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Abstract:- Breast cancer is marked by uncontrolled cell
growth leading to invasive tumors in the breast ducts
and lobules. Risk factors include modifiable elements
like lifestyle choices and nonmodifiable factors such as
age and genetic mutations. Global epidemiology sheds
light on prevalence and contributing factors, crucial for
prevention and management. Classification involves
histopathological and molecular criteria, encompassing
various subtypes. Diagnosis relies on imaging
techniques like mammography and biopsies, with
minimal radiation exposure. Treatment includes
hormone treatment, targeted therapy, radiation,
chemotherapy, surgery, and immunotherapy, with
immune checkpoint inhibitors such as PD-1 and PDL-1
being used in particular. The intricate tumor
microenvironment involves diverse cell types and
factors like hypoxia and exosomes, presenting
challenges and opportunities for  therapeutic
advancements in the breast cancer management.
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I INTRODUCTION

Uncontrolled cell proliferation in the breast tissue,
originating from the lobules or breast duct linings, defines
the characteristic nature of breast cancer [1]. The majority of
instances of breast cancer present as invasive, and the
disease progresses by causing malignant tumors to form
when unchecked cells invade surrounding breast tissue from
the breast ducts or lobules [2].
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1. EPIDEMIOLOGY

A. Global Condition /Incidence/Causes

Breast cancer stands as the one of primary global
public health concerns [3]. Investigating and identifying
novel insights into the predisposition of breast cancer is
pivotal for advancing efforts in both prevention and
management, ultimately aimed at mitigating its impact on
public health. This study aimed to analyze the global burden
of disease, including incidence rates, mortality rates, and
associated risk factors associated for breast cancer spanning
from 1990 to 2019, with a future projection up to 2050,
providing valuable insights to inform strategic initiatives for
breast cancer management worldwide [4]. The study's
findings reveal that regions characterized by low socio-
demographic index (SDI) levels are anticipated to bear the
greatest burden of breast cancer in the future. Additionally,
in the year 2019, metabolic hazards emerged as the
predominant global risk factor contributing to deaths
associated with breast cancer [5]. Breast cancer, being an
almost ubiquitous malignant tumor, has become a
significant menace to global health, with the associated
burden of disease, as measured by the global burden of
disease (GBD), posing a substantial threat, particularly to
women's health worldwide [6]. In 2020, breast cancer held
the distinction of being the most prevalent malignant tumor
globally, projecting an estimated 2.261 million new cases
and 685,000 fatalities, highlighting its significant impact on
a global scale [7].

B. Risk Factors
The risk factors for breast cancer were divided into two
categories: madifiable and non-modifiable [8].

Table 1: Modifiable and Non-Modifiable Risk Factors for Breast Cancer

Non-Modifiable Factors

Modifiable Factors

Female Sexuality
Older age
Ancestral History (breast or ovarian cancer)
Mutation in the Genetics
Pregnancy and breastfeeding
Race/Ethnicity
Menstrual period and menopause
Previous radiation Therapy
Non-cancerous breast disease
Weight of breast tissue
History of breast cancer

Alcohol intake
Diethylstilbesterol
Physical activity
Excessive exposure to artificial light
Being Overweight and Obese
Hormonal replacement therapy
Smoking Habit
Insufficient vitamin
Supplementation
Processed food consumption
Exposure to chemical entities
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» Non-Modifiable Factors

o Female Sexuality

Because of the higher hormone stimulation associated
with being a woman, this is the main risk factor for having a
higher chance of developing breast cancer [9]. Women
possess estrogen and progesterone hormones within their
breast cells, and elevated levels of estrogen and androgen
hormones are linked to a higher risk of breast cancer. The
endogenous estrogen hormone plays a crucial role not only
in breast cancer but also in the development of endometrial
and ovarian cancers [10]. The significance of the
endogenous estrogen hormone extends beyond female
reproductive cancers, impacting male reproductive cancer,
including male breast cancer. Heightened levels of this
hormone, whether in postmenopausal or premenopausal
women, contribute to an increased probability of developing
breast cancer [11].

e Older Age

Age is the primary risk factor, as evidenced by
research showing a strong correlation between those over 50
and the prevalence of breast cancer [12]. Examining the
relationship between the distinct molecular subtypes of
cancer and patient age highlights that aggressive subtypes,
like triple-negative, are predominantly diagnosed within the
40-age group [13]. In younger women, breast cancer tends
to present with larger sizes, advanced stages, positive lymph
nodes, and is frequently associated with a more aggressive
course [14].

e Ancestral History

Breast cancer in the family is most significant risk
elements in various studies [14]. When two or more
incidences of breast cancer are identified in people under 50
years of age, it is noteworthy to have a family history of the
disease. Women who do not carry the BRCA mutation,
despite this family history, can still develop breast cancer
[15]. There's a higher risk for early-onset breast cancer,
which is frequently linked to BRCA1 and BRCA2 gene
mutations [16].

e Mutation in the Genetics

Gene mutations in the BRCA1 and BRCA2 genes
caused breast cancer, which are inherited via the dominant
autosomal pattern.

e Pregnancy and Breast Feeding

Women are much more likely to get breast cancer
during their first pregnancy. The association between
placental detachment during pregnancy and an increased
risk contributes to the likelihood of developing enlarged
breast cancer [28]. Preeclampsia contributes to breast cancer
during pregnancy by raising levels of hCG, alpha-
fetoprotein (AFP), IGF-1 binding protein, and insulin-like
growth factor-1 (IGF-1). It also decreases estrogen and IGF-
1 levels. Studies reveal a negative correlation between
pregnancy-related nausea and vomiting and the prevalence
of breast cancer [29].
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e Menstrual Period and Menopause

The influence of ovarian hormones, beginning in
puberty and persisting throughout the menstrual cycle,
combined with factors such as the frequency of pregnancies
and the onset of menopause, establishes a correlation
between reproductive factors and breast cancer [30]. Around
age 45 to 50 is when menopause usually starts. Studies on
cases have indicated a relationship between the proportion
of breast cancer and an older menopausal age [31].

e Breast Tissue Density

Breast weight is the ratio of glandular tissue and
fibrous (fibroglandular tissue) in the breast relative to the
adipose tissue [32]. A higher density of the breast in
younger females is associated with a lower Body Mass
Index (BMI), especially during pregnancy and breastfeeding
periods [33]. An augmentation in breast tissue density is
frequently linked with an increased susceptibility to breast
cancer, and this connection is evident in both
premenopausal and postmenopausal women [34].

> Modifiable Factor

e Alcohol Consumption

Drinking alcohol raises the possibility of getting
malignant  breast cancer [35]. Increased alcohol
consumption induces elevated estrogen levels and disrupts
hormonal balance in the female reproductive system.
Drinking alcohol before becoming pregnant raises your
chance of breast cancer. Excessive alcohol consumption
further contributes to an elevated BMI, adding to the overall
risk [36].

e Being Overweight and Obese

Numerous studies examine the connection between
obesity and breast cancer [37]. The highest risk of
developing estrogen receptor-positive breast cancer is seen
in overweight postmenopausal women, according to a
significant correlation. Postmenopausal women with obesity
have higher cancer death rates and deteriorating cancer
outcomes [38]. The increase in women's body fat the
alteration of pro-carcinogenic hormone levels and the
elevation of inflammatory levels [39].

e Hormonal Replacement Therapy (HRT)

Alternatively known as postmenopausal hormone
therapy, this treatment involves the use of endocrine
disruptors (HRT) and selective estrogen receptor modulators
(SERMs) [40]. The researchers conducted a study, and the
results indicated that among 1 million women using
Hormone Replacement Therapy (HRT), there was an
increase in the mortality rate and a heightened risk of
developing breast cancer [41]. The results revealed that the
risk was reduced when using the Estrogen-Progesterone or
Estrogen-Dydrogesterone method [42]. This treatment is
used in postmenopausal women who have the BRCA1
mutation, and crucially, it has no effect on chance of getting
breast cancer or making it worse [43].
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1. DEATH TOLL

In 2003, more than 40,000 individuals succumbed to
invasive breast cancer in the United States, with over
210,000 new cases documented. This marked a decline of
approximately 2,000 annual deaths compared to the peak
year of 1995. Over a million new instances of breast cancer
are reported each year, making it the most frequent
malignancy among women globally [44]. Over 80% of
every 10,000 persons in Western countries will get breast
cancer at some point in their lives. Notably, there is an
increasing incidence rate in the developing world as well.
Between 1975 and 1990, the most substantial increases
(ranging from 1% to 5%) were observed in Asia [45].
Genetic inheritance, specifically family history involving
BRCA1, BRCAZ2, or p53 germline mutations, is associated
with the risk of breast cancer. Caribbean region experienced
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the highest increasing rate, rising from 16.52 to 26.36, while
Western Europe saw a decreasing rate from 37.57 in 1990 to
36.00 in 2015. The American Cancer Society reports that
breast cancer is the second most prevalent cause of cancer-
related fatalities among women in the United States,
projecting approximately 252,710 invasive and 63,410 non-
invasive cases in 2017. The anticipated death toll due to
breast cancer was approximately 40,610 in the same year
[46]. Per the American Cancer Society's 2017 report, there
was a decrease in the death rate for women over 50 in 2007
but no increase in the death rate for those under 50. 11,400
instances of breast cancer fatalities occurred in the UK in
2014; of those cases, 75 affected men and the remainder
11,300 affected women. Moreover, estimates suggest that
the number of instances of breast cancer in the UK will rise
by 2% between 2014 and 2035 [47].

Table 2: Mutation in the Genetic Factor Causes Breast Cancer and
Associated Syndrome with Major Functions and Associated Breast Cancer Risk

Penetration Gene Chromosome Associated Syndrome Major Function Breast Reference
Location Cancer Risk
High BRCA1 17921.31 Breast cancer, DNA repair cell cycle 45-87% [17]
Ovarian Cancer, control
Pancreatic cancer,
Fanconi anaemia
BRCA2 13qqg13.1 Breast cancer, DNA repair cell cycle 50-85% [18]
Ovarian cancer,
Pancreatic cancer,
Prostate cancer,
Fanconi anaemia
TP53 17p13.1 Bellary cancer, DNA repair cell cycle 20-40 %( [19]
Melanoma, control induction of even up to
Breast cancer, apoptosis induction of 85%)
Colorectal cancer, senescence
Hepatocellular carcinoma, maintenance
Pancreatic cancer, of cellular metabolism
Osteosarcoma,
Adrenocortical carcinoma
CDH1 16¢22.1 Breast cancer , Regulation of cellular 63-83% [20]
Ovarian cancer, adhesion control of the
Endometrial cancer, epithelial cells
Gastric cancer,
Prostate Cancer
PTEN 10g23.31 Breast cancer, Cell cycle control 50-85% [21]
Cowden syndrome,
Prostate cancer,
Autism syndrome,
Lhermitte Duclos syndrome
STK11 19913.3 Breast cancer, 32-54% [22]
Peutz-Jeghers syndrome, Cell cycle control
Pancreatic cancer, maintenance of energy
Melanoma, homeostasis
Testicular tumor
ATM 11922.3 Breast cancer, DNA repair cell cycle 20-60% [23]
Lymphoma,
T-cell Prolymphatic
leukaemia,
Ataxia-telangiectasia
PALB2 16912.2 Breast cancer, DNA repair 33-58% [24]
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Pancreatic cancer,
Fanconi anemia

BRIP1 17923.2

Involvement in the ND

BRCAL activity

Breast cancer,
Fanconi anemia

[25]

CHEK?2 229121

Breast cancer, 20-25%
Li-Fraumeni syndrome,
Prostate cancer,

Osteosarcoma

Cell cycle control [26]

XRCC2 7q36.1

Fanconi anemia, ND
Premature ovarian failure,

Spermatogenic failure

DNA repair [27]

V.

CLASSIFICATION OF BREAST CANCER

Breast cancer is primarily categorized into two main classifications: histopathological breast cancer and molecular

classification [48].

Classification of Breast Cancer

Breast Cancer

Histopathological

Classification of Breast

Cancer Molecularly

In-Situ Carcinoma

| -Luminal A

Invasive Carcinoma
I (HR+[ER+/PR+],

HER-2.)

| |
|

1 -Invasive Ductal
| -LT.uminal B

-Invasive lobular

‘ Ductal ‘ |

-Comedo

—Cribriform
-Micropapillary

-Papillary

(HR+ [ER+/PR+],

-Tubular HER-2+/-)

-Mucinous -HER 2 Positive
-Medullary (HR- [ER-, PR-]. HER-
2+)

-TINBC

(HR- [ER-, PR ], HER-
22

A. Breast Cancer Histopathology
Histopathological

microscope characteristics: Both

carcinomas [48].

> In-Situ Carcinoma

categorization
specimens into two categories based on their optical
invasive and

Fig. 1: Classification of Breast Cancer

same meaning [49]. These unchecked cells multiply in their
typical cellular surroundings. The subtype known as "in-situ
carcinoma” includes both ductal carcinoma and lobular
carcinoma in-situ [50].

divides biopsy
in-situ

e Ductal Carcinoma in-Situ (DCIS)
Ductal carcinoma in-situ, also known as intra-ductal

When discussing breast cancer, the term "In-situ"
implies a collection of unchecked cells that are localized or
"in its place," which is taken from the Latin term with the
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cells stay restricted to the ducts, decreasing the likelihood of
invasive breast cancer. Research reports indicate that 80-
85% of cases fall into this category. Changes in breast size,
shape, and palpable thickness beneath the arms are
identifiable indicators. These features serve as a general
classification system for ductal carcinoma in situ [51].

e Comedo DICS

Comedo carcinoma, alternatively  known as
comedonecrosis, represents a specific subtype in the
classification of breast cancer [52]. Derived from Latin,
"Comedo" translates to "eat up." The nuclear grade of ductal
carcinoma in situ (DCIS) has been associated with the
extracellular matrix glycoprotein tenascin. These variables
are linked to comedocarcinoma, a condition in which
abnormal  cells proliferate in the breast [53].
Comedocarcinoma is categorized as an early-stage and
aggressive intraductal carcinoma, specifically reflecting
three stages of breast cancer. Mammography or biopsy
techniques are usually used for diagnosis [54].

e Cribriform DCIS

Distinguished by its low-grade characteristics and
gradual growth within the breast, this infrequent type of
breast cancer frequently appears in the initial phases of
breast cancer, particularly within ductal carcinoma in situ
[55]. Presenting in a mixed form when occurring alongside
other breast cancer types, this particular type is labeled as
pure cribriform when not combined with other breast
cancers. Symptoms may include small lumps or thickened
areas in the breast, with ultrasound and mammogram
examinations being common diagnostic methods. Surgical
intervention is often the primary treatment for cribriform
ductal carcinoma in situ (DCIS) [56].

o Papillary DCIS (PDCIS)

Papillary ductal carcinoma is a subtype of breast
papillary carcinoma (PCB), often referred to as malignant
papillary carcinoma. Bloody nipple discharge is not always
related with male papillary ductal cancer in situ. Presence of
comedonecrosis tissue characterizes this type. Strong
indicators that differentiate it from other types include the
presence of a fibrous capsule and the absence of peripherally
situated myoepithelial cells, suggesting it as an encapsulated
papillary carcinoma rather than papillary ductal carcinoma
in situ [57].

e Lobular Carcinoma in Situ

Breast cancer that starts in the lobule that produces
milk but stays contained there without spreading to nearby
breast tissue is known as lobular carcinoma in situ [58].
Immunohistochemistry demonstrates positive results for E-
cadherin, pl20 catenin, Estrogen receptor (ER), and
progesterone receptor (PR) in lobular carcinoma, with a
negative result for human epidermal growth factor-2 (HER-
2). The PCR test and microdissection methods are used to
evaluate genetic alterations on chromosomes 16q, 17q, 17p,
and 13g [59]. Breast needle core biopsy diagnosis of
Lobular carcinoma in situ (LCIS) [60].
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B. Invasive Carcinoma

When a breast cancer is invasive, it has spread from its
original location in the milk-producing gland or duct to the
surrounding breast tissue [61]. Through the lymphatic or
circulatory systems, invasive breast cancer can travel from
one area of the body to another. The two most prevalent
forms of breast cancer that invade tissue are invasive ductal
carcinoma and invasive lobular carcinoma. Tubular,
medullary, mucinous, and infiltrating ductal carcinomas are
among the less prevalent forms of invasive breast cancer
[62].

» Invasive Ductal Carcinoma

Invasive ductal carcinoma, commonly known as
infiltrating ductal carcinoma, stands as a prevalent subtype
of invasive breast cancer, embodying the malignant nature
of this form of breast cancer [63]. Originating from the
lining of the milk duct or gland, invasive ductal carcinoma
initiates its growth in the small tubes of the milk ducts,
responsible for carrying milk from the breast lobules to the
nipple. As the cancer progresses, it breaks through the duct
walls, permeating the breast tissue and increasing its chance
of metastasizing through the lymphatic and circulatory
systems to other areas of the body. Diagnosis typically
involves the use of mammograms and biopsy methods [64].

» Invasive Lobular Carcinoma

Originating from the milk glands' lobules, invasive
lobular carcinoma is a common subtype of invasive breast
cancer. Notably, it is considered a rare occurrence in male
breast cancer cases [65]. Histologically, invasive lobular
carcinoma can manifest in various types, including classical,
mixed, solid, alveolar, tubulomolecular, and pleomorphic.
Molecular characteristics of this subtype include decreased
or absent E-cadherin expression, which is essential for
preserving cell viability [66]. Invasive lobular carcinoma is
associated with genomic mutations in genes such as
FOXAL, RUNX1, and TBX3. Further modifications to the
PI3K pathway within this subtype include mutations in
PIK3CA, PTEN, and AKT1 [67].

> Invasive Tubular Carcinoma

Tubular invasive carcinoma is an unusual kind of
invasive breast cancer [68]. Under the microscope, it
appears tube-like in structure. Representing less than 2% of
all cancers, this type is categorized as a low-grade
carcinoma [69]. It is distinguished by its molecular lack of
Human Epidermal Growth Factor Receptor 2 (HER2).
Originating from the mammary duct, this type of carcinoma
spreads by infiltrating the surrounding healthy tissue [70].

> Invasive Mucinous Carcinoma

Male breast cancer patients have also been shown to
have a rare form of invasive breast cancer called mucinous
invasive carcinoma. This particular carcinoma is considered
a rare type, characterized by abnormal and uncontrolled cell
growth associated with the production of mucin [71].
Originating from the epithelial cells that line the skin
internally and produce mucin, mucinous invasive carcinoma
is characterized by its low-grade nature and typically does
not metastasize to other parts of the body [72]. Progesterone
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and estrogen receptors are usually positive in mucinous
invasive carcinoma, although Human Epidermal Growth
Factor Receptor-2 (HER-2) is usually negative [73].

» Invasive Medullary Carcinoma

One kind of invasive breast cancer that is uncommon
is called medullary invasive carcinoma. Medullary
characteristics are connected to the development of
medullary carcinoma, which is frequently connected to a
germline mutation in the BRCAL gene [74]. The mushy,
gray-tan surface of medullary cancer might have a nodule or
lobule-like appearance. HER-2 and hormone receptors (ER
and PR) are both negative in medullary carcinomas
according to immunochemistry study [75]. EGFR, P-
cadherin, p53, smooth muscle actin, keratins 5/6 and 1, and
EGFR are among the genes expressed in medullary cancer.
The presence of a mutated p53 gene significantly
contributes to the distinctive characteristics and progression
of medullary carcinoma [76].

V. MOLECULAR BREAST CANCER

Molecular breast cancer is characterized by the
presence of hormone receptors, which can be identified
through immunochemistry analysis based on the specific
hormones. ER, PR, and HER, or the human epidermal
growth factor receptor, are some examples of these
receptors [77]. Within the categorization of molecular breast
cancer, the receptors are divided into subtypes. Basal-like
breast cancer, HER2 - positive breast cancer, and luminal
breast cancer are further classifications for molecular breast
cancer [78]. Using in situ hybridization (ISH) and
immunohistochemistry (IHC), the Iluminal group is
examined. This involves looking at the HER2 receptor as
well as two hormone receptors: the progestogen and
estrogen receptors. There are two subtypes of the luminal
group: luminal-A and luminal-B [79].

A. Luminal-A

Luminal-A is the name of a molecular breast cancer
subtype. It is characterized by features such as tubular
carcinoma and low-grade histological characteristics, similar
to those seen in classic invasive ductal carcinoma and
invasive lobular carcinoma [79]. Genes associated to
estrogen receptors and luminal epithelial cells are highly
expressed in luminal-A subtypes. The results of an
immunohistochemistry examination of luminal-A cancers
show that they are negative for human epidermal growth
factor-2 but positive for the estrogen and progesterone
receptors. Furthermore, there is little Ki-67 protein
expression in Luminal-A malignancies. Luminal-A is
frequently linked to gene alterations related to PISKCA,
MAPK3K1, GATAS, and CCDN1 amplification [80].

B. Luminal-B

Breast cancer with a unique subtype known as
Luminal-B can be further divided into two categories: HER-
2 negative Luminal-B and HER-2 positive Luminal-B. In
Luminal-B like HER2 negative cases,
immunohistochemistry shows positivity for Estrogen
receptor, negative or low expression of progesterone
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receptors, HER2 negativity, and high levels of Ki-67.
Conversely, HER2-positive tumors that resemble Luminal-
B also lack Ki-67, overexpress HER-2, lack progesterone
receptor, and show positivity for the estrogen receptor.
These subtypes are distinguished by decreased expression of
genes linked to luminal epithelium and the ER,
overexpression of HER-2-related genes, and increased
expression of genes related to proliferation. In light
microscopy, luminal-B tumors can resemble pleomorphic
invasive lobular carcinoma, micropapillary carcinoma, or
invasive ductal carcinoma. Transcription linked to Myc,
transcription related to FOXM, transcription related to Rb,
and transcription related to TP53 are all mutated in
Luminal-B [80].

C. Her-2

Cells include a receptor tyrosine protein kinase called
HER2, or ERBB2. The ERBB2 gene, or erythroblastic
oncogene B, is found in the avian genome. Positioned on the
long arm of the human chromosome, ERBB2 is a known
proto-oncogene. Breast cancer is classified molecularly,
with HER-2 being one subtype. This subtype is further
divided into subgroups that are HER-2 positive and HER-2
negative. Hormone receptors, including the progesterone
and estrogen receptors, are positive in HER2-positive
individuals, supporting the HER2 positive status [81].
Negative status for progesterone and estrogen receptors
along with HER2 positivity is the hallmark of HER2-
negative (HER2-) breast cancer. The HER2-related gene
expression in this subtype is strong, but the ER-related gene
expression is low. The most common cancers linked to
HER2-status are pleomorphic invasive lobular carcinoma
and high-grade invasive ductal carcinoma. For estrogen and
progesterone receptors, immunohistochemistry shows HER2
positive and negative. The amplification of HER2 and the
activation of signaling pathways, including phospholipase
Cy, PKC, MAPK, PI3K/Akt and STAT, are the genetic
mutations found in HER2-negative breast cancer [82].

D. Breast Cancer with Triple Negativity

Triple-negative breast cancer (TNBC), which is
distinguished by its heterogeneity, is often confused with
basal-like breast cancer. It is devoid of the HER-2,
progesterone, and estrogen receptors. This subtype's HER2
overexpression is caused by gene amplification. Genes
linked to proliferation and basal epithelium are highly
expressed in TNBC, but HER2 and ER-related genes are
less expressed. Adenoid cystic carcinoma, medullary
carcinoma, metaplastic carcinoma, and high-grade invasive
ductal carcinoma are the malignancies linked to TNBC.
TNBC frequently has a prominent mutation in the BRCAL
gene. The subtypes of TNBC that are further classified
include mesenchymal, basal-like immune-suppressed, basal-
like immune-activated, and luminal androgen receptor. The
TNBC-related signaling pathways include the Hedgehog
signaling pathway, Wnt/B-Catenin pathway, Poly (ADP-
Ribose) Polymerase (PARP) inhibitors, Rapalogs, EGFR,
TGF-p signaling pathways, and CSPG4 protein signaling
pathways [83].
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VI. BREAST CANCER DIAGNOSIS

A. Mammography or Mammogram

A low-dose x-ray device is used in mammography, a
specialist medical imaging exam, to view the inside of the
breasts [84]. Mammography exams, or mammograms as
they are more often called, are used to identify and diagnose
breast disorders in women. This x-ray examination is
instrumental in aiding doctors in the diagnosis and treatment
of various medical conditions [85]. X-rays, utilizing small
doses of ionizing radiation, are crucial for producing images
inside the body and represent one of the oldest medical tests
for imaging [86].

B. Mammograms Digitally

Full-field digital mammography (FFDM), another
name for digital mammography, is a type of mammography
in which electronics are used in place of x-ray film to create
pictures of the breast [87].

C. Computer-Aided Detection (CAD)

Systems that analyze digital pictures in digital
mammography look for anomalous regions of bulk,
calcification, or density that might be signs of cancer [88].
The Computer-Aided Detection (CAD) technology
highlights certain areas on the pictures, alerting the
radiologist to carefully examine them [89].

D. Breast Tomosynthesis

Computerized tomography (CT) imaging is a
technique that is also used in breast tomosynthesis, also
known as digital breast tomosynthesis and three-
dimensional mammography. In this method, 3-D breast
imaging is achieved by reconstructing the breast in three
dimensions using a sequence of thin "slices™ or images [90].
Even while the radiation dosage in certain breast
tomosynthesis systems is somewhat greater than in a typical
mammogram, it is still below the permitted limits for
mammogram radiation set by the FDA. Furthermore, several
techniques use doses that are quite similar to those used in
conventional mammography [91].

E. Exposure to Low Doses of X-Ray Radiation Causing
Breast Cancer

According to the available experimental data [55-57],
the dose-response curve shows an upward concave pattern at
relatively low doses below 50-100 mGy, which is partially
explained by "nontargeted effects." As a result, BEIR-7
included a dosage and dose-rate effectiveness factor, or
DDREF, which has to be used with reduced risk
estimations. Although BEIR-7 indicates a 95% credible
interval between 1 and 3, De Gelder et al. used a DDREF of
1.5 to assess the risk of breast cancer related with screening
mammaography. Using the population's baseline incidence of
breast cancer as a reference, the study calculated risk and
looked into the relative incidence of radiation-inhibited
breast cancer. Screening, diagnosis, and detection of breast
cancer are mostly accomplished by mammography, which
uses low-energy x-rays (usually around 30 kVp). The
primary objective of mammography programs is to identify
small (<1 cm) masses and micro calcifications, typically
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recognizing characteristics linked to breast cancer.
Mammaographic screening is predominantly employed for
asymptomatic women in the 40-45-year-old age group at 2-
year intervals, initiating the first screening at age 40.
Women with normal screening mammograms proceed to the
subsequent round of screening. Successful mammographic
screening contributes to the earlier detection of cancer at an
average earlier stage, resulting in reduced mortality rates
[92].

F. Ultrasound

In order to treat women, non-invasive ultrasound
imaging is a safe and painless medical procedure. These
tests use sonography to produce images, providing a sound-
based representation of the human body's interior [93]. In
ultrasound, a small probe, referred to as a transducer, is used
along with gel applied to the skin's surface. This transducer
is a crucial component of the ultrasound device, containing
crystals responsible for generating and receiving sonic
pulses. The transducer functions as a device that transforms
energy, sending high-frequency sound waves into the body
through the gel and from the probe [94]. Sound waves are
captured by the probe as they go up and down or bounce
back, and a picture is subsequently produced by a computer.
Unlike procedures using radiation or Xx-rays, ultrasound
exams capture real-time images that vividly depict the
structure and movement of internal breast organs [95].

G. Magnetic Resonance Imaging (MRI)

The non-invasive medical technique known as MRI
uses radiation frequency pulses, a strong magnetic field, and
a computer to produce precise images of the body's internal
organs. Unlike some imaging techniques, MRI does not use
radiation (x-rays) [96]. Medical professionals utilize detailed
Magnetic Resonance Imaging (MRI) pictures to study the
body and detect diseases. Radio waves, a strong magnetic
field, and computer technology are used in magnetic
resonance imaging (MRI) to provide exact images of the
structures inside the breast in connection to breast cancer. It
serves as a valuable additional tool for breast screening,
often used alongside mammography or ultrasound. Breast
MRI is particularly effective in further assessing
abnormalities detected during mammograms, screening
high-risk individuals, and evaluating the extent of the
disease post-diagnosis. Additionally, it proves instrumental
in determining the integrity of silicone breast implants
without exposing individuals to ionizing radiation [97].

VILI. BREAST BIOPSY

An essential part of treating breast cancer is a breast
biopsy, which entails taking a sample of breast tissue for
diagnostic purposes. The extracted tissue is sent to a
specialized laboratory, where pathologists, experts in the
analysis of blood and body tissues, examine the samples.
The pathologist then conducts a thorough examination of the
tissue or blood samples to provide a diagnosis. Breast
biopsies are typically recommended for areas in the breast
that exhibit concerning features, such as painless lumps that
are hard, irregularly shaped, and different from the
surrounding breast tissue. Additionally, changes in the skin
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orange hue, may indicate the presence of breast cancer [98].

Breast cancer biopsy

Breast aspiration
with a fine

needle biopsy

Breast biopsy with

a core needle
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biopsy using

Ultrasound- MRI-

guided Core guided core
MNeedle needle
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Fig 2: Treatment Based Breast Cancer Biopsy Classification

A. Biopsy with Fine Needle Aspiration

The simple process known as fine needle aspiration
(FNA) involves passing a small needle through the skin in
order to remove tissue or fluid from a solid mass or cyst.
This technique can sample cysts, despite the fact that they
are frequently tiny and somewhat unpleasant. Following
collection, the tissue sample is submitted to a pathology
facility for thorough examination [99]. Thin needle goal
biopsies are commonly employed when suspicious masses,
such as breast masses or enlarged lymph nodes detected
through imaging tests like x-rays, ultrasound, or
mammography. This procedure is relatively non-invasive,
less painful, and quicker compared to other tissue sampling
methods, including surgical biopsy. Additionally, thin
needle goal is a faster technique for cyst aspiration [100].

Needle Tip in
Area of Concern

Additional Biopsy

Fig. 3: Biopsy with Fine Needle Aspiration
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» Conducting a Biopsy using Fine Needle Aspiration
(FNA)

The thin needle goal biopsy serves as a simple and
rapid method for diagnosing breast cancer. During this
treatment, samples of fluid or cells from benign
(noncancerous) breast cysts—fluid-filled sacs inside the
breast—will be obtained. Whether the lump is palpable or
not, a fine needle is used to perform the biopsy without the
need for local anesthesia, making it a painless test. Palpable
breast lumps can cause anxiety, and diagnostic
mammography is recommended for women over 30 years
old in such cases. In order to properly place the mass for the
needle, the surgeon cleans the skin at the point of entrance
and feels and studies the mass. Imaging methods like
ultrasound or x-rays could be required for accurate
localization if the lump cannot be felt. A computer is used to
determine exact coordinates and two mammograms taken at
various angles in stereotactic mammography. Using the
ultrasound monitor as a guide, the surgeon cuts the target
with the needle [101]. Imaging methods could be required if
the mass is not palpable in order to identify it exactly. This
method is made easier by stereotactic mammography, which
uses two mammograms taken at various angles and a
computer to determine exact coordinates. The surgeon
directs the needle to the appropriate location while keeping
an eye on the ultrasound screen. A blood test feels like what
happens when a needle is inserted. By creating a
vacuum/negative pressure and then retracting the needle, the
sample is collected. This process may require several needle
insertions in order to produce a suitable sample. After the
procedure, a small bandage is applied, and normal activities
can be resumed. While there are no associated risks, some
discomfort or bruising at the needle insertion site may occur.
It's important to contact your doctor promptly if you
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experience persistent bleeding, swelling, fever, or pain not
alleviated by paracetamol. Avoid taking aspirin for
discomfort, as it may exacerbate bruising [102].

B. Breast Core Needle Biopsies

During a core needle biopsy, a physician extracts
breast tissue fragments from a suspicious region observed
on imaging tests or during an examination using a hollow
cylinder needle. Breast tissue is extracted into the needle
more easily during a vacuum-assisted core biopsy by using a
suction device. To precisely target an irregular location, a
doctor may employ a spring-loaded instrument that rapidly
inserts and withdraws the needle from tissue in contact with
the tumor. However, imaging tests are often used to guide
the needle accurately into the desired location. Stereotactic
biopsies, ultrasound, and MRI are examples of imaging tests
employed, including breast tomosynthesis or mammaography
[103], [104].

Area to be biopsed

Core needle

Fig. 4: Core Needle Biopsy

Utilizing imaging tests including MRIs, ultrasounds,
and mammograms, core needle biopsies are performed as an
outpatient treatment. In the initial step, a thin needle
administers numbing medicine, followed by the core needle
biopsy, where local anesthesia is applied to the biopsy site.
Simultaneously, a tiny incision, approximately ¥4 inch, is
made. In order to take a sample of the breast tissue, a biopsy
needle is placed into this incision. Proper location is ensured
by applying pressure, and imaging tests, along with
microscopic tissue markers, known as clips, are utilized and
positioned at the biopsy site [105].
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> Breast Biopsy Types using Core Needle

e Breast Biopsy using Stereotaxy

Tomosynthesis-guided breast biopsy, or stereotactic
biopsy, uses mammography images from several angles to
pinpoint the biopsy site. When deciding where to inject the
needle in the abnormal area, the physician uses a computer
program that analyzes breast x-rays. Often, this kind of
biopsy is used to look at suspicious microcalcifications, tiny
tumors, or other aberrant spots that would be difficult to see
on an ultrasound [105]. Before taking a picture, the breast is
carefully positioned and squeezed inside the mammography
device to make sure the issue region is visible. Local
anesthetic, or numbing medicine, is used after the breast has
been cleaned. Following the biopsy instrument's insertion
into the breast, further images are acquired to verify the
instrument's correct placement for sample collection. A
number of biopsy samples are then gathered. After the tool
is removed, the breast is marked with a biopsy clip. To
ensure the marker is properly positioned, a second
mammaography is performed [106].

e Core Needle Biopsy Guided by Ultrasound

Before the biopsy of a specific area, a breast
ultrasound is conducted to visualize the region. After the
ultrasound, the skin is cleansed, and local anesthetic
(numbing medication) is injected [107]. The needle is
guided to the appropriate location using ultrasound, and
there may be a sensation of pressure as it is inserted.
Usually, a biopsy marker, or clip, is positioned at the biopsy
site, and many biopsy samples are gathered. To confirm the
correct placement of the clip, a mammogram is often
performed after the biopsy [108].

e Core Needle Biopsy with Ultrasound Guidance

Breast MRI is utilized to locate the area of concern and
perform a biopsy. After positioning the device correctly to
collect samples, an MRI is conducted to confirm its
placement. Following the collection of many biopsy
samples, the device is taken out of the breast and a clip (also
known as a hiopsy marker) is used to mark biopsy site. After
the biopsy, a mammography is usually done to make sure
the clip is positioned appropriately [109].

WWW.ijisrt.com 666


https://doi.org/10.38124/ijisrt/IJISRT24MAR416
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology
https://doi.org/10.38124/ijisrt/IJISRT24MAR416

VIII. TREATMENT
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Fig. 5: Treatment of Breast Cancer

A. Surgery

Surgery is a crucial component of breast cancer
treatment for nearly all women, with various types of
procedures, including mastectomy and breast-conserving
surgery, being performed based on individual circumstances
to effectively eliminate cancer [110].

» Reconstructive Surgery of the Breast

Breast-conserving surgery, also known as segmental
mastectomy, quadrantectomy, lumpectomy, or partial
mastectomy, is a surgical procedure designed to excise the
malignancy, wherein only the breast tissue surrounding the
malignant area is removed. The extent of breast tissue
removal is determined by factors such as the location and
size of the tumor [111].

» Mastectomy

Mastectomy is a comprehensive treatment approach
involving the removal of the entire breast, encompassing all
breast tissue and potentially adjacent tissues. When a patient
has cancer in both breasts, a double mastectomy—which
involves removing both breasts—may be necessary [112].

B. Radiation Therapy

Radiation therapy is a treatment for breast cancer that
employs high-energy X-rays or protons to kill rapidly
proliferating cells. High-energy particles are used in this
painless and undetectable technology to kill cancer cells
more efficiently than healthy ones. Breast cancer can be
treated with radiation therapy from the outside or within
[112].

o External Radiation- radiation therapy for breast cancer
involves using equipment that delivers radiation to the
breast from outside the body, a widely employed
approach in cancer treatment.

UISRT24MAR416

¢ Internal Radiation- also known as brachytherapy, this
radiation therapy involves the brief insertion of
radioactive devices by a doctor directly into the
cancerous region of the breast. This short-term radiation
treatment effectively reduces the risk and is applied
across various stages of the disease, with the duration of
treatment varying accordingly.

C. Chemotherapy

Chemotherapy plays a crucial role as a secondary
treatment for breast cancer, employing anticancer drugs to
target and treat breast cancer tumors. The three types of
breast cancer chemotherapy include neoadjuvant
chemotherapy, adjuvant therapy, and palliative
chemotherapy [113].

» Adjuvant Therapy

Chemotherapy is used during breast cancer surgery to
lessen the possibility of the cancer cells' microscopic
metastasis—the process by which they spread to other
regions of the body. Adjuvant therapy is intended to
eradicate any residual malignant cells; imaging tests are
used to identify breast cancer and direct the adjuvant therapy
regimen [114].

» Neoadjuvant Chemotherapy

Neoadjuvant  chemotherapy, sometimes called
preoperative chemotherapy, is given prior to surgery in
order to reduce the size of breast cancerous tumors. This is
particularly useful in situations when the cancer has
progressed to lymph nodes or includes big tumors [115].
Chemotherapy medications used as adjuvants or
neoadjuvants  include  anthracyclines  (doxorubicin,
Adriamycin, and Epirubicin), taxanes (paclitaxel, Taxol, and
docetaxel, Taxotere), capecitabine (Xeloda),
cyclophosphamide, Cytoxan, and carboplatin (Paraplatin).
These medications are injected into veins for administration.
Chemotherapy side effects include hair loss, altered nails,
mouth sores, exhaustion, diarrhea, and heightened infection
susceptibility [116].
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D. Targeted-Therapy

Targeted medication therapy focuses on drugs that
directly target proteins or receptors on breast cancer cells.
These drugs work to destroy cancer cells, and an example of
targeted therapy is the use of monoclonal antibodies.
Trastuzumab, epratuzumab (Perjeta), and margetuximab
(margenza) are examples of targeted drugs commonly used
in breast cancer treatment [117]

e Trastuzumab (Herceptin) - One effective therapy for
breast cancer, regardless of stage, is trastuzumab. It can
be administered as a standalone treatment, especially
after chemotherapy, and is frequently wused in
combination with chemotherapy. Whether given as an
adjuvant (after surgery) or neoadjuvant (before surgery)
therapy, this medication is typically prescribed for six
months to a year to treat early breast cancer. As long as
the medication is still effective, advanced breast cancer
treatment usually consists of continuing visits. The drug
is administered intravenously (IV). A variant of
trastuzumab, known as trastuzumab and hyaluronidase
injection  (Herceptin  Hylecta), is  delivered
subcutaneously (under the skin) over a short period
[118].

e Pertuzumab (Perjeta) - Intravenous (V) administration
of this HER2 monoclonal antibody in conjunction with
trastuzumab and chemotherapy is a viable treatment
option for early-stage or metastatic breast cancer. This
can be done either before to or following surgery [119].

e Margetuximab (margenza) - When combined with
chemotherapy, this HER2-targeting monoclonal
antibody can be used to treat advanced breast cancer; it
is usually used after at least two previous HER2
inhibitors. Administration is done intravenously (IV)
[120].

E. Immunotherapy-

Immunotherapy targets certain proteins involved in the
immune response, therefore maximizing the immune
system's capacity to recognize and eradicate cancer cells
[121].

» Immune Checkpoint Immunotherapy Inhibitors

An essential part of the body, the immune system
guards against infections and helps the body stay healthy.
The proteins known as "checkpoints,"” which activate
immune cells, are involved in controlling immune
responses. These checkpoints provide breast cancer cells
with an opportunity to elude immune system responses.
Certain checkpoint protein-targeting medications aid in
reestablishing the immune system's ability to combat breast
cancer cells [122].

» PD-1 Inhibitors

(Pembrolizumab for breast cancer)- PD-1, a protein on
immune system T cells that commonly stops them from
attacking healthy body cells, is the target of pembrolizumab
(Keytruda). These medications improve the immune
system's capacity to combat breast cancer cells by blocking
PD-1, which lowers the growth of tumors. Triple-negative
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breast cancer is treated with it in addition to chemotherapy
[122].

» Hormone Therapy

Hormones are physical, chemical messengers that have
different effects on different parts of the body's cells and
tissues. In premenopausal women, the ovaries produce
estrogen and progesterone, while other tissues, such as skin
and fat, contribute to the hormone levels in both
premenopausal and postmenopausal individuals. In both
pregnancy and the menstrual cycle, progesterone is
essential. Because they are controlled by these hormones,
estrogen and progesterone play a major role in breast
cancers, sometimes referred to as hormone-sensitive or
hormone-dependent breast cancers. Hormones that bind to
proteins called estrogen receptors (ERS) and progesterone
receptors (PRs), which are present in hormone-sensitive
breast cancer cells, activate the proteins. Certain genes are
expressed differently by the active receptors, which
encourages cell division. Breast cancers without ERs are
called ER-negative, while those without PR are called HR-
negative. Hormonal therapy, also known as hormonal
therapy, is used as a treatment approach [123].

Menopausal hormone therapy (MHT), which is used to
treat menopausal symptoms, should not be confused with
endocrine therapy, commonly referred to as hormone
treatment. Hormone therapy for breast cancer involves a
combination of estrogen and progesterone, which is distinct
from MHT. Since the ovaries are a premenopausal woman's
main source of estrogen, this medication is used to limit
ovarian function. Ovarian ablation, the process of either
inhibiting or removing ovarian function, is one way to lower
the levels of estrogen in these individuals. Surgical ovarian
ablation include either radiation treatment, which is usually
irreversible, or oophorectomy, which is the removal of the
ovaries. Luteinizing hormone-releasing hormone (LHRH)
agonists, another name for gonadotropin-releasing hormone
(GnRH) agonists, are drugs that momentarily reduce ovarian
activity. Through GnRH mimicking, these medications
disrupt the signals that cause the ovaries to release estrogen
[124]. LH and LHRH, the hormone that releases luteinizing
hormone, control the generation of progesterone and
estrogen in premenopausal women. In reaction to the
hypothalamus' production of LHRH, the pituitary gland
produces both follicle-stimulating hormone (FSH) and lethal
hormone (H). LH and FSH stimulate the ovaries to create
progesterone and estrogen, which have an effect on the
endometrium (the uterine lining). During the menstrual
cycle, the brain and pituitary are influenced by the peak
levels of estrogen and progesterone, which inhibits the
synthesis of LHRH, LH, and FSH [125].

> Restricting the Production of Estrogen

Aromatase inhibitors  function by preventing
enzymes—specifically, aromatase—from acting.
Aromatase is responsible for producing estrogen in the
ovaries and other tissues. Since premenopausal women tend
to overproduce aromatase in the ovaries, aromatase
inhibitors are primarily prescribed for postmenopausal
women. When used alongside medications that suppress
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ovarian activity, these inhibitors can also be employed by
premenopausal women [125].

» Three Primary Methods for Breast Cancer Treatment

e Adjuvant Treatment for Breast Cancer in its Early
Stages

The FDA has approved adjuvant hormone therapy for
both men and women with ER-positive breast cancer in the
premenopausal and postmenopausal phases. Menopausal
women may be administered aromatase inhibitors such as
anastrozole, letrozole, and exemestane, although
premenopausal women are encouraged to utilize tamoxifen.
Combining ovarian suppression with an aromatase inhibitor,
as opposed to tamoxifen alone, resulted in improved odds of
recurrence-free survival in premenopausal women with
early-stage ER-positive breast cancer [126].

e Treatment of the Metastatic Breast Cancer

The initial treatment for hormone-sensitive breast
cancer in postmenopausal women with local progression or
metastasis involves the approved use of two aromatase
inhibitors, anastrozole and letrozole.  Additionally,
postmenopausal women with advanced breast cancer whose
health has gotten worse after receiving tamoxifen therapy
may be given both of these drugs in addition to the
aromatase inhibitor exemestane. It is recommended that men
undergoing aromatase inhibitor treatment for advanced
breast cancer convert to GnRH agonists [127].

o Neoadjuvant Breast Cancer Treatment

In an effort to shrink the tumor before surgery,
hormone therapy, also referred to as neoadjuvant therapy,
has been studied in clinical trials for breast cancer (24).
These trials have demonstrated the effectiveness of
neoadjuvant hormone treatment, particularly with aromatase
inhibitors, in shrinking breast cancer in postmenopausal
individuals. However, the extent of its efficacy in women
who have not yet reached menopause remains uncertain.

IX. TUMOR RESISTANCE AND
MICROENVIRONMENT

The ability to support angiogenesis, invasion, and
metastasis, as well as genetic instability and mutations that
permit unchecked growth, medication resistance, evasion of
cell death, elevated inflammation, and metabolism, are
among the characteristics of cancer. When an anti-
tumorigenic situation finally gives way to a pro-tumorigenic
one, the tumor microenvironment (TME), which is primarily
responsible for carcinogenesis, is made up of stromal cells
and extracellular matrix (ECM). Biomolecular substances
such as growth factors, cytokines, enzymes, and chemokines
are how cells in the stromal environment—fibroblasts,
endothelial cells, mesenchymal stem cells (MSCs), cancer-
associated macrophages (CAMs), and cancer-associated
fibroblasts (CAFs)—interact with the extracellular matrix
(ECM). Cancer development and treatment resistance have
been linked to exosomes and apoptotic bodies. This
comprehensive understanding includes the pivotal role of

UISRT24MAR416

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/l1JISRT24MAR416

the hypoxic TME in both carcinogenesis and resistance
[128].

A. The Tumor Microenvironment's Stromal and Immune
Cells' Biological Roles

» Associated with Cancer: Fibroblasts

Fibroblasts are important because they contribute to
medication resistance and carcinogenesis in the tumor
microenvironment. They first show signs of being anti-
tumorigenic and play a role in forming the extracellular
matrix (ECM) that separates tumor cells from healthy tissue
in the early phases of tumor growth [128]. A myofibroblast
phenotype, which is marked by enhanced extracellular
matrix formation and the release of pro-tumorigenic
proteins, is acquired by cancer-associated fibroblasts
(CAFs) as they develop. Similar to myofibroblasts, CAFs
are permanently engaged and actively promote cancer by
angiogenesis, microRNA, cytokines, releasing factors, and
activating tumor-promoting signaling pathways. Growing
factors, cytokines, and extracellular matrix (ECM) are only
a few of the elements of the tumor microenvironment that
CAFs continue to produce and interact with throughout
carcinogenesis [129].

» Cancer Associated-Endothelial Cells

The deepest layer of blood arteries is produced by
newly created endothelial cells during the early stages of
carcinogenesis. This thin vascular endothelium not only
separates blood from tissues but also facilitates the delivery
of essential ions and water, along with transporting all
detrimental metabolic waste products. Furthermore, the
bloodstream serves as a conduit for immune cells to reach
tumors. Although the spreading of blood vessels is crucial
for providing oxygen and removing carbon dioxide during
the early stages of carcinogenesis, the continued growth of
tumors necessitates an increased supply of oxygen and
efficient disposal of metabolic waste [130]. The activation
of hypoxia-induced transcription factors triggers the
formation of vascular networks. By acting on endothelial
cells, these substances promote the synthesis of growth
factors like PDGF and epidermal growth factor (EGF),
which aid in the formation of new blood vessels. Cancer-
associated endothelial cells play a crucial role in promoting
carcinogenesis through activities like immunosuppression,
growth factor secretion, and facilitation of tumor cell
migratory behavior. Additionally, these endothelial cells
contribute to the infiltration of immunosuppressive myeloid
cells into tumors. According to studies, endothelial cells
linked with cancer may influence anti-tumor immunity by
obstructing the infiltration of cytotoxic T cells and
promoting the migration of immune-suppressive cells into
the tumor. Furthermore, compared to normal endothelial
cells, cancer-associated endothelial cells have a larger
angiogenic potential, which increases drug resistance [131].
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» Cancer Associated-Macrophages

Macrophages function as the body's clean-up crew,
typically circulating in the blood as monocytes. In response
to infections or injuries, monocytes transform into
macrophages, aiding in the removal of pathogens and
contributing to tissue healing and repair. Similar to janitors
maintaining a building, macrophages play a crucial role in
keeping the body in good condition. Macrophages in the
innate immune system present antigens and carry out
phagocytosis in response to the presence of pathogens [132].
M1 macrophages are involved in antigen presentation and
pathogen phagocytosis, and they are predominant during the
early phases of carcinogenesis. M2 macrophages proliferate
in the tumor microenvironment and actively contribute to
immune suppression and wound repair since tumors are
frequently compared to non-healing wounds. Factors such as
oxygen deprivation and various cytokines contribute to the
increased presence of M2 macrophages deep within the
tumor. Throughout the process of carcinogenesis,
macrophages infiltrate tumors, sometimes constituting up to
a third of the tumor mass at certain stages [133]. High tumor
macrophage counts are associated with poor survival rates in
several types of cancer. This relationship results from the
release of several cytokines by macrophages, which promote
angiogenesis and aid in the development of new blood
vessels. Furthermore, according to recent research, cancer-
associated macrophages (CAMs) are important mediators of
chemotherapy drug resistance, including paclitaxel and 5-
fluorouracil. CAMs have also been shown to increase cancer
stem cells' (CSCs) capacity to proliferate tumors and to
increase treatment resistance [134].

» Cancer Associated-Neutrophils

In the initial stages of carcinogenesis, tumor
microenvironment neutrophils exhibit dual characteristics,
possessing both favorable and non-tumorigenic qualities.
Numerous cytokines, including IL-6, are released by
neutrophils, which encourage inflammation. They also
generate matrix metalloproteases (MMPs), which break
down components of the extracellular matrix (ECM) to help
in modifying the matrix and encourage tumor cell invasion
and metastasis [135]. It has been demonstrated that
neutrophils and cancer are related, and that they contribute
to the development of acquired resistance to cancer therapy
through immune system suppression, angiogenesis
promotion, and increased tumor cell multiplication. The
efficacy of cancer drugs, such as immune checkpoint
inhibitors and traditional cytotoxic treatments, is hampered
by signaling cascades that are started by cancer-associated
neutrophils. Incorporating drugs designed to target cancer-
associated neutrophils alongside standard therapy has the
potential to sensitize tumor cells to medications, mitigating
drug resistance and preventing relapse [136].

» T-Cells

T-cells are present in the tumor microenvironment
throughout different stages of tumor development, equipped
with receptors designed to identify specific antigens. For
instance, T-cells with specialized receptors can recognize
unusual antigens present in cancerous cells. Furthermore,
cytotoxic T-cells contribute to the suppression of the
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formation of new blood vessels by the production of the
pleiotropic cytokine interferon-gamma [137]. Thus, in the
tumor microenvironment, cytotoxic T lymphocytes have
anti-tumorigenic action. Another type of T cell found in this
environment is CD4+ T cells, which primarily contribute to
the immunological response and can differentiate into
various cell types over time. For instance, CD4+ T cells may
transform into T-helper 1 cells, known for inducing
inflammation and correlating with improved patient well-
being in specific tumors. Regulatory T cells represent
another T cell subtype observed in tumors [138].

> B-Cells

B-cells play a crucial role in antibody production
within the human body and release various cytokines.
Although B cells are mostly located in the lymph nodes and
on the outskirts of tumors, they are not as common inside
the tumors themselves. Throughout the carcinogenesis
process, the primary function of B cells is to communicate
with T cells, facilitating the targeting of tumor cells by T
cells [139], [140]. T lymphocytes receive antigens from B
cells, playing a vital role in the production of anti-tumor
cytokines such as interferon (IFN). While B cells generally
contribute to anti-tumor responses, studies reveal that in
certain tumors, B lymphocytes can exhibit pro-tumorigenic
characteristics. By  producing  cytokines including
transforming growth factor (TGF) and interleukin-10 (IL-
10), a specific group of immune cells known as regulatory B
cells complicates their role in the tumor microenvironment
[140].

> Natural-Killer Cells

Innate killer cells play a crucial role in eliminating
virus-infected blood cells and can be categorized into two
functional subtypes: those that directly kill tumor cells and
those that release inflammatory cytokines, fostering immune
cell engagement in tumor cell destruction through
inflammation. Because natural Killer cells recognize and
destroy circulating tumor cells, they play a crucial role in
stopping metastasis after tumor development. Utilizing
adhesion and cytokine receptors, both natural killer cells and
innate killer cells selectively target cellular entities, sparing
normal healthy cells. Despite their effectiveness in
eradicating tumor cells in circulation, natural killer cells are
less potent within the tumor microenvironment [141].

> Dendritic Cells

Antigens are presented to T cells by dendritic cells,
which are mostly in charge of identifying and seizing
antigens. Typically located in lymph nodes, dendritic cells
aid T cells in responding to pathogen infections. Depending
on the surrounding milieu, dendritic cells within tumors may
have either pro- or anti-tumorigenic characteristics.
Tolerance of tumor cells by dendritic cells can be brought
about by an overabundance of cytokines, with pro- or anti-
tumorigenic substances, hence impeding an efficient
immune response. Studies have shown that tumors may take
advantage of dendritic cells, and there is evidence that
treatment resistance may result from local dendritic cells
training tumor cells to produce T lymphocytes that inhibit
the tumor [142].
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» Hypoxia within the TME

Insufficient oxygen supply, a consequence of the slow
development of new blood vessels (angiogenesis), is a
defining characteristic of uncontrolled tumor cell
proliferation in some sections of a growing solid tumor. This
leads to low oxygen levels, with certain tumors having less
than 2% oxygen, resulting in hypoxia [143]. Crucially,
unregulated vasculature due to angiogenesis within a
growing tumor results in uneven oxygen distribution,
leading to hypoxia in certain regions. Tumor cells in these
hypoxic areas exhibit a distinct phenotype, becoming more
aggressive and resistant to standard treatments. Oxygen
gradients are a common feature in solid tumors, and as the
tumor expands, de novo angiogenesis creates leaky blood
vessels, raising interstitial fluid pressure. The presence of
leaky blood vessels aids tumor cell metastasis, allowing
easy exit of tumor cells with discontinuous endothelium.
Hypoxic environments contribute to immunosuppression,
with cancer-associated M2 macrophages found in these
conditions. TME hypoxia serves as an independent
prognostic factor in cancer, predicting unfavorable
outcomes. Innovative approaches targeting both tumor
hypoxia and specific TME components are essential [144].

» Exosomes and Exosome miRNAs in  Tumour
Microenvironment

Releasing continually into the extracellular space,
exosomes, which range in size from 30 to 200 nm, are
essential for promoting cell-to-cell contact between stromal
cells and tumor cells [145]. Exosomes come in a variety of
contents that vary according to where they come from. The
behavior of tumor cells and intercellular communication can
be influenced by several growth factors, cytokines, and
signaling molecules found in exosomes derived from
precursor cells. Typically, the contents of exosomes support
carcinogenesis by influencing processes like angiogenesis,
migration, and metastasis. It has been noted that under low
oxygen and nutrition environments, tumor cells release more
exosomes, which causes stromal cells to become pro-
tumorigenic cells like CAFs and CAMs [146].

» Advanced in Therapeutic Targeting of TME

Recent years have witnessed notable advancements in
cancer treatment, driven by combinations of medications
and immunotherapy. As a primary approach in cancer
treatment, chemotherapy focuses on swiftly dividing
melanoma cells and boasts a broad application [147].
Cancer, stemming from genetic mutations, undergoes
progression marked by significant biochemical and
metabolic alterations that adversely affect physiological
processes over time. Advances in cancer treatment have
been achieved by precisely targeting specific subsets of
cancer cells within the tumor microenvironment (TME),
including cancer stem cells (CSCs). Immunotherapy,
notably through immune checkpoint blockade like PD1, has
shown remarkable efficacy in treating cancer by targeting
various immune cells within the TME [148]. Immune
checkpoint inhibitors, either antibodies or medications, act
by blocking checkpoint proteins in immune system cells like
T cells and certain cancer cells. The interaction between
programmed death ligand 1 (PDL-1) on cancer cells and
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programmed death 1 (PD-1) on normal healthy cells plays a
crucial role in maintaining immune responses. In this
interaction, when cancer cell PDL-1 binds with PD-1 on
normal cells, it suppresses the immune response of normal
cells to the presence of the tumor. By inhibiting the
interaction between PDL-1 and PD-1, checkpoint inhibitors
enable normal cells to mount an immune response in the
presence of malignancy [149].

X. CONCLUSION

In summary, breast cancer is a multifaceted and
diverse illness shaped by both adjustable and unalterable
elements. Worldwide epidemiology offers essential
perspectives for preventing and addressing the condition.
Precise diagnosis through advanced imaging methods and
limited radiation exposure is crucial. Various treatment
approaches, such as hormone therapy, targeted therapy,
radiation, chemotherapy, surgery, and immunotherapy,
highlight the dynamic nature of breast cancer management.
The intricate tumor microenvironment presents both
challenges and possibilities for advancing therapies,
underscoring the continuous requirement for research and
innovation in this domain.
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