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In the past 20-30 years, we have witnessed the emergence of new areas with
enormous contribution to the understanding of breast cancer biology. With the
advancement in the field of steroid hormone nuclear receptors, responsible for
controlling various genetic programs and their expression involved in cellular
processes which are essential for normal and aberrant cell growth, plays a key role
in the therapy and prevention of hormone-dependent cancers. The findings of the
association between hereditary breast cancers and BRCAIl and BRCA2 gene
mutations, and the conception that they broadly represent a variety of mutations
with varied degrees of penetrance within given families, have incorporated substan-
tial understanding to the molecular and pathological basis of breast cancer. These
advancements have been fastened with the development of recombinant DNA
technology, being a revolutionary tool in probing the human genome. This explosion
of knowledge on the genetic and hormonal basis of breast cancer with substantial
advances in its early detection and therapeutic strategies have opened great hopes for
the conquest of this disease. However, still the developed and developing countries
both are facing the greatest burden of breast cancer mortality possibly due to changes
in reproductive patterns and adopting westernized lifestyle.

The recognition that traditional developmental concepts need to provide the basic
agenda for the elucidation of data generated by these modern techniques and novel
therapeutic targets to explain the breast cancer etiology, pathogenesis, and progres-
sion has led Dr. Saima and her co-editor to design this book. This book has
beautifully explained all the aspects of breast cancer from hormonal status to
molecular profiling to diagnosis to therapeutic options to chemo-tolerance and the
introduction to personalized medicine.

Towards the end, I would like to congratulate Dr. Saima and her co-editor for
accomplishing this challenging task of writing a scientific book for pathologists,
healthcare professionals, and breast cancer patients. Simplification of difficult terms
without compromising readers’ interest is extremely pleasant. I highly value
Dr. Saima and Dr. Nosheen’s immense efforts to turn this long awaiting book into
reality!

The Foundation University Islamabad Mehreen Baig
Islamabad, Pakistan
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The first part of the book explains about the foundations of breast cancer, briefly
explains introduction to the disease, its epidemiology, risk factors, histopathological
classification, subtypes depending on receptor status along with clinical and patho-
logical staging. It also sheds light on relationship of breast cancer with other
hormone-sensitive cancers. This knowledge is essential for determining the func-
tional relevance of hormonal and genomic changes in cancer initiation and progres-
sion and for developing strategies for breast cancer prevention along with its
relevance with other cancers. A chapter about cancer care and psychosocial needs
would be valuable addition to this part. Breast cancer, with a complex landscape,
requires discreate strategies to manage different molecular subtypes of this disease.
Rapid advancements in the field of molecular biology have been mystifying for those
involved in its study, detection, and management.

With the advent of next-generation sequencing, new insights have been provided
in genomic and transcriptomic regulation. Alterations in the DNA structure/
sequence have been correlated with varied disease outcomes and provide ways for
novel therapeutic approaches. These advanced technologies have revealed the
extensive contributions of epigenetic mechanisms such as histone modifications,
non-coding RNA, and alternative splicing. All these changes together contribute to
alterations in proteome with drastic consequences. Therefore, next part of the book
covers the BRCA1-, BRCA2-associated breast carcinogenesis (screening, diagnosis,
prevention, and limitations), early-stage progression of breast cancer (molecular
classification, role of high and low penetrance genes in breast cancer), noninvasive
biomarkers for early detection of breast cancer highlighting the mutational spectrum,
and their role in response to particular drugs and adjustable dosage regimes. Breast
cancer has variable disease heterogeneity therefore, discussing epigenetical involve-
ment, role of fibrolytic mechanisms, microRNAs, non-coding RNAs and circulating
tumor cells in breast cancer diagnosis, prognosis and treatment with specific influ-
ence on the concept of precision medicine would be helpful in understanding the
complex and multifactorial disease etiology. The second part of the book also
includes information about novel drug targets like PARP inhibitors in breast cancer
leading towards personalized treatment with better survival rates, neoadjuvant,
metastatic, and combination settings along with relationship to hormone receptor
tumor types.



X Preface

Breast cancer is caused by alteration in many types of proteins/hormones. There
are many molecular subtypes of breast cancer and oncologists have come across
resistance to therapies. Triple-negative breast cancer patients do not respond to many
chemotherapeutic drugs and ultimately lead to death or recurrence. In the third part
of the book, therapeutic options in BRCA1-linked breast cancer and systemic
approaches, biomarkers for predicting drug response and disease severity, pros and
cons of currently available drug regimens considering pharmacogenomics approach,
transcriptional control leading to clinical outcomes in breast cancer cases, utility of
personalized medicine in the treatment of different subtypes of breast cancer,
association of molecular progression of breast cancer and personalized medicine in
terms of clinical trials, chemo-tolerance of breast cancer and its management by
personalized medicine, advances in breast cancer surgical pathology, and modern
radiation therapy techniques and their toxicities for breast cancer. It also investigates
the preclinical and clinical stage of nanostructures and nanomedicine for dealing
with nanomedicine translation in breast cancer theranostics. It explains the discovery
of new nanomedicines and their role in the early-stage breast cancer diagnosis and
treatment. This part focuses on the design, characterization, and standardization of
breast cancer nanomedicine and would be a great addition in this book. This book is
an up-to-date collection of information with a novel idea of summarizing all the
treatment options in one place. As therapeutic options are increasing day by day,
there is always room for such books that gather all latest information from time to
time. It is an ideal book for practicing clinical oncologists as well as trainees.

Overall, this book is a single-source collection providing complete insight into
molecular and pathological basis of breast cancer using genomic, proteomic, compu-
tational, hormonal, and nanobiotechnological approaches.

Birmingham, AL, USA Saima Shakil Malik
Rawalpindi, Pakistan Nosheen Masood
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Abstract

The epithelial glandular tissue forms a major part of the breast cancer origin
followed by lobular glandular tissue. The initial growth of the tumor is limited to
the duct or lobule, without any symptoms and metastasis. The progression of the
disease includes invasion of the neighboring breast tissue (invasive breast can-
cer), affecting nearby lymph nodes (regional metastasis), or spreads to other
organs of the body (secondary metastasis or distant metastasis). The excessive
metastasis because of tumor development leads to death of the patient. Breast
cancer is considered the most common cancer with 2.3 million of women
diagnosed with breast tumor and 685,000 deaths reported worldwide. During
the last 5 years, 7,800,000 cases of breast tumor were reported globally. Breast
cancer is neither an infectious nor transmissible illness. Other than gender
(female) and age, breast tumor presents no manifestation of disease for almost
40 years of the age. Some of the significant contributing factors of the disease
include harmful alcohol use, age, obesity, family history, exposure to harmful
radiations, and reproductive factors. Besides, some factors are responsible for
aggravating the incidence of breast cancer such as age at first menstrual period,
use of tobacco, age at first pregnancy, and postmenopausal hormone therapy. The
age at first menstrual period and age at first pregnancy, tobacco use, and post-
menopausal hormone therapy are all variables that raise the risk of breast cancer.
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1.1 Introduction

The uncontrolled cellular growth of the breast tissue is referred to as breast cancer
and is the most common female malignancy globally, with a high cure rate if treated
at a non-malignant state. Depending on the type of breast cells, which turn into
cancer, breast cancer is of different types and begins in different parts of the breast.
All three parts of breast histoarchitecture including lobules (milk producing glands),
ducts, and connective tissue (fibrous and fatty tissue). The ducts or lobules are the
primary sites of breast cancer initiation. The metastasis affects other body parts
through blood and lymph vessels (Fig. 1.1). The most common breast cancers
include-

1.1.1 Invasive Ductal Carcinoma

The tumor development affecting other body parts and breast tissues other than ducts
can metastasize to distant regions.

1.1.2 Invasive Lobular Carcinoma

Tumor cells from the lobules are potential tumor spreading cells that spread through-
out the body, besides affecting neighboring breast tissues and cells. The less frequent
breast cancers are Paget’s disease, medullary mucinous, and inflammatory breast
cancer.

Ductal carcinoma (DCIS) is a type of breast cancer in the early stages. The cancer
cells have only spread to the duct lining and have not spread to other breast tissues.
The characteristic symptoms of breast cancer vary from person to person, while
some people have no disease symptoms. Some prominent warning signs of breast
cancer include-

* Presence of new lump/outgrowth in the breast or armpit.
* Thickening/swelling of the part of the breast.

* TIrritation/dimpling of breast skin.

* Redness or flaky skin in or around the nipple.

* Pulling in of the nipple/pain in the nipple area.

* Nipple discharge apart from breast milk.

¢ Change in the size/shape of the breast.

* Pain in any area of the breast.

There is no typical like the breast. The look and feel of the breasts may be affected
by periods, having children, weight gain or weight loss, medications, and age. There
are many conditions responsible for breast lumps, including cancer. However,
besides cancer most of the lumps occur due to the conditions like fibrocystic breast
condition, and cysts being the most common conditions. The fibrocystic state is
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Fig. 1.1 Risk factors, symptoms, and preventation of breast cancer

responsible for non-malignant changes like formation of lump/outgrowth or tender,
and sore breasts. On the other side, cysts are fluid-filled sacs that can develop in the
breast (Division of Cancer Prevention and Control 2021).
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1.2 Morphological and Molecular Classification of Breast
Tumors

1.2.1 Morphological Classification

Traditional classification divides cancers into distinct categories based on their
shape, which differ in behavior and prognosis. Breast tumors are classified morpho-
logically according to their origin, the terminal ductal lobular units, and are divided
into ductal and lobular neoplasia (Russo and Russo 1999). Besides, rare morpholog-
ical types are tubuloductal, comedo, medullary, mucinous, and Paget types (Kumar
et al. 1997). Treatment and prognosis mostly effected by morphological type. Breast
tumors frequently have a variety of morphological forms, implying that a single
genetic background can result in tumors of various morphologies. Non-specific
ductal carcinoma and particular subtypes of invasive breast cancer are the current
classifications for invasive breast cancer. Subtypes of breast cancer have distinct
criteria; however, the non-specific type is a dumpster full of carcinomas that are not
classified as specific subtypes. 60—75 percent of all breast cancers are non-specific
invasive ductal carcinomas. The most prevalent kinds within this group are lobular,
tubular, papillary, and mucinous tumors, which account for 20-25% of all tumors
(Ellis et al. 2003; Weigelt and Reis-Filho 2009). Heterogeneity inside a single tumor
(intratumorally) or between morphologically identical cancers of the same type
(intertumoral) is now widely recognized. As a result, pathologists have developed
new technologies that will allow doctors to monitor their patients better. The
“histological grade,” which is resolved by evaluating the stage of tumor differentia-
tion (tubule production), nuclear pleomorphism, and proliferation (mitosis rate), is a
necessary component of pathology reports.

1.2.2 Molecular Classification

Breast carcinoma is a collection of disorders with distinct clinical, histopathologic,
and molecular characteristics. Breast cancer is a heterogeneous disease
encompassing a broad range of cellular compositions, genetic changes, and clinical
manifestations. Breast cancer molecular subgroups based on histological tumor
grade and lymph node metastasis are powerful symptomatic and diagnostic
indicators.

As aresult, dividing breast cancer into relevant molecular subtypes is an essential
part of treatment planning. Classical immunohistochemistry (IHC) markers includ-
ing estrogen receptor, progesterone receptor, and human epidermal growth factor
receptor 2 play a crucial role in molecular subtyping (Viale 2012). The development
of advanced methods including gene expression profiling (using complementary
DNA microarrays) has therapeutic importance for molecular classification. Immu-
nohistochemical study of tumors based on estrogen receptor, progesterone receptor,
and human epidermal growth factor receptor 2 is clinically practiced and is more
accessible, and cost-effective having reliable results for molecular subtypes
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(Goldhirsch et al. 2011; Kumar et al. 2013). Tumor immunohistochemistry-based
molecular subtyping is now the gold standard for predicting tumor responsiveness to
hormone therapy and successive trastuzumab therapy (Goldhirsch et al. 2011; Andre
and Pusztai 2006). Newer classification approaches based on immunohistochemical,
genetic, and molecular discoveries are also being developed (Kurian et al. 2010).
Around 30 years ago, the advent of hormone (estrogen and progesterone) receptor
markers signaled the start of molecular classification. Following the preceding
breakthroughs, HER2/neu-based detection approaches were developed. Molecular
subtyping based on tumor immunohistochemistry is now the gold standard for
predicting tumor sensitivity to hormone therapy and successive trastuzumab therapy.
Newer classification approaches based on immunohistochemical, genetic, and
molecular discoveries are also being developed (Andre and Pusztai 2006; Kurian
et al. 2010). Around 30 years ago, the availability of hormone receptor markers
(Er and PR) signaled the start of molecular classification. Following the preceding
breakthroughs, HER2/neu-based detection approaches were developed. Luminal A
(ER+/PR+/HER2—/low Ki-67); Luminal B (ER+/PR+/HER2—/+/high Ki-67);
HER2-overexpression (ER—/PR—/HER2+); and triple-negative breast cancers/
TNBCs (ER—/PR—/HER2—) are the molecular subtypes of breast cancer according
to the St. Gallen Consensus 2011. (Goldhirsch et al. 2011). TNBC, a basal-like
subtype of breast cancer, was found to have basal marker (CK5/6) expression
(Elesawy et al. 2014; Zhang et al. 2012).

1.3  Global Distribution and Epidemiology of Breast Cancer

The incidence of breast tumor occurrence has shown a steady increase during the last
50-70 years. Breast cancer is the most reported cancer type in females worldwide.
Generally, developed countries have higher rates of breast cancer than developed
countries due to certain lifestyle, and reproductive factors prevalent in developing
countries. The increased incidence of breast cancer in developing countries is
relatively exaggerated due to lower screening and incomplete reporting in such
countries (Shulman et al. 2010). Breast cancer is the most prominent death cause
in females living in developing countries. One of the most likely contributing factors
leading to the global increased incidence in several reported cases is the Westerni-
zation of developing countries (GLOBOCAN 2012; Komen 2016). It is most
frequently diagnosed in the age group of 55-64 years, and the median age at
diagnosis is 61 years (Howlader et al. 2020). Less than 5% of breast cancer cases
are reported in women below the age of 40, but the risk increases with age (National
Cancer Research Institute 2021). However, the rate at which it increases decreases
after menopause (Clavel-Chapelon and Gerber 2002). The female breast cancer is
the main cause of death from cancer among women worldwide, accounting for one
out of every ten new malignancies diagnosed each year. According to World Cancer
Research Fund, there were more than two million breast cancer cases in 2018.
Factors responsible for premenopausal breast cancer include consumption of
alcoholic beverages, a higher birth weight, and adult achieved height. According
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to the Continuous Update Project Panel, the World Cancer Research Fund Interna-
tional (WCRFI) initiative, there is significant proof that robust physical exercise and
higher body fatness prevent from premenopausal breast tumor. The panel found
substantial evidence that alcoholic beverages, increased adulthood body corpulence,
weight gain, and adult achieved height are all risk factors for postmenopausal breast
cancer. Moreover, there is significant proof that increased body fatness and physical
activity (particularly vigorous physical activity) in young adulthood protect against
breast cancer occurrence during postmenopausal conditions. Likewise, there was
substantial evidence that breastfeeding protects against breast cancer (unspecified
menopausal status).

According to WHOs, International Agency for Research on Cancer, number of
new breast cancer cases (of all ages and sexes) reported in 2020 were 2,261,419
which is 11.7% of all the cancer cases. The global mortality rate of breast cancer
(of all ages and sexes) in 2020 was recorded at 6.9% of all the cancers, i.e., out of the
9,958,133 cancer mortalities of all types, 684,996 deaths were due to breast cancer.
The worldwide and regional distribution of breast cancer incidence, mortality, and
prevalence (both sexes) is shown below (World Health Organization (WHO) 2020).

1.4  Risk Factors Influencing Tumor Behavior
1.4.1 Genetic Factors

Heritable gene expression alterations that occur without changing the DNA
sequence are known as epigenetic modifications. They have a pivotal involvement
in the progression and prognosis of cancer. Accumulation of incorrect gene regula-
tion leads to breast cancer. In addition to genetic factors, epigenetic mechanisms
have a crucial role in breast tumor carcinogenesis. Changes or mutations in any of
the genes alter cell growth, survival, and cellular function. Typographical errors in
the DNA lead to wrong communication and direction, resulting in defective cell
development (Table 1.1). These manual instruction errors result in the progression of
disease that is beyond human control in natural settings.

1.4.1.1 BRCA

The inherited changes accumulate over a period, and are taken over by children from
their parents. Inherited DNA changes are called germ-line alterations or mutations
that cannot be stopped. Changes in BRCA1 and BRCA?2 are one of the leading causes
of cancerous growth. BRCA genes are usually involved in DNA repair and cell
damage and regulate the breast, ovarian, and other cells to grow normally (Shaik
et al. 2021). Mutations that transfer from generation to generation make the individ-
ual prone to cancer progression. BRCAI and BRCA2 mutations are widely validated
cause of female cancers (10% of all breast cancers, or 1 out of every 10 cases). There
are several genetic factors responsible for the incidence of breast cancer. Of the
several genetic factors, BRCA1 and BRCA2 gene mutations inherited through
autosomal dominant inheritance are responsible for nearly 40 percent inherited
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Table 1.1 Genetic factors and their associated mutational disorders

Level of
Chromosome | associated
Gene In vivo function position risk References
BRCA1 | BReast CAncergene- |17q21.31 45-87% Thompson (2002);
1 Antoniou and Easton
(2006)
BRCA2 | BReast CAncer 13q13.1 50-85% Hoskins et al. (2008);
gene-2 Stratton and Rahman
(2008); Antoniou and
Easton (2006)
TP53 Tumor protein p53 17p13.1 20-40% & | Bgrresen-Dale (2003);
more Garber et al. (1991); Birch
et al. (2001)
CDHI1 Cadherin-1 16q22.1 63-83% Heitzer et al. (2013);
Pharoah et al. (2001)
PTEN Phosphatase and 10923.31 50-85% Fusco et al. (2020);
TENsin homolog FitzGerald et al. (1998);
deleted on Tan et al. (2012)
chromosome 10
CHEK2 | Checkpoint kinase 2 | 22q12.1 20-25% Rainville et al. (2020)
PALB2 | Partner and localizer 16p12.2 33-58% Hu et al. (2020)
of BRCA2
STK11 Serine/threonine 19p13.3 32-54% Angeli et al. (2020); Lim
kinase 11 et al. (2004)
ATM Ataxia telangiectasia | 11q22.3 20-60% Foretova et al. (2019);
mutated Marabelli et al. (2016)
XRCC2 | X-ray repair cross- 7q36.1 ND Kluzniak et al. (2019)
complementing
protein 1
BRIP1 BRCALI interacting 17q23.2 ND Cantor and Guillemette
protein 1 (2011)

breast tumor cases (Cobain et al. 2016). According to a study, 55-65% BRCA1
mutation carriers along with 45% BRCA2 mutation carriers develop breast cancer
around 70 years of age (Godet and Gilkes 2017). A prospective cohort study
revealed that the likelihood of progressive breast cancer around 80 years was more
than 70% in the BRCA1 carrier mutation (Kuchenbaecker et al. 2017). The onset and
progression of breast cancer are also attributed to the changes in human interferon
a-2b besides other risk factors (Ahmed et al. 2016; Yari et al. 2014).

1.4.1.2 PALB2

The PALB2 factor codes for a macromolecule that along with BRCAZ2 repair broken
DNA and slow development. Another factor known as the PTEN factor is concerned
with cell growth regulation. Cowden syndrome is associated with the development
of benign (non-cancerous) and cancerous growth in the breast and a few other organs
such as the GI tract, thyroid, uterus, and ovaries.
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1.4.1.3 TP53

The TP53 gene instructs the body for the synthesis of a protein that terminates tumor
development. The inheritance of abnormal TP53 gene causes Li-Fraumeni syn-
drome, a disorder related to the progression of soft-tissue cancers at an early age.
Patients with this rare syndrome are likely to get encounter breast cancer, leukemia,
brain tumors, and sarcomas.

1.4.1.4 ATM

The ATM sequence helps repair broken DNA. Ataxia-telangiectasia is a rare illness
responsible for retarded brain development. Inheritable one abnormal ATM
sequence has been connected to associate degree hyperbolic incidence of carcinoma
and familial carcinoma. That’s the result of the specific sequence inhibiting the
cellular repairing of broken DNA.

1.4.1.5 CDH1

The CDH1 sequence forms a macromolecule that supports cells bind along to create
tissue. Associate degree abnormal CDHI1 sequence will increase the likelihood of a
rare abdomen cancer at an associate degree young age.

1.4.1.6 CHEK2

The CHEK?2 sequence directs for a macromolecule synthesis responsible for sup-
pression of tumor development. Associate degree abnormal CHEK?2 sequence will
have a minimum of double the period risk of carcinoma. It may increase large
intestine and glandular carcinoma risk.

1.4.1.7 STK11

The STK11 sequence promotes cell growth regulation. Associate degree abnormal
STK11 sequence causes Peutz-Jeghers syndrome, a rare disorder within which
individuals tend to develop a kind of polyp, referred to as a hamartomatous polyp,
principally within the bowel, however conjointly within the abdomen and colon.

1.4.1.8 NF1

Autosomal dominant disease kind one caused due to NF1 mutation increases the
chance of central system. An NF1 mutation causes a condition referred to as
autosomal dominant disease kind one, which will increase the chance of central
nervous system cancers and a specific kind of cancer affecting the abdominal wall or
intestines, referred to as canal stromal tumors.

1.4.1.9 NBN

The production of a macromolecule, nibrin responsible for DNA damage in cells is
controlled by the NBN sequence. Associate degree abnormal NBN sequence causes
metropolis breakage syndrome, which ends up in slow growth in infancy and time
of life.
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1.4.2 Epigenetic Factors

Epigenetic changes are inherited changes in gene expression without any alteration
to the DNA sequence. Epigenetic factors critically affect the cancer progression and
prognosis (Karsli-Ceppioglu et al. 2014). This type of altered gene regulation also
results in the progression of breast cancer. Methylation of DNA, histone modifica-
tion, and chromatin structure are factors that affect the misreading of DNA
sequences and their abrupt expression.

Methylation of the fifth positioned cytosines within DNA during post-replication
modification is almost exclusively found to impact epigenetic modification (Bird
2002). Methylated cytosines are much more likely to be modified by endogenous
and exogenous mutagenic factors (Pfeifer and Besaratinia 2009).

DNA packaging into chromatin is a highly sophisticated and dynamic process of
forming protein-DNA complex, which further comprises the regulation of transcrip-
tion. Any alteration between open (euchromatin) and closed (heterochromatin)
chromatin close crosstalk by histone protein modification also contributes as an
epigenetic factor to the chances of breast cancer.

Apart from genetic mutations, these epigenetic mechanisms are also an important
influence of breast cancer. Research findings validate the role of aberrant epigenetic
regulations in breast cancer occurrence. Identifying new epigenetic biomarkers and
better understanding molecular mechanisms are potential future approaches towards
breast cancer diagnosis and management (Nithya and ChandraSekar 2019;
Madanikia et al. 2012).

1.4.3 Demographic Factors

Some demographic factors also play a vital role in breast cancer progression,
including age, gender, and blood group. Breast cancer is a less common issue in
men, while the disease is unique to women. Older males with endocrine disbalance
radiation encounter, pedigree of breast cancer, mutation of BRCA2 generate some of
the contributing factors to make them more susceptible to this disease (Giordano
et al. 2002; Shaik et al. 2020; Abdelwahab Yousef 2017). Breast cancer incidents are
more likely to occur in older age patients with a very high chances nearby meno-
pause with a little decline later. Older age at the first full-term pregnancy increased
the risk of breast cancer (Mahouri et al. 2007; Kim et al. 2015; Thakur et al. 2017).

1.4.4 Blood Group

Although no well-established correlation can be considered to discuss the possibility
of breast malignancies in females of various blood groups, some studies are available
to discuss the correlation between certain blood group type and breast cancer
occurrence. Rhesus positive and blood group A bearing females are more likely to
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develop breast cancer in comparison to the females bearing Rh —ve and AB blood
(Saxena et al. 2015; Meo et al. 2017; Flavarjani et al. 2014).

1.4.5 Reproductive Factors

The relation between reproductive and endocrine dependent reasons of breast
malignancies associated with the effect of female sex hormones rush during early
adolescence exists which continue throughout the reproductively active period
including several pregnancies and menopause (Thakur et al. 2017).

1.4.5.1 Menarche Age

Early menarche increases the probability of developing breast carcinoma two times
(Laamiri et al. 2015). With a little exception, a large population study research that
includes 11,000 women revealed that early menarche plays a vital role in expression
of breast malignancy (Wu et al. 2006; Tamakoshi et al. 2005; Nguyen et al. 2016).
However, durations of menstrual cycle and breast carcinoma are less likely to
corelate (Fioretti et al. 1999). Menopause above 50 years was associated with a
high occurrence rate of breast disease progression (Kim et al. 2015; Thakur et al.
2017).

1.4.5.2 Full-Term Pregnancy

Parous women are less likely to encounter with breast malignancy in comparison to
women with high parity (Ma et al. 2010). A slight increase in breast cancer incidence
has been associated with high age at initial complete term of pregnancy. According
to some research, completion of early full-term pregnancy has an association with
less vulnerability to breast histoarchitecture. Nulliparity is linked to an increased risk
of breast cancer after the age of 40 years. Regardless of age at first birth, multiple
full-term pregnancies lower the chance of breast cancer diagnosed after 40 years. On
the other side, they may enhance the chances of breast carcinoma progression in
females fewer than 40 years (Kelsey et al. 1993; Balekouzou et al. 2017). Besides,
early age pregnancies also contribute to decreased prospects of breast tumor by up to
23% (Laamiri et al. 2015). The young age of first childbirth (around 26 years) has a
positive correlation with lobular disease. The initial pregnancy during later years has
a positive association of breast carcinoma progression (Williams et al. 2018). First
full-term pregnancy at the age of 20 years and beyond does contribute at 40-50% of
increased chances of breast tumor development (Clavel-Chapelon et al. 1995;
Palmer et al. 2003; Bhadoria et al. 2013).

1.4.5.3 Abortion

Abortion is one of the reproductive factors of unclear etiological role in developing
breast cancer. A higher incidence rate of abortion was associated with a high chance
of breast cancer occurrence by one study, while another study could not find the
same. However, a reanalysis of 53 epidemiological studies could not find any
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association between naturally induced abortion with induction of breast carcinoma
(Bhadoria et al. 2013).

1.4.5.4 Menstrual Cycle

Ovulatory menstrual cycle is one of the reproductive factors that show protection
against breast malignancy (Balekouzou et al. 2017). The ovulatory menstrual cycle
and some pregnancy characteristics, including initial pregnancy play a vital role in
breast tumor progression. The mothers who deliver the first child (before 33 weeks)
with early gestation are two folds more likely to encounter with breast carcinoma in
later years. The results of a study revealed that multiple births increase the risk of
developing breast cancer. According to the study, placental abruption is associated
with an increased risk of developing breast cancer (Innes and Byers 2004). Several
studies have also indicated the protective role of preeclampsia in breast carcinoma.
Low estrogen, low insulin-like growth factor 1 (IGF-1) elevated IGF-1-binding
protein, high human chorionic gonadotropin (HCG), and alpha-fetoprotein (AFP)
have active effect on the disease occurrence (Vatten et al. 2002; Brasky et al. 2013).

1.4.6 Endocrine Factors

Tumor progression happens under the influence of various endocrine factors. Some
of the factors are discussed here briefly.

1.4.6.1 Contraceptive Methods

Reports are available to discuss the role of the contraceptive pills in breast carcinoma
enhancement (Marchbanks et al. 2002; Beaber et al. 2014; Kotsopoulos et al. 2014;
Williams et al. 2018). However, McDonald and co-workers reported that contracep-
tive tablets had no association with an elevated risk of the breast tumor formation
(Marchbanks et al. 2002). Medroxyprogesterone acetate usage is known to effect as
an active enhancer of mammary gland carcinoma (Skegg et al. 1995). On the other
hand, the withdrawal of endocrine contraceptives decreases the chances of breast
cancer prospects; 5—10 years post withdrawal (Zolfaroli et al. 2018).

1.4.6.2 Ovulation-Stimulating Drugs

The prolonged use of ovulation-stimulating medications may enhance the possibility
of breast carcinoma occurrence (Taheripanah et al. 2018). However, several studies
state that ovulation-stimulating medications do not have any adverse effect on breast
malignancy (Lerner-Geva et al. 2006; Brinton et al. 2004).

1.4.6.3 Postmenopausal Hormone Therapy

Hormone replacement therapy (HRP) has active association with progression of
breast malignancy. High grade hormone replacement therapy (HRT) elevates the
chances of breast tumor occurrence. The cessation of HRT by women who had
earlier used the therapy likely have significantly reduced risk of breast cancer and
breast cancer related mortality (Beral et al. 1997). Estrogen-progesterone
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combination methods are more dangerous in comparison to the other available
options. These findings are substantiated by a study that found that adding proges-
terone to HRT medication increases the risk of breast cancer considerably (Ross
et al. 2000). The choice of progesterone use in HRT should evaluated before opting.
The chances are low to progress breast carcinoma in estrogen—progesterone or
estrogen—dydrogesterone therapies in comparison to the other available approaches
(Fournier et al. 2007). The case-control studies revealed that the use of HRT in
postmenopausal female and BRCA1 mutation carriers do not elevate the chances of
breast carcinoma (Beral and Million Women Study Collaborators 2003).

1.4.7 Family History

Genetic predisposition contributes significantly to the progression of breast carci-
noma. The fundamental structural and gene expression changes are considered to
contribute the risk patterns in a varied approach. Approximately 20% of patients
with mammary tumor family history reflect genetic predisposition, while 5% of the
identified patients have a specific germ-line mutation identified in them (Easton et al.
1995; Thakur et al. 2017). The first case of familial breast cancer was described more
than 100 years ago. Several other studies have attempted to define risk levels
associated with varying degrees of positive family history. Systemic meta-analysis
reveals the role of family history of breast cancer (Pharoah et al. 1997; Bravi et al.
2018; Ahern et al. 2017). Individuals with a first-degree relative who had developed
breast tumor at 50 years of age or older had a relative risk of 1.8. At the same time,
the relative risk was 3.3 for a first-degree relative who had developed breast cancer
before the 50 years age compared to individuals with no family history of breast
cancer. On the other hand, having a second-degree relative with breast cancer
increased the relative risk by 1.5. The relative risk was 3.6 when two first-degree
relatives (for example, mother and daughter) were impacted (Goldgar et al. 1996;
Narod et al. 2014).

1.4.8 Breast Density and Lactation

Lactation and breast density those have antagonistic effects on disease incidence.
Lactation prevents breast cancer and shows a protection of the breast tissue from any
type of trouble, while breast density is an independent risk factor for breast cancer
(Kim et al. 2015; Bravi et al. 2018; Nazari and Mukherjee 2018). The protective
effect of lactation increases with the increment of lactation duration (Laamiri et al.
2015; Nazari and Mukherjee 2018). Lactation length of more than 13 months
combined with two or more childbirth reduces the possibility of breast cancer to
half (Jeong et al. 2017). Breastfeeding also have an active association with better
prognosis, low reoccurrence rate, and better survival in breast cancer patients (Kwan
et al. 2015). However, these connections are not so well established in few previous
findings (Brinton et al. 1995; Michels et al. 1996; Socolov et al. 2015; Vierkant et al.
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2017; Ahern et al. 2017). On the other hand, observations of a case-control study
revealed that initiating estrogen and progesterone administration increases the breast
density. They contribute to the increment of 3.4% in the breast malignancy with each
1% increase in mammary gland density (Byrne et al. 2017). A fivefold increase in the
breast carcinoma occurrence in high breast density patients was predicted in various
studies (Eriksson et al. 2017). Increment in breast density elevates ER-positive and
ER-negative type invasive breast cancer in age dependent manner (Kerlikowske
et al. 2017). Benign breast disorders are among the most prevalent risk contributors
(Zendehdel et al. 2018; Roman et al. 2017). According to the findings of case-control
research, HRT and breast hyperplasia are linked to elevated occurrence of the breast
tumor in females with benign breast disease. In postmenopausal women with benign
breast disease, the risk of breast cancer diminishes (Arthur et al. 2017). On the other
hand, the occurrence of benign breast disorders depends on factors like histological
categorization of the disease and pedigree history (Hartmann et al. 2005).

1.4.9 Environmental Factors

1.4.9.1 Environmental Factors

Scientists determined that women living in places with greater levels of air pollution
may have a high rate of breast tumor incidents, according to a National Institute of
Environmental Health Sciences (NIEHS) report (Niehoff et al. 2020). Puberty may
be accelerated or delayed because of exposure to common chemicals. Six chemicals
that cause or may cause breast cancer have been identified by the National Toxicol-
ogy Program (NTP) and the National Institute of Environmental Health Sciences
(NIEHS). These are diethylstilbestrol (DES), a synthetic estrogen used to prevent
miscarriages; steroidal estrogens used for menopausal therapy; X-ray and gamma
radiation; alcoholic beverages; cigarette smoking; and ethylene oxide, a sterilizing
agent (US Department of Health and Human Services 2016).

1.4.9.2 Radiation

The exposure of humans to ionizing radiations occurs due to natural, medical, and
other artificial sources. Radiation is one of the external risk factors studied for cancer
development, particularly regarding radiosensitive tissues and organs. Female breast
tissue is susceptible to the carcinogenic effects of radiation exposure, particularly at a
younger age. Some of the common reasons for radiation exposure in females include
occupational, medical diagnostic procedures, and residence background radiation,
but radiation effects from such sources have not been documented and are believed
to be not a significant risk factor of breast cancer development. According to some
radiobiological research, radiation-induced carcinogenesis may be produced by a
specific event caused by radiation through recognition of the key target. Despite the
low incidence of radiation-induced malignancies, ionizing radiation has been shown
to have mutagenic and carcinogenic effects in vivo and in vitro (Zafar et al. 2016).
Radiation-induced breast cancer is more common in female patients who have had
irradiation for malignant or non-malignant disorders, including benign breast
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diseases (Golubicic et al. 2008). The chance of getting breast cancer in women due to
therapeutic radiation exposure related to past cancer treatment, screening for tuber-
culosis, or pneumonia surveillance is two to three times greater (John et al. 2007).
Whileas, radiation exposure due to childhood cancer and whole lung irradiation
treatment further increases the risk of development of breast cancer. As a result,
researchers stress that the death rate linked with breast cancer is much greater in
these cases (Moskowitz et al. 2014). People who have had high dose alkylator and
anthracycline chemotherapy after surviving a sarcoma or leukemia are more likely to
develop breast cancer at a younger age. This could be due to the high dose alkylator
and anthracycline chemotherapy (Henderson et al. 2016).

1.4.9.3 Exposure to Various Chemicals

Girls that were exposed to high quantities of triclosan, which is found in some
antimicrobial soaps, developed their breasts early (Wolff et al. 2016). Girls who
were exposed to benzophenone 3, which is contained in sunscreens, developed their
breasts later. Exposure to endocrine-disrupting chemicals (EDCs) throughout prena-
tal development, puberty, pregnancy, and menopausal transition increases breast
cancer risk (Terry et al. 2019). In addition, about 300 chemicals found in personal
care items, flame retardants, food processing, pesticides, and other applications were
examined and found to influence hormones linked to an increased risk of breast
cancer (Naik et al. 2021; Cardona and Rudel 2021).

1.4.9.4 Lifestyle Factors

Several risk factors that form part of our lifestyle have effect on the breast carcino-
genesis responsible have been identified. Some of these risk factors are
discussed here.

1.4.9.5 Body Mass Index (BMI)

BMI was not found to be a risk factor for breast cancer in premenopausal women, but
it indirectly affects the overall performance of body in an adverse way (Zafar and
Shrivastava 2017). Postmenopausal women, on the other hand, had a relative risk of
breast cancer incidence in the highest versus lowest BMI quintile on the order of 1.1
in women aged 55-59, 1.18 in women aged 60-64, and 1.22 in women aged
65-69 years (Tretli 1989). Though modest, the highest BMI should be an essential
factor for breast cancer risk because the fat cells are an important extragonadal
source to affect estrogens in postmenopausal women (Verkasalo et al. 2001; Chen
et al. 2016). Postmenopausal exposure to estrogens may increase the initiation and
promotion time frame of breast cancer. Besides, high BMI has been associated with
increased insulin and insulin-like growth factors which are known to have a high
chance of breast carcinogenesis (Goodwin et al. 2002; Chen et al. 2016). High BMI
and abdominal obesity results in hyperinsulinemia and contribute to the breast tumor
progression (Stoll 1999). (“BMI calculated by Quetelet’s index and subjects were
divided into quintiles based on BMI).



18 T. Zafar et al.

1.4.9.6 Hyperglycemia

By interfering with molecular systems, diabetes and insulin-related problems raise
the incidence of breast carcinoma (Wolf et al. 2005). Diabetes also has a strong link
to the progression of breast tumor in obese women after the menopause (Tabassum
et al. 2016). Women with glycemic alterations specifically type II diabetes had a
20% higher risk of breast tumor progression, according to a meta-analysis (Larsson
et al. 2007). Postmenopausal women with high body mass index (<26 kg/m?),
abnormal blood glucose, insulin, or IGF-1 patterns are more likely to develop breast
carcinoma. (Muti et al. 2002). According to the European Prospective Investigation
into Cancer and Nutrition (EPIC), women with high range of insulin-like growth
factor binding protein-3 (IGFBP-3) along with insulin-like growth factor (IGF-1)
than controls had a considerably higher risk. This link is stronger in those whose
malignancies are discovered after 50 years (Rinaldi et al. 2006). Controlling HbA1C
below 7% can help breast tumor patients to get a better prognosis (Chang et al.
2018).

1.4.9.7 Alcohol Consumption

Alcohol consumption increases the risk of having breast carcinoma to the amount
and frequency of alcohol intake. Several theories explain that alcohol consumption
may increase the metabolism of carcinogens like acetaldehyde or diminish DNA
repair effectiveness, or it could be related to a reduction in protective nutrients owing
to alcohol consumption (Vogel 1998). However, the alcohol intake has a moderate
incidence of breast cancer occurrence. Alcoholic drink consumption and hormone
receptor-dependent breast cancer progression elaborate the role of timing of alcohol
intake that may influence the risk of mammary gland tumor progression. Alcohol
consumption during first full-term pregnancy results in a higher risk of developing
breast cancer (Romieu et al. 2015). Some of the studies state that one drink or less
per day (approx. 12 g alcohol) has no significant effect on the breast cancer
development (Zhang et al. 1999; Manisto et al. 2000). Studies have also reported
the effects of heavier to a very high dose of alcohol consumption and risk of breast
cancer. However, the relative risk does not exceed 2. Whileas, no effect of alcohol
type on relative risk was found (Wine vs. beer vs. distilled water) (Ellison et al.
2001). In 426 multigenerational breast cancer groups, the effects of alcohol usage
and family were investigated (Vachon et al. 2001). According to the findings, daily
alcohol consumption has been active associated with a highest relative risk of in first-
degree relatives followed by second-degree relatives of the preexisting cancer
patients, but least in unrelated females who married with relatives. Recent
investigations, on the other hand, have not corroborated this (Ursin et al. 2002).

1.4.9.8 Smoking

Prenatal smoking and active smoking, including smoking after the menopause, have
a high chance of breast carcinoma progression (Luo et al. 2011). Passive smoking is
another active risk factor for breast tumor formation, and it increases the risk of ER+/
PR+ double positive breast carcinogenesis the most (Tong et al. 2014).The duration
and amount of smoke exposure (ten or more cigarettes per day) have a consistent
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dose-response association between the number of smoking years before childbirth
and the chance of disease occurrence (Bjerkaas et al. 2013).

1.4.9.9 Diet

Another important relative lifestyle factor for breast carcinoma progression is diet
which has been addressed in several research studies. The studies have addressed the
correlation among various factors such as quality, intake range, and type of
nutritional diet with the rate of breast cancer incidence. Non-vegetarian diet was
identified as a significant contributing factor for breast tumor progression (Thakur
et al. 2017). A diet poor in polyunsaturated and saturated fatty acids is much
essential than total fat consumption for the development of breast tumor (Jordan
et al. 2013). On the other side, total meat and non-processed meat consumption
enhance the chance of premenopausal breast tumor progression. Considering pro-
spective European study on cancer and nutrition, saturated fat consumption is linked
to an increased risk of breast cancer (Taylor et al. 2007; Sieri et al. 2008). An
adolescent and early adulthood diet high in sugar-sweetened, artificial sweeteners,
diet soda, soft drinks, refined flour, red meat, processed food are also worked as
contributing factor. Absence of green vegetables, leafy plants, cruciferous
vegetables, and coffee intake during at early age may contribute in the risk to
develop breast cancer in childbearing years, without any correlation with postmeno-
pausal disease progression (Harris et al. 2017).

1.4.9.10 Sleep Patterns

Diurnal rhythm is considered an active lifestyle factor that contributes to the
progression of breast carcinoma. Longer sleep durations have a high chance of
breast cancer occurrence than women who sleep for shorter periods of time
(6-7 h). According to NTP’s study of the effects of working at night, women who
work night shifts for a long time alter their circadian rhythms are more likely to get
breast cancer (National Toxicology Program 2021). Increasing sleep hours affects
the occurrence of estrogen receptor-related breast cancer possibility. Sleep duration,
on the other hand, was found to have no link to estrogen negative-receptor breast
cancer (Lu et al. 2017). Insomnia was also linked to a high chance of getting breast
carcinoma (Chiu et al. 2018). In cancer survivors, the amount of sleep they get has
little bearing on their prognosis (Marinac et al. 2017). Varied sleep aspects, such as
duration and quality, are also linked to a high risk of aggressive mammary cancers,
which varies depending on the race of cancer survivors (Soucise et al. 2017).

1.4.9.11 Caffeine

There are conflicting reports about coffee consumption and mammary gland cancer
progression. Several reports show no evidence of connection between caffeine
consumption and breast carcinoma progression (Gierach et al. 2012; Boggs et al.
2010). In postmenopausal women, increasing daily coffee consumption was linked
to a considerable reduction in ER-negative breast tumor (Li et al. 2011). The
negative association between coffee intake and risk breast tumor (Oh et al. 2015)
is also reported in literature, while another cohort study supports no relationship
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between coffee intake and disease risk. However, a weak inverse association
between coffee and postmenopausal breast cancer is reported by some researcher
(Ganmaa et al. 2008) which defines the uncertainty of the condition.

1.4.9.12 Physical Activity

Physical activity has also been linked to reduction in breast tumor occurrence in
postmenopausal women between the ages of 50-80 years (Mctiernan et al. 2003).
Following a breast cancer diagnosis, physical activity may help to minimize the
mortality rate from the disease. Several studies have proven that a routine moderate/
brisk walk of approximately 3-5 h per week speed experiences the maximum
benefits from exercise (Holick et al. 2008; Lee 2019).

1.4.9.13 Vitamin D

High vitamin D levels are related to the minor occurrence and better survival,
improving treatment-specific outcomes, especially in postmenopausal patients
(Hatse et al. 2012). Vitamin D deficiency contributes to progression of mammary
neoplasms (Shekarriz-Foumani and Khodaie 2016). Vitamin D deficient females
have a 27% increment in breast tumor progression risk (Park et al. 2015). High
serum 25(OH)D levels and regular vitamin D supplement use decline the incident
rate of postmenopausal breast carcinoma. These results may help establish clinical
benchmarks for 25 (OH) D levels to support the hypothesis that vitamin D supple-
mentation is helpful in breast cancer prevention (O'Brien et al. 2017).

1.4.9.14 Socioeconomic Status

In recent times, socioeconomic status contributes an positive influence for breast
tumors. Females from high socioeconomic status are more likely to encounter with
cancer risk due to high occurrence of associated risk factors including low physical
activity, conception rate, and childbirth in later years and menopause. The higher
prevalence of breast cancer is also affected by sedentary routine, obesity, and high
fat intake (Orsini et al. 2016; Lundqvist et al. 2016; Thakur et al. 2017). These
women, on the other hand, have much more support for breast cancer prevention,
prognosis, diagnosis, and treatment well in comparison to the low socioeconomic
females (Akinyemiju et al. 2015). The principal socioeconomic determinants of the
breast carcinogenesis are education and work position (Fioretti et al. 1999;
Balekouzou et al. 2017). Employed women are more likely to have a better access
to medical care in combination with medical insurance. Although the incidence of
breast cancer is higher in women of higher socioeconomic status, the rate of
recurrence and mortality is high among low socioeconomic class (Gordon 2003;
(Booth et al. 2010; Kuzhan and Adli 2015).
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1.5 Prevention Strategies and Treatments for Breast Cancer

There are numerous therapeutic options depending on the type of breast cancer and
the duration of in vivo existence. According to the Centers for Disease Control and
Prevention (CDC), females with breast malignancy frequently receive many
treatments, including surgical options for the removal of cancerous tissue. Chemo-
therapy, which is the chemical-based cancer treatment approach, is a widely used
successful therapy that involves the use of certain drugs to destroy or limit the cancer
cells growth. The drugs can be taken orally or can be injected directly into the veins
of the patients, or both. Hormonal therapy prevents cancer cells from gaining access
to the endocrine secretions they require to thrive. Biological therapy uses the body’s
immune channel to aid in the fight against cancer cells or to reduce the adverse
effects of other malignancy treatments. High-energy gamma rays or X-rays are also
widely used in radiation treatment to kill cancer cells.

Prognosis and treatment of breast cancer in females with family history of breast
cancer or not should be sufficiently aware about any possible underlying mutations
(Melvin et al. 2016). Tamoxifen chemoprevention or increased breast tumor screen-
ing using magnetic resonance imaging is recommended for individuals with a
pre-diagnosed family record of breast tumor (Metcalfe et al. 2009). Complementary
and alternative medicinal treatments are also available to deal with early-stage breast
cancers. Alternative medicine, naturopathy, and homeopathy work as an added
therapeutic option in combination with the routine treatment. Meditation therapies,
yoga sessions, and vitamin and mineral intake, coconut water and other liquid intake,
and herbs consumption contribute to the better survival and recovery of patients.
Several types of complementary and alternative medicine, on the other hand, have
not been scientifically tested and may not be safe. The treatment strategies are more
specific if the patient has any existing history of diabetic or similar metabolic issues.
For the treatment of diabetic patients, metformin improves the overall and cancer-
specific survivals (Xu et al. 2015; Tang et al. 2018). Affordable, point-of-care
technologies and biosensor-based cancer care devices could be a new ray of hope
in the field of cancer detection and management (Zafar 2019).

1.6 Conclusion

Despite the presence of many risk factors, most women do not develop breast cancer.
It is advisable to identify the person-to-person chances of breast disease occurrence.
The awareness about breast carcinoma screening and associated reduction strategies
is highly advisable (Centre for Disease Control 2021). Breast carcinoma is one of
frequent types of deadly cancer among females worldwide, with breast carcinoma
mortality rates being greater in countries with less development. The incidence of
breast cancer depends on caused by a variety of variables and various co-factors,
including genetic factors, environmental factors, lifestyle, and much more. Being a
woman and later years of age are two significant factors that increase your risk. The
occurrence of such type of cancers is more likely to occur in postmenopausal age
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group. In many cases, breast malignancy is reported in many patients without
presence of any associated risk factor association. The awareness is advisable for
all the female population to understand the presence of risk factor and the associated
consequences to create a better knowledge about contributing risks and epidemic
distribution of breast malignancy.
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Abstract

Breast cancer (BC) is a clinically heterogeneous disease affecting around 14%
female population worldwide with unique histopathological and biological
characteristics. Invasive carcinoma with no special type (NST) is common
among histological type of cancer and about 25% breast cancer has been classi-
fied as histological special type. Nowadays, molecular classification of breast
cancer is used for treatment. But molecular classification is also derived from
NST and it has to be explored yet whether molecular classification is applicable to
all histological subtypes. Therefore, in present chapter, we have reported the
breast cancer classification by the detailed collection of data from different
sources, i.e., PubMed, Web of Science, Science Direct, Scopus databases on a
series of histological special type, i.e., invasive lobular carcinoma (ILC) and
invasive ductal carcinoma (IDC) along with its subtypes: tubular, mucinous,
neuroendocrine, apocrine (androgen-receptor positive and estrogen-receptor neg-
ative), micropapillary, adenoid, cystic, metaplastic, and medullary carcinoma.
Understanding of present study focused on invasive carcinoma with histological
types and subtypes with detail origin of heterogeneity may be helpful for the
targeting novel therapeutic tools for breast cancer diagnosis and treatment.
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2.1 Introduction

Breast cancer (BC) is one of the major cancers among lung and colon cancer
worldwide. In 2020, about 2.3 million BC cases have been diagnosed worldwide
(Mubarik et al. 2019). BC is a heterogeneous disease and shows different
phenotypes, molecular subtype, histological type, and treatment responses (Malhotra
et al. 2010; Polyak 2011; Harbeck and Gnant 2017). Along with this, differences in
histological type BC also showed a wide range of differences in clinical behavior
(Simpson et al. 2005; Vargo-Gogola and Rosen 2007; Reis-Filho and Lakhani 2008;
Weigelt and Reis-Filho 2009; Weigelt et al. 2010). Therefore, it is important to
identify and define characteristics of breast carcinoma, which may be helpful for
betterment and cure patient. Histopathological is an important aspect for the diagno-
sis, guidance for the management of patient, fatality prediction, and repetition of BC
(Malik et al. 2019) by analyzing different parameter, including tumor nuclear grade,
tumor histology, lymphatic & vascular invasion, and molecular study like progester-
one receptor (PR), estrogen receptor (ER) status, epithelial growth factor, receptor,
and expression of proliferation-related genes (Donegan 1997; Li et al. 2005; Tirada
et al. 2018; Phung et al. 2019).

Thus, recent advances have increased the chances of molecular understanding
heterogeneity of breast carcinoma. In this chapter, we will review recent clinical
approach to classify BC, molecular based classification, and potential future for
diagnosis and treatment.

2.2  Histological Classification of Breast Cancer

Breast cancer (BC) has classified into histological grade (Elston and Ellis 1991) and
histological type (Ellis et al. 1992). Histological grade is an evaluation on the basis
of tubule formation, nuclear pleomorphism, and proliferative activity of tumor
(Elston and Ellis 1991). On the other hand, histological type of BC classification
is based on the growth pattern of tumor. Study shows that pathologists have
identified histological diversity on the basis of cytological and morphological
histoarchitecture of tumor and linked with various clinical outcomes in breast
adenocarcinomas. These patterns are known as “histological type” and include up
to 25% among all BC (Ellis et al. 2003).

2.2.1 Invasive Breast Cancer

Invasive breast cancer is the most common type of breast cancer and develops
among approximately 12% of women in her lifetime (Giordano and Gradishar
2017). Mostly BC starts to develop in the lobule and small sacs of milk producing
glands or milk ducts, when infection of cancer spreads out from these cells to
surrounding healthy tissue known as “invasive cancer.” Present study focused on
invasive carcinoma with histological types and subtypes (Fig. 2.1) of BC with
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Fig. 2.1 Histological Classification of Breast Cancer

detailed origin of heterogeneity, which may be helpful for the targeting novel
therapeutic tools for particular subgroups of BC patients.

2.2.1.1 Invasive Ductal Carcinoma

Invasive ductal carcinoma (IDC) is the most common pathological type accounting
for 70-80% invasive carcinoma (Li et al. 2005). 50-80% of breast cancer included
under the category of invasive ductal carcinomas not otherwise specified IDC-NOS)
or no special type (IDC-NST) (Ellis et al. 2003; Cserni 2020). According to
American Society of Cancer, 80% BC are invasive cancer (American Cancer Society
2020). The term ductal carcinoma originated from the traditional concepts that such
types of tumor developed from duct epithelium of mammary glands and ductal
proliferation spread to the lymph nodes and other areas of the body (Ellis et al.
1992). IDC has been classified into subtypes on the basis of broad range of criteria,
such as histoarchitecture (tubular, micropapillary, and papillary carcinoma), cell type
(apocrine carcinoma), site of secretion, amount, and type (mucinous carcinoma)
(Rosai 2011), and immunohistochemical study (neuroendocrine carcinoma)
(Lakhani et al. 2012a). On the other hand, morphological variation, clinical behavior
of IDC, including tumor shape size, and tumor cell and stroma proportion show
different subtypes, such as medullary carcinoma, metaplastic carcinoma, and ade-
noid cystic carcinoma (Makki 2015).
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2.2.1.1.1 Medullary Breast Carcinoma

Medullary carcinoma of breast (MCB) is an invasive rare type of breast cancer, with
less than 5% rate of occurrence among all the breast cancer types, it was first
introduced by Ridolfi and co-authors in 1977 (Ridolfi et al. 1977). Mostly MCB is
unicentric but recently around 3-18% cases are found to associated with bilateral
carcinoma (Foschini and Eusebi 2009). The WHO describes MCB as properly
circumscribed, and invasive type of tumor which mainly consists of sheet of
improper differentiated cells, lymphoplasmacytic infiltration with no gland-like
formation (Kleer 2009).

Histological Organization of Medullary Breast Carcinoma
Based on Pederson et al. and Ridolfi’s criteria, medullary carcinoma is categorized as
atypical medullary carcinoma, typical medullary carcinoma, and non-medullary
carcinoma. Typical medullary carcinoma shows better prognosis and survival rates
(Jensen et al. 1997) and found to associate with most commonly with the BRCA-
1linked mutations (Jacquemier et al. 2005). About 7.8-19% of MCB are among
BRCA-1 linked cancers, while 2% are non-BRCA linked (Malyuchik and Kiyamova
2008).

According to WHO, histopathological characteristics of typical MCB consist of
5 criteria, i.e., histological non-invasive circumscription, lymphoplasmacytic infil-
tration, syncytial pattern of growth >75%, lack of glandular structure, and high-
grade nuclei (Hanby et al. 2004). MCB histologically can display multinodular
pattern with necrosis. Atypical tumor cells have many nucleoli and atypical mitoses.
Tumor cells are arranged in the form of sheet without boundaries and smudged cell
remains present. Atypical tumor cells which are multi-nucleated remain mixed with
plasma cells and lymphocytes (Kleer 2009). Being negative for progesterone (PR),
estrogen (ER) receptor and human epidermal growth factor receptor-2 almost 95%
MCB are characterized as basal like breast cancer (Bertucci et al. 2006). On the other
hand, some studies based on analysis of gene expression demonstrated that among
the MCB around 10% are HER-2 positive and approx 40% are PR and ER positive
tumor (Ridolfi et al. 1977).

2.2.1.1.2 Metaplastic Carcinoma

Metaplastic Breast Carcinoma (MBC) is an infrequent type of breast cancer reported
with 0.2-5% occurrence of overall breast cancer and has recognized as distinct
pathologic diagnosis by WHO in 2000 and due to its poor prognosis it contributes
to the global mortality associated with breast cancer (Hanby et al. 2004). Metaplastic
carcinoma term was first introduced by Huvos and colleagues in 1973 (Huvos Jr
et al. 1973). MBC belongs to subcategory of basal like cancer which are marked
generally as a triple negative cancer, i.e., lacking progesterone receptor (PR),
estrogen receptor (ER), and human epidermal growth factor receptor-2 (HER-2)
(Tray et al. 2019). MBC is characterized by high-grade tumor, aggressive, low
axillary node penetration, negative hormone receptor, and large sized tumor due to
which as compare to breast conservation treatment, mostly mastectomy and rarely
chemotherapy is used (Pezzi et al. 2007). MBC is not responsive toward hormone
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based treatment and thus poor clinical outcomes as compare to other breast cancers
(Luini et al. 2007).

Histological Organization of Metaplastic Breast Cancer

By the definition malignant and benign, both types of tumor in breast have mostly
glandular epithelial origin, but sometimes change into non-glandular mesenchyme
and this transformation is called as metaplasia (McKinnon and Xiao 2015).

Histologically, metaplastic carcinoma is poorly differentiated hetergenous tumor
having ductal carcinoma cells mixed with squamous, spindle, chondroid and osseous
elements. Along with this, all these cells may remain mixed with carcinoma type
(Lee et al. 2012). On the basis of cells involved, metaplastic carcinomas can be
tumor of low-grade like adenosquamous carcinoma of low-grade or spindle cell
carcinoma of low-grade or it can be high grade which involves high-grade spindle
cell or squamous cell carcinoma (Lee et al. 2012).

WHO classified MBC into two main types, i.e., epithelial type MBC and MBC of
mixed type. The subtypes of epithelial type are adenosquamous carcinoma, squa-
mous carcinoma, and adenocarcinoma along with differentiated spindle cell. The
mixed type includes carcinoma with carcinosarcoma, chondroid metaplasia carci-
noma, and carcinoma with osseous metaplasia (Hanby et al. 2004). Adenosquamous
types demonstrate the presence of squamous cell undergoing differentiation, pave-
ment like structure with keratin deposition. Along with this, it shows both glandular
and squamous cell differentiation (Tan et al. 2015). Squamous cell infiltrating with
keratin, eosinophilic cytoplasm, and polygonal cells presents squamous carcinoma,
while adenocarcinoma displays spindle cell in the form of cohesive sheets (Hanby
et al. 2004). Among the mixed type, carcinosarcoma demonstrates rare type of
cancer which shows epithelial malignant cells infiltering carcinoma and sarcomatous
elements (Mundhada et al. 2020). Metaplastic carcinoma with chondroid differenti-
ation is rare among all subtypes of histological breast cancer showing infiltration of
ductal carcinoma (Myint et al. 2015) with osseous metaplasia display carcinoma
with sarcomatous stroma with osteoclastic cells and intervened with spindle cells
(Lang et al. 2011). Tse et al. 2006 studied that MBC can be classified into three
subtypes, i.e., monophasic carcinoma with spindle cell, biphasic epithelial &
sarcomatoid carcinoma, and epithelial-only carcinoma. According to Wargotz and
Norris classification, MBC has five subgroup of metaplastic along with osteoclastic
giant cell, carcinosarcoma, squamous cell carcinoma, spindle cell carcinoma, and the
matrix-producing carcinoma (Schwartz et al. 2013). Oberman has classified MBC
into invasive ductal carcinoma along with morphology of extensive squamous
metaplasia, spindle cell carcinoma, and invasive carcinoma along with
pseudosarcomatous metaplasia (McKinnon and Xiao 2015). The heterogeneity is
the basis of classification of MBC into various subtypes depending upon morpho-
logical and histological features encouraging finding new diagnostic and treatment
strategies in future.
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2.2.1.1.3 Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (ACC) belongs to invasive type of carcinoma of breast
and has been considered as a rare as well as special subtype of breast carcinoma
(Lakhani et al. 2012b), resemble with ACC of salivary gland (Ro et al. 1987). It is
less common type of breast carcinoma with the rate of occurrence less than 0.1%
among all the main breast carcinoma (Sorlie et al. 2003). ACC of breast displays
better prognosis and clinical study revealed the less changes of axillary node
metastases (Glazebrook et al. 2010). As per clinical data available, the distribution
of age for the occurrence of ACC of breast is 38—81 years with 60 years as a median
age (Lakhani et al. 2012b). With the rare rate of occurrence in males, ACC of breast
carcinoma is mostly found in females (Miliauskas and Leong 1991). ACC is a
bilateral type of breast carcinoma which displays lesions in area below the areolar
of the breast (Azzopardi et al. 1979). Mammographic study describes ACC as
irregular tissue mass which is not symmetrical in densities; however, sonographic
finding states it as hypoechoic, heterogenous mass (Glazebrook et al. 2010).

Histological Organization of Adenoid Cystic Carcinoma of Breast

The size of ACC ranges from 0.7 to 12 cm and the average size is approx 3 cm
(Tavassoli 2009). ACC of breast is characterized by basal like tumor, lacking
progesterone (PR) and estrogen (ER) receptor along with absence of human epider-
mal growth factor receptor-2 (Her-2) but it shows the presence of myoepithelial/
basal like cell markers (Miyai et al. 2014). Alike ACC of salivary gland, ACC of
breast shows the presence of mainly two types of basal cells—myoepithelial and
luminal cell, arranged in different patterns like solid basaloid, cribriform, and
tubular-trabecular (Lakhani et al. 2012b). The myoepithelial/basal cells display
formation of pseudolamina, poor cytoplasm with oval shaped central nuclei and
also exhibit immunoreactivity for myoepithelial markers, basal cytokeratin like CK
5,5/6,14 and 17 and for the factors like epidermal growth factor receptor (EGFR) and
vimentin (Badve et al. 2011; Wetterskog et al. 2012; Reyes et al. 2013). On the other
hand, luminal cells exhibit the presence of glandular space, eosinophil positive
cytoplasm with round nucleus. It also shows the presence of epithelial membrane
antigen, CD117 and cytokeratin 7,8, 8/18 (Badve et al. 2011; Wetterskog et al. 2012;
Franzese et al. 2013). Many reports suggest that luminal and myoepithelial cells of
ACC of breast also differ on the basis of protein expression, like epithelium
differential and polarization related proteins are mostly exhibited by luminal cell;
however, collagen type IV, fibronectin , laminin, and other basal lamina protein are
associated with myo-epithelium-basal cell (Tavassoli and Norris 1986; Lamovec
et al. 1989).

Some authors have classified ACC of breast carcinoma in three categories,
including grade-I is characterized as a tumor devoid of solid component and with
the presence of tubular-trabecular and cribriform pattern, grade-II ACC tumor
exhibits <30% solid component, and grade-III represents with solid growth which
should be greater than 30% (Ro et al. 1987). It is also reported that tumor of II and III
grades are likely to become big in size, moreover they are also associated with the
possibility of occurring again (Shin and Rosen 2002).
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2.2.1.1.4 Mucinous Carcinoma

Mucinous carcinoma is a rare special type of BC representing 2% of invasive cancer
of breast in elderly women usually at postmenopausal stage (Budzik et al. 2021).
Mucinous carcinoma is also known as colloid carcinoma, mucous carcinoma,
gelatinous carcinoma, and mucoid carcinoma (Rosai 2011). Furthermore, mucinous
carcinoma is characterized by the secretion and presence of mucin protein in
extracellular space (Tan et al. 2020).

Histological Organization of Mucinous Carcinoma

Tumor consists of small cluster of uniform epithelium cells containing mild nuclear
floating in mucus. Tumor cells are arranged in cluster of small islands of 10-12 cells
in uniform solid, acinar, or micropapillary structure in lakes of extracellular mucin
(Ellis et al. 1992; Rosai 2011). The growing edge of these islands is embedded in
loose fibrous stroma. Furthermore, WHO has classified mucinous carcinoma into
two categories on the basis of cellular integrity, i.e., pure type mucinous carcinoma
and mixed type mucinous carcinoma (Tan et al. 2020). Pure type of mucinous
carcinoma contains tumor cells with extracellular and intracellular mucin over
90% tumor mass, but the mixed type of mucinous carcinoma is composed of both
ductal and lobular infiltrating component with less than 90% mucin (Hanagiri et al.
2010). Along with this, on the basis, histoarchitecture pure type of mucinous
carcinoma is classified into mucinous-A and mucinous-B. Mucinous-A is
characterized by micropapillary, tubular, papillary, and cord-like growth pattern;
however, mucinous-B consists of solid cluster of tumor forming cells floating in
mucin (Chaudhry et al. 2019).

2.2.1.1.5 Tubular Carcinoma

Tubular carcinoma is a rare breast cancer subtype of IDC representing only 2%
common in elderly women at age of 50 years and the site of pathogenesis is upper
outer quadrant of breast with multifocality in 20% cases (Sullivan et al. 2005). In
tubular carcinoma, tumor is made up of tube like structure with open lumina,
surrounded by abundant stroma usually 1 cm in size (Goldstein et al. 2004).

Histological Organization of Tubular Carcinoma

Tubular carcinoma is characterized with open tubule consisting single layer of
epithelium enclosed with clear lumen (Rosai 2011). Tubules are oval or rounded
in shape arranged irregularly. Cells are moderate in size showing little nuclear
pleomorphism with scanty mitotic structure (Limaiem and Mlika 2021). Study
shows that 10-20% patients have multifocal tubular carcinoma and grow as a
separate foci in one or multiple quadrants (Moinfar 2007). In the presence of
invasive cancer and tubular cancer in different proportion in tumor known as
tubulolobular carcinoma (Rosen 2009). Tubular carcinoma also present with flat
epithelial atypia, less tubular neoplasia, and low-grade ductal carcinoma in situ
(McDivitt et al. 1982; Fernandez-Aguilar et al. 2005). Along with this, immunohis-
tochemical study shows that tubular carcinoma is always positive for estrogen and
progesterone receptors (Papadatos et al. 2001; Rakha et al. 2010).
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2.2.1.1.6 Carcinoma with Papillary Morphology

Papillary carcinoma of breast represents 0.5% of invasive cancer of breast
(Louwman et al. 2007). It is mostly seen in in-situ and invasive form in elderly the
postmenopausal stage of female in elderly age and prevalence is reported in male as
well (Pal et al. 2010). Breast papillary carcinoma is mainly intraductal lesion
(Lakhani et al. 2012a). In the breast carcinoma with papillary pattern, malignant
cells along with core of fibrovascular collectively form papillae like structure lacking
myoepithelial component. The malignant cells display abnormal nucleus type
(Moinfar 2007).

Histological Organization of Papillary Carcinoma

Papillary malignant neoplasm consists of papillary ductal carcinoma in situ (DCIS),
intraductal papilloma lesion, solid, invasive, and encapsulated papillary carcinoma
(Mulligan and O’Malley 2007; Collins and Schnitt 2008; Ueng et al. 2009). DCIS
with papillary morphology exhibits core of fibrovascular surrounded by columnar
monomorphic stratified epithelial cells which are neoplastic with micropapillary,
cribriform, and solid proliferation (Hill and Yeh 2005; Collins et al. 2006).
Intraductual papillomas are the type of benign mass of tumor caused by excessive
proliferation of epithelial of duct in breast. In the central duct beneath the nipple
mostly single intraduct papilloma are is found but multiple papilloma can be seen on
peripheral side of ducts (Eiada et al. 2012). In some cases, it is palpable and shows
discharge from nipple but mostly it is asymptomatic (Eiada et al. 2012). The large
duct and terminal duct are in the location of intraductal papilloma with the feature
exhibits core of fibrovascular component lined by myoepithelium and epithelium
showing hyperplasia, abnormal proliferation, sclerosis, apocrine, and squamous
metaplasia (Han et al. 2018).

Solid papillary breast carcinoma is characterized with circumscribed, thickly
packed cells, extensile lumps of epithelial cells (Maluf and Koerner 1995; Nassar
et al. 2006). The neoplasm is spindle shaped or oval in appearance, monotonous,
abnormal low or intermedial nuclear grade and remains linked with extra and
intracellular mucin. Sometimes due to the argyrophilic cells, it displays neuroendo-
crine characteristics. Furthermore, on the basis of presence of fibrovascular region
categorize it as papillary carcinoma (Nassar et al. 2006; Moritani et al. 2007; Nicolas
et al. 2007). Absence of myoepithelial cells supports solid papillary carcinoma
which behaves as an invasive tumor instead of in situ intraductal lesions (Maluf
and Koerner 1995; Nassar et al. 2006).

Invasive papillary carcinoma is among the rare type of carcinoma of breast and is
characterized by well demarcated areas, oxyphilic positive cytoplasm, small calcium
deposits, medial grade of histology, and interductal projection of papilla (Fisher et al.
1980).

Encapsulated papillary carcinoma is usually single structure, malignant prolifera-
tion with papillary projections, consisting cystic duct lined by fibrous thick capsule
and devoid of myoepithelial cells. Lesions involve low to intermediate grade of
nucleus (Collins et al. 2006). Some small proportion of encapsulated carcinoma are
considered as invasive in nature due to infiltration from capsule to the surrounding
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areas where it no more hold papillary property and stage of tumor are based on
proportion of invasion (Mulligan and O’Malley 2007; Collins and Schnitt 2008).

2.2.1.1.7 Apocrine Carcinoma (Androgen-Receptor Positive
and Estrogen-Receptor Negative)

Apocrine Carcinoma (AC) of breast is the rare type of invasive breast carcinoma
with rate of occurrence <1% in female (Gogoi et al. 2012). On the basis of pattern of
growth and prognosis, apocrine breast carcinoma is similar to invasive ductal
carcinoma not otherwise specific (IDC-NOS), but difference can be seen in architec-
ture of cell, hormones associated and clinical responses (Yerushalmi et al. 2009;
Wader et al. 2013). Based on evidence, apocrine breast carcinoma expresses gross
cystic disease protein fluid-15, i.e., GCDPF-15, androgen receptor and remains
negative for estrogen and progesterone receptor, thus display the profile of ER—/
PR—/AR+ (Durham and Fechner 2000; Tsutsumi 2012). Moreover apocrine breast
carcinoma is often show over-expressed human epidermal growth factor receptor
types2 (HER2) (Vranic et al. 2010); therefore, absence of HER2 receptor in apocrine
carcinoma is considered as triple negative cancer of breast (Bosch et al. 2010).

Histological Organization of Apocrine Carcinoma

Benign apocrine lesions are different from apocrine carcinoma (Ng 2002). Apocrine
differentiation occurs in a variety of breast lesions, both benign and malignant.
Benign apocrine lesions represents low level of cellularity with cells properly
display a pattern of flat regular type sheets the cells are full of cytoplasm and
granules with round or oval nucleus monotonous with central nucleoli (Johnson
and Kini 1989; Kulkarni 2012).

Apocrine breast carcinoma is well defined only when tumor is abundant (72%)
with apocrine cell that exhibits granular and eosinophilic cytoplasm, from eccentric
to centrally situated, round, vesicular and large nucleus with dominant nucleoli, ratio
of nucleus-to-cytoplasmic should be >1:2 with demarcated cell boundary lining
(Eusebi et al. 1986; Durham and Fechner 2000), also displaying the features of
overlapped nucleus with pleomorphism (Johnson and Kini 1989; Kulkarni 2012).

2.2.1.1.8 Neuroendocrine Carcinoma

Neuroendocrine carcinoma is rare with 0.27-0.5% and unique subtypes of breast
cancer representing only 2% of cases were first described by Feyrter and Hartmann
in 1963 (Feyrter and Hartmann 1963). It is commonly diagnosed in elder women
approximately 70 years old (Wang et al. 2014) and shows morphological as well as
immunohistochemical similarity with neuroendocrine tumor of lungs and gastroin-
testinal tract and commonly in postmenopausal women (Fattaneh and Peter 2003).
Neuroendocrine differentiation has been observed in 20% cases of mammary carci-
noma, therefore it is very difficult to evaluate because the immunohistochemical
biomarker has not been usually used for the diagnosis of BC (Inno et al. 2016). The
most accepted theory for histogenesis of primary neuroendocrine breast cancer
suggests that it is derived from the differentiation of neuroendocrine and epithelial
neoplastic cells (Adams et al. 2014; Dalle et al. 2017). But, in another theory it has
been hypothesized that neuroendocrine BC cancer originates from neural crest cells
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and further migrates to mammary glands (Bussolati et al. 1985). Furthermore, BC
cells have the potential to express benign neuroendocrine lesion and neuroendocrine
biomarker, i.e., chromogranin, and synaptophysin, which have not been described in
literature (Adams et al. 2014). Thus, in 2003 WHO recommends neuroendocrine
carcinoma as special type of BC (Dalle et al. 2017). Neuroendocrine carcinoma
results hypersecretion of calcitonin (Coombes et al. 1975), norepinephrine (Kaneko
et al. 1978), and adrenocorticotropic hormone (Woodard et al. 1981).

Histological Organization of Neuroendocrine Carcinoma

Histoarchitecture of neuroendocrine carcinoma shows infiltrative growth pattern
with solid aggregation of tumor cells in nest, alveolar, and trabeculae (Bussolati
and Badve 2012). The tumor is 0.8-13.5 cm in size (Wei et al. 2010; Tang et al.
2011), and secretes soft and gelatinous mucin (Tang et al. 2011). The tumor cells are
spindle, polygonal, and plasmacytoid in shape separated by fibrovascular septae with
clear or vacuolated cytoplasm (Tang et al. 2011; Bussolati and Badve 2012). Nuclei
are pleomorphic with irregular nuclear membrane, along with this salt and pepper
chromatin are also visible in carcinoids of other sites (Tang et al. 2011). Apart from
this, Wei et al. 2010 reported that neuroendocrine carcinoma are more ER and PR
positive in comparison to IDC-NOS, therefore hormonal therapy could also be used
for the treatment on the basis of receptor status (Angarita et al. 2013). Till date there
is no specific guideline for staging, grading, and treatment of neuroendocrine
carcinoma, thus, recommended that it should be treated like conventional BC
(Angarita et al. 2013).

2.2.1.2 Invasive Lobular Carcinoma

Invasive lobular carcinoma (ILC) is the second common type of breast cancer
(BC) after invasive ductal carcinoma (IDC) results 5-10% cancer (Li et al. 2003;
Orvieto et al. 2008; Lee et al. 2010; Onitilo et al. 2013). ILC commonly diagnosed in
postmenopausal age with ER/PR positive receptor (Mersin et al. 2003; Arpino et al.
2004) having distinctive metastatic pattern along with the involvement of gastroin-
testinal tract and peritoneal sites (Korhonen et al. 2013; Inoue et al. 2017; Mathew
et al. 2017).

2.2.1.2.1 Histological Organization of Invasive Lobular Carcinoma.

Histoarchitecture of ILC represents the presence of uniform tumor cells present in
stroma and enveloped by lobules (Rosai 2011). The growth of ILC tumor results
disturbances in normal histoarchitecture having round nuclei, occasional cytoplas-
mic vacuole, thin cytoplasm, and concentric layer arrangement around normal ducts,
this condition is known as “fargetoid appearance” (Martinez and Azzopardi 1979;
Reed et al. 2015). Apart from this, rare mitotic expression, hormonal receptor
expression, and absence of immunohistochemical staining for E-cadherin are most
important biomarker of pathogenesis of ILC (Arpino et al. 2004; Singhai et al. 2011).
Classical ILC represents different histological variant, like pleomorphic lobular
cancer shows growth pattern of classical ILC, but contains nuclear pleomorphism,
marked cellular atypia, significant increase in mitotic range, and hormone receptor



2 Histopathological Characteristics: Breast Cancer Subtypes Depending on. .. 41

negative expression (Jung et al. 2012; Ohashi et al. 2017). In solid and alveolar
variant of ILC shows cells arranged in sheets, but diagnostic significance of these
variants is not clear.

23 Conclusion

Breast cancer is the most common disease among cancer in women throughout the
world and is the principal cause of mortality. Breast carcinoma is the complex
heterogenous disease, but due to lack of sufficient data on its heterogeneity, it is
difficult to understand. But histological types and subtypes of breast carcinoma with
detail origin of heterogeneity may be helpful for the targeting novel therapeutic tools
for particular subgroups of BC patients.

References

Adams RW, Dyson P, Barthelmes L (2014) Neuroendocrine breast tumours: breast cancer or
neuroendocrine cancer presenting in the breast? Breast 23:120-127

American Cancer Society (2020) Breast cancers facts & figures

Angarita FA, Rodriguez JL, Meek E, Sanchez JO, Tawil M, Torregrosa L (2013) Locally-advanced
primary neuroendocrine carcinoma of the breast: case report and review of the literature. World
J Surg Oncol 11:128

Arpino G, Bardou VJ, Clark GM, Elledge RM (2004) Infiltrating lobular carcinoma of the breast:
tumor characteristics and clinical outcome. Breast Cancer Res 6:R149-R156

Azzopardi JG, Ahmed A, Millis RR (1979) Problems in breast pathology. Major Probl Pathol 11:1-
466

Badve S, Dabbs DJ, Schnitt SJ, Bachner FL, Decker T, Eusebi V, Fox SB, Ichihara S, Jacquemier J,
Lakhani SR, Palacios J, Rakha EA, Richardson AL, Schmitt FC, Tan P-H, Tse GM, Weigelt B,
Ellis IO, Reis-Filho JS (2011) Basal-like and triple-negative breast cancers: a critical review
with an emphasis on the implications for pathologists and oncologists. Mod Pathol 24:157-167

Bertucci F, Finetti P, Cervera N, Charafe-Jauffret E, Mamessier E, Adélaide J, Debono S,
Houvenaeghel G, Maraninchi D, Viens P, Charpin C, Jacquemier J, Birnbaum D (2006) Gene
expression profiling shows medullary breast cancer is a subgroup of basal breast cancers. Cancer
Res 66:4636-4644

Bosch AL, Machado I, Cussac AL (2010) Immunohistochemistry of the new molecular classifica-
tion of breast carcinoma. BTCC 2

Budzik MP, Fudalej MM, Badowska-Kozakiewicz AM (2021) Histopathological analysis of
mucinous breast cancer subtypes and comparison with invasive carcinoma of no special type.
Sci Rep 11:5770

Bussolati G, Badve S (2012) Carcinomas with neuroendocrine features. In: Lakhani SR, Ellis 1Q,
Schnitt SJ, Tan PH, van der Vijver MJ (eds) WHO classification of tumours of the breast. IJARC
Press, Lyon, pp 62-63

Bussolati G, Gugliotta P, Sapino A, Eusebi V, Lloyd RV (1985) Chromogranin-reactive endocrine
cells in argyrophilic carcinomas (“carcinoids”) and normal tissue of the breast. Am J Pathol 120:
186-192

Chaudhry AR, El Khoury M, Gotra A, Eslami Z, Omeroglu A, Omeroglu-Altinel G, Chaudhry SH,
Mesurolle B (2019) Imaging features of pure and mixed forms of mucinous breast carcinoma
with histopathological correlation. Br J Radiol 92:20180810



42 P. Thakur et al.

Collins LC, Schnitt SJ (2008) Papillary lesions of the breast: selected diagnostic and management
issues. Histopathology 52:20-29

Collins LC, Carlo VP, Hwang H, Barry TS, Gown AM, Schnitt SJ (2006) Intracystic papillary
carcinomas of the breast: a reevaluation using a panel of myoepithelial cell markers. Am J Surg
Pathol 30:1002-1007

Coombes RC, Easty GC, Detre SI, Hillyard CJ, Stevens U, Girgis SI, Galante LS, Heywood L,
Macintyre I, Neville AM (1975) Secretion of immunoreactive calcitonin by human breast
carcinomas. Br Med J 4:197-199

Cserni A (2020) Histological type and typing of breast carcinomas and the WHO classification
changes over time. Pathologica 112:25-41

Dalle 1A, Abbas J, Boulos F, Salem Z, Assi HI (2017) Primary small cell carcinoma of the breast: a
case report. ] Med Case Rep 11:290

Donegan WL (1997) Tumor-related prognostic factors for breast cancer. CA Cancer J Clin 47:28-
51

Durham JR, Fechner RE (2000) The histologic spectrum of apocrine lesions of the breast. Am J Clin
Pathol 113:S3-S18

Eiada R, Chong J, Kulkarni S, Goldberg F, Muradali D (2012) Papillary lesions of the breast: MRI,
ultrasound, and mammographic appearances. AJR Am J Roentgenol 198:264-271

Ellis IO, Galea M, Broughton N, Locker A, Blamey RW, Elston CW (1992) Pathological prognos-
tic factors in breast cancer. II. Histological type. Relationship with survival in a large study with
long-term follow-up. Histopathology 20:479-489

Ellis P et al (2003) WHO classification of tumours pathology and genetics of tumours of the breast
and female genital organs. In: Invasive breast carcinoma. Lyon Press, Lyon

Elston CW, Ellis 10 (1991) Pathological prognostic factors in breast cancer. I. The value of
histological grade in breast cancer: experience from a large study with long-term follow-up.
Histopathology 19:403-410

Eusebi V, Millis RR, Cattani MG, Bussolati G, Azzopardi JG (1986) Apocrine carcinoma of the
breast. A morphologic and immunocytochemical study. Am J Pathol 123:532-541

Fattaneh AT, Peter D (2003) WHO classification pathology and genetics of tumours of the breast
and female genital organs. IARC Press, Lyon

Fernandez-Aguilar S, Simon P, Buxant F, Simonart T, No€l J-C (2005) Tubular carcinoma of the
breast and associated intra-epithelial lesions: a comparative study with invasive low-grade
ductal carcinomas. Virchows Arch 447:683-687

Feyrter F, Hartmann G (1963) [On the carcinoid growth form of the carcinoma Mammae, especially
the carcinoma Solidum (Gelatinosum) Mamaae]. Frankf Z Pathol 3:24-39

Fisher ER, Palekar AS, Redmond C, Barton B, Fisher B (1980) Pathologic findings from the
National Surgical Adjuvant Breast Project (protocol no. 4). VI. Invasive papillary cancer. Am J
Clin Pathol 73:313-322

Foschini MP, Eusebi V (2009) Rare (new) entities of the breast and medullary carcinoma.
Pathology 41:48-56

Franzese C, Zei G, Masoni T, Cecchini S, Monteleone E, Livi L, Biti G (2013) Adenoid cystic
carcinoma of the breast. The double face of an exocrine gland carcinoma. Strahlentherapie und
Onkol 189:1049-1050

Giordano SB, Gradishar W (2017) Breast cancer: updates and advances in 2016. Curr Opin Obstet
Gynecol 29:12-17

Glazebrook KN, Reynolds C, Smith RL, Gimenez EI, Boughey JC (2010) Adenoid cystic carci-
noma of the breast. AJR Am J Roentgenol 194:1391-1396

Gogoi G, Borgohain M, Borah A, Agarwal V (2012) Study on apocrine carcinoma of breast:
histomorphologic features and immunohistochemical behaviour. Int J Basic Appl Med Sci 2:
190-193

Goldstein NS, Kestin LL, Vicini FA (2004) Refined morphologic criteria for tubular carcinoma to
retain its favorable outcome status in contemporary breast carcinoma patients. Am J Clin Pathol
122:728-739



2 Histopathological Characteristics: Breast Cancer Subtypes Depending on. .. 43

Han S-H, Kim M, Chung YR, Yun BL, Jang M, Kim SM, Kang E, Kim E-K, Park SY (2018)
Benign intraductal papilloma without atypia on core needle biopsy has a low rate of upgrading
to malignancy after excision. J Breast Cancer 21:80-86

Hanagiri T, Ono K, Baba T, So T, Yamasaki M, Nagata Y, Uramoto H, Takenoyama M, Yasumoto
K (2010) Clinicopathologic characteristics of mucinous carcinoma of the breast. Int Surg 95:
126-129

Hanby AM, Walker C, Tavassoli FA, Devilee P (2004) Pathology and genetics: tumours of the
breast and female genital organs. WHO classification of tumours series. In: Breast cancer
research (Lyon, ed). IARC Press, Lyon, p 250

Harbeck N, Gnant M (2017) Breast cancer. Lancet (London, England) 389:1134-1150

Hill CB, Yeh I-T (2005) Myoepithelial cell staining patterns of papillary breast lesions: from
intraductal papillomas to invasive papillary carcinomas. Am J Clin Pathol 123:36-44

Huvos AG Jr, Lucas JC Jr, Foote FW (1973) Metaplastic breast carcinoma. Rare form of mammary
cancer. N Y J State Med 73:1078-1082

Inno A, Bogina G, Turazza M, Bortesi L, Duranti S, Massocco A, Zamboni G, Carbognin G,
Alongi F, Salgarello M, Gori S (2016) Neuroendocrine carcinoma of the breast: current
evidence and future perspectives. Oncologist 21:28-32

Inoue M, Nakagomi H, Nakada H, Furuya K, Ikegame K, Watanabe H, Omata M, Oyama T (2017)
Specific sites of metastases in invasive lobular carcinoma: a retrospective cohort study of
metastatic breast cancer. Breast Cancer 24:667—672

Jacquemier J et al (2005) Typical medullary breast carcinomas have a basal/myoepithelial pheno-
type. J Pathol 207:260-268

Jensen ML, Kiaer H, Andersen J, Jensen V, Melsen F (1997) Prognostic comparison of three
classifications for medullary carcinomas of the breast. Histopathology 30:523-532

Johnson TL, Kini SR (1989) The significance of atypical apocrine cells in fine-needle aspirates of
the breast. Diagn Cytopathol 5:248-254

Jung SP, Lee SK, Kim S, Choi M-Y, Bae SY, Kim J, Kim M, Kil WH, Cho EY, Choe J-H, Kim J-H,
Kim JS, Nam SJ, Lee JE (2012) Invasive pleomorphic lobular carcinoma of the breast:
clinicopathologic characteristics and prognosis compared with invasive ductal carcinoma. J
Breast Cancer 15:313-319

Kaneko H, Hojo H, Ishikawa S, Yamanouchi H, Sumida T, Saito R (1978) Norepinephrine-
producing tumors of bilateral breasts: a case report. Cancer 41:2002-2007

Kleer CG (2009) Carcinoma of the breast with medullary-like features: diagnostic challenges and
relationship with BRCA1 and EZH2 functions. Arch Pathol Lab Med 133:1822-1825

Korhonen T, Kuukasjirvi T, Huhtala H, Alarmo EL, Holli K, Kallioniemi A, Pylkkénen L (2013)
The impact of lobular and ductal breast cancer histology on the metastatic behavior and long
term survival of breast cancer patients. Breast 22:1119-1124

Kulkarni N (2012) Fine needle aspiration cytology of apocrine mammary carcinoma: report of five
cases. Medicine (Baltimore)

Lakhani SR, Ellis 10, Schnitt SJ, Tan PH, Van de Vijver MJ (2012a) WHO classification of tumours
of the breast, 4th edn. IARC Print Publications, Geneva

Lakhani SR, Ellis 10, Schnitt SJ, Tan PH, Van de Vijver MJ (2012b) WHO classification of
tumours of the breast, 4th edn. IARC Press, Geneva

Lamovec J, Us-Krasovec M, Zidar A, Kljun A (1989) Adenoid cystic carcinoma of the breast: a
histologic, cytologic, and immunohistochemical study. Semin Diagn Pathol 6:153-164

Lang R, Fan Y, Fu X, Fu L (2011) Metaplastic breast carcinoma with extensive osseous differenti-
ation: a report of two cases and review of the literature. Tumori 97:e1-e5

Lee J-H, Park S, Park HS, Park B-W (2010) Clinicopathological features of infiltrating lobular
carcinomas comparing with infiltrating ductal carcinomas: a case control study. World J Surg
Oncol 27:34

Lee H, Jung S-Y, Ro JY, Kwon Y, Sohn JH, Park IH, Lee KS, Lee S, Kim SW, Kang HS, Ko KL,
Ro J (2012) Metaplastic breast cancer: clinicopathological features and its prognosis. J Clin
Pathol 65:441-446



44 P. Thakur et al.

Li CI, Anderson BO, Daling JR, Moe RE (2003) Trends in incidence rates of invasive lobular and
ductal breast carcinoma. JAMA 289:1421-1424

Li CI, Uribe DJ, Daling JR (2005) Clinical characteristics of different histologic types of breast
cancer. Br J Cancer 93:1046-1052

Limaiem F, Mlika M (2021) Tubular breast carcinoma. StatPearls Publishing LLC, Treasure Island

Louwman MW]J, Vriezen M, van Beek MWPM, Nolthenius-Puylaert MCBJET, van der Sangen
MIC, Roumen RM, Kiemeney LALM, Coebergh JWW (2007) Uncommon breast tumors in
perspective: incidence, treatment and survival in the Netherlands. Int J Cancer 121:127-135

Luini A, Aguilar M, Gatti G, Fasani R, Botteri E, Brito JAD, Maisonneuve P, Vento AR, Viale G
(2007) Metaplastic carcinoma of the breast, an unusual disease with worse prognosis: the
experience of the European Institute of Oncology and review of the literature. Breast Cancer
Res Treat 101:349-353

Makki J (2015) Diversity of breast carcinoma: histological subtypes and clinical relevance. Clin
Med Insights Pathol 8:23-31

Malhotra GK, Zhao X, Band H, Band V (2010) Histological, molecular and functional subtypes of
breast cancers. Cancer Biol Ther 10:955-960

Malik SS, Masood N, Asif M, Ahmed P, Shah ZU, Khan JS (2019) Expressional analysis of MLH1
and MSH2 in breast cancer. Curr Probl Cancer 43(2):97-105

Maluf HM, Koerner FC (1995) Solid papillary carcinoma of the breast. A form of intraductal
carcinoma with endocrine differentiation frequently associated with mucinous carcinoma. Am J
Surg Pathol 19:1237-1244

Malyuchik SS, Kiyamova RG (2008) Medullary breast carcinoma. Exp Oncol 30:96-101

Martinez V, Azzopardi JG (1979) Invasive lobular carcinoma of the breast: incidence and variants.
Histopathology 3:467-488

Mathew A, Rajagopal PS, Villgran V, Sandhu GS, Jankowitz RC, Jacob M, Rosenzweig M,
Oesterreich S, Brufsky A (2017) Distinct pattern of metastases in patients with invasive lobular
carcinoma of the breast. Geburtshilfe Frauenheilkd 77:660-666

McDivitt RW, Boyce W, Gersell D (1982) Tubular carcinoma of the breast. Clinical and pathologi-
cal observations concerning 135 cases. Am J Surg Pathol 6:401-411

McKinnon E, Xiao P (2015) Metaplastic carcinoma of the breast. Arch Pathol Lab Med 139:819-
822

Mersin H, Yildirim E, Giilben K, Berberoglu U (2003) Is invasive lobular carcinoma different from
invasive ductal carcinoma? Eur J Surg Oncol 29:390-395

Miliauskas JR, Leong AS (1991) Adenoid cystic carcinoma in a juvenile male breast. Pathology 23:
298-301

Miyai K, Schwartz MR, Divatia MK, Anton RC, Park YW, Ayala AG, Ro JY (2014) Adenoid
cystic carcinoma of breast: recent advances. World J Clin Cases 2:732-741

Moinfar F (2007) Essentials of diagnostic breast pathology, 1st edn. Springer, Berlin

Moritani S, Ichihara S, Kushima R, Okabe H, Bamba M, Kobayashi TK, Hattori T (2007)
Myoepithelial cells in solid variant of intraductal papillary carcinoma of the breast: a potential
diagnostic pitfall and a proposal of an immunohistochemical panel in the differential diagnosis
with intraductal papilloma with usual ductal hyperplasia. Virchows Arch 450:539-547

Mubarik S, Malik SS, Wang Z, Li C, Fawad M, Yu C (2019) Recent insights into breast cancer
incidence trends among four Asian countries using age-period-cohort model. Cancer Manag Res
11:8145

Mulligan AM, O’Malley FP (2007) Papillary lesions of the breast: a review. Adv Anat Pathol 14:
108-119

Mundhada A, DCruze L, Sundaram S, Pratiba D, Ramakrishnan R, Dev B (2020) Carcinosarcoma
of the breast—a rare presentation. J Med Sci Clin Res 8

Myint ZW, Raparla S, Kamugisha LK (2015) Metaplastic breast cancer with chondroid differentia-
tion. J Commun Hosp Intern Med Perspect 5:28935

Nassar H, Qureshi H, Adsay NV, Visscher D (2006) Clinicopathologic analysis of solid papillary
carcinoma of the breast and associated invasive carcinomas. Am J Surg Pathol 30:501-507



2 Histopathological Characteristics: Breast Cancer Subtypes Depending on. .. 45

Ng W-K (2002) Fine needle aspiration cytology of apocrine carcinoma of the breast. Review of
cases in a three-year period. Acta Cytol 46:507-512

Nicolas MM, Wu Y, Middleton LP, Gilcrease MZ (2007) Loss of myoepithelium is variable in solid
papillary carcinoma of the breast. Histopathology 51:657—-665

Ohashi R, Matsubara M, Watarai Y, Yanagihara K, Yamashita K, Tsuchiya S-I, Takei H, Naito Z
(2017) Pleomorphic lobular carcinoma of the breast: a comparison of cytopathological features
with other lobular carcinoma variants. Cytopathology 28:122—130

Onitilo AA, Aryal G, Engel JM (2013) Hereditary diffuse gastric cancer: a family diagnosis and
treatment. Clin Med Res 11:36-41

Orvieto E, Maiorano E, Bottiglieri L, Maisonneuve P, Rotmensz N, Galimberti V, Luini A,
Brenelli F, Gatti G, Viale G (2008) Clinicopathologic characteristics of invasive lobular
carcinoma of the breast: results of an analysis of 530 cases from a single institution. Cancer
113:1511-1520

Pal SK, Lau SK, Kruper L, Nwoye U, Garberoglio C, Gupta RK, Paz B, Vora L, Guzman E,
Artinyan A, Somlo G (2010) Papillary carcinoma of the breast: an overview. Breast Cancer Res
Treat 122:637-645

Papadatos G, Rangan AM, Psarianos T, Ung O, Taylor R, Boyages J (2001) Probability of axillary
node involvement in patients with tubular carcinoma of the breast. Br J Surg 88:860-864

Pezzi CM, Patel-Parekh L, Cole K, Franko J, Klimberg VS, Bland K (2007) Characteristics and
treatment of metaplastic breast cancer: analysis of 892 cases from the National Cancer Data
Base. Ann Surg Oncol 14:166-173

Phung MT, Tin ST, Elwood JM (2019) Prognostic models for breast cancer: a systematic review.
BMC Cancer 19:230

Polyak K (2011) Heterogeneity in breast cancer. J Clin Invest 121:3786-3788

Rakha EA, Lee AHS, Evans AJ, Menon S, Assad NY, Hodi Z, Macmillan D, Blamey RW, Ellis IO
(2010) Tubular carcinoma of the breast: further evidence to support its excellent prognosis. J
Clin Oncol 28:99-104

Reed AEM, Kutasovic JR, Lakhani SR, Simpson PT (2015) Invasive lobular carcinoma of the
breast: morphology, biomarkers and *omics. Breast Cancer Res 17:12

Reis-Filho JS, Lakhani SR (2008) Breast cancer special types: why bother? J Pathol 216:394-398

Reyes C, Jorda M, Gomez-Fernandez C (2013) Salivary gland-like tumors of the breast express
basal-type immunohistochemical markers. Appl Immunohistochem Mol Morphol 21:283-286

Ridolfi RL, Rosen PP, Port A, Kinne D, Miké V (1977) Medullary carcinoma of the breast: a
clinicopathologic study with 10 year follow-up. Cancer 40:1365-1385

Ro JY, Silva EG, Gallager HS (1987) Adenoid cystic carcinoma of the breast. Hum Pathol 18:
1276-1281

Rosai J (2011) Rosai and Ackerman’s surgical pathology, 10th edn. Elsevier, Lyon

Rosen PP (2009) Rosen’s breast pathology. (Wilkins LW & ed), 3rd edn. Lyon Press, Lyon

Schwartz TL, Mogal H, Papageorgiou C, Veerapong J, Hsueh EC (2013) Metaplastic breast cancer:
histologic characteristics, prognostic factors and systemic treatment strategies. Exp Hematol
Oncol 2:31

Shin SJ, Rosen PP (2002) Solid variant of mammary adenoid cystic carcinoma with basaloid
features: a study of nine cases. Am J Surg Pathol 26:413-420

Simpson PT, Reis-Filho JS, Gale T, Lakhani SR (2005) Molecular evolution of breast cancer. J
Pathol 205:248-254

Singhai R, Patil VW, Jaiswal SR, Patil SD, Tayade MB, Patil AV (2011) E-cadherin as a diagnostic
biomarker in breast cancer. N Am J Med Sci 3:227-233

Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel A, Deng S, Johnsen H, Pesich R,
Geisler S, Demeter J, Perou CM, Lgnning PE, Brown PO, Bgrresen-Dale A-L, Botstein D
(2003) Repeated observation of breast tumor subtypes in independent gene expression data sets.
Proc Natl Acad Sci U S A 100:8418-8423



46 P. Thakur et al.

Sullivan T, Raad RA, Goldberg S, Assaad SI, Gadd M, Smith BL, Powell SN, Taghian AG (2005)
Tubular carcinoma of the breast: a retrospective analysis and review of the literature. Breast
Cancer Res Treat 93:199-205

Tan QT, Chuwa EWL, Chew SH, Lim-Tan SK, Lim SH (2015) Low-grade adenosquamous
carcinoma of the breast: a diagnostic and clinical challenge. Int J Surg 19:22-26

Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S, Lazar AJ, Morris EA, Sahin A, Salgado R,
Sapino A, Sasano H, Schnitt S, Sotiriou C, van Diest P, White VA, Lokuhetty D, Cree IA, WHO
Classification of Tumours Editorial Board (2020) The 2019 World Health Organization classi-
fication of tumours of the breast. Histopathology 77:181-185

Tang F, Wei B, Tian Z, Gilcrease MZ, Huo L, Albarracin CT, Resetkova E, Zhang H, Sahin A,
Chen J, Bu H, Abraham S, Wu Y (2011) Invasive mammary carcinoma with neuroendocrine
differentiation: histological features and diagnostic challenges. Histopathology 59:106—115

Tavassoli FA (2009) Tumors of the mammary gland. In: AFIP atlas of tumor pathology. 1st edn.

Tavassoli FA, Norris HJ (1986) Mammary adenoid cystic carcinoma with sebaceous differentiation.
A morphologic study of the cell types. Arch Pathol Lab Med 110:1045-1053

Tirada N, Aujero M, Khorjekar G, Richards S, Chopra J, Dromi S, Ioffe O (2018) Breast cancer
tissue markers, genomic profiling, and other prognostic factors: a primer for radiologists.
Radiographics 38:1902-1920

Tray N, Taff J, Singh B, Suh J, Ngo N, Kwa M, Troxel AB, Chae YK, Kurzrock R, Patel SP,
Sharon E, Denkert C, Ross JS, Adams S (2019) Metaplastic breast cancers: genomic profiling,
mutational burden and tumor-infiltrating lymphocytes. Breast 44:29-32

Tse GM, Tan PH, Putti TC, Lui PCW, Chaiwun B, Law BKB (2006) Metaplastic carcinoma of the
breast: a clinicopathological review. J Clin Pathol 59:1079-1083

Tsutsumi Y (2012) Apocrine carcinoma as triple-negative breast cancer: novel definition of
apocrine-type carcinoma as estrogen/progesterone receptor-negative and androgen receptor-
positive invasive ductal carcinoma. Jpn J Clin Oncol 42:375-386

Ueng S-H, Mezzetti T, Tavassoli FA (2009) Papillary neoplasms of the breast: a review. Arch
Pathol Lab Med 133:893-907

Vargo-Gogola T, Rosen JM (2007) Modelling breast cancer: one size does not fit all. Nat Rev
Cancer 7:659-662

Vranic S, Tawfik O, Palazzo J (2010) EGFR and HER-2/neu expression in invasive apocrine
carcinoma of the breast. Mod Pathol 23:644-653

Wader JV, Jain A, Bhosale SJ, Chougale PG, Kumbhar SS (2013) Apocrine carcinoma of breast: a
case report with review of the literature. Case Rep Pathol 2013:170918

Wang J, Wei B, Albarracin CT, Hu J, Abraham SC, Wu Y (2014) Invasive neuroendocrine
carcinoma of the breast: a population-based study from the surveillance, epidemiology and
end results (SEER) database. BMC Cancer 14:147

Wei B, Ding T, Xing Y, Wei W, Tian Z, Tang F, Abraham S, Nayeemuddin K, Hunt K, Wu Y
(2010) Invasive neuroendocrine carcinoma of the breast: a distinctive subtype of aggressive
mammary carcinoma. Cancer 116:4463-4473

Weigelt B, Reis-Filho JS (2009) Histological and molecular types of breast cancer: is there a
unifying taxonomy? Nat Rev Clin Oncol 6:718-730

Weigelt B, Baehner FL, Reis-Filho JS (2010) The contribution of gene expression profiling to
breast cancer classification, prognostication and prediction: a retrospective of the last decade. J
Pathol 220:263-280

Wetterskog D, Lopez-Garcia MA, Lambros MB, A’Hern R, Geyer FC, Milanezi F, Cabral MC,
Natrajan R, Gauthier A, Shiu K-K, Orr N, Shousha S, Gatalica Z, Mackay A, Palacios J, Reis-
Filho JS, Weigelt B (2012) Adenoid cystic carcinomas constitute a genomically distinct
subgroup of triple-negative and basal-like breast cancers. J Pathol 226:84-96

Woodard BH, Eisenbarth G, Wallace NR, Mossler JA, McCarty KS Jr (1981) Adrenocorticotropin
production by a mammary carcinoma. Cancer 47:1823-1827

Yerushalmi R, Hayes MM, Gelmon KA (2009) Breast carcinoma—rare types: review of the
literature. Ann Oncol 20:1763-1770



®

Check for
updates

Rahul Kumar Maurya ®, Alok Shiomurti Tripathi ®,
Lucy Mohapatra ®, Shashank Soni ®, and Mohammad Yasir

Abstract

Women are diagnosed with breast cancer (BC) on a global basis every year,
making it the most prevalent kind of cancer in women. A link between BC and
various female hormones is significant because these hormones are used for a
variety of purposes, including contraception and menopause treatment, by both
reproductive and/or post-menopausal females. Hormonal changes that affect the
mammary gland’s development also appear to increase the incidences. Several
studies have proposed that pregnancy and breastfeeding defend against future
progress of BC in numerous women. Further, the chances decline with the
cumulative overall extent of breastfeeding. Some epidemiological studies have
proposed that there is a transient expansion in the relative risk of BC in females
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development, prognosis, and treatment of BC are covered in this chapter. The
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other hormonal cancer, and biomarker correlation that has recently been
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3.1 Introduction

Breast cancer is a complex illness with hereditary and environmental components. It
is questionable whether or not cancer patients should get hormone replacement
treatment. A link between BC and various female hormones is significant because
these hormones are used for a variety of purposes, including contraception and
menopause treatment, by both reproductive and/or post-menopausal females. Hor-
monal changes that affect the mammary gland’s development also appear to increase
the chances of disease. Estrogen and progestin hormone replacement therapy were
used in a Women’s Health Initiative research, after therapy the risk of BC was higher
for these women than for those who got a placebo (Henderson and Feigelson 2000).

Several types of cancer are influenced by hormones, including hormone-sensitive
or -dependent malignancies. Breast, endometrial lining, ovarian, prostate, testicular,
thyroid, and osteosarcoma cancers are all caused by hormones in some way (Folkerd
and Dowsett 2010). Breast cancer hormone levels may be effectively controlled with
endocrine therapy since the hormones are influenced by tumor growth and regres-
sion. Cancers in the breast that respond to estrogen may be classified into two
groups. These two female hormones encourage the growth of cancerous cells. It is
thought that many types of BC have estrogen receptor sites on their cells, which
helps the growth and spread of the cancerous cells as well as its kind.

Hormones play an important role in numerous processes in the body, including
the development and functioning of certain cells and organs. Tumors are hormone-
sensitive due to the presence of proteins on the surfaces of their cells referred to as
receptors. Hormones attach to these receptors and alter the expression of certain
genes, which stimulates cell growth when these receptors are active (Henry et al.
2020). It is believed that estrogen and progesterone are responsible for many of the
physiological changes that occur throughout a woman’s reproductive life and men-
opause. Breast cancer cells, as opposed to normal ones, have estrogen and proges-
terone receptors attached to them, and thus they need these hormones to thrive. BC
cells, like normal ones, are fueled by estrogen and other associated hormones to
develop (DeVita et al. 2018). Cancer’s hormone receptor status may aid in deter-
mining how to treat it. Because hormone therapy alters the effect of estrogen (but not
progesterone) on BC cells, the effectiveness of hormone therapy may differ
depending on whether your tumor is estrogen receptor-positive or estrogen
receptor-negative. The binding of hormones such as estrogen and progesterone to
receptors helps to inhibit the development and spread of cancer. The effects of the
hormonal environment on the development, prognosis, and treatment of BC are
covered in this chapter.

Some gene-related pathways, such as PI3K, ACT, and mTOR, are activated in
different malignant tumors and play an important role in cancer formation, progres-
sion, and treatment resistance. They are thought to be appealing and promising
targets for cancer therapy, and numerous therapeutic compounds that target these
pathways have been discovered (Atif et al. 2019). The genetic basis for hormone-
dependent tumors, relationships between breast and other hormonal cancer, and
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biomarker correlation that has recently been recognized are also covered in this
chapter.

3.2 Role of Hormones in Breast Cancer

The hormones are considered as a chemical messenger and affect the cells and
various tissues in the body reaching the target sites. Prevalence of BC observed to
be higher with the exposure to estrogen and progesterone, released by the ovaries of
premenopausal women. In women, BC is caused after puberty and its incidence
increases rapidly with the growing age until menopause. Therefore, women with
longer the normal ovarian function will be at higher prevalence of BC. Having more
children may also be ineffectively protective, especially if they are born at a young
age. BC is one of the common types of hormone-dependent (hormone-sensitive)
cancers. The hormone-dependent cancer cells containing specific types of protein
called hormone receptors (estrogen receptor or ERs and progesterone receptors or
PRs). The estrogen receptors are abundantly located on breast cells. The estrogen
evoked the proliferation of both normal and neoplastic breast epithelium (Fig. 3.1).
These epithelial cells begin to proliferate during puberty and reach their peak
between the ages of 12 and 18. Pregnancy is associated with proliferation at first,
but then with marked differentiation of mammary epithelial cells, and there is some
evidence that a first pregnancy increases and then decreases the risk of BC. The
earlier a first pregnancy occurs, the less time there is for many undifferentiated
susceptible stem cells to be present. As a result, the risk of developing BC is lower.
Furthermore, early natural or artificial cessation of ovarian function is linked to
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breast involution which is characterized by a high degree of epithelial cell death and,
as a result, a decrease in the number of basal and intermediate cells; this could
explain the decline in the slope of the age-incidence curve after menopause, as well
as the protective effect of early natural or artificial cessation of ovarian function.
Progesterone also plays an important role in pregnancy and the regulation of the
menstrual cycle. A thorough meta-analysis found that the time between menstrual
cycle commencement and termination is strongly linked to incidences of BC. There
is a 5% increase in lifetime risk of BC for every year younger a girl begins menstrual
cycling. Similarly, for every year older at the time of menopause, the risk of BC rises
by 3.5% (Hamajima et al. 2012).

3.2.1 Tumor-Promoting Effects of Estrogen

Nuclear steroid receptors control cell function when estrogen hormones are present.
Internalization of hormones occurs when they attach to plasma membrane receptors,
which results in hormone entry into cells. This is the typical paradigm for steroid
hormone signaling. As a result, these complexes connect to DNA response elements,
such as estrogen response sites, and alter target gene nuclear transcription, altering
the biological response of cancer stem cells. One or both of these hormones may be
found in BC cells. Breast cancer cells that are ER-positive have estrogen receptors.
Breast cancer with progesterone receptors (PR) is referred to as PR-positive BC. The
malignancy is designated ER/PR-negative if the cells lack any of these two
receptors. ER and/or PR-positive BCs account for almost two-thirds of all BCs.
Furthermore, a standard aspect of a BC diagnosis is a test for ER/PR in the tumor.
Immunohistochemistry (IHC) is the most frequent approach for detecting ER/PR in a
tumor. Endocrine treatment that blocks estrogen communication has been shown to
be effective in treating breast cancer since it is a hormone-related malignancy. On the
other hand, cancers linked to hormones are more likely to be resistant to hormone
therapy. Endocrine tolerance may be explained by a variety of factors, including
mutations in receptors and bridges in other communication networks. (Ellis et al.
2008; Li et al. 2013; Toy et al. 2017). The most important hormones that govern the
stem cells of the human reproductive system are progesterone and estrogen. They
have the potential to promote cancer stem cells (CSCs) growth and raise the risk of
reproductive malignancies. As a result, estrogen and progesterone appear to be
important regulators of CSCs quantity and function. Exploring the link between
female hormones and CSCs is therefore critical in order to develop more cancer
medicines that target CSCs (Joshi et al. 2010; Sun et al. 2017; Hilton et al. 2018).

3.2.2 Tumor-Promoting Effects of Progesterone

During adolescence, as well as during lactation and nursing, progesterone, an
ovarian steroid hormone, is essential for proper breast development. The high-
affinity progesterone receptors (PR), which include the traditional progesterone
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receptor (PR)-A and -B isoforms, are found in numerous female reproductive
tissues, including the uterus, ovary, and mammary gland (MG). Furthermore, PR
play an important role in the growth and progression of BC (Giulianelli et al. 2021).
A portion of PR-A and PR-B-expressing mammary epithelial cells (MECs) in the
breast also expresses ERs, and estrogen is typically required to promote PR expres-
sion in these ER+ cells. As a result, separating the effects of progesterone and
estrogen, which is also a potent breast mitogen, has proven difficult. In both normal
and malignant breast cells, PR isoforms are severely understudied in comparison to
ER (Trabert et al. 2020). In addition, progesterone/PR isoforms influence the
creation of terminal end-buds (TEBs) or acini at the ductal ends that becomes
milk-producing organelles in the lactating mammary glands. EGF and IGF-1, two
additional necessary hormones, increase terminal end-bud proliferation during nor-
mal breast development and augment ductal expansion and side branching generated
by estrogen plus progesterone (Ruan et al. 2005).

3.2.3 Melatonin and Hormone-Dependent Breast Cancer

The pineal gland’s primary hormone, melatonin, is also known as N-acetyl-5-
methoxytryptamine (N-AMPT) (a photoneuroendocrine transducer that turns light
into humoral impulses). It is the suprachiasmatic nuclei of the hypothalamus that
controls the generation of melatonin. It has been shown that melatonin is produced in
a number of other tissues, including the digestive system (including the skin), bone
marrow, retina, and lymphocytes (Stefulj et al. 2001). Melatonin synthesis begins
with the melatonergic pathway’s absorption of circulatory tryptophan (Trp). The
kynurenine pathway has been associated with the development of BC. TNF and IFN
are overexpressed in BC patients, as are pro-inflammatory cytokines such IL-1 and
IL-6. cytokines that induce extrahepatic indoleamine 2,3-dioxygenase, which
eliminates Trp from serotonin synthesis and favors the activation of the kynurenine
pathway, increase the production of kynurenine and its acid, which are AhR ligands.
On the other hand, stimulation of this receptor is very important in BC (Anderson
2019). When the aryl hydrocarbon receptor is activated in BC, it causes a rise in
cytochrome P450(CYP)1bl in the mitochondria, which then causes melatonin to be
converted back to N-acetylserotonin (NAS). In contrast to melatonin, NAS activates
the tyrosine receptor kinase B (TrkB) receptor. TrkB activation enhances the sur-
vival and migration of BC cells. Similarly, in mammary tumor cells, a drop in pineal
hormone causes AhR actions.

Melatonin is a hormone that works in a variety of different ways. For example,
the pineal gland secretes melatonin, which helps to regulate circadian and annual
rhythms in response to light exposure. As a result of exposure to artificial light at
night (ALAN), women who work night shifts have a higher risk of developing BC
(Kelleher et al. 2014). These women’s risk of BC related to nightwork would be
lowered if they took a melatonin pill. However, using melatonin at the wrong time
can have severe consequences, as morning doses can encourage tumor growth,
afternoon injections have little impact, and evening injections have anti-proliferative
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effects (Malhotra et al. 2004). Melatonin also modulates the immune system by
acting as an immunostimulant on monocytes and lymphocytes via interleukins and
other cytokines. As melatonin levels fall, the immune system is weakened, allowing
tumors to spread unchecked. As a selective estrogen receptor modulator and estro-
gen enzyme regulator, melatonin may help to reduce the risk of BC. Antiestrogenic
effects of melatonin can be attributed to its effects in a neuroendocrine-reproductive
axis, where melatonin diminishes the production of ovarian estrogens and prolactin,
which are important for both normal and tumor breast growth. A method is proposed
by Borin et al. Melatonin suppresses the activity of Rho-associated protein kinase,
which is connected to malignant transformation and spreading of breast cancer
(Borin et al. 2016).

3.2.4 Hormonal Contraception and Breast Cancer

Breast cancer risk is believed to be impacted by contemporary societal conventions,
such as breastfeeding, age at first live delivery, parity, diet, body fatness, physical
activity, alcohol use, and plastic exposure. Breast tissue exposure to sex hormones
throughout the course of a woman’s lifetime is implicated in the majority of known
risk factors for BC, including reproductive, menstrual, and nutritional variables.
Hormonal pills, which are often used as contraceptives, need to be scrutinized more
closely in this case since they may be a modifiable risk factor for BC. As a result of a
growing trend in which women take oral contraceptives (OCs) earlier in life and for
longer periods of time before having a child, and as a result of the fact that
contemporary female lives expose them to more hormones than those of women in
countries with naturally low fertility (Lovett et al. 2017). In postnatal mammary
gland development, nuclear hormone receptors (HR) such as ER and PR play a
crucial role in encouraging and coordinating. There are numerous developmental
cycles for the mammary gland, including pregnancy, lactation, and involution. The
mammary gland is a hormonally sensitive target tissue (Obr and Edwards 2012). For
the alpha isoform of the estrogen receptor to function, it must be stimulated by
growth hormones like fibroblast growth factor (FGF), epidermal growth factor
(EGF), and others, such as estrogen (Arendt and Kuperwasser 2015). Seventy-five
percent of BCs express the ER gene, which is important for the initiation and course
of the illness. It is also important to note that progesterone-induced mammary gland
growth takes place on two different levels. There are two treatments available, the
first of which only targets PR-positive cells and is hence estrogen-dependent. In
PR-negative cells, progesterone has a more enduring impact, acting as a regulator
and affecting these cells through paracrine pathways (Obr and Edwards 2012). As
molecular mediators, RANKL and its receptor, RANK, are critical in nuclear factor-
kB signaling pathways. Menarche and parity age, two crucial reproductive events,
have impact on lifetime BC risk, according to current epidemiological research. The
finding that RANKL and its receptor RANK play a critical role in controlling
progesterone’s proliferation-inducing effects in the breast has speed up research
into the hormone’s carcinogenic mechanism. Cancer formation and progression
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have been connected to proliferation bursts and RANKL expression. RANKL gene
and protein expression levels have been found to correlate with circulating proges-
terone levels in clinical studies. As a result, RANKL expression was higher in both
normal and cancerous breast tissue during the luteal phase, demonstrating that
RANKL mediates progesterone action in both normal and cancerous tissue
(Gonzalez-Suarez et al. 2010; Goss et al. 2011).

3.2.5 Menopause Hormone Therapy and Breast Cancer

Around 80% of women will experience menopausal symptoms. Therapy with
menopausal hormones has been shown to be the most effective treatment to date.
Menopausal hormone treatment (MHT) decreases the risk of BC in overweight
women, although there is no indication that BMI in early adulthood (age 20)
correlates with the age at which women first get pregnant. MHT usage increases
the risk of BC not just in the general population, but also in people who have a
greater risk due to a family history of cancer. The use of MHT has been discouraged
for many women, especially those at increased risk of BC. Observational research on
MHT and BC mortality has inconsistent findings. This discrepancy could not be
explained by MHT subgroup analysis. Using estrogen alone or EPT has been shown
to increase the chance of dying from BC in the Million Women Study (Beral et al.
2019). A possible explanation for the contradiction in these findings is that any
causal influence of MHT on BC survival may provide such conflicting results since
mortality represents the consequences of MHT on both prevalence and survivability
(Beral et al. 2019). The benefits and risks of MHT were found to be complex, with
lower rates of bone fracture, diabetes, and esophageal, gastroesophageal, and colo-
rectal cancer being the most notable, while higher rates of stroke, venous thrombo-
embolism, gallbladder disease, and breast and ovarian cancer were found to be more
common. The recommendations state that MHT prescriptions must be based on an
individual’s risk-benefit analysis (NICE 2013; Marsden 2019).

3.3 Relation Between Breast Cancer and Other Hormones
Related to Cancer

3.3.1 Different Hormones Sensitive Cancers

Hormones are important endogenous chemicals of our body involved in regulating
numerous physiological functions. These chemicals consistently mark a whole lot of
purposes concerning metabolism, menopause, and mood, particularly in females.
However, they are also involved in supporting the progress of numerous cancers
called hormone-sensitive or hormone-dependent cancers. All cancers are not fueled
by hormones. The few types that can be considered as hormone-sensitive cancers are
(Henderson et al. 1982):
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1. Breast cancers, as some forms of such cancers, require hormones like estrogen
and progesterone for their development.

2. Ovarian cancers, as such cancers are also greatly affected by estrogen.

3. Uterine cancers or endometrial cancers can be also fueled by estrogen and
progesterone.

4. Prostate cancer, as hormone mainly testosterone plays a key role in the develop-
ment and spread of this cancer.

In divergence to the extensively recognized models concerning chemicals
(carcinogens) and viruses as predominant tumor promoters, the hormone-related
cancers share a dissimilar mechanism of carcinogenesis. It has been proven that
hormones, both endogenous and exogenous are capable of lashing cell proliferation,
augment cell divisions and facilitate the chance for genetic mutations or random
genetic errors (Henderson et al. 1988). The important difference amid this “cell
proliferation” model related to the hormonal carcinogenesis equated with the chem-
ical carcinogenesis model is that no précised promotor is required. As an alternative,
errors in DNA replication during cell division stages can generate accidental genetic
mutations upsurging malignant phenotype. To date, abundant evidence in the suste-
nance of the cell proliferation model of hormone-related cancers has continued to
accrue (Henderson et al. 1988; Feigelson et al. 1996). The important contender genes
associate with such hormone-related cancers include those involved in the endocrine
pathway, DNA repair processes, tumor suppressor genes, and oncogenes (Sager
1989). For example, breast cancer gene 1 (BRCAI1) and breast cancer gene
2 (BRCA2) are two such tumor suppressor genes (TSG) that have been found
predominantly related to vulnerability to several cancers including breast, ovarian,
etc. In addition to that, germline mutations in tumor protein 53 (TP53) are also
related to augmented jeopardy of BC in numerous cases. The evidence of an
effective anti-hormone treatment strategy in ending progression and in that way
increasing the patient’s life span strengthens the predominant etiological role of
hormones in the development of several cancers.

3.3.2 Breast Cancer and Ovarian Cancer

The most common malignancy among women is breast cancer. But there are
similarities between breast and ovarian cancer, such as the presence of comparable
mutations (TSG and proto-oncogenes), alterations in hormone regulation, and the
microenvironment, etc. (Kuchenbaecker et al. 2017). Briefly understanding the
rapport prevailing amid these two forms of cancer, that extensively targets females
will afford opportunities in the deterrence of metastasis and will thus allow the
development of new ways to cure cancer. BRCA1 and BRCA2 gene abnormalities
or hereditary breast or ovarian cancer have been related to an increased chance of
developing cancer of the ovaries (Antoniou et al. 2003). The American Society of
Clinical Oncology has recommended that women diagnosed with epithelial ovarian
cancer receive genetic testing for hereditary variants of BRCA1, BRCA2, and other
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susceptibility genes for ovarian cancer as well as clinical features of their disease and
family history, thus supporting the connectivity existing between breast and ovarian
cancer. People with hereditary mutations in the BRCA1 or BRCA2 genes (which
increase a person’s chance of acquiring breast or ovarian cancer) acquire these
malignan