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A b s t r ac t
The role of hormone receptor status including estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor
type 2 (HER-2/neu) commonly termed as ER, PR, and HER-2/neu expression in breast cancer by immunohistochemistry (IHC) is a widely accepted
tool to assess prognosis as well as therapeutic management. With further standardization of the reporting template prescribed by the College of
American Pathologists as “CAP Protocol” and American Society of Clinical Oncology (“ASCO guidelines”), IHC has effectively replaced cytological
assays in evaluating the status of expression of hormonal receptors. The pattern of these hormonal receptors’ expressions varies with regard to
genetic, environment, lifestyle, and sociodemographic factors. There are well-established clinical evidences to substantiate the clinical utility
of ER expression as a standard predictive biomarker to assess the prognosis of hormonal therapy. The same insight about the clinical utility of
PR is questionable. However, the diagnostic utility of PR for predicting the clinical response to chemotherapy among ER-positive breast cancer
patients remains unclear. This warrants future studies incorporating the integrated analysis of survival data, gene expression and its data profile,
and compilation of ER and PR expressions from various large cohort analysis of breast cancer patients. This review focuses on the clinical utility
and the inherent variation of the hormone receptor expression among notable diverse demographic study groups across the world.
Keywords: Breast cancer, HER-2/neu, Hormone receptors, Immunohistochemistry.
Annals of SBV (2020): 10.5005/jp-journals-10085-8116

I n t r o d u c t i o n
Cancer being the second leading cause of death worldwide
has an incidence of approximately 70% deaths occurring in
developing countries.1 In the past few decades, a substantial
increase is noted in the incidence rate and cancer-associated
sequelae in the Indian subcontinent.1,2 Among Indian females,
breast cancer has ranked number among variable age groups
and mortality rate ranging as 25.8 for every 100,000 women. 3
The role of the histopathologist as a diagnostic oncologist is
entitled to determine the biological behavior of tumor in terms
of histological type, extent of differentiation, mitotic activity,
microscopic lymphovascular invasion, and metastasis which
remains the mainstay in diagnosis.4
The ASCO and CAP recommend the evaluation of estrogen,
progesterone, and HER-2/neu markers by means of IHC for all
newly diagnosed cases of breast cancer and recurrent cases.5 This
prognostic and therapeutic information provided by conventional
histopathology, and IHC represents the firm foundation upon which
the treatment strategy is built.
The utility of these biomarkers in the scope of tumors of the
breast has been studied by researchers worldwide. The purpose
of this review article is to study the pattern of hormone receptors
such as estrogen, progesterone, and HER-2/neu expressions
among patients who underwent mastectomy. A literature search
is done using the keywords breast cancer, expression of hormonal
receptors, and HER-2/neu in databases such as PubMed and Scopus
which revealed that 28 articles out of which 11 relevant full-text
articles published in the time period between 1990 and 2018 are
reviewed.
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E s t r o g e n a n d P r o g e s t e r o n e R e c ep to r s
f r o m a H i s to r i c a l P e r s pe c t i v e
Elwood Vernon Jensen isolated ERs and discovered their importance
in breast cancers in the year 1958. He received the “Albert Lasker
award” in 2004 for basic medical research for the discovery of
hormone receptors.6 During the early 1980s, Jensen published an
original article which emphasized the fact that the identification of
ER in the laboratory provided a platform for targeted site specificity
of estrogenic effect in breast cancer. With more emphasis, a test
was formulated to predict the clinical outcome of antihormonal
therapy among the patients with breast cancer and a target was
categorized to develop new drugs for the management.6 The ER
in conjunction with PR was the first biological markers to be used
in the management of breast cancer.
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M e t h o d s o f E s t i m at i o n
R e c ep to r S tat u s

of

Hormone

Cytosol Assays
In the early 1970s, the mode of selection for determining the
estrogen, progesterone, and HER-2/neu status was dextrancoated charcoal ligand binding assay commonly coined as DCC.
The necessity for the use of radioactive components and the need
for extensive quantity of freshly frozen tissue made it technically
difficult to perform cytosol assays which was also time-consuming.7
An alternative was a simpler and cheaper enzyme immunoassay
(EIA) which gradually replaced DCC with the development of the
newer regimes of antibodies.

Immunohistochemistry
With technological advancements and improvised procedures for
antigen retrieval and further exploration of the selection of anti-ER
and anti-PR antibodies, the immunohistochemical assay became an
essential alternative. The ability of IHC assays to be carried out on
routine histopathological microscopic sections even in the smallest
and sparsely cellular tumors was an added advantage.7 The major
disadvantages of the IHC are the subjective method of analyzing
the staining interpretation and in determining the benchmark
range value to categorize between receptor-positive and receptornegative tumors. Reassuringly, Zafrani et al. in a cross-sectional
analysis of 793 cases showed that IHC is more accurate and efficient
in terms of sensitivity and specificity than the cytosolic assays.8

R ep o r t i n g
T e s t i n g

t he

R e s u lts

of

Biomarker

In 2010, the ASCO and CAP proposed Guideline Recommendations
for Estrogen, Progesterone, and HER-2/neu IHC Testing in breast
cancer. In this guideline, it was summed up that up to 20% of IHC
determinations of ER and PR testing performed worldwide could be
incorrect, with high incidence for false-negative and false-positive
results. 5 There has been particular concern that among breast
cancer patients; faintly, ER-positive tumors may deliberately be
categorized to be ER-negative, thus resulting in these groups being
obviated for the potential beneficiary from antiestrogen therapy or
vice versa. The major concerns with testing owed to the variation
in pre-analytic variables, thresholds for positivity range, and data
interpretation specifications and criteria. Recent literature, however,
suggests that interobserver variations in calculating scores of ER as
weak, intermediate, and strong positivity is at times misguiding and
has differing therapeutic implications.9 This led to the formulation
of IHC scoring system and biomarker reporting template to assist
pathologists in the useful reporting of relevant information taking
into account clinician prerogative, institutional standard operating
procedures, and individual preferences.

Allred System of Scoring for ER and PR
The Allred scoring system was introduced in order to reduce the
number of borderline cases and to categorize them into either
one of the positive or negative groups. It is a semiquantitative
system of scoring that calculates the proportion of positive cells
(scored on a scale of 0–5) and staining intensity (scored on a scale
of 0–3).10 The proportion of expression and intensity grade will be
then summed to arrive a total score ranging from 0 to 2 through
8. A score ranging from 0 to 2 was regarded as negative while 3 to
8 as positive (Table 1).9

Table 1: Guidelines for interpretation of ER and PR results by Allred
method
Proportion
score (PS)
Observation
0
None
1
1%
2
1–10%
3
10–33%
4
33–66%
5
66–100%
Total score (sum of PS and IS)
0–2
3–8

Intensity score
(IS)
0
1
2
3
–
–

Observation
None
Weak
Intermediate
Strong
–
–
Interpretation
Negative
Positive

HER-2/ n e u T e s t i n g
The human epidermal growth factor (HER) group of receptors
takes part in cellular proliferation and differentiation via multiple
signaling cell pathways. The family comprises four receptors,
namely HER-1, HER-2, HER-3, and HER-4 (also called ErbB1, ErbB2,
ErbB3, and ErbB4, respectively).11 The ErbB is coined from the term
erythroblastic oncogene B, a gene isolated from avian genome.
This HER2 oncogene (in humans) is inbuilt with a transmembrane
glycoprotein coded with tyrosine kinase activity known as p185
which was discovered by a committee of Research Scholars at
Harvard University in 1984.11
Around 15% of invasive breast cancer lesions exhibit HER2
gene amplification and overexpression coded proteins.11 HER-2/
neu is used as the predictive marker for targeted therapies such as
humanized monoclonal antibody drug regime like trastuzumab
which has resulted in significant improvement in overall prognosis
and disease-free survival, as well as decreased rate in relapse
and metastasis, among patients with early HER-2/neu-positive
tumors.12 Several methods can detect HER-2/neu overexpression
or amplification which includes immunohistochemical methods,
blotting techniques to analyze protein expression, in situ
hybridization (ISH) procedures, polymerase chain reactions, etc.13

IHC Scoring System
The ASCO/CAP has recently published guidelines with upgraded
recommendations for HER-2/neu analysis in breast cancer patients.
According to the revised 2018 recommendation from ASCO/CAP
joint committee in 2018, HER-2/neu showing a grade of (3+) is
defined as cells showing more than 10% of invasive tumor cells
with complete intense membrane staining and is positive. HER-2/
neu IHC (2+) is weak to moderate to complete membranous, a score
of 2+ is assumed to be equivocal, whereas negative for HER-2/neu
expression includes no staining expression or staining that is barely
perceptible in less than 10% of the invasive tumor cells5 However,
an equivocal result (score 2+) warrants further exploration as reflex
test (same specimen using ISH) or to place an order for a newer test
(new specimen if available using IHC or ISH).13
Many laboratory directors have concluded that the best
approach to HER-2/neu testing from the point of view of costeffectiveness is to start with the immunohistochemical procedure,
which is scored according to the recent ASCO/CAP guideline. If
the results are either 3+ or 0/1+, the determination can safely stop
there, since the correlation with gene amplification or lack of it,
respectively, as measured by FISH, is nearly 100%. If the IHC is 2+
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(equivocal), the performance of FISH is recommended, and the
result obtained tends to be regarded as the definitive result. Other
laboratories perform both IHC and FISH on all the cases because of
the small possibility of a patient being HER-2/neu positive by one
or other of the test.

ISH Scoring System
Interestingly, HER-2/neu analysis which evaluates protein
expression via antibody binding and HER-2/neu ISH determines
the number of parent gene copy with the help of a DNA probe.
Several diagnostic systems had been implemented in an
attempt to couple with the DNA probe, including fluorescent,
chromogenic, or silver-based systems.14 In general, HER2:CEP17
ratio had been assumed to be better in reflecting the true HER2
amplification status than HER2 copy as standalone.14 The ASCO
and CAP have proposed the guidelines for documenting the
observations of HER-2/neu testing by ISH employing single-probe
as well as dual-probe assays.15

M o l e c u l a r C l a s s i f i c at i o n
C a n c e r s

of

B r ea s t

Depending upon the hormone receptor status and HER-2/neu,
breast cancers are categorized into four different domains.

Luminal Type A
These types of cancers, as the name describes, are positive for
hormone receptors (ER and PR) and negative for HER-2/neu and/
or low Ki67 index. About 80% of breast cancers are ER expression
positive, and about 65% of these are also PR expression positive
which means that they grow in response to estrogen and
progesterone, respectively. These tumors are more responsive to
hormone therapy than hormone receptor-negative tumors.16

Luminal Type B
This term is used to describe the cancers that are ER+, PR+, HER-2/
neu+, and/or high Ki-67 index. These cancers can be treated with
hormone therapy as well as drugs that target HER-2/neu.16

HER2 Enriched
About 20% of breast cancers are HER-2/neu+. These cancers
are very aggressive and fast growing with a high tumor grade.
They do not respond to hormone therapies; instead, they are
treated with antibodies against HER-2/neu receptors (Herceptin)
blocking their action. Females with the expression of HER-2/
neu-positivity-type tumors are usually noted at a younger age
than the other two luminal domains. HER-2/neu amplification
coincides with inverse proportion with that of estrogen and
progesterone expressions.16

Basal-like or Triple-negative Phenotype
Almost 10–20% of breast cancers are triple-negative type based on
the nonexpression of markers, commonly referred to as basal-like
tumor. Most breast cancers associated with BRCA-1 gene fall under
this category usually containing p53 gene mutations. Although
these cancers respond fairly well to chemotherapy, they tend to
recur. No perfect therapy has been devised so far, but several
promising strategies are being aimed at triple-negative breast
cancers. However, it should be noted that most triple-negative
breast tumors are not basal-like and vice versa.16,17
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C l i n i c a l R e l e va n c e
R e c ep to r s

o f t he

Hormone

The ER being the most efficient biomarker in breast cancer ranges
with an incidence of 75% among overall breast cancers comprising
the majority of the luminal-type tumors. The tumor under this
category usually is of lower grade with relatively good prognosis.14
The development of tamoxifen for the treatment of ER-positive
breast cancers has resulted in improved survival in the patients.6
Following the beneficial action of tamoxifen in advanced disease,
several randomized trials had been worked upon to assess its
efficacy as an adjuvant systemic treatment for primary disease.
The results of the majority of the trials carried out worldwide
have been portrayed in several overview analyzes.6,18 ER and PR
have become reference points for the other markers so that more
accurate information as to receptor status will enhance the quality
of research into the biology of breast cancer and its diversity.7
The tumors expressing both of these receptors show good
prognosis with favorable response to treatment especially with
hormones.19

S t u d ie s C o r r e l at i n g ER, PR, a n d HER-2/
n e u S tat u s i n B r ea s t C a n c e r s
Observation done by Desai et al. on immunohistochemical
hormone receptor status of breast cancer in the Indian subcontinent
comprises 798 tumors. Out of the 798 breast tumors studied,
30% of tumors were ER-positive and 46.1% were PR-positive.
A significant proportion of the tumors (46.5%) were noted to
be receptor-negative. 20 A similar Indian study by Redkar along
with his researchers also noted a higher incidence of hormone
receptor non-reactivity among females with breast cancer.21 Such
results are partially explained by the fact that the study group
comprises younger premenopausal women with median age of
48 years presenting with tumors of higher grade. Young patients
possess higher levels of circulating estrogens in their body and a
corresponding low expression of steroid receptor which is reflected
in their tumors.
Another study by Mudduwa among 151 breast cancer cases
in Sri Lanka demonstrated 45.7% ER and a 48.3% PR reactivity.18
The major crux of the patients included in the study showed highgrade tumors, thereby explaining the low prevalence of hormone
receptor expression.
Another researcher Kaul with his coworkers in a study
conducted on 55 cases of breast cancer in the parts of Himachal
Pradesh with the aim of evaluating hormone receptor status and
to compare with previously published data from other centers
in India, which showed ER and PR positivity of 34.5% and 36.4%,
respectively.22
Chariyalertsak et al. reported the results concurring to
observations of Desai et al. with 36.1% ER and 45.8% PR reactivity
among 83 breast cancer cases in Thailand. 23 In contradictory, a
cross-sectional study conducted in China showed 73.5% and 65.5%
of ER and PR reactivity in their analysis of 200 breast cancers.24
Hormone receptor positivity in breast cancers among Asian
population has been found to be lower than the Western world.
Christopher et al. have documented a prevalence of 76–78% of
hormone receptor-positive breast cancers in the USA from 1992
to 1998 with a rise in the prevalence over the years.25 Barnes et al.
among a population of 170 breast cancer patients in London in
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the early 1990s showed 65% of cases to be ER-positive using
immunohistochemical assays.7 This can be attributed partially to
the dietary, lifestyle, and genetic factors among the two ethnic
groups which further needs corroborative evidence supported by
large cohort studies.
A study by Hefti et al. which employed gene expression profiling
procedure along with the clinical and immunohistochemical data
across two large and diverse datasets clearly mentioned that
ER-negative and PR-positive breast cancers are not a reproducible
subtype. It also mentions that PR expression is not associated with
prognosis in ER-negative breast cancer.26 It is essential to document
that testing for PR expression currently provides no clinically
actionable information in ER-positive breast cancer, as patients
will receive endocrine therapy regardless of PR status. There is no
consensus as to whether knowledge of PR expression by IHC has
a role in informing the use of chemotherapy in ER-positive breast
cancer.
With regard to HER-2/neu status, Dawood et al. in an
institutional-based review in the University of Texas among
2091 women with breast cancer diagnosed from 1991 to 2007
studied whether trastuzumab improves prognosis in 15% cases
demonstrating HER-2/neu positivity.27
A 5-year retrospective study conducted by Siddiqui et al. in
Northern India has noted a remarkably higher 62% HER-2/neu
positivity. The author also claims the result to be attributed to
predominantly younger patient population in their study group.28

C o n c lu s i o n
From the review, it is apparent that the presentation and behavior of
breast cancer in India may be varied due to differences in inherent,
environment, lifestyle, sociodemographic structure, and ethnic
race. The reason for increased incidence rates of breast cancer in
premenopausal women is not very well understood but a major
factor could be underdiagnosis and under-reporting among the
elderly population.
The CAP and ASCO recommend ER and PR testing in all newly
diagnosed cases of breast cancer. However, it is important to
note that testing for PR expression currently provides no clinically
significant information as patients will receive endocrine therapy
for all ER-positive tumors regardless of the PR status. In developing
countries with resource-poor laboratory setting and increased
health care needs, removing PR testing from the routine diagnostic
workup of invasive breast cancer could save the health care
industry substantial funds with no loss in the clinical utility of the
pathological evaluation.
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