6924/rc).

Methods

The objective of this study was to assess the discordance 
of ER, PR, HER2, and Ki-67 status between CNB and 
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surgical excision specimens in patients with breast cancer 
and to determine their effects on long-term survival 
outcomes. The most significant aim was to determine 
whether these conversions may guide clinical practice. In 
the present study, we assessed pre-NAC and post-NAC 
biomarker status from 670 breast cancer patients. More 
importantly, the relationship between receptor conversion 
and long-term survival outcomes including disease-free 
survival (DFS) and overall survival (OS) was also evaluated 
in the present study.

Study population

We retrospectively collected data from patients diagnosed 
with primary breast cancer who received NAC and surgery 
at the Department of Breast Surgery, the First Affiliated 
Hospital of China Medical University and Cancer Hospital 
of China Medical University from February 2012 to 
September 2017. Data were stored in databases of both 
hospitals. We urged patients with breast cancer to undergo 
a review every 6 months. At the same time, with regard 
to patients who did not come to hospital on time, we 
organized a group to carry out follow-up by telephone. The 
median follow-up period was 52.0 months (ranging from 4.0 
to 99.0 months). 

Treatment

In this observational retrospective study, all patients 
received more than 1 cycle of NAC treatment using 
anthracycline-based regimens, taxane-based regimens, 
and anthracycline- and taxane-based regimens, followed 
by surgery with adjuvant radiotherapy, chemotherapy, and 
endocrine therapy whenever indicated. Twenty-five patients 
with HER2-positive breast cancer received trastuzumab-
containing NAC. Among 416 patients with HR-positive 
disease, 303 (72.8%) received adjuvant endocrine therapy 
with tamoxifen or an aromatase inhibitor. All patients 
were registered in the hospital-based breast cancer registry 
and follow-up database system. All patients underwent a 
structured postoperative follow-up, with regular clinical 
visits and selected imaging studies yearly. 

Evaluation of NAC response and outcome

We retrospectively identified demographic variables, 
pathological data from the biopsy before NAC, and the 

postoperative pathology report. Patient characteristics 
included age at diagnosis, menopausal status, body mass 
index (BMI), tumor size, post-neoadjuvant pathological 
lymph node stage (ypN), post-neoadjuvant pathological 
tumor stage (ypT), NAC regimens and cycles, clinical 
response to NAC, histological grade, and adjuvant therapies. 
The local and distant extent of disease was assessed by 
radiological examinations including breast ultrasound, 
mammography, breast magnetic resonance imaging (MRI), 
chest computed tomography (CT), bone scan, or abdominal 
ultrasound. The clinical response evaluation was based 
on the Response Evaluation Criteria in Solid Tumors 
(RECIST) v1.1. Partial response was defined as the sum 
of the longest diameter of the target lesion and the short 
axis of the target lymph node reduced by more than 30% 
compared with baseline. Progressive disease was defined 
as the sum of the longest diameter of the target tumor 
increasing at least 20%, taking as the reference the smallest 
sum recorded and absolute increase of at least 5 mm, or 
appearance of one or more new lesions, or unequivocal 
progression of non-target lesions. Stable disease was defined 
as neither progressive disease nor partial response criteria 
being met. We implemented immunohistochemistry on 
CNB and surgical excision specimens in patients with breast 
cancer, in order to obtain the frequency of changes of ER, 
PR, HER2 and Ki-67 pre- and after NAC.

Immunohistochemistry

The pathological assessments of morphological and 
biological features were performed in clinical laboratories 
of the First Affiliated Hospital of China Medical University 
and Cancer Hospital of China Medical University. 
Immunohistochemical analysis was performed on formalin-
fixed, paraffin-embedded tissue sections using standard 
procedures for breast tumor specimens obtained from CNB 
and surgical resections. ER, PR, and HER2 status and the 
Ki-67 index were evaluated by 2 experienced pathologists 
from the Department of Pathology independently. Positive 
ER and PR status was set at 1% of tumor cells with 
positive nuclear staining. Tumors were defined as HER2 
overexpression in cases of membrane staining of 3+ or 
amplified fluorescence in situ hybridization (FISH), while 
HER2 negativity was defined in cases of 0 (no membrane 
staining) or 1+ (weak and incomplete membrane staining) 
scores or 2+ plus negative FISH. Ki-67 expression was 
divided into high and low expression groups with a cutoff 
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of 20%. A pCR was defined as no invasive or in-situ tumor 
both in the resected breast specimens and sampled lymph 
nodes (ypT0 ypN0). 

Statistical analysis

All statistical analyses were performed using SPSS (IBM, 
version 23). DFS and OS were set as the endpoints of our 
study. DFS was calculated from the date of surgery to the 
date of first event (locoregional relapse, distant relapse, 
or death) and OS was calculated from the date of surgery 
to the date of death or last follow-up. The distribution 
of continuous variables between 2 groups was compared 
using one-way ANOVA, whereas the association between 2 
categorical variables was investigated with chi-squared and 
Fisher’s exact tests. The Kaplan-Meier method was used to 
calculate survival outcomes, and subgroups were compared 
by the log-rank test. Cox proportional hazards models were 
performed to evaluate the correlation between the alteration 
of receptor status and relapse or survival risk. The hazard 
ratio and 95% confidence intervals (CI) were calculated for 
each variable using the Cox univariate model. Few of date 
missed, and which was instead of the average.

Ethical statement

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). For the reason that The First 
Affiliated Hospital of China Medical University was the 
dominant of both units, the study was approved by the 
Institutional Review Board (IRB) of The First Affiliated 
Hospital of China Medical University [No. (2019)2019-72-
2]. As for Cancer Hospital of China Medical University, the 
IRB of this hospital did not implement an ethical review 
on retrospective study with single tumor of breast cancer. 
Individual consent for this retrospective analysis was waived.

Results

Patient characteristics

Although 1,192 patients were initially identified for 
inclusion in the study, 46 patients with bilateral breast 
cancer, 8 patients with inflammatory breast cancer, 58 
patients with progression and metastatic disease prior to 
surgery, and 154 patients with incomplete information 
were excluded. Of the 926 patients who received NAC 

treatment, 170 cases (18.4%) achieved pCR and 86 patients  
had insufficient residual tumor cells to evaluate the 
receptor status, and these patients were also excluded. To 
avoid heterogeneity, a total of 670 invasive ductal breast 
cancer patients with pre-NAC and matched surgical 
specimens were finally included in this study (Figure 1). 
We included 670 patients who fulfilled the study criteria 
at the Department of Breast Surgery in the First Affiliated 
Hospital of China Medical University and Cancer Hospital 
of China Medical University. Patient characteristics are 
shown in Table 1. After NAC treatment, 304 (45.3%) 
patients had a change in at least one receptor. ER, PR and 
HER2 status was changed in 151 (22.5%), 171 (25.5%), 
and 161 (24.0%) patients after NAC respectively. There 
were 586 (87.5%) patients’ Ki-67 status changed among 
670 patients with invasive ductal breast carcinoma. At a 
median follow-up of 52.0 months (ranging from 4.0 to 
99.0 months), 77 (11.5%) of 670 patients had died, and 91 
(13.6%) of 670 patients had experienced disease recurrence.

Univariate analysis (Tables 2,3) identified that the 
conversion of ER, PR, and Ki-67 status and ypN were 
significantly associated with both DFS and OS, and NAC 
cycles were also correlated with OS. The multivariate Cox 
proportional hazard analyses only included variables that 
were statistically significant (P<0.05) in univariate analyses. 
In multivariate Cox regression analyses (Tables 2,3), PR 
conversion and ypN were statistically significant for both 
DFS and OS. 

Survival analysis for ER conversion 

It has been shown that ER-positive status appears to be 
associated with better survival, but it is not known how 
receptor conversions affect the prognosis of breast cancer 
patients. Kaplan-Meier curves showed significantly greater 
DFS for patients with persistent ER positivity before and 
after NAC than the other 3 groups of patients (P=0.004, 
Figure 2A). A similar significant difference was also observed 
for OS (P=0.008, Figure 2B). The 5-year DFS and 5-year 
OS estimates for patients with persistent ER positivity were 
88% and 92%, respectively. Patients with ER negative 
conversion (78% and 81%), patients with ER positive 
conversion (85% and 83%), and patients with persistent ER 
negativity (78% and 79%) differed significantly. 

Survival analysis for PR conversion 

With regard to PR conversion groups, patients who 
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Figure 1 Flowchart showing the inclusion of patients in this study. NAC, neoadjuvant chemotherapy; pCR, pathologic complete response.

Patients receiving NAC
(n=1,192)

Included in this study
(n=926)

Non-pCR patients
(n=670)

Patients with no 
receptor conversions

(n=366)

Patients with any 
receptor conversions

(n=304)

Excluded:
Bilateral breast cancer (n=46)
Inflammatory breast cancer (n=8)
Progression before surgery (n=58)
Incomplete information (n=154)

Excluded:
Reached pCR (n=170)
Few tumor cells to evaluate 
receptor status (n=86)

remained PR positive after NAC had better survival in 
terms of both DFS (P<0.001, Figure 3A) and OS (P<0.001, 
Figure 3B). The 5-year DFS and 5-year OS estimates for 
patients with persistent PR positivity were 91% and 93%, 
respectively. Patients with PR negative conversion (85% 
and 87%), patients with PR positive conversion (81% and 
81%), and patients with persistent PR negativity (78% and 
80%) differed significantly. 

Survival analysis for HER2 conversion 

According to HER2 status, no significant survival differences 
were found in the 4 HER2 conversion groups in terms of 
DFS (P=0.264, Figure 4A) and OS (P=0.108, Figure 4B).  
The 5-year DFS and 5-year OS estimates for patients with 
persistent HER2 positivity were 88% and 92%, respectively. 
Patients with HER2 negative conversion (78% and 80%), 
patients with HER2 positive conversion (82% and 85%), 
and patients with persistent HER2 negativity (84% and 
86%) did not differ significantly. 

Survival analysis for Ki-67 conversion 

With regard to Ki-67 status, patients with persistent Ki-67  

≤20% before and after NAC had significantly greater 
DFS (P=0.042, Figure 5A) and OS (P=0.037, Figure 5B) 
compared with the other 3 groups of patients. The 5-year 
DFS and 5-year OS estimates for patients with persistent 
Ki-67 ≤20% were 87% and 85%, respectively. Patients with 
Ki-67 increased conversion (68% and 66%), patients with 
Ki-67 decreased conversion (85% and 87%), and patients 
with persistent Ki-67 >20% (69% and 77%) differed 
significantly. 

Outcomes of immunohistochemistry

The immunohistochemistry of  CNB and surgical 
excision samples was conducted in clinical laboratories, 
we analysed and obtained the expression level of ER, 
PR, HER2 and Ki-67. In the clinical laboratories, ER 
positive status was set at 1% of tumor cells with positive 
nuclear staining (Figure S1A) and negative nuclear 
staining or less than 1% of tumor cells with positive 
nuclear staining represented ER negative (Figure S1B), 
which are in accordance with PR positive (Figure S1C) 
and negative (Figure S1D). The immunohistochemical 
staining of Ki-67 can also be divided into 2 parts, is that 
≤20% (Figure S1E) and >20% (Figure S1F), in order to 

https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
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Table 1 Characteristics of patients with invasive ductal breast cancer

Characteristics Number (n) Average ± SD Percentage t P

Age −33.43 <0.001

≤40 years 79 35.15±3.95 11.8%

>40 years 591 53.30±7.60 88.2%

BMI −1.09 0.613

Underweight (<18.5) 18 17.73±0.58 2.7%

Normal (18.5–24.9) 400 20.66±6.68 59.7%

Overweight (25–29.9) 218 26.88±1.36 32.5%

Obese (≥30) 34 30.73±1.49 5.1%

Menopausal status

Pre-menopausal 183 27.3%

Post-menopausal 273 40.7%

Unknown 214 32.0%

Initial ER status

Positive 393 58.7%

Negative 277 41.3%

ER status after surgery

Positive 410 61.2%

Negative 260 38.8%

Initial PR status

Positive 344 51.3%

Negative 326 48.7%

PR status after surgery

Positive 311 46.4%

Negative 359 53.6%

Initial HER2 status

Positive 259 38.7%

Negative 411 61.3%

HER2 status after surgery

Positive 176 26.3%

Negative 494 73.7%

Initial Ki-67 status −42.97 <0.001

>20% 477 50.30±17.06 71.2%

≤20% 193 12.17±5.85 28.8%

Table 1 (continued)
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Table 1 (continued)

Characteristics Number (n) Average ± SD Percentage t P

Ki-67 status after surgery 39.201 <0.001

>20% 382 47.88±16.58 57.0%

≤20% 288 11.82±6.04 43.0%

ypN

0 229 34.2%

1 208 31.0%

2 131 19.6%

3 102 15.2%

ypT

1 304 45.4%

2 322 48.1%

3 20 2.9%

4 24 3.6%

Histological grade

Unknown 259 38.7%

1 10 1.5%

2 346 51.6%

3 55 8.2%

Clinical response

Stable disease 313 46.7%

Partial response 357 53.3%

NAC cycles

<4 cycles 218 32.5%

≥4 cycles 452 67.5%

NAC regimen

Anthracycline-based 96 14.3%

Taxane-based 81 12.1%

Anthracycline and taxane-based 493 73.6%

Biological subtypes

HR+/HER2− 279 41.6%

HR−/HER2+ 128 19.1%

HR+/HER2+ 136 20.3%

TNBC 127 19.0%

BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; ypN, post-
neoadjuvant pathological node stage; ypT, post-neoadjuvant pathological tumor stage; NAC, neoadjuvant chemotherapy; HR, hormone 
receptor; TNBC, triple negative breast cancer.
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Table 2 Univariate and multivariate Cox regression analyses of disease-free survival

Variables Patients (n)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age 0.249

≤40 years 79 1

>40 years 591 1.574 (0.728–3.404)

ER conversion 0.005 0.400

Remained positive 326 1 1

Remained negative 193 2.285 (1.149–3.678) 0.001 0.983 (0.516–1.872) 0.958

Positive to negative 67 1.949 (0.998–3.808) 0.051 1.443 (0.669–3.111) 0.349

Negative to positive 84 1.246 (0.609–2.550) 0.548 0.595 (0.253–1.403) 0.236

PR conversion <0.001 0.008

Remained positive 242 1 1

Remained negative 257 3.525 (1.987–6.253) <0.001 3.319 (1.587–6.939) 0.001

Positive to negative 102 1.909 (0.893–4.078) 0.095 1.607 (0.681–3.792) 0.279

Negative to positive 69 2.461 (1.130–5.359) 0.023 3.181 (1.265–7.999) 0.014

HER2 conversion 0.273

Remained positive 137 1

Remained negative 372 1.370 (0.743–2.525) 0.313

Positive to negative 122 1.938 (0.981–3.826) 0.057

Negative to positive 39 1.523 (0.578–4.010) 0.395

Ki-67 conversion 0.010 0.067

Remained >20% 304 1 1

Remained ≤20% 115 2.969 (1.175–3.298) 0.044 1.662 (0.965–2.862) 0.652

>20% to ≤20% 173 1.022 (0.533–2.020) 0.235 0.623 (0.468–1.562) 0.093

≤20% to >20% 78 0.896 (0.519–1.893) 0.128 1.256 (0.899–2.354) 0.523

ypN <0.001 <0.001

0 229 1

1 208 0.885 (0.482–1.626) 0.693 1.039 (0.561–1.922) 0.094

2 131 1.659 (0.924–2.979) 0.090 1.860 (1.029–3.363) 0.040

3 102 2.814 (1.612–4.910) <0.001 3.241 (1.845–5.694) <0.001

ypT 0.270

1 304 1

2 322 1.269 (0.817–1.969) 0.289

3 20 2.203 (0.860–5.642) 0.100

4 24 1.805 (0.703–4.632) 0.220

Table 2 (continued)
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Table 2 (continued)

Variables Patients (n)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Clinical response 0.106

Stable disease 313 1

Partial response 357 1.406 (0.930–2.126)

NAC cycles 0.110

<4 cycles 218 1

≥4 cycles 452 1.407 (0.925–2.138)

NAC regimen 0.440

Anthracycline-based 96 1

Taxane-based 81 1.682 (0.745–3.797) 0.211

Anthracycline- and taxane-based 493 1.270 (0.649–2.483) 0.485

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; ypN, post-neoadjuvant pathological 
node stage; ypT, post-neoadjuvant pathological tumor stage; NAC, neoadjuvant chemotherapy.

Table 3 Univariate and multivariate Cox regression analyses of overall survival

Variables Patients (n)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age

≤40 years 79 1 0.303

>40 years 591 1.550 (0.673–3.566)

ER conversion 0.010 0.486

Remained positive 326 1 1

Remained negative 193 2.418 (1.429–4.091) 0.001 0.956 (0.476–1.920) 0.900

Positive to negative 67 2.033 (0.972–4.253) 0.059 1.424 (0.608–3.335) 0.415

Negative to positive 84 1.557 (0.744–3.259) 0.240 0.609 (0.249–1.490) 0.277

PR conversion <0.001 0.002

Stable positive 242 1 1

Stable negative 257 4.177 (2.164–8.066) <0.001 4.270 (1.863–9.785) 0.001

Positive to negative 102 1.954 (0.810–4.717) 0.136 1.701 (0.626–4.625) 0.298

Negative to positive 69 3.347 (1.451–7.723) 0.005 4.510 (1.661–12.246) 0.003

HER2 conversion 0.124

Remained positive 137 1

Remained negative 372 1.996 (0.940–4.240) 0.072

Positive to negative 122 2.729 (1.202–6.198) 0.016

Negative to positive 39 2.053 (0.671–6.281) 0.208

Table 3 (continued)



Chen et al. Impact of receptors conversions on survivalPage 10 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(2):93 | https://dx.doi.org/10.21037/atm-21-6924

Table 3 (continued)

Variables Patients (n)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Ki-67 0.049 0.300

Remained >20% 304 1 1

Remained ≤20% 115 1.719 (1.003–2.946) 0.002 1.354 (0.763–2.403) 0.598

>20% to ≤20% 173 2.963 (1.002–3.689) 0.046 1.562 (0.655–2.369) 0.056

≤20% to >20% 78 0.693 (0.235–1.539) 0.367 1.238 (0.569–2.335) 0.240

ypN <0.001 <0.001

0 229 1 1

1 208 0.902 (0.464–1.755) 0.762 1.127 (0.574–2.212) 0.728

2 131 1.641 (0.861–3.130) 0.133 1.867 (0.971–3.587) 0.061

3 102 3.011 (1.648–5.502) <0.001 3.452 (1.876–6.352) <0.001

ypT 0.081

1 304 1

2 322 1.428 (0.876–2.327) 0.153

3 20 2.837 (1.088–7.395) 0.033

4 24 2.338 (0.895–6.112) 0.083

Clinical response

Stable disease 313 1 0.102

Partial response 357 1.456 (0.928–2.284)

NAC cycles 0.034 0.026

<4 cycles 218 1 1

≥4 cycles 452 1.630 (1.038–2.559) 1.683 (1.063–2.663)

NAC regimen 0.827

Anthracycline-based 96 1

Taxane-based 81 1.210 (0.479–3.059) 0.687

Anthracycline- and taxane-based 493 1.250 (0.615–2.542) 0.537

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; ypN, post-neoadjuvant pathological 
node stage; ypT, post-neoadjuvant pathological tumor stage; NAC, neoadjuvant chemotherapy.

separate the molecular subtype of breast cancer patients. 
Tumors were defined as HER2 overexpression in cases 
of membrane staining of 3+ or 2+ plus amplified FISH 
(Figure S1G), while HER2 negativity was defined in cases 
of 0 (no membrane staining) or 1+ (weak and incomplete 
membrane staining) scores or 2+ plus negative FISH  
(Figure S1H). 

Discussion

Currently, NAC is the standard therapeutic option for 
breast cancer. pCR has been identified as a surrogate 
endpoint for predicting long-term clinical benefit. pCR 
patients tend to have a favorable prognosis, and the 
residual tumors are reduced for re-testing the biomarker 

https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-6924-Supplementary.pdf
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expression post-NAC (3,4). However, in non-pCR patients, 
the prognosis is worse, and it is crucial to find potential 
biomarkers to distinguish patients with different long-term 
outcomes. Numerous studies have reported discordances 
in ER, PR, HER2, and Ki-67 status pre- and post-NAC. In 
our study, we aimed to evaluate the discordance of receptor 
status in paired pre-surgery CNB and excision specimens in 
breast cancer patients treated with NAC, considering that 

receptor conversion may have crucial clinical implications 
for the prognosis of patients. Besides, receptor conversion 
may also have an impact on the selection of adjuvant 
chemotherapy, since altered receptor status after NAC may 
contribute to changing the subsequent adjuvant therapy 
regimen. 

Changes in receptor and Ki-67 status occur for 2 
distinct reasons. Firstly, the heterogeneity of the receptor 

Figure 2 Disease-free survival (DFS) (A) and overall survival (OS) (B) curves according to estrogen receptor (ER) conversion. 

Figure 3 Disease-free survival (DFS) (A) and overall survival (OS) (B) curves according to progesterone receptor (PR) conversion.
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itself may result in the conversion of receptors and Ki-67 
status. The current understanding of the discordance in 
receptor status pre- and post-NAC is diverse and elusive. 
Undoubtedly, NAC therapy may induce alterations of gene 
expression profiles to some extent, and thus contribute to 
receptor conversion. For instance, negative conversion of 

HR after NAC might be related to the decreasing level of 
hormones due to suppressed function of the ovaries (12).  
Given that sampling and detection techniques have 
significantly improved, intra-tumor heterogeneity may 
have a huge impact on receptor discordance (13,14). Intra-
tumor heterogeneity refers to distinct genetic, phenotypic, 

Figure 4 Disease-free survival (DFS) (A) and overall survival (OS) (B) curves according to human epidermal growth factor receptor-2 (HER2) 
conversion. 

Figure 5 Disease-free survival (DFS) (A) and overall survival (OS) (B) curves according to Ki-67 conversion.
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and behavioral features of cancer cells which coexist in the 
primary foci. For instance, different expression of ER, PR, 
HER2 and Ki-67 is observed not only in primary tumors 
between different regions, but also between primary tumors 
and other metastatic or recurrent lesions. Intra-tumoral 
heterogeneity is considered as a defining characteristic of 
breast tumors, thus the small tissue samples obtained by 
biopsy may not represent the characteristics of the entire 
tumor, and receptor discordance may result from sampling 
errors. Breast tumors with high heterogeneity were found 
to be correlated with less immune cell infiltration, weaker 
immune response, and worse survival outcomes (15). 
Additionally, ER heterogeneity serves as an independent 
long-term prognostic factor, which may have implications 
for therapeutic schedules, especially for luminal A  
subtype (16). However, because of tumor heterogeneity, 
we could not guarantee that every CNB sample or even 
surgical excision samples represented the overall receptor 
status (17). Secondly, there has been a shift in the test 
methods of molecular receptor expression levels—PAM50 
to immunohistochemistry—which could also influence the 
result. In conclusion, there could be some small bias in the 
data, which warrants investigation as to how to avoid this. 

The effect of HR status conversion on prognosis is still 
controversial. A meta-analysis showed that breast cancer 
patients with negative HR conversion displayed worse DFS 
and OS compared to patients with unchanged positive HR 
expression, which is consistent with our study (18). This 
reminds us that the loss of HR expression indicates greater 
aggressiveness of breast tumors. In fact, the conversion of 
HR status did not seem to be the only factor affecting the 
long-term survival outcome. The non-administration of 
adjuvant endocrine therapy may also correlate with a worse 
prognosis (19). Lim et al. found that although patients 
with positive HR expression were treated with adjuvant 
endocrine therapy, the survival outcomes of patients who 
converted from positive HR to negative HR were worse 
than those who remained HR positive (20). In a study 
which enrolled 231 patients with residual breast tumors 
after NAC, Yang et al. found that with adjuvant endocrine 
therapy after NAC and operation, patients with unchanged 
receptor status had significantly higher DFS than patients 
with any receptor conversion (21). Hirata et al. proposed 
that patients with changes in HR status after NAC but 
who did not receive endocrine therapy had worse survival 
outcomes than endocrine therapy-administered patients 
with unchanged positive HR (19). These results illustrate 

that it is necessary to evaluate the HR status of lesions not 
only in the pre-NAC CNB samples but also in surgical 
specimens after NAC, and hormonal therapy is suitable 
for patients with positive HR status conversion. Above 
all, whether conversion of HR status has crucial clinical 
implications for choice of adjuvant endocrine therapy is still 
unknown, especially when HR negative patients’ receptor 
status turns into positive, so more attention should be paid 
to this topic. 

The rates of HER2 discordance and its prognostic 
value has been widely investigated. Faneyte et al. proposed 
that HER2 status variation between CNB and surgical 
specimens was less frequent than HR alteration, suggesting 
that HER2 status may be more resistant to the modulatory 
effects of NAC (22). Besides, they also reported that 
positive conversion of HER2 status was more common than 
negative conversion. However, in the current study, we 
discovered that the rate of HER2 alteration was higher than 
ER conversion, and positive conversion was less common. 
These conflicting results may be explained by the different 
HER2 measurements and proportions of patients receiving 
anti-HER2 therapy. Multiple studies indicated that HER2 
loss after NAC was correlated with a poorer prognosis 
(8,23,24). Nevertheless, a large retrospective study 
comprising 588 non-pCR patients indicated that HER2 
discordance has no effect on prognosis, regardless of HER2 
status before NAC (25). These inconsistent results may be 
resolved by increasing the number of specimens in larger 
randomized clinical trials. 

The effect of Ki-67 status conversion on prognosis is 
still controversial. Li et al. proposed that Ki-67 before and 
after NAC, as well as the conversion, could predict the 
prognosis of breast cancer patients (17). However, it has yet 
to be determined how conversion affects the prognosis of 
patients with breast cancer. These results illustrate that it is 
necessary to evaluate the Ki-67 status of lesions not only in 
the pre-NAC CNB samples but also in surgical specimens 
after NAC, and chemotherapy is suitable for patients with 
Ki-67 status conversion (>20% to ≤20%). Therefore, 
conversion of Ki-67 status may have crucial clinical 
implications for adjuvant chemotherapy especially when a 
patient with Ki-67 status >20% changes to ≤20%.

We acknowledge multiple limitations in the current 
study. Firstly, although the majority of patients were treated 
with standard chemotherapy, there were some difficulties in 
actual practice. Therefore, this may have introduced bias in 
the study, as a minority of patients did not receive the same 

https://pubmed.ncbi.nlm.nih.gov/?term=Li+L&cauthor_id=28088868
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NAC scheme. Secondly, various studies have demonstrated 
changed ER, PR, and HER2 status between CNB and 
surgical specimens without NAC treatment. Finally, this is 
a retrospective study, which should be categorized as real-
world research, and some missing data exists in the current 
study due to the influence of the condition of patients. 
Given that the amount of missing data is small, the results 
may not be significantly influenced by this bias. Therefore, 
an additional trial that comprises a larger patient population 
treated with an identical therapeutic scheme should be 
conducted to further identify the prognostic value of 
receptor conversion after NAC in breast cancer. 

For treatment to patients with breast cancer who may 
undergo a NAC, firstly, we should evaluate the status 
of receptors of CNB specimens, and implement NAC 
according to molecular subtype. Secondly, whether we 
should carry out the endocrine or targeted therapy and 
how to carry out based on the molecular subtype of surgical 
excision specimens. Therefore, not only the molecular 
subtype before NAC but after NAC does matter in the 
period of treatment, and the conversion in status of receptor 
can be a guidance to treatment options. For prognosis, the 
statistic outcomes differed in diverse molecular subtype. 
And the discordance in status of receptor pre- and after 
NAC portends diverse survival outcomes. Thus, receptor 
status should be re-evaluated routinely before and after 
NAC to guide individualized treatment.

Conclusions

The discordance rates of ER, PR, HER2, and Ki-67 
status were 22.5%, 25.5%, 24.0%, and 56.9% in patients 
after NAC, respectively. After NAC treatment, 304 
(45.3%) patients had a change in at least 1 receptor. We 
demonstrated that persistent ER positivity after NAC 
resulted in better survival in terms of both OS and DFS 
compared with the other 3 groups. Similar results were 
found for PR status. In contrast, Ki-67 status less than or 
equal to 20% had better survival in terms of both OS and 
DFS compared with the other 3 groups. In the multivariate 
Cox regression analysis, PR conversion was an independent 
prognostic factor for DFS and OS. Thus, receptor and Ki-67  
status examination should be performed routinely after 
NAC. Understanding the alteration of receptors and Ki-67 
status is not only of important prognostic value, it may also 
help make treatments for breast cancer more individualized.
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Figure S1 Representative immunohistochemical staining. ER positive (A) and ER negative (B), PR positive (C) and PR negative (D), Ki-
67≤20% (E) and Ki-67>20% (F), HER2 positive (score 2+ plus positive FISH, score 3+, G) and HER2 negative (score 2+ plus negative 
FISH, score 0 and score 1+, H). ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; 
FISH, fluorescence in situ hybridization. 
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