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ABSTRACT: Breast cancer is the most frequently
diagnosed malignancy and one of the leading causes
of cancer-related mortality among women
worldwide. Despite significant advances in screening
and treatment, it continues to pose a major public
health challenge because of its heterogeneous nature,
increasing incidence, and variable clinical outcomes.
Conventional treatment modalities such as surgery,
chemotherapy, radiotherapy, hormonal therapy, and
targeted therapy remain the foundation of clinical
management,  while recent advances in
immunotherapy have expanded treatment options,
particularly for aggressive subtypes such as triple-
negative breast cancer. It highlights the growing role
of precision medicine through genomic profiling,
molecular subtyping, and biomarker-guided therapy,
enabling personalized treatment and improved
patient  outcomes. Furthermore, emerging
technologies including artificial intelligence, big data
analytics, liquid biopsy, and multi-omics approaches
are transforming early diagnosis, treatment
monitoring, and therapeutic decision-making.
Although these innovations have significantly
improved survival and quality of life, challenges such
as drug resistance, disease recurrence, treatment-
related adverse effects, and disparities in healthcare
access continue to limit optimal outcomes. Future
research should focus on integrating advanced
molecular technologies with personalized therapeutic

approaches to enhance early detection, optimize
treatment efficacy, and reduce the global burden of
breast cancer. Continued advancements in precision
medicine and multidisciplinary care are expected to
improve long-term survival and quality of life for
patients with breast cancer.

KEYWORDS: Breast cancer; Precision medicine;
Targeted therapy; Immunotherapy; Biomarkers.

I. INTRODUCTION
Breast cancer is a very common type of
cancer in women. Breast cancer is characterized by
the uncontrolled growth of abnormal cells in the milk
production glands of the breast or in the Passages
(ducts) that deliver milk to the nipples.

A collection of cancer cells known as a
cancerous tumor is capable of spreading into and
destroying nearby tissue. As well as spreading
throughout the body, it can. Breast cell occasionally
undergo changes that prevent them from growing or
behaving normally. Non-cancerous breast conditions
atypical hyperplasia and cysts may result from these
changes. Additionally, they may result in benign
tumors like intraductual papillomas.

Poor lifestyle choices, environmental
factors, and Social-psychological factors are all
linked to its occurrence. It has been demonstrated that
5% to 10% of breast cancers can be attributed to
genetic mutations and family history, and 20% to
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30% of breast cancers can be attributed to factors that
may be modifiable. This disease is the primary cause
of mortality among women aged 45-55 years The
primary risk factors of cancer include age, high
hormone level, race, economic status, and iodine
deficiency in diet .

Breast cancer is a multi-stage disease, in
which viruses play a role in one stage of this
pathogenic process. Breast cancer is diagnosed
through physical examination, breast imaging, and
tissue biopsy. Treatment options include surgery,
chemotherapy, radiation, hormonal therapy, and,
more recently, immunotherapy. Breast cancer can
also manifest itself in less common forms. These
include triple-negative breast cancer, breast Paget
disease, and inflammatory breast cancer. Non-
Hodgkin lymphoma and soft tissue sarcoma are
uncommon forms of breast cancer.

Breast cancer is the most commonly
diagnosed cancer and the leading cause of cancer
deaths in women worldwide, accounting for 23% of
total cancer cases and 14% of all cancer related
mortalities.

EPIDEMIOLOGY

Breast cancer (BC) is a major public health issue
that affects women all over the world. It is the most
often diagnosed cancer and the second biggest cause
of cancer-related deaths among women globally .
Breast cancer occurs at different rates around the
world, with Western nations having greater incidence
rates than Eastern nations. However, due to lifestyle
changes, an increase in longevity, and the adoption of
Westernized dietary practices, the prevalence of
breast cancer is quickly rising in low- and middle-
income countries.

Breast cancer is currently one of the most
prevalently diagnosed cancers and the 5" cause of
cancer-related deaths with an estimated number of
2.3 million new cases worldwide according to the
GLOBOCAN 2020 data.Breast cancer is the most
frequently diagnosed cancer in women worldwide
with 2.26 million [95% UI, 2.24-2.79 million] new
cases in 2020 . In the United States, breast cancer
alone is expected to account for 29% of all new
cancers in women .Asia, the incidence of hormone-
positive BC is relatively high as compared to other
regions .During the recent decade (2010—2019), the
incidence of breast cancer increased at a rate of 0.5%
annually.

2018 GLOBOCAN data describes that age-
standardized incidence rates (ASIR) of breast cancer
are strongly and positively associated with the
Human Development Index (HDI).

Besides being the most common, breast cancer is
also the leading cause of cancer death in women
worldwide. Globally, breast cancer was responsible
for 684,996 deaths. Although incidence rates were
the highest in developed regions, the countries in
Asia and Africa shared 63% of total deaths in 2020.
The rate of Incidence Is significantly higher among
old-aged women and the median age of breast cancer
diagnosis was 63 years from year 2014-2018, which
has, increased to 69 years during the years 2015-
2019. However, the mortality rate has been reduced
by 1.1% during 2013-2019; improving the average
life span of the population due to the accessibility and
availability of Better healthcare facilities and timely
diagnosis which has a profound impact on longevity
factors.

TYPES OF BREAST CANCER

According to site

Non invasive breast cancer cells that are confined
to the ducts and do not invade surrounding fatty and
connective tissues of the breast.

Invasive Breast Cancer cells that break through the
duct and lobular wall and invade the surrounding
fatty and connective tissues of the breast.

Frequently occurring Breast Cancer

Lobular carcinoma in situ : LCIS is a sharp increase
in the number of cells within the milk glands
(lobules) of the breast.

Infiltrating lobular carcinoma (ILC): ILC begins
in the milk glands (lobules) of the breast, but often
spreads (metastasizes) to other regions of the body.

Ductal carcinoma in situ (DCIS): DCIS, the most
common type of non-invasive breast cancer, is
confined to the ducts of the breast.

Infiltrating ductal carcinoma (IDC): IDC begins in
the milk ducts of the breast and penetrates the wall of
the duct, invading the fatty tissue of the breast and
possibly other regions of the body.

Less commonly occurring Breast cancer
Medullary Carcinoma: Medullary carcinoma is an

invasive breast cancer that forms a distinct boundary
between tumor tissue and normal tissue.
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Mutinus carcinoma: Also called colloid carcinoma,
mutinous carcinoma is a rare breast cancer formed by
the mucus-producing cancer cells.

Tubular carcinoma: Tubular carcinomas are a
special type of infiltrating (invasive) breast
carcinoma. Women with tubular carcinoma generally
have a better prognosis than women with more
common types of invasive carcinoma.

SIGNS AND SYMPTOMS

* A lump is most typical physical
symptoms.

*  Breast discomfort or heaviness

*  Chronic alteration in nipple, Retraction.

*  Unusual breast pain or discomfort

Additional symptoms such

*  Headaches

*  Neurological discomfort or weakness
*  Bone pain

*  Shortness of breath .

*  Appetite loss

*  Inadvertent weight loss.

PATHOPHYSIOLOGY

Most breast cancer is sporadic (90%-95%),
with only 5% to 10% of patients having an
identifiable genetic mutation. BRCA 1 and 2 are the
most common associated genetic conditions.
Invasive ductal and invasive lobular carcinoma are
the most common pathologic forms of invasive breast
cancer. Carcinogenesis occurs due to a complex
interplay of genetic and environmental risk factors,
hormonal influences, and patient-related factors.
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The pathogenesis, treatment, and prognosis are
closely associated with the following molecular
subtypes of breast cancer:

Luminal A: Hormone receptor-positive, human
epidermal growth factor receptor (HER)-2 negative
Luminal B: Hormone receptor-positive, HER-2
positive

Basal-like: Hormone receptor and HER-2 negative
HER-enriched: HER-2 positive, hormone receptor-
negative.

Hormone receptor-positive tumors (ie, luminal A and
B) tend to be less aggressive, with improved survival
rates. HER-2 enriched tumors are more aggressive,
with a poor prognosis without targeted therapy. In the
era of targeted anti-HER therapy (eg, :trastuzumab),
the paradigm has shift. Basal Like tumors are
negative for the molecular markers and tend to have
a worse prognosis with poor survival rates.

PROGRESSION OF BREAST CANCER

Stage 0- Non-invasive stage of a tumor is
characterized by the presence of both cancerous and
non-cancerous cells within the boundaries of the
breast part where the tumor is growing, with no
indication of their invasion in the surrounding tissues.

Stage 1 —Invasive breast carcinoma and microscopic
invasion is possible. It has two categories that are 1A
and 1B stage. The category 1A describes the tumor
which measures up to 2 cm and none of the lymph
nodes are involved while stagelB describes that
small group of cancer cells larger than 0.2 mm founds
in lymph node

Stage 2 — The staging process’s Phase 2A shows
cancer that has been discovered in the circulatory and
lymphatic systems but not in the chest cavity. Cancer
can range in size from less than 2 centimeters to more
than 5 centimeters. Phase 2B, however, shows that
although the cancer may be more than 5 cm in size, it
has not spread to the axillary lymphatic nodes.

Stage 3 - That although there is no tumor in the
breast, it may be found in 4-9 axillary lymph nodes
or sentinel lymph nodes, whereas stage 3B indicates
that the tumor may be any size but has resulted in
breast skin swelling or ulceration and may have
spread to up to 9 axillary lymph nodes or sentinel
lymph nodes. Inflammatory breast cancer, or stage
3B, is characterized by red, heated, and swollen
breast tissue.

Stage 4 — The disease has progressed to other organ
systems, including the liver, brain, lungs, bones, and
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so forth. This is the advanced and metastatic stage of
cancer.

DIAGNOSIS
* Imaging diagnosis
*  Mammography
»  Ultrasonography
*  Magnetic resonance imaging
*  Molecular Biotechnology examination
*  Novel specific biomarker
*  Nucleic acid hybridization system
*  Protein hybridization system
e Immunochemistry
*  Western blot
*  Puncture biopsy system

BIOMARKERS
Estrogen receptor (ER)

ER is nuclear hormone receptor that is activated by
the hormone estrogen. When estrogen binds to ER, it
stimulates gene transcription that promotes cell
growth and division. In general, ER negative tumors
are unlikely to respond to endocrine therapy, and ER
positive patients are responsive to anti-estrogen or
aromatase inhibitors. ER expression is detected using
immunohistochemistry (IHC) in tumor tissue.

Progesterone receptor (PR)

PGR (located on chromosome 11) encodes the
progesterone receptor (PR). That is regulated by
estrogen signalling. There are two isoforms of PR:
PR-A and PR-B. Additionally, PR-C inhibits the
action of PR-B.PR presence indicates that the
estrogen receptor pathway is functioning properly.

KI67

The most widely used proliferation marker in breast
cancer is KI67, which is predominantly present in
cycling cells .KI67 has been used to predict the
neoadjuvant response or outcome from adjuvant
chemotherapy.

Human Epidermal Growth Factor Receptor-2
(HER?2)

Human Epidermal Growth Factor Receptor-2(HER2)
is a transmembrane receptor tyrosine kinase involved
in cell growth and proliferation. The main treatments
targeting HER2 include drugs like trastuzumab,
pertuzumab, and lapatinib. 41

P53Tumor Suppressor Protein .

Loss or mutation of p53 disrupts its regulatory
functions, allowing damaged cells to continue
dividing, which leads to tumor formation.P53
regulates DNA repair, apoptosis, and cell cycle
arrest.Mutation of p53 is linked to tumor progression
and metastasis in breast cancer.

Breast cancer gene 1&2 (BRCA1 and BRCA2)

Mutations in these genes significantly increase
hereditary breast cancer risk. BRCA1 and BRCA2
mutations are also crucial in TNBC.These tumor
suppressor genes are involved in DNA repair, and
mutations in them increase breast cancer risk,
including TNBC.

TREATMENT
HORMONAL THERAPY

Hormone therapy, also known as endocrine therapy,
involves the administration or blockade of hormones
to treat diseases that are sensitive to hormonal
regulation

Aromatase Inhibitors

Als bind to aromatase and inhibit its activity,
lowering circulating estrogen levels to starve
estrogen-dependent cancer cells and slow tumor
growth. There are two types of Als: type I inhibitors
and type II inhibitors. Type I inhibitors, such as
exemestane, bind irreversibly to the enzyme by
forming a covalent bond, further leading to its
permanent inactivation. Type II inhibitors, such as
anastrozole and letrozole, work by blocking its active
site, reversibly binding to the aromatase enzyme and
inhibiting its function.

Ovarian Function Suppression (OFS)

The agents used for pharmacologically induced
suppression are gonadotropin-releasing hormone
agonists (GnRHas), such as goserelin and leuprolide,
which work by inhibiting the pituitary secretion of
follicle-stimulating hormone (FSH) and luteinizing
hormone (LH), leading to ovarian atrophy and
decreased estrogen production.

CDK4/6 Inhibitors

CDK4/6 inhibitors are targeted therapies that
selectively inhibit the activity of Cyclin-Dependent
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Kinases 4 and 6 (CDK4/6), key regulators cycle, by
binding to and blocking their ATP-binding sites.

CHEMOTHERAPY

Chemotherapy in breast cancer is defined as the use
of cytotoxic drugs to destroy rapidly proliferating
malignant cells and is an essential component of
systemic therapy aimed at reducing tumor burden,
preventing metastasis, and improving survival. It is
indicated in various clinical settings, including
neoadjuvant therapy (administered before surgery) to
shrink the tumor and adjuvant therapy (given after
surgery) to eradicate microscopic residual disease
and decrease the risk of recurrence.

Commonly used chemotherapeutic agents include
anthracyclines such as doxorubicin and epirubicin,
taxanes like paclitaxel and docetaxel, alkylating
agents such as  cyclophosphamide, and
antimetabolites  including  5-fluorouracil  and
capecitabine which are often administered in
combination regimens like AC doxorubicin and
cyclophosphamide), CMF (cyclophosphamide,
methotrexate, and 5-fluorouracil), and TAC
(docetaxel, doxorubicin, and cyclophosphamide).
These drugs are typically given intravenously in
repeated cycles every 2—3 weeks over a duration of
3—6 months, depending on the stage and biological
characteristics of the tumor.

IMMUNOTHERAPY

Immunotherapy aims to enhance or modify the
immune system’s natural ability to identify and
destroy malignant cells .This approach encompasses
several mechanisms, including the activation of
immune cells such as T cells and natural killer cells,
inhibition of immune checkpoints that otherwise
suppress the immune response, development of
cancer vaccines to educate the immune system, and
adoptive cell transfer where a patient’s own immune
cells are engineered to target cancer more effectively

Checkpoint Inhibitors

These therapies target specific proteins that regulate
immune responses, enhancing the body’s ability to
recognize and destroy cancer cells. The primary
mechanisms of action involve inhibiting the PD-
1/PD-L1 and CTLA-4 pathways .Programmed cell
death protein 1 (PD-1) is a checkpoint protein found
on T cells that inhibits T cell activation when engaged
by its ligands (PD-L1 and PD-L2). This interaction

allows cancer cells to evade immune detection. By
blocking PD-1, inhibitors can reactivate T cells,
allowing them to attack cancer cells effectively. PD-
L1, often overexpressed on various cancer cells,
including some breast cancer cells, similarly prevents
T cell activation. Inhibitors targeting PD-LI1,
therefore, disrupt this mechanism of immune evasion
.Conversely, cytotoxic T lymphocyte antigen 4
(CTLA-4) down regulates immune responses by
competing with the co-stimulatory receptor CD28 for
binding to CD80/CD86 on antigen-presenting cells.
Inhibiting CTLA-4 enhances T cell activation and
proliferation, further bolstering anti-tumor immunity.

Cancer Vaccines

Cancer vaccines represent a promising area of
immunotherapy aimed at treating existing cancer
vaccines, designed to stimulate the immune system to
target and destroy cancer cells or prevent their
recurrence. These vaccines can be classified into
several types, with distinct mechanisms of action.
Protein or peptide vaccines consist of specific
proteins or peptides found in cancer cells, which
activate the immune system to recognize and attack
these cells. DNA and RNA vaccines use genetic
material  encoding  cancer-specific  antigens,
prompting the body’s cells to produce these antigens
and thereby enhancing the immune response.

TARGETED THERAPY

Selective estrogen receptor modulators or SERM
have been used to suppress tumor growth in estrogen
dependent breast cancers and tamoxifen was the first
drug to be approved for estrogen positive metastatic
breast cancer reducing recurrences by approximately
40%-50%.Aromatase  inhibitors  (anastrozole,
letrozole, exemestane) are also used as an alternative
therapy to treat estrogen dependent breast cancers as
they block the biosynthesis of androgens through
inhibition of the aromatase enzyme resulting in
reduction of estrogen levels in tumor cells.

Afinitor or everolimus, an m-TOR inhibitor, stops
cancer cells from getting energy supplies,Avastin or
bevacizumab inhibits the growth of new blood
vessels which supply oxygen and nutrients to cancer
cells for growth and function; Herceptin or
trastuzumab blocks the ability of cancer cells to
receive signals which tell them to grow, Kadcyla or
T-DM1 is a combination of Herceptin and
emtansine.In this case Herceptin is used as a transport
method to deliver the emtansine chemotherapy to
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cancer cells; Perjita or pertuzumab works by stopping
cancer cells from receiving growth signals, Tykerb or
lapatinib is a HER2 inhibitor that blocks signals Of
cell growth.

RADIATION THERAPY

Radiation therapy is a fundamental component in the
treatment of breast cancer, especially following
breast-conserving surgery, where it significantly
reduces local recurrence and improves survival. It
works by delivering high-energy ionizing radiation to
eliminate residual tumor cells in the breast, chest
wall, or regional lymphatics. Recent advancements
such as intensity-modulated radiation therapy
(IMRT) and image-guided radiation therapy (IGRT)

PRECISION MEDICINE

Precision medicine for breast cancer is an
advanced therapeutic approach that tailors treatment
based on the individual genetic, molecular, and
clinical characteristics of a patient’s tumor. Breast
cancer is a heterogeneous disease classified into
molecular subtypes such as hormone receptor (HR)-
positive, human epidermal growth factor receptor 2
(HER2)-positive, and triple-negative breast cancer
(TNBC), each requiring specific treatment strategies.

e  Genetic insights and risk assessment

Genetic testing has become an integral part of
precision medicine in the realm of breast cancer. This
innovative approach involves the examination of
specific genes, notably the breast cancer genes
BRCA1 and BRCA2, to uncover potential mutations
or alterations that significantly contribute to a
heightened risk of developing breast cancer.

¢ Genomic molecular
subtyping

profiling and

Advancements in genomic profiling techniques have
ushered in a new era of understanding the intricacies
of breast cancer biology. These sophisticated
molecular analysis methods delve deep into the
genetic makeup of tumors, unraveling specific
genetic mutations, alterations or expression patterns
that underpin the disease’s development and
progression.

Furthermore, gene expression profiling techniques,
such as the Prosigna Breast Cancer Prognostic Gene
Signature (PAMS50) assay, have emerged as valuable
tools in molecular subtyping. The PAMS0 assay
evaluates the expression of a panel of genes within
the tumor, enabling the categorization of breast

cancers into distinct molecular subgroups. These
subtypes, such as Luminal A, Luminal B, HER2-
enriched and TNBC, provide deeper insights into
tumor behavior and response to treatments.
Molecular subtyping offers a refined understanding
of breast cancer heterogeneity. It allows oncologists
to categorize tumors into specific subgroups based on
their unique molecular characteristics, guiding
tailored therapeutic interventions. For instance,
hormone receptor-positive tumors typically respond
well to hormonal therapies, while HER2-positive
tumors benefit from HER2-targeted treatments.

Targeted therapies and personalized treatment

The emergence of targeted therapies marks
a groundbreaking advancement in the field of breast
cancer management. These therapies represent a
sophisticated approach that aims to target precisely
the underlying molecular abnormalities driving the
growth and spread of tumors.
One of the remarkable success stories in targeted
therapies is the development of treatments
specifically designed for HER2-positive breast
cancer. HER2, a protein overexpressed in certain
breast cancers, plays a crucial role in promoting
aggressive tumor behavior. Targeted agents like
trastuzumab and pertuzumab are monoclonal
antibodies that act by binding to the HER2 receptor,
inhibiting its signaling pathways and effectively
slowing down tumor growth. These therapies have
transformed the outlook for patients with HER2-
positive breast cancer, significantly improving
survival rates and reducing the risk of recurrence.

Immunotherapy

Immunotherapy has emerged as a promising
frontier in the treatment of breast cancer, representing
a paradigm shift that harnesses the body’s immune
system to identify and eradicate malignant cells.
Unlike conventional therapies that directly target
tumor cells, immunotherapeutic approaches enhance
endogenous immune responses, particularly through
the activation of T lymphocytes and modulation of
immune checkpoints such as Programmed Cell Death
Protein 1 and its ligand PD-L1. This strategy has
shown particular efficacy in immunogenic subtypes
like triple-negative breast cancer, where higher levels
of tumor-infiltrating lymphocytes and mutational
burden contribute to improved responsiveness.
Clinical trials have demonstrated that immune
checkpoint inhibitors, including Pembrolizumab and
Atezolizumab, can significantly improve
progression-free survival when combined with
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chemotherapy in selected patient populations.
Furthermore, advances in Precision Medicine have
facilitated the identification of predictive biomarkers,
enabling more personalized and effective use of
immunotherapy in breast cancer management.
Despite these advances, challenges such as immune
resistance, limited response rates, and treatment-
related toxicities remain areas of active investigation,
underscoring the need for continued research and
optimization of immunotherapeutic strategies.

II. FUTURE DIRECTION

Integration of big data and Al

The integration of big data analytics and Al has
heralded a transformative era in precision medicine,
particularly in the context of breast cancer research
and  treatment. Incorporating multi-omics
approaches, which include genomics, proteomics,
metabolomics and transcriptomics, can provide a
more comprehensive understanding of cancer
biology. This multi-faceted approach allows for a
deeper insight into tumor heterogeneity and b lead to
more effective and personalized treatment strategies.

Big data analytics, leveraging advanced
computational techniques, sifts through this wealth of
information to identify subtle patterns, correlations
and associations that may elude traditional analytical
methods. Within the realm of breast cancer, these
datasets include genetic profiles obtained through
genomic sequencing, molecular data characterizing
tumor subtypes, treatment history, patient
demographics and clinical outcomes.

Al algorithms, particularly —machine
learning, can process and analyze vast datasets
comprising genetic information, clinical records and
treatment outcomes, uncovering patterns and insights
that are beyond human capability. These insights can
inform personalized treatment strategies, predicting
which therapies will be most effective for individual
patients based on their unique genetic and molecular
profiles. Future advancements in Al and big data
analytics will continue to refine these approaches,
enabling more precise and effective cancer treatment.

Liquid biopsies and real time monitoring

Liquid biopsies represent a groundbreaking,
non-invasive technique in cancer diagnosis and
surveillance, providing exceptional real-time
understanding of tumor genetics and behavior. This
innovative approach involves analyzing circulating

tumor DNA (ctDNA) or specific biomarkers present
in blood samples, presenting a promising avenue for
monitoring treatment response, detecting potential
resistance mechanisms and guiding timely
adjustments in therapy.

One of the primary advantages of liquid
biopsies lies in their non-invasive nature. Unlike
traditional tissue biopsies, which involve invasive
procedures to extract tissue samples from the tumor
site, liquid biopsies utilize blood samples. These
blood samples contain circulating tumor

Furthermore, the real-time nature of liquid
biopsies allows for continuous monitoring of the
tumor’s status throughout the treatment journey.
These tests offer the ability to track changes in the
tumor profile over time, enabling clinicians to
promptly detect any alterations in the tumor’s genetic
landscape. This capability is crucial in identifying
early signs of treatment response or disease
progression and facilitating timely interventions and
adjustments in therapy regimens. In addition, liquid
biopsies have the potential to revolutionize post-
treatment surveillance. They can detect minimal
residual disease or early signs of recurrence more
sensitively than conventional imaging techniques,
allowing for earlier intervention and potentially
improving patient outcomes.

Immunoprevention

The immunoprevention of cancer has been in
place for some time with the use of cancer vaccines.
A vaccine to the hepatitis B virus produced an 80%
reduction in the development of hepatocellular
cancer in Taiwan .A three-dose prophylactic vaccine
to human papilloma virus (HPV) is 90-100%
effective in preventing HPV infection and associated
anogenital malignancies . Fewer doses may be as
effective as the three-dose regimen

Vaccines to prevent non-viral induced

cancers is an attractive approach to cancer
prevention. A validation study is underway targeting
MUCI for the primary prevention of colon cancer
based on initially promising results. Preliminary
results evaluating a HER2 vaccine for the prevention
of recurrence in women with a history of HER2
positive breast cancer were also encouraging
Vaccines which induce immunity to multiple
antigens are in development as well, and may be
more effective than single agent vaccines in
activating the immune system to target premalignant
lesions of the breast Cancer.
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III.  DISCUSSION

Breast cancer remains one of the most prevalent
malignancies affecting women world wide with
increasing incidence in both developed and
developing countries. It is not a single disease but
includes different types (subtypes) that behave
differently and respond to treatment in different
ways. Some common types include hormone
receptor-positive, HER2-positive, and triple-negative
breast cancer. Early detection is very important
because it improves survival. Methods like
mammography and modern lab tests help find cancer
early. However, not all countries have equal access to
these facilities, so in poorer regions many cases are
detected late, leading to worse outcomes.

The pathophysiology of breast cancer is complex and
involves an interplay of genetic, hormonal, and
environmental factors. Genetic predisposition plays a
significant role, especially in hereditary breast cancer
cases. Mutations in high-risk susceptibility genes
such as BRCA1 and BRCA?2 are strongly associated
with increased lifetime risk and account for a notable
proportion of familial breast cancers. In addition to
these, other genetic alterations may contribute to
disease susceptibility and progression. Hormonal
influences are also critical, particularly prolonged
exposure to estrogen, which promotes cellular
proliferation in breast tissue and increases the risk of
malignant transformation. Factors such as early
menarche, late menopause, and hormone replacement
therapy can extend estrogen exposure and elevate
risk. Environmental and lifestyle-related factors
further contribute to disease development. Obesity,
excessive alcohol consumption, lack of physical
activity, and unhealthy dietary patterns have all been
identified as modifiable risk factors. These elements
not only increase the likelihood of developing breast
cancer but may also affect disease progression and
overall outcomes, highlighting the importance of
preventive strategies and public health education.

Treatment of breast cancer has improved a lot in
recent years. Traditional treatments like surgery,
chemotherapy, and radiotherapy are still commonly
used. In addition, newer treatments called targeted
therapies act on specific cancer cells and are more
effective for certain types. For example, HER2-
targeted drugs help patients with HER2-positive
cancer, while hormone therapy works well for
hormone-sensitive cancers. Immunotherapy is a
newer option, especially for difficult cases like triple-
negative breast cancer.

In the future, breast cancer care will focus more on
personalized treatment, where therapy is planned
according to each patient’s condition. New
technologies like genetic testing, liquid biopsy, and
artificial intelligence will help in early detection and
better treatment planning. At the same time,
improving healthcare access and awareness is
important to reduce differences between countries.
Overall, continuous research, better prevention, and
patient-centered care are necessary to reduce the
impact of breast cancer worldwide.

IV.  CONCLUSION

Breast cancer remains a major global health
concern as the most frequently diagnosed cancer
among women and a leading cause of cancer-related
deaths. Its epidemiology varies widely, with higher
incidence in developed countries and rapidly rising
rates in developing regions due to urbanization,
lifestyle changes, and delayed childbirth. Risk and
outcomes are influenced by age and ethnicity, with
younger women often developing more aggressive
forms. Advances in molecular biology have revealed
the heterogeneity of breast cancer, identifying key
subtypes such as hormone receptor-positive, HER2-
positive, and triple-negative cancers, along with
important genetic mutations including BRCA1/2,
TP53, PALB2, and CHEK2 that guide treatment
decisions. Precision medicine, supported by genomic
and epigenetic profiling, has improved the ability to
tailor therapies, including targeted treatments like
PARP inhibitors and CDK4/6 inhibitors. Despite
progress, challenges such as drug resistance,
recurrence, and treatment-related side effects persist.
Standard  treatments still include  surgery,
chemotherapy, radiotherapy, and endocrine therapy,
though innovations like neoadjuvant therapy and
sentinel lymph node biopsy have reduced
complications. Enhanced diagnostic tools, including
3D mammography, MRI, and artificial intelligence,
enable earlier and more accurate detection. Public
health strategies, such as awareness programs,
screening initiatives, and improved healthcare
access, play a crucial role in reducing mortality.
Lifestyle factors like obesity, diet, alcohol use, and
physical inactivity  further influence risk,
emphasizing prevention. Future directions include
multi-omics research, liquid biopsies, and digital
health technologies to advance personalized care and
reduce global disparities in breast cancer outcomes.
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