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Neoadjuvant chemothera
py reduces the
expression rates of ER, PR, HER2, Ki67,
and P53 of invasive ductal carcinoma
Jian-Heng Peng, MDa, Xiang Zhang, MDb, Jun-Long Song, MDc, Liang Ran, MDa, Rong Luo, MDa, Hong-Yuan
Li, MDb,∗, Yong-Hong Wang, MDa,∗

Abstract
To analyze whether neoadjuvant chemotherapy (NAC) changes the expression rates of invasive ductal carcinoma (IDC) markers:
estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), Ki67, and P53.
This was a retrospective study of 112 IDC patients who underwent NAC (docetaxel+epirubicin/pirarubicin+cyclophosphamide)

but without pathological complete response (pCR) in 2012 to 2013 at the First Affiliated Hospital of Chongqing Medical University.
The IDC subtypes and tumor protein markers were analyzed by immunohistochemistry (IHC). Specific changes in tumor protein
markers before/after NAC were compared.
The decrease in the positive rate of Ki-67 was the most significant, from 75.9% before NAC to 41.1% after NAC (P< .001). The

positive rate of HER2 decreased from 42.0%before NAC to 32.1% after NAC (P= .04). The positive rate of ER decreased from 66.1%
before NAC to 56.2% after NAC (P= .04). Increased number of metastatic lymph nodes (P= .006) and body mass index (BMI)
(P= .028) seemed to be related to conversion of PR (positive to negative). There was statistical association between the Ki-67
(positive to negative) with the age greater or equal to 50 (P= .015). The BMI greater or equal to 24 (P= .021), age greater or equal to
50 (P= .047), and blood type A (P= .038) were independently associated with conversion of P53 (positive to negative). The BMI
greater or equal to 24 (P= .004), number of metastatic lymph nodes greater or equal to 1 (P= .029) and TNM stages I–II (P= .008)
were statistically associated with change of HER2 (positive to negative).
In patients without pCR, NAC leads to changes in Ki-67, HER2, and hormone receptor (HR) expression. Age, BMI, number of

metastatic lymph nodes, and TNM stage are associated with some changes of markers.

Abbreviations: AJCC=American Joint Committee on Cancer, BC= breast cancer, BMI= bodymass index, BSA= body surface
area, CNB = coarse needle biopsy, DCIS = ductal carcinoma in situ, ER = estrogen receptor, HER2 = human epidermal growth
factor receptor 2, HR = hormone receptor, IDC = invasive ductal carcinoma, IHC = immunohistochemistry, ILC = invasive lobular
carcinoma, NAC = neoadjuvant chemotherapy, pCR = pathological complete response, PR = progesterone receptor.

Keywords: breast cancer subtype, IDC, markers, neoadjuvant chemotherapy
1. Introduction

Conversion of the hormone receptor (HR) status and human
epidermal growth factor receptor 2 (HER2) status after
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neoadjuvant chemotherapy (NAC) can be used to predict the
prognosis of breast cancer patients.[1] However, there is a lack of
data about markers’ exact conversions in patients with invasive
ductal carcinoma (IDC) without pathological complete response
(pCR).
Breast cancer (BC) is a heterogeneous disease encompassing all

malignant lesions arising in the breast, including IDC, invasive
lobular carcinoma (ILC), and ductal carcinoma in situ (DCIS). In
the United States, BC is the most common cancer among women
and the 2nd most common cause of death among women.[2] The
lifetime risk of BC among American women is 12.4%.[2] In
China, BC remains the most common cancer in women, but its
incidence in China is lower than in the United States (21.6 vs 76.0
per 100,000 women),[3] suggesting differences in risk factors and
tumor biology. Nevertheless, BC remains an important health
issue in China.
TheNAC has been established as a standard treatment strategy

for patients with locally advanced BC and operable BC that
have to be down-sized to improve respectability.[4] The NAC has
some advantages, such as a reduction in the extent of surgery,
providing information on the sensitivity to chemotherapy,[5]

reducing the size of the tumor, down-staging the tumor,
improving the probability of breast conserving surgery, and
destroying distant micrometastatic lesions.[6]

Besides the histological subtypes, BC can also be classified
according to protein expression and molecular profile. Using
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immunohistochemistry (IHC), BC can be classified as these
subtypes: HR-positive, HER2-positive, and triple-negative; these
subtypes have distinct natural history and therapeutic
approaches.[7–10] Using a genome-wide approach, it is now
known that BC can be classified into 7 biologic subtypes: luminal
A, luminal B, luminal C, HER2-enriched, basal-like, claudin-low,
and normal breast-like.[7] Luminal A BC represents 40% of all
cases; they are sensible to hormonal manipulations, but less to
chemotherapy; their prognosis is favorable.[11] Luminal B BC
represents 20% of all cases; they are characterized by genomic
instability, poor response to NAC, and a poorer prognosis than
luminal A BC.[11] The HER2-enriched BC is characterized by
HER2 overexpression and represents 20 to 30% of all BC; their
prognosis is poorer than luminal A BC.[11] Basal-like BC
represents about 15% of all BC; they are generally ER-negative,
PR-negative, and HER2-negative; their prognosis is poor.[11]

Genomic profiling is expensive and not available everywhere, but
IHC can be used to estimate the genomic profile (Table 1).[12]

The 2013 St Gallen Consensus Conference focused on the
choice of treatment options, based on BC subtypes, for the
treatment of HER2-positive BC and triple-negative BC, and
the original recommendation for systemic treatment was
basically maintained.[13] The expert group considered that the
main purpose to distinguish between luminal A (sensitive to
endocrine therapy, indolent, with good prognosis) and luminal B
(insensitive to endocrine therapy, with strong invasion, and poor
prognosis) is to determine whether adjuvant cytotoxic chemo-
therapy is effective in these patients.[13] Therefore, tumor protein
markers play a very important role in determining BC subtypes,
in order to directly determine the treatment strategy and
prognosis of patients with BC.
Some studies revealed that NAC affects the tumor protein

markers expression and status.[14–21] The classification of BC
subtypes based on tumor protein markers plays a very important
role in systemic therapy and prognosis.[22] Therefore, because of
these changes, chemotherapy, endocrine, and/or targeted therapy
cannot be made based only on the IHC results obtained before
NAC. Instead, systemic therapy should be guided by the results of
multiple IHC from before and after NAC, and from eventual
recurrences.[23]

Most studies examined the prognosis impact of these changes
in tumors with pCR to NAC.[13–20] Therefore, the purpose of the
present study was to analyze the pathological data of patients
without pCR after NAC and to analyze the actual changes of
tumor protein markers of IDC.
Table 1

The 13th St Gallen international expert consensus on breast cancer s

Molecular classification Clinical-pathological alternative cla

Luminal A Luminal A-like
Luminal B Luminal B-like (HER2-negative)

Luminal B-like (HER2-positive)

HER2-enriched HER2 positive (non-luminal)

Basal-like Triple-negative

ER= estrogen receptors, HER2=human epidermal growth factor receptor 2, PR=progesterone recepto

2

2. Material and methods

2.1. Study design and patients

This was a retrospective study of patients with IDC treated
between July 2012 and December 2013 at the Endocrine and
Breast Surgery of the First Affiliated Hospital of Chongqing
Medical University (China). The inclusion criteria were: First,
underwent core needle biopsy (CNB) before NAC. Second,
received 4 courses of standard NAC (docetaxel, 75mg/m2 iv d1,
epirubicin/pirarubicin, 50mg/m2 iv dl, cyclophosphamide, 500
mg/m2 iv dl, q21d). Third, female. Fourth, available clinical and
radiologic assessments, pathology reports, and operative reports.
The exclusion criteria were: First, inflammatory BC. Second, de
novometastatic. Third, bilateral BC. Fourth, accepted other types
of therapies, such as endocrine therapy, radiation therapy,
targeted therapy, etc. Fifth, achieved pCR after NAC. The PCR
was determined by microscopic examination of the resected
tumor and lymph nodes after NAC. The PCR was defined as the
disappearance of all invasive lesions from the breast and lymph
nodes. The presence of DCIS only after NAC was considered as
pCR.[24,25]

This study was approved by the Institutional Review Board of
the First Affiliated Hospital of Chongqing Medical University.
The need for individual consent was waived by the Board because
of the retrospective nature of the study.
2.2. Data collection

Age, body mass index (BMI), body surface area (BSA),
menstruation, American Joint Committee on Cancer (AJCC)
TNM stage,[26] Nottingham grade, and tumor location were
collected from the medical charts. According to the classification
criteria of China, BMI>24.0 was defined as overweight.[27] For
each sample, the histological type and the Nottingham grade of
the tumor were determined according to the criteria of Elston
and Ellis:[28] The 3 to 5 points was regarded as grade I (high
differentiation), 6 to 7 points was regarded as grade II (moderate
differentiation), and 8 to 9 points was regarded as grade III
(poor differentiation).
2.3. Immunohistochemistry

The histological diagnosis was performed on formalin-fixed
(within 30 minutes of sampling) and paraffin-embedded breast
tissue blocks from pretreatment biopsies and mastectomies. All
ubtype[12].

ssification

ER-and PR-positive, HER2-negative, Ki-67<14%
ER-positive, HER2-negative
One of the following criteria:
Ki-67 ≥14%
PR<20%
ER-positive
HER2 over-expression or amplification
Any Ki-67
Any PR
HER2 over-expression or amplification
ER- and PR-negative
ER- and PR-negative
HER2-negative

r.



Table 2

Characteristics of the patients.

Variables Values

Age, y 48.6±8.2
Body mass index (kg/m2) 23.96±2.9
≥24, n (%) 56 (50)
<24, n (%) 56 (50)
Body surface area (m2) 1.57±0.12
Menopausal status, n (%)
Non-menopausal 68 (60.7)
Menopausal 44 (39.3)

Blood type, n (%)
A 41 (36.6)
B 19 (17)
O 41 (36.6)
AB 11 (9.8)

Histological type, n (%)
Ductal carcinoma 112 (100)

Affected side, n (%)
Left 50 (44.6)
Right 62 (55.4)

Quadrant, n (%)
Lateral-superior 70 (62.5)
Others 42 (37.5)

T-stage, n (%)
T1 35 (31.3)
T2 65 (58)
T3 7 (6.2)
T4 5 (4.5)

Nottingham Grade, n (%)
I/III 6 (5.4)
II/III 95 (84.8)
III/III 11 (9.8)

pN, n (%)
pN0 41 (36.6)
pN1 38 (33.9)
pN2–3 33 (29.5)
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IHC analyses were carried out at the Pathology Department of
Chongqing Medical University and evaluated by light microsco-
py blindly and independently by 2 pathologists (assistant
professor and professor); in case of disagreement, the case was
reviewed by a committee of 5 pathologists (professors). The
antibodies were: monoclonal mouse antibody against ER-a
(clone 1D5; 1:200; Dako, Glostrup, Denmark); monoclonal
mouse antibody against PR (clone pgR636; 1:200; Dako,
Glostrup, Denmark); monoclonal antibody against Ki67 (clone
MIB-1; 1:200; Dako, Glostrup, Denmark); polyclonal antibody
against HER2/neu (1:200; Dako, Glostrup, Denmark); and
monoclonal antibody against human p53 (DO-7; 1: 200; Dako,
Glostrup, Denmark). The cutoff value for estrogen receptor (ER)
and progesterone receptor (PR) positivity was 10% positive
tumor cells with nuclear staining.[29] The HR negativity was
defined as negative for both ER and PR.
The HER2 status was determined as 0, 1+, 2+, or 3+ in

accordance with the guidelines published by Sauter et al[30].
Tumors with a score of 0 or 1+ were regarded as HER2-negative
and those with a score of 3+ were regarded as HER2-positive.
Tumors with a 2+ staining were tested for gene copy numbers of
Her2 by in-situ hybridization. Using a kit with 2 probes of
different colors (ZytoDot, 2C SPEC HER2/CEN17, Zyto Vision
Ltd, Bremerhaven, Germany), the gene copy numbers of HER2
and centromeres of the corresponding chromosome 17 were
retrieved. A HER2/CEP17 ratio of ≥ 2.2 was considered as
amplification of HER2.
According to the 2014 StGallen Consensus,[31] PR>20%helps

improve the accuracy of distinguishing between luminal A and
luminal B BC. A P53 expression>10% is considered as a positive
expression.[32] Ki67 was scored as the percentage of nuclei-stained
cells out of all cancer cells in the invasive front of the tumor
regardless of the intensity in�400 high-power fields; 500 to 1000
tumor cells were counted in each case. For Ki-67, ≥14% was
considered as positive.[13] Classification criteria for BC subtypes
were based on the 2013 St Gallen Consensus (Table 1).[12]

2.4. Statistical analysis

Analyses were conducted using SPSS 16.0 (IBM, Armonk, NY).
The clinicopathological parameters (age, BMI, BSA, and tumor
protein markers expression rates) were continuous data and
expressed as mean± standard deviation. Menopausal status,
number of offspring, blood group, TNM stage, and the number
of changes in tumor protein markers were categorical data and
expressed as number and percentage. The average expression rates
of ER, PR, P53, and Ki-67 before and after NAC were evaluated
using the paired t test. Changes in tumor protein markers and BC
subtypes before and after NAC were paired categorical data and
analyzed using the McNemar and McNemar-Bowker tests.
Multivariate regression analysis was used to determine the
predictor of markers changing after NAC. Two-sided P-values
< .05 were considered statistically significant.

3. Results

3.1. Characsteristics of the patients

During the study period, 157 patients completed NAC, and all
underwent breast surgery within a week. Among them, 45
patients achieved a pCR and 112 did not. Table 2 presents the
characteristics of the study patients. Mean age was 48.6±8.2
years, mean BMI was 24.0±2.9kg/m2, and BSA was 1.57±0.12
m2. Among the 112 patients, 44 (39.3%) were menopausal; 112
3

(100%) had IDC; 35 (31.3%)were stage I, 65 (58.0%)were stage
II, 7 (6.2%) were stage III, and 5 (4.5%) were stage IV; 6 (5.4%)
were grade I/III, 95 (84.8%) were grade II/III, and 11 (9.8%)were
grade III/III; 41 (36.6%) were pN0, 38 (33.9%) were pN1, and
33 (29.5%) were pN2-3.
3.2. Expression of tumor protein markers before and after
NAC

The IHC staining (Fig. 1) before NAC revealed that the highest
and lowest positive rates were for Ki-67 and HER2, respectively
(75.9% and 42%); while the highest and lowest positive rates
were for ER and HER2 (56.2% and 32.1%) after NAC. The
decrease in the positive rate of Ki-67 after NAC was the more
important, from 75.9% before NAC to 41.1% after NAC
(P< .001). The positive rate for HER2 decreased from 42.0%
before NAC to 32.1% after NAC (P= .04). The positive rate of
ER decreased from 66.1% before NAC to 56.2% after NAC
(P= .04). There was no significant change in PR and P53
(Table 3).

3.3. Analysis of changes in tumor protein markers before
and after NAC

The analysis of changes in individual tumor protein marker
is shown in Table 4 and revealed that before and after NAC,

http://www.md-journal.com


Figure 1. Representative images of IHC for the markers of IDC tested in breast cancer. Left row is negative staining and right row is positive staining. All the slides
were analyzed in x 200 microscope objective and the scale is 50mm. IDC = invasive ductal carcinoma, IHC = immunohistochemistry.
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tumor protein markers changed at different degrees. The
smallest and largest changes occurred in HER2 (20.5%) and
Ki-67 (40.2%), respectively. The highest positive-to-negative
change rate occurred for Ki-67 (37.5%), while the smallest
4

change was for HER2 (15.2%). In addition, the negative-to-
positive changes were just the opposite that is the largest
change occurred in P53 (13.3%), while the smallest occurred in
Ki-67 (2.7%).



Table 3

Tumor immunohistochemistry before and after NAC.

Positive Negative McNemar test

Before chemotherapy After chemotherapy Before chemotherapy After chemotherapy P

ER 74 (66.1) 63 (56.2) 38 (33.9) 49 (43.8) .043
PR 53 (48.2) 46 (37.5) 59 (51.8) 66 (62.5) .248
P53 67 (59.8) 64 (57.1) 45 (40.2) 48 (42.9) .728
Ki-67 85 (75.9) 46 (41.1) 27 (24.1) 66 (58.9) <.001
HER2 47 (42.0) 36 (32.1) 65 (58.0) 76 (67.9) .035

ER= estrogen receptors, HER2=human epidermal growth factor receptor 2, NAC=neoadjuvant chemotherapy, PR=progesterone receptor.
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Before and after NAC, only the average expression rate of Ki-
67 were decreased (from 28.6±19.2% to 19.7±18.5%,
P< .001). There were no significant differences in ER (from
39.0±33.7 to 42.2±37.3%, P= .30), PR (from 27.0±31.3% to
24.1±31.7%, P= .27), or P53 (from 29.6±28.0% to 31.4±
29.7%, P= .51).
3.4. Analysis of BC subtypes before and after NAC

The proportions of luminal A-like, HER2-positive, and triple-
negative BC subtypes increased after NAC, while that of luminal
B-like decreased. The proportion of luminal A-like BC increased
from 16.1% to 30.4% after NAC. The largest change occurred in
luminal B-like (HER2-negative), which reduced from 26.8% to
5.3% (P< .001) (Table 5).
3.5. Multivariate regression analysis to determine the
predictor of markers change after NAC.

In the subsequent multivariate regression analysis, changes of
markers were defined as the dependent variables. Lateral-
superior Quadrant (OR=0.586, P= .035) was observed to be
independently associated with change in ER (Negative→Positive)
(Table 6). Increased number of lymph nodes (OR=0.237,
P= .006) and BMI (OR=0.305, P= .028) seemed to be related to
conversion of PR (Positive→Negative). And, there was statistical
Table 4

Changes of immunohistochemistry markers before and after NAC.

N Positive → Positive Negative → Negative Positiv

ER 112 56 (50.0) 31 (27.7) 1
PR 112 32 (28.6) 48 (42.9) 2
P53 112 49 (43.8) 30 (26.8) 1
Ki-67 112 43 (38.4) 24 (21.4) 4
HER2 112 30 (27.8) 59 (52.7) 1

ER= estrogen receptors, HER2=human epidermal growth factor receptor 2, NAC=neoadjuvant chemo

Table 5

Analysis of breast cancer subtype before and after NAC.

Molecular classification Clinical-pathological classification Befo

Luminal A Luminal A-like
Luminal B Luminal B-like (HER2 negative)

Luminal B-like (HER2 positive)
Erb-B2 over-expression HER2 positive
Basal-like Triple negative breast cancer

HER2=human epidermal growth factor receptor 2, NAC=neoadjuvant chemotherapy.
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association between the Ki-67 (Positive→Negative) and the
age≥50 (OR=2.702, P= .015). The BMI≥24 (OR=4.422,
P= .021), age≥50 (OR=3.245, P= .047) and blood type A
(OR=0.183, P= .038) were independently associated with
conversion of P53 (Positive→Negative). The BMI≥24 (OR=
8.691, P= .004), number of lymph nodes ≥1 (OR=6.137,
P= .029) and TNM 1-2 (OR=8.537, P= .008) were statistically
associated with changes in HER2 (Positive→Negative). All other
tested variables were not associated with the conversion of
markers (P> .05)
4. Discussion

Conversion of the HR status and HER2 status after NAC can be
used to predict the prognosis of BC patients,[1] but there is a lack
of data about these changes in patients without pCR since most
studies examined patients with pCR.[14–21] Changes in markers
may benefit patients with some subtypes of BC. According to the
2013 St Gallen Consensus Conference, if IHC results of patients
who undergo core biopsy are negative for both ER and PR, while
the postoperative IHC results are positive for ER or (and) PR,
these patients will be able to receive treatment with tamoxifen
(premenopausal) or aromatase inhibitors (postmenopausal). If
the IHC result after core biopsy is negative for Her2, but after
surgery, the IHC result is positive for Her2, or FISH result is
amplification of CerBb2, these patients will be able to receive
e → Negative Negative → Positive Changes Turnover number (%)

8 (16.1) 7 (6.2) 25 (22.3)
2 (19.6) 10 (9.0) 32 (28.6)
8 (16.1) 15 (13.4) 33 (39.5)
2 (37.5) 3 (2.7) 45 (40.2)
7 (15.2) 6 (5.3) 23 (20.5)

therapy, PR=progesterone receptor.

Alternative Cases (%) McNemar-Bowker Test
re chemotherapy After chemotherapy P

18 (16.1) 34 (30.4)
30 (26.8) 6 (5.3)
30 (26.8) 27 (24.1) <.001
15 (13.4) 16 (14.3)
19 (16.9) 29 (25.9)

http://www.md-journal.com


Table 6

Multivariate regression analysis to determine the predictor of markers’ change after NAC.

Dependent Variables b S.E, Walds P value OR. 95% CI

ER
Negative → Positive

Lateral-superior quadrant �0.535 0.254 4.427 .035 0.586 0.356 0.964

PR
Positive → Negative

BMI≥24 �1.186 0.54 4.831 .028 0.305 0.106 0.879

Number of metastatic lymph nodes ≥1 �1.442 0.529 7.419 .006 0.237 0.084 0.667
P53

Positive → Negative
BMI≥24 1.487 0.643 5.351 .021 4.422 1.255 15.584

age≥50 1.177 0.592 3.96 .047 3.245 1.018 10.347
blood type A �1.699 0.818 4.319 .038 0.183 0.037 0.908

Ki-67
Positive → Negative

age≥50 0.994 0.408 5.947 .015 2.702 1.215 6.006

HER2
Positive → Negative

BMI≥24 2.162 0.748 8.358 .004 8.691 2.006 37.646

Number of metastatic lymph nodes ≥1 1.814 0.831 4.768 .029 6.137 1.204 31.275
T1-2 2.144 0.805 7.103 .008 8.537 1.764 41.324

b= regression coefficient, CI= confidence interval, ER=estrogen receptors, HER2=human epidermal growth factor receptor 2, NAC=neoadjuvant chemotherapy, OR= odds ratio, PR=progesterone receptor,
SE= standard error.
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treatment with Herceptin, which will greatly improve the overall
survival of patients. Therefore, a close observation of the changes
in markers will bring very great benefits to the treatment and
prognosis of patients. These results imply that the optimal course
of treatments for BC should be based on tumor characteristics
before and after NAC.[33,34]

Van De Ven et al[23] pointed out in a meta-analysis that HR
may change in 8 to 33% of patients after NAC. Hirata et al[35]

reported that changes in ER and PR occurred in 23% of patients
after NAC. Furthermore, the positive-to-negative rate of change
in HR and HER2 were 8.2% and 6%, respectively; and the
negative-to-positive rate of change was 7.9% and 3.5%,
respectively. Nevertheless, direct comparisons among studies
cannot be made because pCR has to be considered. Indeed, in the
present study, ER changed in 22.3% of patients, PR changed in
28.6% of patients, and the positive-to-negative and negative-to-
positive rates of change for HER2 were 15.2% and 5.3%,
respectively. Van De Ven et al[23] revealed that after NAC that
included trastuzumab, negative-to-positive change for HER2was
observed in 5.3% of patients. For patients who require targeted
therapy, since the rate of change seems to be higher, IHC should
be carried out again on the specimens after surgical resection in
order to avoid missing HER2-positive patients. The amplification
of the HER2 gene is an important factor of prognosis. The HER2
positive patients can achieve a clinical response (CR) or pCR after
NAC combined with trastuzumab treatment.[36,37]

An important source of bias is the correlation of IHC results
between coarse needle biopsy (CNB) and surgical specimens.
Nevertheless, among patients who did not undergo NAC,
Arnedos et al[38] reported that the accordance rates of ER, PR,
and HER2 were 98.2%, 85.0%, and 98.8%, respectively. The
changes observed after NAC in the present study are all higher
than the non-accordance rate observed by Arnedos et al,[38]

suggesting that the changes observed in the present study were
probably caused by NAC, as observed in previous studies.[14–21]

Nevertheless, source of biases include tumor heterogeneity,[39]

the time interval between biopsy and surgery, technical issues
such as the fixation delay, and differences in the subjective
evaluation from different pathologists.
The present study revealed that ER, Ki-67, and HER2 were

significantly changed after NAC. According to the litera-
tures,[17,35] HRs either change with HER2, or both do not
6

change. In samples in which PR and ER expression rates
increased, HER2 expression would be downregulated accord-
ingly; while in samples in which HER2 expression increased, ER
and PR expression rates would be reduced accordingly. Similar
results were also obtained with the use of NAC combined with
trastuzumab.[40] For BC that has a positive HER2 result in CNB
only or surgery only, the heterogeneity of HER2 expression does
not need to be considered and anti-HER2 treatment should be
given[41] or less.[42]

Many different polygene analysis techniques have provided
prognostic information for BC, and this information is mainly
derived from proliferation-related genes.[43] A study proposed
that moderate or strong PR expression should act as an
additional condition for the definition of the luminal alternative
classification.[44] As a marker of cell proliferation, Ki-67
expression levels are also important in the definition of luminal
A.[32] There is evidence that strongly positive PR (>20%) is
helpful for improving the accuracy of distinguishing between
luminal A and B BC.[44] Due to the addition of this condition, the
number of patients classified as luminal A BC should be reduced
and the number of patients who are suggested to undergo
chemotherapy would increase.[13] In the present study, PR>20%
was used as the threshold for BC subtype classification. Luminal
A-like BC increased from 16.1% to 30.4% and luminal B-like
(HER2 negative) BC decreased from 26.8% to 5.3%, supporting
that luminal B-like (HER2 negative) BC was sensitive to
chemotherapy, and luminal A-like is less sensitive to chemother-
apy.
The high expression of Ki-67 indicates poor prognosis,

but the highly proliferative tumor cells are more sensitive to
anthracycline chemotherapy.[45] Studies have confirmed that
the expression of Ki-67 was reduced after NAC,[45] endocrine
therapy,[46,47] or chemotherapy combined with endocrine
therapy.[48] Burcombe et al[49] reported that the median
value of the expression rate of Ki-67 decreased from 24.9%
before chemotherapy to 18.1%after chemotherapy. These results
support the results of the present study.
The P53 is a cancer suppressor gene. The P53 mutations can

result in a variety of tumors and are closely correlated with
anthracycline resistance.[50] However, the average value of the
P53 expression rate was not statistically significant before and
after NAC in the present study. In addition, positive-to-negative
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conversion of P53 all occurred in BMI≥24 (OR=4.422,
P= .021), age≥50 (OR=3.245, P= .047), and blood type A
(OR=0.183, P= .038). These suggest that when the patients are
overweight or older, mutant P53 cells actively proliferate. Highly
proliferating cells are sensitive to cytotoxic chemotherapy drugs,
which could lead to a decrease in P53- and Ki-67-positive cells.
From the perspective of recurrence and poor prognosis of BC,

obesity is widely considered as a risk factor.[51] There is evidence
that suggests that pluripotent stem cells in adipose tissues may
affect tumor angiogenesis.[52] In preclinical studies, this kind of
cells has been proven to promote the occurrence and development
of BC.[53] In the present study, obese patients more easily
presented a positive-to-negative conversion of PR (P= .028),
HER2 (P= .004) and P53 (P= .021). Lymph node metastasis is
also a very important prognostic factor. In this study, patients
with axillary cavity lymph node metastasis after NAC are more
prone to a positive-to-negative conversion of HER2 (P= .029)
and PR (P= .006).
The determination of tumor markers is a useful tool for clinical

management in cancer patients, assisting in diagnosis, staging,
evaluation of therapeutic response, detection of recurrence and
metastasis, and development of new treatment modalities.[21] For
example, after NAC, the number of patients whose ER and PR
becoming positive is 7 and 10 respectively (Table 4). The
percentage of patients luminal A subtype increased from 18
(16.1%) to 34 (30.4%), 16 new luminal A patients would be
thought to be treated with hormonal therapy (Table 5). Luminal
A patients are sensitive to hormonal manipulations, but less
sensitive to chemotherapy, their prognosis is favorable.[11] So
new treatment modalities should be developed for these patients
who can benefit from the new treatment of breast cancer.
The present study is not without limitations. The sample size

was small and from a single center. The small sample size also
prevented multivariable analyses. The IHC analysis is somewhat
subjective and differences among pathologists could lead to some
bias. The retrospective nature of the study prevented us from
analyzing factors that were not reported in the medical charts.
Finally, no molecular mechanisms could be explored.
In conclusion, our observational study demonstrated the

existence of discordance in the HR status and markers’ status
after NAC and the predictors of the conversion. These findings
might help optimize the choice of sequential adjuvant therapy
and improve treatment and prognosis. The administration of
NAC might be the main reason for the change in receptor status,
but the mechanism needs to be elucidated. In the future, further
studies are required to identify the mechanism for this switch in
receptor status after NAC and to validate the prognostic impact
associated with this switch.
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