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Abstract Background and Objectives The status of estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor receptor 2 (HER2), and Ki-67 expression
in core needle biopsy and excision specimens has concurrent results, but many show
discordance. However, only a few studies on the subject are available in India.
Therefore, this study aims to compare the ER and Ki-67 expression status in core
needle biopsy and excision specimens of breast carcinoma.
Materials and Methods In this cross-sectional analytical study, 50 breast carcinoma
cases were histopathologically examined for ER and Ki-67 expression in both core
needle biopsy and excision specimen. The interpreter was blinded for the evaluation of
ER and Ki-67 expression index and the data obtained were analyzed using SPSS version
27.
Results The average age of the participants was 50 years and breast lump was the
most common presenting complaint in all the cases. The concordance rate of
histological typing between core needle biopsy and excision specimens was 96%,
and the majority were invasive ductal carcinoma (60%) and not otherwise specified
(48%) having Nottingham histologic grade 3 (46%). The concordance rate between
core needle biopsy and excision specimen for ER and Ki-67 expression was 86% (n = 43)
and 54% (n = 27), respectively. Most of the cases were found to be luminal A type (38%).
Additionally, the sensitivity, specificity, positive predictive value, and negative predic-
tive value of ER between core needle biopsy and excision specimen were 78.79, 100,
100, and 70.83%, respectively; however, these were 44, 64, 55, and 53.33%, respec-
tively, for Ki-67.
Conclusion Although the concordance of the ER status between core needle biopsy
and excision specimen was substantial, the discordance rate of Ki-67 was found to be
high. Hence, relying solely on core needle biopsy for critical decision-making is
inadvisable; however, core needle biopsy can be used as an initial procedure to
examine histology and receptor status, Therefore, it is better to reconsider performing
immunohistochemistry for the excision specimen, more importantly in ER-negative
cases, to benefit the patient with targeted therapy.
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Introduction

Breast cancer (BC) is one of the most commonly diagnosed
cancers, causing significant morbidity and mortality in
women. BC is a molecularly heterogeneous disease and has
highmetastatic capacity; however, recent data show that the
death rates due to BC have decreased due to early recognition
and successful treatment.1 The expression of estrogen recep-
tor (ER) and progesterone receptor (PR) and, more recently,
human epidermal growth factor receptor 2 (HER2)/neu have
increasing importance in the management of breast malig-
nancy.2 In addition to these molecular markers, Ki-67 also
aids in assessing the disease prognosis and determining the
management plan accordingly. Many studies show that
patients with ERþ BC have prolonged disease-free survival
after the primary treatment. Various studies also suggest
that ER concordance rate is significantly higher than PR
concordance rate because status assessment of PR requires
a higher preparation quality than ER. The heterogeneous
distribution of PR compared with ER detection within the
tumor is also notable.3

Ki-67 is a nuclear protein and a biological tumor marker
associated with cellular proliferation. It is considered the
most representative tumormarker to predict proliferation. It
is expressed during the S, G1, G2, andMphase of cell cycle but
not in the resting phase (G0). Studies suggest that high index
of Ki-67 indicates an aggressive tumor and predicts a poor
prognosis.4 Preoperative diagnosis of BC is one of the main
goals of modern BC patient care. Core needle biopsy (CNB) of
the breast has become avital diagnostic tool for the diagnosis
of both palpable and nonpalpable breast lesions. CNB plays a
significant role in the preoperative triple assessment. Studies
have revealed that CNB has a high sensitivity (91–99%),
specificity (96–100%), positive predictive value (PPV;
100%), and negative predictive value (NPV; 100%).5 Grading
and typing of the tumor are also possible on CNB, thereby
increasing the diagnostic information available when con-
sidering treatment options. Many studies imply that relying
solely on CNB samples is not advisable because of the false-
negative results that occur due to the heterogeneity of the
tumor. Many western studies documented reasonable con-
cordance rate of ER, PR, HER2/neu status, and Ki-67 expres-
sion between CNB and excision specimens and few with
discordance. However, only a few Indian studies are available
on this subject; hence, this study aims to evaluate and
compare the ER status and Ki-67 expression between CNB
and excision specimens in patients with breast carcinoma,
which would provide both prognostic and therapeutic
implications.

Materials and Methods

Study Population and Data Collection
This single-center cross-sectional study consists of conve-
niently sampled 50 female subjects having clinically pre-
senting a lump in the breast, which is confirmed to be
malignant by histopathological examination (HPE). They
all had undergone both CNB and excision biopsy. However,

the subjects with BC who have received neoadjuvant
chemotherapy and were of non-neoplastic lesions of the
breast were excluded from this study. Each subject was
clinically evaluated by a surgeon for the presence of lump
in the breast and the CNB and excision specimen were
examined separately by a pathologist for gross and micro-
scopic findings. The demographic and clinical data regard-
ing clinical history, examination, investigations, clinical
diagnosis, and operative findings were retrieved from the
patient’s data sheet and the data were anonymized. The
study data were compiled in accordance with the declara-
tion of Helsinki and the study was approved by the
institutional ethics committee (# INST.EC/EC/091/2018–
19 dt. 11.10.2018).

Immunohistochemistry
The whole CNB was embedded; however, a representative
area from the excision specimen was taken for the prepara-
tion of paraffin-embedded block. A 5-µm section placed on
positively charged slide was incubated at 60°C overnight and
then subjected to antigen retrieval with trisodium citrate
dihydrate (pH 8 to 9) in microwave oven at 95°C for
20minutes with a 2-minute cooling interval followed by
incubation at 50°C for 10minutes. After peroxideblocking for
20minutes, the sections were incubated with ER (#
R06042RA) and Ki-67 (# R06096UA) primary antibodies
purchased fromPathnSitu for 90minutes and the subsequent
steps were performed according to the kit protocols. The
evaluation of ER and Ki-67 status was blinded for data
collection by the interpreter.

Statistical Analysis
The data collected were tabulated in MS Excel and analyzed
using the IBM-SPSS software version 27.0. A correlation
analysis was performed for the Ki-67 and ER statuses of
CNBs and excision specimens, and a Student’s t-test was also
performed.

Results

Demographics and Clinicopathologic Characteristics
The basic demographic and clinicopathologic characteristics
of the 50 patients in this cross-sectional study are summa-
rized in►Table 1. The mean age of the subjects was 50 years,
with the most common age of presentation ranging from 41
to 60 years, which accounted for 62% of the cases. The
laterality of the tumor in the study subjects did not differ
significantly from left-sided (48%) to right-sided (52%)
tumors; however, one of the cases was bilateral. All the
subjects (100%) were presented with a palpable breast
lump and the other associated symptoms in the decreasing
frequency were breast pain (14%), skin ulceration (10%),
puckering of the skin (8%), nipple retraction (4%), and nipple
discharge (4%). According to the College of American Pathol-
ogists (CAP) protocol and WHO 2012, HPE was reported and
it was found that the majority of the subjects had invasive
ductal carcinoma (CNB in 60% and excision in 48%) and
invasive lobular carcinoma (CNB in 30% and excision in
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20%). A few subjects had pleomorphic lobular carcinoma,
invasive carcinoma with medullary features and apocrine
features, and metaplastic and mucinous carcinoma (►Figs.

1A, B). Nottingham histologic grading of CNB and excision
specimen showed that themajoritywere grade 3 (CNB in 59%
and excision in 46%), followed by grade 2 (CNB in 29% and
excision in 42%) andgrade 1 (CNB in 12% and excision in 12%).
The molecular phenotyping of BC found that the majority of
the subjects (n¼19 [38%]) were of luminal A type, followed
by triple negative (n¼11 [22%]), luminal B (HER2-negative,
n¼7 [14%]), luminal B (HER2-positive, n¼7 [14%]), and
HER2-positive (nonluminal, n¼6 [12%]) phenotype.

ER Status and Ki-67 Index in Breast Carcinoma
The immunohistochemical (IHC) analysis of the ER was
positive in 26 (52%) and 33 (66%) subjects’ CNB and excision
specimen, respectively. Meanwhile, negative IHC staining for
the ER was observed in 24 (48%) and 17 (34%) subjects’ CNB

and excision specimen, respectively (►Fig. 1C–F; ►Table 2).
There was a discrepancy in the ER status in seven subjects,
and the majority of them (n¼4) were found to be invasive
ductal carcinoma not otherwise specified (NOS; ►Table S1).
In addition, lowexpression of Ki-67was observed in 30 (60%)
and 25 (50%) subjects’ CNB and excision specimen, respec-
tively. High expression of Ki-67 was seen in 20 (40%) and 25
(50%) subjects’ CNB and excision specimen, respectively
(►Table 2). Twenty-three subjects showed a discrepancy
for the Ki-67 index, and the majority of them (n¼14)
were found to be invasive ductal carcinoma NOS
(►Table S2; ►Fig. 2A–F). Further, the cutoff values of �20
as lowand>20 as highwere used to categorize luminal A and
luminal B molecular types. The concordance analysis of the
receptor status, including positive and negative agreement,
was calculated statistically using the kappa test and it was
found that there was an extremely statistically significant
(κ>0.6, p<0.0001) association between the ER status of
CNB and excision specimen, while no significant difference
was found for the Ki-67 index (►Table 2).6,7 Further, sensi-
tivity, specificity, PPV, and NPV of the ER and Ki-67 between

Table 1 Demographic and clinicopathologic characteristics of
subjects (n¼ 50)

Characteristics Specimen, n (%)

CNB Excision

Age (y)

<40 8 (16)

41–60 31 (62)

>60 11 (22)

Tumor laterality

Left 24 (48)

Right 26 (52)

Presenting complaints

Breast lump 50 (100)

Pain 7 (14)

Others 13 (26)

Molecular phenotype

Luminal A 19 (38)

Luminal B (HER2-negative) 7 (14)

Luminal B (HER2-positive) 7 (14)

HER2-positive (non-luminal) 6 (12)

Triple-Negative 11 (22)

Histopathological diagnosis as per CAP

Invasive ductal carcinoma 30 (60) 24 (48)

Invasive lobular carcinoma 15 (30) 10 (20)

Others 5 (10) 16 (32)

Nottingham histologic grade

Grade 1 2 (12) 6 (12)

Grade 2 5 (29) 21 (42)

Grade 3 10 (59) 23 (46)

Abbreviations: CAP, College of American Pathologists; CNB, core needle
biopsy; ER, estrogen receptor.

Fig. 1 Hematoxylin and eosin (H&E) staining of invasive ductal
carcinoma not otherwise specified (NOS; 100x) showing tumor cells
arranged (A) in ducts within desmoplastic stroma and (B) in solid
nests and trabeculae. Immunohistochemical staining of breast car-
cinoma for estrogen receptor (ER) marker showing (C) Allred score 0,
(D) 3 (1þ 2), (E) 3 (2þ 1), and (F) 4 (3þ 1).
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the CNB and excision specimen are given in ►Table 3. It was
found that the ER has better values, when comparedwith the
Ki-67 index.

Discussion

BC is currently the most common cancer among women and
has seen a rise in the number of cases in recent years. Breast

conservation surgery is becoming popular among women
with BC. In recent years, interest in prognostic factors has
been stimulated by the success of systemic adjuvant therapy
for an early stage of cancer of the breast.8 Fine needle
aspiration cytology (FNAC) of the breast is being replaced
by CNB and it is accepted as a choice for tissue sampling and
as a part of the triple assessment for BC.9 FNAC does not
differentiate in situ and invasive breast carcinoma, but it can
be examined in CNB. Therefore, it is considered superior.8

Biomarker testing is most commonly performed on the CNB
tissue,which has advantages such as rapid tissuefixation and
the ability to utilize the results for systemic therapy plan-
ning, including administration of neoadjuvant systemic ther-
apy and to observe the response to treatment.10 An excision
breast biopsy is indicated in the management of benign
breast lesions like fibroadenoma and phyllodes tumor.11

Few lesions are underestimated in CNB and in such cases
excision of the tumor is advised.

IHC analysis of an invasive breast carcinoma is required for
better categorization and intervention. IHC for the ER, PR,
HER2/neu, and Ki-67, a proliferation marker, is more often
performed in casesof BCas thesebiomarkershelp inmolecular
classification and guide in treatment using targeted thera-
pies.12 The ER level is a powerful predictive factor for response
to endocrine treatment and long-term outcome.9 The Ameri-
can Society of Clinical Oncology (ASCO)/CAP guideline recom-
mended1%as the cutoff value for ERor PRpositivity, leading to
more patients receiving adjuvant endocrine therapy.13 The Ki-
67 antigen has been used to evaluate the proliferative activity
of BC for several decades, and a meta-analysis has shown that
high Ki-67 expression confers a higher risk of relapse and
worse survival. In patients with advanced BC, higher Ki-67
levels have been significantly associated with decreased time
to aromatase inhibitor treatment failure.14 In this study, we
performed IHC ofonly the ER andKi-67because an ER-positive
BC has a targeted neoadjuvant therapy and Ki-67 aids in
differentiating luminal A and luminal B like molecular types.
However, the PR is an independent prognostic factor in
molecular typing of BC, and in equivocal cases of HER2/neu,
additionally,fluorescence in situhybridization (FISH)has tobe
done to determine themolecular subtype. Moreover, the PR is
infrequently expressed in ER tumors and is usually considered
less important than the ER.15

Table 2 Immunohistochemical analysis of ER status and Ki-67 index in breast carcinoma

Immunohistochemistry Specimen, n (%) Concordance rate (%) Kappa (κ) Fisher’s exact test
p value

CNB Excision

ER status 86 0.716 <0.0001

Positive 26 (52) 33 (66)

Negative 24 (48) 17 (34)

Ki-67 index 54 0.080 0.7733

Low (<20%) 30 (60) 25 (50)

High (>20%) 20 (40) 25 (50)

Abbreviations: CNB, core needle biopsy; ER, estrogen receptor.

Fig. 2 Immunohistochemical staining of breast carcinoma for estrogen
receptor (ER) marker showing (A) Allred score 5 (3þ 2), (B) 6 (4þ 2), (C) 7
(4þ 3), (D) 7 (5þ 2), (E) 8 (5þ 3), and (F) 75% Ki-67 index.
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The fifth decade of life is the most common age group in
this study subjects. Similar observations were made by
Pervin et al and Vaibhaw et al23 wherein the peak incidence
of BC is in the fifth decade of life.16,17 Further, the epidemio-
logical studies at regional and global levels suggest that BC
more frequently occurs at the premenopausal age in Indian
and Asian women compared with the western women who
get it a decade later.17 In addition, the present study found
that the most common presenting complaint was palpable
lump, which was present in all the cases, and other associat-
ed complaints such as pain, nipple discharge, puckering of
the skin, nipple retraction and skin ulceration were also
observed. The studies by Pervin et al,16 Al-amri et al18 and
Newton et al19 observed similar complaints along with pain
symptoms, more frequently, in 80% of cases because the
patients were unaware of the lump in the early stages of
breast carcinoma. Invasive ductal carcinoma NOS was the
most common histological type in the CNB and excision
specimens. This observation was supported by studies by
Chen et al14 (87.2%), You et al6 (85.8%), and Robertson et al20

(68.4%). Other rare histologic subtypes described in the
present study are metaplastic carcinoma, pleomorphic lob-
ular carcinoma, invasive carcinomawith medullary features,
invasive carcinoma with apocrine features, mucinous carci-
noma, invasive carcinoma with metaplastic features, inva-
sive carcinomawith ductal and lobular features, and invasive
carcinoma with neuroendocrine features. A positive correla-
tion was noted between the CNB and excision specimens
(96%) in this study and the study done by O'Leary et al.21

Tumor type correlation between CNB and excision speci-
mens was seen in 65.41% of cases.

We have observed a good concordance of the ER status
between CNB and excision specimens, and our results are
well supported by the findings in Ough et al,22 Meattini
et al,23 and You et al,6 suggesting that ER determination in
CNB is reliable. The heterogeneity of the ER expression in
tumor cell populations may have implications for analytic
cell selection and for prognosis in patients with ER-positive
carcinomas. Previous studies have reported that if core
biopsy specimens are ER negative, surgical specimens should
be analyzed.24 However, a poor concordance was observed
for Ki-67 between the CNB and excision specimens. Of the 23
discordant cases of Ki-67, 14 cases showed high index in the
excision specimen. The possible explanation for this differ-
ence may be related to sampling error and tumor heteroge-

neity, as CNB might not reflect the real status of the entire
tumor.23Additionally, edge artifacts can also yield discordant
result.15 Further, the high levels of Ki-67 have been associat-
edwith an increased risk of BC relapse and death, but there is
no established cutoff for the classification of Ki-67 as high or
low. Although some studies showed a higher Ki-67 index in
core biopsy specimens, other studies showed a higher Ki-67
index in surgical specimens. However, the discordance rates
of the Ki-67 index were higher than those of the ER, PR, and
HER2 as there is an absence of guidelines for thismarker. This
may also be a contributing factor to its low concordance.10

Therefore, we suggest that Ki-67 should be detected both
on CNB and excision samples, especially in hormonal-posi-
tive HER2-negative tumors, to avoid misclassifying tumor
subtypes and possible omission of effective systemic thera-
py. The sensitivity and specificity with PPVand NPVof the ER
and Ki-67 of the CNB and excision specimens was optimal
and poor, respectively. Meattini et al23 observed a higher
sensitivity, specificity, NPV, and PPV. Overall, various studies
suggest that the concordance rate between the CNB and
excision specimens is higher for the ER than for the PR. A
further large-scale studywith long-term follow-up is advised
to come up with an established guideline for Ki-67
measurement.25

Conclusion

Overall, this study found a substantially good concordance
of the ER status and a higher discordance for the Ki-67
index between the CNB and excision specimens. However,
it was difficult to categorize the ER-positive and HER2-
negative tumors into luminal A and luminal B type tumor
in discordant cases of Ki-67. Therefore, CNB is considered a
valuable tool to classify breast carcinoma into surrogate
molecular subtypes in patients without preoperative
treatment. But relying solely on CNB for critical decision
with regard to the treatment modalities is not recom-
mended. Instead, it can be used as an initial procedure to
examine the histology and the receptor status. Further, it
is better to reconsider repeating IHC in the excision
specimen, more importantly in ER-negative cases to ben-
efit the patient with targeted therapy.
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Table 3 Sensitivity, specificity, positive predictive value, and negative predictive value of ER and Ki-67 in CNB and excision
specimens of breast carcinoma

Statistic ER Ki-67

Value 95% CI Value 95% CI

Sensitivity 78.79% 61.09–91.02% 44.00% 24.40–65.07%

Specificity 100.00% 80.49–100.00% 64.00% 42.52–82.03%

Positive predictive value 100.00% – 55.00% 38.13–70.79%

Negative predictive value 70.83% 55.72–82.42% 53.33% 42.03–64.31%

Abbreviations: CI, confidence interval; CNB, core needle biopsy; ER, estrogen receptor.
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