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Abstract

Background and objectives: Breast cancer is a heterogeneous disease complex with
various molecular subtypes, each having unique features that significantly affect the
disease's course, behavior, treatment response, and prognosis. This study aimed to
investigate the incidence of different breast cancer molecular subtypes and to explore the
associations between these subtypes and important prognostic characteristics, such as
tumor grade and disease stage.

Methods: This study was a retrospective observational analysis of paper-based medical
records of 187 female patients diagnosed with breast cancer and registered at the
Oncology Center of Rizgary Teaching Hospital in Erbil City in 2021.

Results: Analyzing the records of the 187 confirmed breast cancer patients revealed that
luminal-B was the most frequent breast cancer molecular subtype, followed by luminal-A,
TNBC and HER2-enriched subtypes in order of decreasing frequency. Additionally,
the study found a statistically significant association between breast cancer molecular
subtypes and prognostic characteristics such as tumor grade (P <0.001), primary tumor
size (P = 0.017) and axillary lymph node status (P = 0.002).

Conclusion: The findings revealed a significant association between different breast
cancer molecular subtypes and key tumor characteristics such as tumor grade and TNM
disease stage, potentially influencing therapeutic and prognostic outcomes.

Keywords: Breast cancer; Molecular subtypes; Prognostic tumor characteristics.

Introduction Figure 1. Furthermore, Figure 2 reveals

Breast cancer is a genetically diverse and macroscopic appearance of invasive
complex disease consisting of numerous lobular carcinoma, which is the second
histological subtypes with unique biological most common histological subtype of
characteristics. These differences have led breast cancer.

to significant variations in disease behavior, Traditional breast cancer classification
aggressiveness, treatment response and systems, which focus on tumor
prognosis. This heterogeneity is considered characteristics like size, lymph node status,
one of the major challenges in managing histological grade, and histological
breast cancer patients globally. In addition, subtype, may not adequately capture the
research has shown that breast cancer = complex genetic changes and biological
has different molecular subtypes; each processes involved in cancer development
exhibits diverse phenot}/pes and responds and progression. Consequently, tumors
differently to treatment."'™ that appear similar clinically and
A gross pathological appearance of  pathologically may exhibit different
invasive ductal carcinoma of the breast,  behaviors.®®

which is the most common histological Recently, newer classification methods
subtype of breast cancer, is shown in based on immunohistochemical, genetic,
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and molecular findings in breast cancer
have been developed. The identification
of hormone (estrogen and progesterone)
receptor status, HER-2 receptor status,
and the Ki-67 index initiated these new
molecular classifications. According to this
system, breast cancer is divided into four
major molecular subtypes: luminal-like,
basal-like, normal-like, and HER-2 positive.

The luminal class is further subdivided
into luminal-A and luminal-B subtypes.”"'%
The microscopic appearances of some of
the breast cancer subtypes based on
tumor grade and immunohistochemistry,
such as estrogen receptor, progesterone
receptor and HER2 receptor status, are
demonstrated in Figures 3 and 4.

Figure 1 Gross pathology of breast cancer. (A): External appearance of a mastectomy
specimen containing a very large invasive ductal carcinoma. (Emmanuelm, 2009).
(B): Excised human breast tissue, showing a stellate area of cancer 2cm in diameter
(arrowed). The histology was that of a moderately well differentiated ductal carcinoma.

(John Hayman, 2007)

Figure 2 Macroscopic appearance of invasive lobular carcinoma of breast. The mass has
an approximate diameter of 2cm (arrowed). Image by the author
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Figure 3 Microscopic appearance of high-grade invasive duct carcinoma. (A): H&E staining x100
magnification. (B): H&E staining x400 magnification. (C): Estrogen receptor strong positive by
immunohistochemistry. (D): HER-2 receptor strong positive by immunohistochemistry. Image by the

author

Figure 4 Microscopic appearance of intermediate grade invasive lobular carcinoma. (A): H&E
staining x100 magnification. (B): H&E staining x400 magnification. (C): Estrogen receptor positive by
immunohistochemistry. (D): Progesterone receptor positive by immunohistochemistry. Image by the
author
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Likewise, according to the St. Gallen
Consensus 2011, molecular subtypes of
breast cancer can be classified into four
subtypes:

(1) Luminal A (ER+/PR+/HER2-/low Ki-67).
(2) Luminal B (ER+/PR+/HER2-/+/high
Ki-67)

(3) HER2-overexpression (ER-/PR-/
HER2+); and (4) Basal like/triple negative
breast cancer (ER-/PR-/HER2-).('"1?)
Notably, different breast cancer subtypes
have distinct therapeutic and prognostic
implications.""” For example, luminal-A
patients typically have low-grade tumors
and a favorable prognosis, while luminal-B,
HER2, and triple-negative types are
known to have poorer survival rates
and higher-grade tumors."""® Hormone
therapy is commonly used to treat hormone
receptor-positive (HR+) breast cancer,
such as Luminal-A and Luminal-B
subtypes.'
HER2 inhibitors like trastuzumab and
pertuzumab are administered to HER2-
positive breast cancer subtypes.!'”
Whereas for triple-negative breast cancer
patients, chemotherap remains the
primary treatment option.!"®

The main objective of this study was to
perform a retrospective analysis on
the medical records to investigate the
prevalence of various breast cancer
molecular subtypes. The second objective
was to determine the association between
molecular subtypes and some important
prognostic characteristics in breast cancer
such as histological subtype, tumor grade,
primary tumor size and axillary lymph node
status.

Methods

Data collection and study design:

Breast cancer data was retrospectively
collected from the case-notes of patients
diagnosed with breast cancer and
registered at the Oncology Center in
Rizgary Teaching Hospital, Erbil, Iraq.
The study included all women diagnosed
with and treated for breast cancer over
a 12-month period from January to

16)

December 2021. Out of a total of 195
recorded breast cancer patients, 187 of
them, who had readily accessible data in
their medical records, were included in the
study.

The study included the impact of the
patients age on the distribution of
molecular subtypes of breast cancer. For
this purpose, the cases were divided into
three age subgroups: young age (<40
years), middle age (41-60 years) and old
age (>60 years). The clinicopathological,
immunohistochemical (IHC), and in situ
hybridization (ISH) data, in addition to

common important breast cancer
prognostic parameters such the
histological subtype, tumor grade and

disease stage, based on AJCC TNM
staging, were extracted from the included
pathology reports in the patients’
hospital records. Based on the St Gallen
classification, using someof the mentioned
breast cancer parameters such as
hormone receptor status, HER2 receptor

status, and Ki-67 index score, the
molecular subtypes of breast cancer
among the studied patients were

categorized into four main types: luminal
A, luminal B, HER2-enriched, and triple-
negative breast cancer (TNBC).

Histopathologically, the recorded breast
cancer cases were classified into two main
subtypes: common histological subtypes
such as invasive ductal carcinoma and
invasive lobular carcinoma, and rare/
special histological subtypes like medullary
and papillary carcinomas. Likewise, the
breast cancer grading system included
three levels based on the degree of cellular
differentiation (how closely tumor cells
resemble normal breast cells): grade |
(low differentiation), grade Il (moderate
differentiation), and grade Il (poor
differentiation), reflecting low, moderate,
and high histological tumor grades,
respectively. Besides, the diagnostic
medical imaging reports such as CT-scan,
MRI and PET/CT scans, that were also
included in the patients’ case-notes, were
used to assess clinical disease staging.
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The clinical staging of breast cancer was
done based on eighth edition of the
American Joint Committee on Cancer
(AJCC), which is based on extent of cancer
as defined by tumor size (T), lymph node
status (N), and distant metastasis (M).!"¥

Statistical Analysis: The Statistical
Package for Social Sciences software
version 25 was wused for statistical
analyses. In descriptive statistics,
frequency and percentages of categorical
variables were reported. The associations
between the different molecular subtypes
and tumor characteristics, such as tumor
grade and TNM disease stage, were
calculated using Pearson’s Chi-square test,
Monte Carlo significance test and Fisher’s
exact test for categorical variables. The
latter was used when more than 20% of
expected values in the cells were less than
five. A two-tailed P-value of less than 0.05
was regarded as statistically significant.

Ethical considerations: The study
received approval from the Research
Ethics Committee of the College of
Dentistry at Hawler Medical University
in May 2023. Since the study was

retrospective, ethical implications were
minimal, and participants' identities were
safeguarded by assigning each patient
a unique serial number.

Results

The final analysis of the records of 187
confirmed breast cancer patients, as
illustrated in Table 1, revealed that the
frequency distribution of the breast cancer
molecular subtypes was as follows:
About three quarters of the patients had
luminal-type breast cancer, luminal-B was
the most frequent subtype at about 45%,
and just less than one-third of the patients
had Iuminal-A disease. Meanwhile,
only 10.2% of the patients were HER2-
enriched, and the remaining 12.8% had
triple-negative (TNBC) breast cancer.

The impact of age on the frequency of
breast cancer molecular subtypes at
the time of diagnosis is demonstrated in
Table 2. As the table reveals, despite
some numerical variations, there was no
significant association between the age
of the patient and incidence of molecular
subtype of breast cancer. P = 0.384.

Table 1 Distribution of breast cancer molecular subtypes (n=187)

Category Frequency Percentage (%)
Luminal-A 59 (31.5)
Luminal-B 85 (45.5)
HER2-enriched 19 (10.2)
TNBC 24 (12.8)
Total 187 (100)

Table 2 Effect of age on the distribution of breast cancer molecular subtype

Age Group Molecular Subtype P-value*
Luminal- Luminal- HER2- Triple- Total
A B enriched negative
No. (%) No. (%) No. (%) No. (%) No. (%)
Young age (40 yrs.) 9 (24) 17 (45) 7(18) 5(13) 38 (20) 0.384
Middle age (41-60 yrs.) 37 (36) 45 (43) 7(7) 15 (14) 104 (56)
Old age (>60 yrs.) 13 (29) 23 (51) 5(11) 4 (9) 45 (24)
Total 59 (32) 85 (45) 19 (10) 24 (13) 187 (100)

*Pearson’s Chi-square test
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Regarding the distribution of important
clinicopathological characteristics, such as
histological subtypes and their association
with breast cancer molecular subtypes,
Table 3 shows that the most frequent
histological subtype of breast cancer was
invasive ductal carcinoma (IDC) at almost
80%; the second most common subtype
was invasive lobular carcinoma (ILC) at
7.5%, followed by inflammatory breast
cancer (IBC) at 4.3%. Rare special
histological subtypes, such as medullary,

papillary, mucinous and malignant
phyllodes tumor, constituted only about five
percent of the breast cancer cases in total.
Concerning the relationship between
breast cancer molecular subtype and the
histological subtype, based on Table 4,
the study findings indicated that, despite
some numerical differences, there were
no statistically significant associations
between molecular subtypes and their
presenting histological subtypes, with the
two-sided P-value of 0.164.

Table 3 The frequency distribution of breast cancer histological subtypes

Breast Cancer Histological Subtype Frequency Percentage (%)
Common Invasive ductal carcinoma (IDC) 149 (79.7)
Subtypes Invasive lobular carcinoma (ILC) 14 (7.5)
Inflammatory breast cancer (IBC) (4.3)
Ductal carcinoma in situ (DCIS) (3.2)
Special Medullary carcinoma (Med.) 5 (2.7)
Subtypes Papillary carcinoma (Pap.) 3 (1.6)
Mucinous carcinoma (Muc.) 1 (0.5)
Phyllodes tumor (Phy.) 1 (0.5)
Total 187 (100)
Table 4 The associations between molecular subtype and histological subtype
Molecular Histological Subtype P- value*
Subtype IDC ILC IBC DCIS Special Total
No.(%) No.(%) No.(%) No.(%) subtypes No. (%)
No. (%)
Luminal-A 47 (80) 7(11) 1(2) 2(3.5) 2(3.5) 59 (34) 0.164
Luminal-B 71 (83) 4 (5) 3(3.5) 3(3.5) 4 (5) 85 (43)
HER2-E 14 (74) 1(5) 3 (16) 1(5) 0 (0) 19 (10)
TNBC 17 (72) 2 (8) 1(4) 0 (0) 4 (16) 24 (13)
Total 149 (79) 14 (8) 8 (4.5) 6 (3.5) 10 (5) 187 (100)

*Fisher’s exact test
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Meanwhile, there was a highly statistically
significant association between breast
cancer molecular subtype and the
presenting tumor grade, the latter being
regarded as an important prognostic factor
in breast cancer. As it is seen in Table 5,
12% of luminal-A patients had low grade
(grade 1) disease compared to none of
the patients with HER2-enriched or TNBC
subtypes. On the other hand, only 12% of
luminal-A patients had high grade (grade
[Il) disease, compared to about half of the
patients with luminal-B and HER2-enriched
subtypes, and two-thirds of patients
with triple negative disease (TNBC). The
P-value was <0.001.

The study also addressed whether different
molecular subtypes were associated with

varying staging parameters in breast
cancer, such as primary tumor status/size
(T) and axillary lymph node status (N)
according to AJCC TNM Staging System.
Table 6 reveals that nearly 90% of
patients with luminal-A disease had
early-stage (Tis, T1, T2) tumors, while
only 4% had advanced (T4) disease.
This can translate to a good prognostic
characteristic of luminal-A breast cancer in
relation to the tumor size. Oppositely, more
than half of the patients with HER2-
enriched and more than one-third of
patients with triple negative breast cancer
(TNBC) were presented with advanced
(T3 or T4) disease. The differences were
statistically significant with a two-sided
P-value of 0.017.

Table 5 The association between breast cancer molecular subtype and tumor grade

Molecular subtype Tumor Grade P-value*
I I [} Total
n (%) n (%) n (%) n (%)
Luminal-A 7(12) 45 (76) 7(12) 59 (31) <0.001
Luminal-B 6 (7) 40 (47) 39 (46) 85 (46)
HER2-E 0(0) 8 (42) 11 (58) 19 (10)
TNBC 0 (0) 8 (33) 16 (67) 24 (13)
Total 13 (7) 101 (54) 73 (39) 187 (100)
*Fisher’s exact test
Table 6 The association between molecular subtype with the primary tumor size
Molecular Primary Tumor Size (T) P- value*
Subtype Early Advanced Total
Tis ™ T2 T3 T4
No. (%) No.(%) No. (%) No. (%) No. (%) No. (%)
Luminal-A 1(2) 15 (25) 37 (62) 4(7) 2(4) 59 (32) 0.017
Luminal-B 3(4) 15 (17) 47 (55) 9 (11) 11 (13) 85 (45)
HER2-E 0 (0) 2(11) 6 (31) 5(27) 6 (31) 19 (10)
TNBC 0(0) 3(13) 12 (50) 6 (24) 3(13) 24 (13)
Total 4(2) 35(19) 102 (54) 24 (13) 22 (12) 187 (100)

*Monte Carlo significance test
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Finally, about the association between
breast cancer molecular subtype and the
axillary lymph node status, Table 7 shows
that there was a statistically significant
influence of breast cancer molecular
subtype on the axillary lymph nodal status
of the patient whether free from
malignancy (negative) or involved by
malignancy (positive). For example, at the
time of breast cancer diagnosis, only four
in ten of patients with luminal-A subtype
had positive axillary lymph node status,
meanwhile, around three quarters of
patients with either HER2-enriched or
TNBC subtypes had axillary lymph nodes
involved by malignancy. Also, about
two-thirds of luminal-B patients presented
with positive axillary lymph nodes. The
P-value was 0.002. This means that,
compared to Iluminal-A breast cancer,
luminal-B, HERZ2-enriched and TNBC
have associated significantly with more
advanced axillary lymph node stage at the
time of breast cancer diagnosis.

Discussion

The study examined the distribution of
breast cancer molecular subtypes and
their associations with various prognostic
characteristics, such as tumor grade and
disease stage, in patients visiting the
Oncology Center at Rizgary Teaching
Hospital in Erbil during the year of 2021.

The findings of the present study revealed
that the median age of breast cancer

presentation was 49 years. This was
in concordance with data from the
surrounding counties such as Saudi Arabia
and Oman.?®?"  Meanwhile, the age
distribution results differed from
observations in some other countries, for
instance in the United States, where 65.1%
of the reported breast cancer cases were
found in women older than 55 vyears
of age, according to the Surveillance
Epidemiology and End Results (SEER)
Cancer Statistics Review.?

This difference in age distribution and its
earlier onset in our regions may be due to
inadequate health awareness and health
care systems in the Middle East compared
to advanced Western countries. Life
style, genetics, and early detection also
contribute greatly to this difference.?®
Regarding the distribution of breast cancer
molecular subtype, similar to our study,
some comparable studies reveal that
luminal-B was the most evident molecular

subtype, and invasive duct carcinoma
was the most common histological
subtype.?*?® Nonetheless, some other

studies revealed some obvious differences
in this distribution. For instance, a number
of studies done in the United States and
Norway showed that luminal-A was by far
much more common than other molecular
subtypes, at about 70%.%%?" Additionally,
studies done in Saudi Arabia and Tunisia
also found that Iluminal-A formed the
majority of subtypes at just more than half

Table 7 The association between molecular subtype and axillary lymph node status

Molecular Subtype Axillary Nodal Status (N) P-value*
Negative Positive Total
No. (%) No. (%) No. (%)

Luminal-A 35 (59) 24 (41) 59 (32) 0.002

Luminal-B 29 (34) 56 (66) 85 (45)

HER2-enriched 4 (21) 15 (79) 19 (10)

TNBC 7 (29) 17 (71) 24 (13)

Total 75 (40%) 112 (60%) 187 (100%)

*Pearson’s Chi-square test
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of the cases, followed by TNBC, luminal-B
and HERZ2-enriched subtypes in order of
decreasing frequency.®2®

The observed differences in subtype-
specific incidence across various
geographical regions could result from
some kinds of genetic variations. For
example, data from the United States
indicate that mutations in the breast cancer
susceptibility genes BRCA1 and BRCA2
may be more prevalent among African-
American women than non-Hispanic White
women,'®® while mutations in other breast
cancer genes may be less common in
African-Americans.®® There is some
evidence, though not entirely consistent,
that BRCA mutation carriers are more
likely to develop triple-negative
breast cancer (TNBC).®"

In regard to the associations between
molecular subtypes and clinico-
pathological/prognostic characteristics of
breast cancer such as the tumor grade and
disease stage, similar to our study, several
studies showed that molecular subtype was
significantly associated with histological
tumor grade. For instance, grade |Ili
pathology was mostly found in luminal-B,
TNBC and HER2 disease, while lower
grades, such as grades | and Il, were
predominated in luminal-A disease, which
may explain a less aggressive behavior of
luminal-A breast cancer compared to the
other molecular subtypes. 42532
Furthermore, concerning the relationship
between molecular subtype and TNM
disease stage at the time of breast cancer
diagnosis, similar to our results, many other
studies done worldwide found a significant
association between breast cancer
molecular subtype and tumor burden
including primary tumor size and axillary
lymph node status. Luminal subtypes were
generally associated with smaller tumor
sizes and less lymph node involvement
compared to non-luminal breast cancer
subtypes. For instance, a study by Isheden
et al found that Her2-enriched breast
cancer was associated with 1.53 times
faster tumor spread than Iluminal A

cancer.®® Also, another study by Li J et al
concluded that lower tumor grades and
disease stages were found in Iluminal
cancers compared to TNBC and HER2-
enriched subtypes.® These findings could
translate to the conclusion that HER2-
enriched and triple-negative breast cancers
generally behave more aggressively than
luminal breast cancer subtypes.
Concerning the limitations of the present
study, although a sample size of 187
records offers a valuable insight; however,
being retrospective and reliant on hospital
records, introduces certain limitations. In
retrospective observational studies, the
data's completeness and accuracy are
contingent upon the records available; this
can potentially lead to information gaps.
Furthermore, inherent to retrospective
designs, selection bias may affect
the representativeness of the findings.
Controlling for all potential confounding
variables is challenging, and the
generalizability of the results beyond the
studied population may be limited.

Conclusion

This study aimed to determine the
distribution of breast cancer molecular
subtypes and explore their relationships
with staging and prognostic features in
breast cancer. Although it acknowledges
the limitations of hospital-based
retrospective studies, the findings highlight
significant connections between molecular
subtypes and key staging and prognostic
factors, including tumor grade, primary
tumor size, and axillary lymph node status.
Future research is needed to elucidate the
mechanisms linking different subtypes with
tumor characteristics and to enhance
understanding of how these subtypes
influence breast cancer behavior,
aggressiveness, treatment, and prognosis.
This study provides valuable insights,
laying the groundwork for future targeted
interventions and personalized treatment
approaches in oncology.
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