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ABSTRACT

Objective: The present study was planned with an aim to study the profile of surrogate markers of molecular subtypes using the expression pattern
of ER, PR, and HER2/NEU receptors in operable breast cancer so that most effective and advantageous treatment can be offered for better surgical
outcomes.

Methods: A cross-sectional observational study was carried out in one of the tertiary care centers in Central UP. All patients presenting to the
center with early and locally advanced breast cancer with age bracket between 18 and 75 years during 2-year period and willing to participate
in the study were included in the sample size. Clinical staging was done using the standard TNM criteria and all the specimens were subjected to
immunohistochemical evaluation for surrogate molecular subtyping

Results: Out of 94 cases enrolled in the study, a total of 32 (34.4%) were identified as luminal A, 3 (3.2%) were identified as luminal B, 35 (37.6%)
were identified as HER2 positive, and remaining 23 (24.7%) were identified as triple negative. Statistically, there was no significant difference among
groups with respect to age (p=0.958) and BMI (p=0.332). However, there was a significant difference among groups with respect to clinical stage
(p=0.031), clinical nodal involvement (p=0.014), pathological staging (p=0.006), and pathological nodal involvement (p=0.023). Among those with nodal
involvement, all the cases had involvement of one node except for one patient in Group [ who had involvement of thrMost of the luminal A cases (81.3%)
were clinically Stage 1 or 2. All the luminal B cases were clinically Stage 2 or 3 (100%). Almost half (48.8%) of Her2-negative cases were Stage 3 or 4.
Majority of triple-negative cases were Stage 3 or 4 (65.2%). Clinically, nodal involvement was seen to be maximum in Her2-negative and triple-negative
groups (54.3% and 52.2% of cases, respectively). Pathologically, most of the luminal A (83.9%), Her2 negative (81.8%), and all the luminal B cases were
Stage 2. Pathologically, nodal involvement was seen in 16.1% of luminal A, 42.4% of Her2-negative, and 50% of triple-negative cases.

Conclusion: The findings of the present study provided a glimpse of expression pattern of ER, PR, and HER2 /NEU receptors in operable breast cancer
based on which most effective and advantageous treatment can be offered for better surgical outcomes.
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INTRODUCTION

Cancer of the breast in women is a major health burden worldwide.
It is the most common cause of cancer among women in both high-
resource and low-resource settings and is responsible for over 1 million
of the estimated 10 million neoplasms diagnosed worldwide each
year in both sexes. It is also the primary cause of cancer death among
women globally, responsible for about 375,000 deaths in the year
2000 [1]. While most breast cancer patients in western countries are
postmenopausal and in their 60s and 70s, the picture is quite different
in India with premenopausal patients constituting about 50% of all
patients [2].

Although in recent years, with the improvement in management
techniques, the 5-year mortality rate has been brought down to lesser
than 10% as compared to nearly 25% during the 1970s [3]. This
improvement in survival statistics is generally attributable to abundant
use of mammographic screening and improved systemic treatment,
primarily adjuvant endocrine therapy. However, evidence is gathering
that survival improvements differ by breast cancer subtypes defined by
hormone receptor status, with the greatest improvements observed for
estrogen receptor-positive cancers.

Estrogen receptor (ER) and progesterone receptor (PR) expression
jointly define distinct phenotypic and molecular characteristics and

also provide information about the natural history and sensitivity to
adjuvant hormonal therapies observed across tumor subtypes. There
are studies that have evaluated time trends in stage-specific breast
cancer survival rates according to joint ER/PR status along with some
other molecular markers like HER2/NEU18 [4]. It has been shown that
these parameters together might have the ability to further help in
identifying treatment gaps where progress could be made to increase
the treatment outcome. It has been shown that screening helps to
identify early stage breast cancer, however, hormonal therapy is useful
only to those with hormone receptor-positive disease.

With the recognition and acceptance of the heterogeneity of breast
cancer, there is an increasing emphasis on understanding it with wider
perspective that includes a wide spectrum of clinical, pathologic,
and molecular features. With the increasing knowledge, molecular
classification is being widely accepted as it helps in a holistic
characterization of breast cancer and also helps in generating gene
profiling models which help in predicting outcomes [5]. However,
despite this knowledge, the clinicians generally emphasize on traditional
clinicopathologic features and tumor markers such as estrogen receptor
(ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2), for their ease of availability.

ER, PR, and HER2 assessments can be done in routine, are relatively
cheap, reliable, and helpful in therapeutic decision-making. There is
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ample evidence available from population-based studies that these
techniques are reasonable substitutes for the more expensive molecular
subtyping. A total of eight combinations of ER, PR, and HER2 can be
made out and there are reports that indicate that combinations have
a significant variability in the demographics, tumor characteristics,
and survival, thus making them a suitable alternative for assessing and
predicting the outcome.

With this background, the present study was planned with an aim to
study the profile of surrogate markers of molecular subtypes using the
expression pattern of ER, PR, and HER2/NEU receptors in operable
breast cancer so that most effective and advantageous treatment can be
offered for better surgical outcomes.

METHODS

A cross-sectional observational study was carried out in one of the
tertiary care centers in Central UP. All patients presenting to the center
with early and locally advanced breast cancer with age bracket between
18 and 75 years during 2-year period and willing to participate in
the study were included in the sample size. Cases with patients with
metastatic cancer, inoperable tumor, and who are medically unfit were
excluded from the study. After obtaining informed consent from the
patients, diagnostic confirmation to rule out any exclusion criteria was
performed. Patient’s age, gender, and duration of disease were noted.
Anthropometric measurements were taken, and BMI was calculated.
Clinical staging was done using the standard TNM criteria. All the
specimens were subjected to immunohistochemical evaluation for
surrogate molecular subtyping using the following criteria:

Luminal A ER+/PR+/HER2-, ER+/PR-/HER2-, ER-/PR+/HER2-
Luminal B ER+/PR+/HER2+, ER+/PR-/HER2+, and ER-/PR+/HER2+
HER/neu+ ER-/PR-/HER2+

Triple negative ER-/PR-/HER2-

Data were entered into Excel sheet and statistical analysis was done
using Statistical Package for the Social Sciences version 15.0 or above.

RESULTS

Outof 94 cases enrolled in the study, a total of 32 (34.4%) were identified
as luminal A, 3 (3.2%) were identified as luminal B, 35 (37.6%) were
identified as HER2 positive, and remaining 23 (24.7%) were identified
as triple negative (Table 1). Age of patients ranged from 26 to 75 years.
Mean age of patients in different groups ranged from 47.57+9.57
(Group III) to 50.67+8.08 (Group II) years. Statistically, there was no
significant difference among groups with respect to age (p=0.958).
All the patients were female. BMI of patients ranged from 18.25
to 33.78 kg/m% Mean BMI in different groups ranged from 23.71
(Group 1V) to 26.38 kg/m? (Group II), however, the difference among
groups was not significant statistically (p=0.332) (Table 2).

In Group |, a total of 4 (12.5%) were Stage T1, 22 (68.8%) were Stage
T2, 4 (12.5%) were Stage T3, and 2 (6.2%) were Stage T4. In Group II,
2 (66.7%) were T2 and 1 (33.3%) was T3. In Group III, 18 (51.4%)
were T2, 14 (40%) were stage T3, and remaining 3 (8.6%) were T4.
In Group 1V, 7 (30.4%) were T2, 12 (52.2%) were T3, 3 (13%) were
T4, and remaining 1 (4.3%) was Tx. Statistically, there was a significant
difference among groups with respect to clinical stage (p=0.031).

Clinical nodal involvement was seen in 21.9% of Group I (6 N1, 1 N3), 54.3%
of Group III (all N1), and 52.2% of Group IV (all N1) cases. None of the cases
in Group II had nodal involvement. Statistically, there was a significant
difference among groups with respect to nodal involvement (p=0.014).

Table 1: Distribution of cases according to molecular profile

S.No. Group Molecular profile No.ofcases Percentage
1 I Luminal A 32 34.4

2. II Luminal B 3 3.2

3. 111 HER2 positive 35 37.6

4 v Triple negative 23 24.7
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After the surgery, the pathological staging of cases was ascertained.
Table 3 shows the pathological staging of cases. Pathological stage could
be determined in 89 cases. There was one case each in Group I and
Group III and two cases in Group III, in whom pathological stage could
not be determined. In Group I, a total of 3 (9.7%) were pathologically
Stage I, 26 (83.9%) were Stage 2, and 2 (6.5%) were Stage 2. All the
cases in Group II were pathologically Stage 2. In Group III, a total of
27 (81.8%) were Stage 2 and remaining 6 (18.2%) were Stage 3. In
Group IV, 11 (50%) were Stage 2,9 (40.9%) were Stage 3, and remaining
2 (9.1%) were Stage 4. Statistically, there was a significant difference
among groups with respect to pathological staging (p=0.006).

Pathological nodal involvement was seen in 16.1% of Group I (4 PN1, 1
PN3), 42.4% of Group III (13 PN1, 1 PN2), and 50% of Group IV (9 PN1,
1 PN2, 1 PN3) cases. In Group II, none of the three cases had nodal
involvement. Statistically, there was a significant difference among
groups with respect to nodal involvement (p=0.023). Among those with
nodal involvement, all the cases had involvement of one node except
for one patient in Group I and two patients in Group II. Her-2-positive
subtype (Group III) was most common (37.6%) followed by luminal A
(Group 1) (34.4%) and triple negative (Group 1V) (24.7%). Luminal B
subtype (Group II) was least common (3.2%).

DISCUSSION
With the increasing awareness regarding breast cancer and increased

access to diagnostic modalities, the prevalence of breast cancer is

Table 2: Comparison of mean age and BMI of patients with
different molecular profile

S.No. Group No.of Meanage SD Range p value
cases
1. I 32 48.38 11.96 31-75 p=0.958
2. 11 3 50.67 8.08 42-58
3. 11 35 47.57 9.57 30-70
4. 1\Y 23 48.09 8.03 26-59
Total 93 48.08 9.96 26-75
S.No. Group No.of MeanBMI SD Range p value
cases
1. I 32 24.16 3.29 183-32.08 p=0.332
2. 11 3 26.38 2.24 24.03-285
3. 11 35 25.23 398 18.65-33.78
4. \Y 23 23.71 391 18.25-32.04
Total 93 24.52 3.71 18.25-33.78

Table 3: Comparison of clinical stage, clinical nodal status, and
pathological nodal status of tumor in different molecular profiles

No. Group I Group II
(n=32) (n=3)

GroupIll GroupIV pvalue
(n=35) (n=23)

% No. % No. % No. %

Clinical stage

1. T1T 4 125 0 0 0 o0 0 0 p=0.031
2. T2 22 688 2 667 18 514 7 304

3. T3 4 125 1 333 14 400 12 522

4. T4 2 62 0 O 3 86 3 130

5 Tx 0 0 0 0 0 o0 1 43

Clinical nodal status

1. NO 25 781 3 1000 16 457 11 478 p=0.014
22 N1 6 186 0 00 19 543 12 522

3. N2 0 0 0 0 0 0 0 0

4. N3 1 31 0 O 0 o0 0 0
Pathological nodal status

1. PNO 26 839 3 1000 19 576 11 500 p=0.006
2. PN1 4 129 0 0.0 13 394 9 409

3. PN2 0 0 0 00 1 30 1 45

4. PN3 1 32 0 O 0 00 1 45
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increasing. With increasing clinicopathological correlations, the
prognosis of breast cancer is improving. However, attempts are still
being made to understand various clinicopathological, physiological,
and biochemical variables affecting the outcome and prognosis in breast
cancer cases. In the recent years, molecular subtyping of breast cancer
is used as an improvised tool to help in understanding the underlying
mechanisms and genetic predisposition that might affect the extent and
outcome of breast cancer. In the present study, we made an attempt to
study the profile of surrogate markers of molecular subtypes using the
expression pattern of ER, PR, and HER2/NEU receptors in operable
breast cancer so that most effective and advantageous treatment can be
offered for better surgical outcomes.

In the human mammary gland, two cell types are distinguished
immunohistochemically; the basal (and/or myoepithelial) cells can be
stained with the antibodies against keratin 5/6, whereas the luminal
epithelial cells can be stained with the antibodies against keratin 8/1
[6]. The luminal cells may be positive or negative for ER, PR and Her-2/
neu.

The ER-positive/luminal tumors can be grouped into two subtypes,
luminal A and luminal B. The luminal A tumors demonstrate the highest
expression of the ER and the ER-related genes and they show the best
prognosis. The luminal B tumors have profiles which are enriched for
the “luminal genes,” but they show a low to moderate expression of the
genes which pertain to the ER cluster. As compared to the luminal A
tumors, they may have a higher proliferation rate, they may express
genes that seem to be shared with the basal-like and the Her-2 subtypes
and they are associated with a less favorable outcome [7]. In the present
study, we also made an attempt to find out association of this molecular
subtyping pattern using ER/PR and Her-2 expression as the indicators
of different molecular subtypes based on luminal classification. The
subtype definitions used for the purpose of study were as follows:
Luminal A (ER+ and/or progesterone receptor (PR) +, Her-2/neu-)
(Group I), luminal B (ER+ and/or PR+, HER2+) (Group II), Her-2/neu
positive (ER-/PR-, Her-2/neu+) (Group III), and triple negative (ER-,
PR-, Her2-) (Group IV).

For this purpose, a total of 94 cases falling in sampling frame were
enrolled in the study. Based on above classification, Her-2-positive
subtype (Group III) was most common (37.6%) followed by luminal A
(Group 1) (34.4%) and triple negative (Group IV) (24.7%). Luminal B
subtype (Group II) was least common (3.2%). The prevalence of various
subtypes as reported in different case series is as follows.

An overview of Table 4 shows that the prevalence of different molecular
subtypes varies substantially in different studies. In the present study,
majority of patients were Her-2/neu positive, however, most of the
other studies indicate luminal A to be the most common type. However,
there are exceptions too, like Maisonneuve et al (2014) [14] who
observed luminal B type to be more common than luminal A. However,
we do not claim that luminal A to be most common type in general but
limit the findings to the present work only. It is known that luminal A
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type is generally associated with low-grade cancers, however, where
chemotherapy is often suggested as the viable treatment option either
alone or as an adjuvant therapy. However, in the present study, majority
of patients have not received chemotherapy. However, despite this
difference, the proportion of luminal A subtype was only marginally
lower as compared to the most dominant subtype (Her2/neu positive)
in the present study. These findings indicate that proportion of patients
with different molecular subtypes might be dependent on a host of
factors including the purpose of study, design of study, sample size,
definition criteria, and patient characteristics.

In the present study, the age of patients ranged from 26 to 75 years with
a mean age of 48.08+9.96 years. In few reports [8,19], an association
between age and luminal subtypes has been reported with triple
negative type to be more common in younger age groups. However, in
the present study, no such effect of age was reflected across different
molecular subtypes in the present study. As a matter of fact, patients
below <35 years and <40 years of age comprised only a fractional
portion of entire study population (12.8% and 16.0%, respectively). As
far as range of age is concerned, despite being in low percentages, it is
disappointing to see that people at younger ages are being affected by
breast cancer, however, this is not an unusual finding. In the present
study, minimum age of a patient was 26 years but there are reports
that have included patients much younger than this [10]. Contrary
to findings of the present study, Park et al. (2013) [20] made a point
that ER+/PR- patients had the oldest age at diagnosis, and ER-/PR+
was associated with the youngest age at onset and Grade III tumor.
Ugras et al. (2014) [15] also showed an association between age and
molecular subtypes. However, in the present study, though we observed
mean age of patients with luminal B subtype to be maximum, yet
we could not deduce any significant association of age with luminal
subtype. As far as mean age of patients is concerned, the findings of the
present study coincide with the observations of various recent Indian
studies in literature that have cited mean age of patients to be close to
50 years [18,21,22]. In the present study, no association between BMI
and molecular subtyping could be observed. BMI of patients ranged
from 18.25 to 33.78 kg/m? with a mean of 24.52+3.71 kg/m? A large
proportion of patients was overweight and obese (BMI>25.0 kg/m?)
(41.5%). On reviewing the literature, we did not encounter any study
indicating association between BMI and molecular subtyping. In the
recentyears, more and more evidence is supported showing association
between obesity and breast cancer [23] and the high prevalence of
overweight and obese patients in the present study substantiated this
relationship.

In the present study, luminal A and luminal B subtypes were found
to be associated with lower clinical grades while Her2/neu-positive
and triple-negative subtypes had significantly higher proportion of
patients with higher clinical grades. Similarly, nodal involvement
was significantly more common in Her2/neu-positive and triple-
negative subtypes. This finding is in agreement with a plenty of
reports in literature [15,17-18,20-22]. On evaluating the association
of pathological grade and nodal involvement levels too, the clinical

Table 4: Prevalence of various molecular subtypes among carcinoma breast patients in different case series

S.No. Author (year)

Sample size Luminal A (%) Luminal B (%) Her2 +ve (%) Triple negative/basal cell type (%)

1. Ihemelandu et al. (2007) [8] - 55.4
2. Cheang et al. (2010) [9] 357 59

3. Lietal (2011) [10] 316 33.2
4. Caudle et al. (2012) [11] 595 51.9
5. Dominici et al. (2012) [12] 819 70

6. Joensuu et al. (2013) [13] 72 48.6
7. Maisonneuve et al. (2014) [14] 9415 33.7
8. Parise and Caggiano (2014) [15] 123,780 58

9. Kumar De et al. (2015) [16] 23 39.1
10. Kumar et al. (2015) [17] 56 339
11. Alnegheimish et al. (2016) [18] 359 58.5
12. Present study 94 34.4

11.8 11.6 21.2
33 - 9

11.7 26.3 28.8
8.6 7.1 324
7 6.2 11.5
5.6 11.1 14.0
66.3 - -

30.7 7.9 15.1
13.0 13.0 34.8
17.9 17.9 26.8
14.5 12.3 14.8
3.2 37.6 24.7
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findings correlated substantially with the clinical findings and thus
endorsed the observations made by the previous studies.

CONCLUSION

Most of the luminal A cases (81.3%) were clinically Stage 1 or 2. All the
luminal B cases were clinically Stage 2 or 3 (100%). Almost half (48.8%)
of Her2-negative cases were Stage 3 or 4. Majority of triple-negative
cases were Stage 3 or 4 (65.2%). Clinically, nodal involvement was seen
to be maximum in Her2-negative and triple-negative groups (54.3%
and 52.2% of cases, respectively). Pathologically, most of the luminal
A (83.9%), Her2 negative (81.8%), and all the luminal B cases were
Stage 2. Pathologically, nodal involvement was seen in 16.1% of luminal
A, 42.4% of Her2-negative, and 50% of triple-negative cases. The
findings of the present study provided a glimpse of expression pattern
of ER, PR, and HER2/NEU receptors in operable breast cancer based
on which most effective and advantageous treatment can be offered for
better surgical outcomes.
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