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Abstract
Evaluation of expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2
(HER2/neu) receptor was carried out on 80 breast cancer patients before and after neoadjuvant chemotherapy (NAC). No
differences in expression were noted in 89% with reference to ER, 95% with reference to PR, and 91% with reference to
HER2/neu status. A change in receptor status from positive to negative was noted in 12% for ER, 5% for PR, and 21% for
HER2/neu after NAC. A negative to positive shift was noted in 11% for ER, 4% for PR, and 4% for HER2/neu after NAC. The
possible reasons ascribed for change in receptor status after NAC are as follows: (1) Selection of chemoresistant clones with
different receptor expression after NAC. (2) Tumor heterogeneity with variable receptor expression in different areas. (3) Ovarian
suppression during NAC leading to alteration in receptor expression. (4) Technical considerations such as staining techniques
and intra-observer and inter-observer differences in IHC slide interpretation before and after NAC.
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Introduction

The estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor 2 receptor (HER 2/neu) status
in breast cancer patients are very important prognostic and
predictive indicators. They are used to plan the adjuvant ther-
apy after the patient has undergone surgery for her breast
cancer.

A few studies have evaluated the expression of these three
receptors before and after neoadjuvant therapy in locally ad-
vanced breast cancer with variable outcomes. While some
authors have demonstrated alteration in the expression on
the receptor as well as the strength of the expression in a
few patients after chemotherapy, others have not demonstrat-
ed a significant change.

The aim of the present study was to evaluate in Indian
breast cancer patients the expression of ER, PR, and HER-2/
neu status before and after neoadjuvant chemotherapy.

Patients and Methods

Over a 4-year period beginning in May 2015, a total of 80
histologically proven patients of locally advanced breast can-
cer scheduled for neoadjuvant chemotherapy were recruited.
The patients underwent a thorough clinical evaluation and
clinical staging of the disease. A trucut/core needle biopsy
specimen was obtained from the breast lump which was sub-
jected to detailed histological examination as well as immu-
nohistochemistry (IHC) for ER, PR, and Her2neu status.
Patients received 3–4 cycles of chemotherapy consisting of
Adriamycin, cyclophosphamide, and 5-fluorouracil.
Following this, patients deemed to have become operable
underwent modified radical mastectomy. The mastectomy
specimen was subjected to a detailed histopathological exam-
ination and a repeat ER, PR, and Her2 neu assessment.
Excluded from the study were patients who underwent upfront
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modified radical mastectomy or those who did not undergo
surgery following their chemotherapy. The histological and
IHC reports of the core biopsy specimen were correlated with
the reports on the mastectomy specimen.

The histopathological grading of the tissue was done using
the Nottingham grading system which takes into account the
tubule formation, mitotic counts, and nuclear pleomorphism.
The ER and PR scoring was done on the basis of the ALLRED
system which takes into account the percentage of cells
stained and intensity of color produced during IHC examina-
tion. The HER 2 neu status was scored on the basis of intensity
of membranous staining and percentage of tumor cells stained
[1]. A score of 0 or 1+ was considered as negative, 2+ as
equivocal, and 3+ as positive for HER2 /neu.

Observation

A total of 80 histologically proven breast cancer patients were
included. As per the requirement of the study, only patients
who according to their clinical staging required neoadjuvant
chemotherapy followed by modified radical mastectomy were
included. Hence, only patients with stage III breast cancer
were included (Table 1).

Out of the 80 patients recruited in the study, 24 (30%) were
labeled as triple negative breast cancer. ER negative status
was found in 28 patients (35%) while 52 (65%) were ER
positive. PR negative status was noted in 24 patients (30%)
while 56 patients (70%) were PR positive. Her 2 neu overex-
pression was noticed in 24 patients (30%) in their core needle
biopsy specimen (Table 2).

Following neoadjuvant chemotherapy, no change in ER,
PR, and Her 2 status was noted in 71 (89%), 76 (95%), and
73 (96%) patients. There was a positive to negative shift in 6
(7.5%) regarding ER status, 3 (3.5%) regarding the PR status,
and 5 (7.5%) regarding the her 2 neu status. A negative to
positive shift in status was noticed in 3 (3.5%) for ER, 1(
1.5%) for PR, and 2 (2.5%) for the HER 2 status (Table 3).

Discussion

Estrogen receptor (ER), progesterone receptor (PR), and hu-
man epidermal growth factor receptor 2 (HER-2) status have

important prognostic and predictive value and are used to
guide the adjuvant treatment given to breast cancer patients.
Information about ER, PR, and HER-2 is obtained by immu-
nohistochemistry (IHC) as a quantitative measure of the re-
ceptor expression [2]. The ER, PR, and HER-2 status is char-
acterized as positive or negative based on a cutoff point in the
percentage of tumor cells stained and the intensity of the stain-
ing on IHC.

In spite of the importance of defining the receptor
status and the widespread use of IHC for their assess-
ment, standardization has not been achieved and a wide
variety of scoring systems and cutoff points are in use.
For evaluation of HER-2 status, although most centers
use IHC methods, the current gold standard is the fluo-
rescent in situ hybridization (FISH) which is not rou-
tinely available in most centers across India.

Table 1 Stage grouping of 80 breast cancer patients recruited in study

Stage of grouping No. of patients

Stage III A (T1N2, T2N2, T3N1, T3N2) 28 (35%)

Stage III B (T4N0, T4N1, T4N2) 48 (60%)

Stage III C (Any T, N3) 4 (5%)

Table 2 ER, PR, and HER2/neu expression status before start of che-
motherapy in breast cancer patients (n = 80)

Receptor status before NAC No. of patients

ER

ER negative (0.1+) 28 (35%)

ER 2+ 20 (25%)

ER 3+ 32 (40%)

PR

PR negative (0.1+) 24 (30%)

PR 2+ 22 (27.5%)

PR 3+ 34 (42.5%)

HER2/neu

Under expressed or normally expressed (0, 1+, 2+) 56 (70%)

Over expressed (3+) 24 (30%)

Table 3 Correlation of ER, PR, and HER2/neu status before and after
chemotherapy (n = 80)

Receptor status after NAC No. of patients

ER

No change 71/80 (89%)

Positive to negative 6/52 (12%)

Negative to positive 3/28 (11%)

PR

No change 76/80 (95%)

Positive to negative 3/56 (5%)

Negative to positive 1/24 (4%)

HER2/neu

No change 73/80 (91%)

Over to under expression 5/24 (21%)

Under to over expression 2/56 (4%)
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There are several studies which have evaluated the effect of
NAC on the status of ER, PR, and HER-2 expression (Table
4). Although there is no uniformity in results obtained, chang-
es in receptor expression from positive to negative as well as
from negative to positive both have been described. Ramteke
P et al. [3] demonstrated a 17% discordance in ER status
following NACT. Among these 15% of patients who were
ER positive on pre-NACT, core needle biopsy was found to
be ER negative after resection while 2% who were negative
became positive after NAC. Discordance in pre- and post-
NAC receptor status was found to be 13% with reference to
PR and 11% with reference to HER2. Even among patients
who did not undergo NAC, they reported discordant result 8%
with reference to ER and PR status and 4% in HER2/neu. The
discordance in patients who did not receive NACwas ascribed
to intra-tumoral heterogeneity with possible difference in the
site of tumor sampling in the core needle biopsy and the mas-
tectomy specimens.

In a study by Taucher et al. [7], out of 214 patients who
received pre-operative chemotherapy, 14% of patients who
were ER positive on initial biopsy were found to be ER neg-
ative on review of the resection specimen. Similarly 51.7% of
patients who were PR positive on initial biopsy were found
later to be PR negative. Induction of menopause as a result of
therapy was postulated as a possible mechanism for decreased
ER expression although it was noted that such an occurrence
would not account for the change in PR status [8].

In our own study, in 80 patients of breast cancer, we ob-
served that no alteration in the receptor status was observed in
89% (71/80) patients with reference to ER, 95% (76/80) with
reference PR, and 91% (73/80) with reference to HER2 status.
A positive to negative shift was noted in 12% (6/52) with
reference to ER, 5% (3/56) with reference to PR, and 21%

(5/24) with reference to HER2 status. A negative to positive
was noted in 11% (3/28) with reference to ER, 4% (1/24) with
reference to PR, and 4% (2/56) with reference to HER2 status.

All studies have not supported the concept that hormone
receptor status changes with administration of pre-operative
chemotherapy. Arens et al. [9] compared a group of 25 pa-
tients who received neoadjuvant treatment with a control
group of 30 patients who did not receive any pre-operative
therapy. No significant differences were noted between the
core biopsy and the resected specimens with regard to hor-
mone receptor expression. Rare patients in both the control
and neoadjuvant therapy group showed either an increase or
decrease in receptor expression on the resected specimen as
compared with the core biopsy, but overall, these changes did
not reach statistical significance.

Similarly with reference to HER2/neu status, some
authors have documented a change in expression of this
oncoprotein while others have not shown a difference
between pre- and post-NAC samples. Varga et al. [10]
reported a change in HER-2/neu status on immunohis-
tochemistry in 8 out of 23 patients although only 3
patients showed a change in status of FISH.

Regarding the discrepancies on HER2 status between
different published reports, authors feel that the small
biopsy sample obtained by core needle biopsy before
the NAC may not be representative of the entire tumor.
Immunohistochemical methods test for the presence of
gene product rather than the gene itself. Minor varia-
tions in expression of the gene product in different re-
gions of the tumor may appear more pronounced when
interpreted in the context of a small biopsy as obtained
by a core needle rather than when viewed in a much
larger tissue sample as obtained after tumor resection.

Table 4 Summary of studies on effect of NAC on receptor status

Study No. of patients ER status PR status HER2/neu status

Ramteke P et al. [3] 100 (with NAC)
50 (without NAC)

17% discordance with NAC
15% positive to negative
2% negative to positive
8% discordance without NAC

13% discordance with NAC
9% positive to negative
4% negative to positive
8% discordance without NAC

11% discordance with NAC
9% positive to negative
1% negative to positive
4% discordance without NAC

Neubauer et al [4] N = 87 8% change in status
57% positive to negative
43% negative to positive

18% change in status
81% positive to negative
19% negative to positive

15% change in status
85% positive to negative
15% negative to positive

Jin G et al. [5] N = 68 16.2% alteration 22.1% alteration 13.2% alteration

Kasami et al. [6] N = 173 (with
NAC)

N = 117 (without
NAC)

11% change with NAC
6.8% without NAC

15.6% change with NAC
7.7% without NAC

No change with without NAC

Present study N = 80 12% changed from positive to
negative

11% changed from negative to
positive

5% changed from positive to
negative

4% changed from negative to
positive

21% changed from over to under
expression

4% changed from under to over
expression
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Overall good concordance was seen with reference to
hormone receptor as well as HER2 status between core
biopsy and resected specimens when there was no inter-
vening therapy.

Another theory put forward by Adams et al. [8] to
explain the difference in HER2 status pre- and post-
therapy is the selection of tumor clones because of
chemoresistance. In their study population, there was
an increase in the number of tumors with HER2 over
expression post-therapy. It seems plausible to speculate
that individual tumor clones who over express HER2
may be present within a tumor which is otherwise neg-
ative for HER2 over expression. If their clones are
chemoresistance, they may become more prevalent in
the resected specimen as they continue to grow while
the chemosensitive clones succumb during NAC.

Writing on this issue, Ven S van de et al. [2] said
that without NAC, little discordance in ER (concordance
98%), PR (concordance 85%), and HER2 (concordance
98.%) status between core needle biopsy and resection
specimen has been observed. This they attributed to
breast cancer being a heterogenous disease with intra-
tumoral heterogeneity, especially PR being concentrated
more diversely in the tumor. Secondly, immunohisto-
chemical procedures can be modulated by variations in
tissue processing and fixation. A tendency for upgrading
score of ER expression in core needle biopsy has been
observed. Thirdly, intra- and inter-observer variability
can result in differences in receptor status before and
after NAC. Overall PR receptor status exhibited most
discordance between pre- and post-NAC expression
and HER2 was the most stable.

Considering our own work and that of authors from across
the world, the possible mechanisms for change in receptor
status after chemotherapy could be:

1. Chemotherapy targets chemosensitive tumor cells leaving
behind chemoresistant clones with possibly different re-
ceptor expression [8].

2. Lower circulatory levels of estrogen due to ovarian insuf-
ficiency during or after chemotherapy in pre-menopausal
women may cause downregulation of the ER and/or PR
receptor [2].

3. Breast cancer demonstrates intra-tumoral heterogeneity
which could lead to a selection bias when obtaining a core
needle biopsy specimen [2].

4. The IHC techniques test for the presence of gene
product rather that the gene itself and minor varia-
tions in expression of gene for the receptor could
occur after NAC.

5. Differences in receptor status could be the result of vari-
ations in staining techniques of tissue specimen as well as
inter-observer and intra-observer variations in interpreta-
tion of stained slides.

Conclusion

Variations in expression of ER, PR, and HER2/neu re-
ceptor before and after NAC have been reported. The
same has been noted to a lesser extent in patients who
have not received NAC but had their receptor status
evaluated on a core needle biopsy before surgery and
then again on the resected specimen after surgery.
Several possible explanations have been put forward
such as selection of chemoresistant clones with different
receptor expression, tumor heterogeneity, ovarian sup-
pression during NAC, alteration in gene expression after
NAC, and technical consideration such as staining tech-
niques and IHC interpretation. Although the alteration in
receptor status affects only a small percentage of pa-
tients, it could explain why some patients do not re-
spond to endocrine therapy or trastuzumab therapy as
expected.
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