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Abstract

Breast cancer (BC) is a major global health concern in the 21st century, influenced by complex carcinogenesis
involving genetic, environmental, and ethnic factors. It is the most common cancer among women worldwide,
accounting for 11.7% of all cancer cases, with over 2.2 million new diagnoses and more than half a million deaths
annually. Key risk factors include age (most cases occur in women over 40), ethnicity (with African American
and Hispanic women experiencing poorer survival), and genetic mutations such as BRCA1/2. Other contributors
include hormonal exposure, breast density, obesity, alcohol use, and reproductive history.

Epidemiologically, breast cancer incidence and mortality rates vary widely by region and development status,
with higher rates found in countries with very high Human Development Index (HDI). Survival rates are markedly
better in regions with advanced healthcare systems. Common signs include breast lumps, changes in breast size
or shape, skin and nipple alterations, and unexplained pain. Treatment modalities encompass surgery (breast-
conserving or mastectomy), chemotherapy (adjuvant/neoadjuvant), radiation therapy, endocrinal therapy targeting
hormone receptors, and emerging biological therapies focused on molecular targets like HER2 and CDK4/6.

Overall, breast cancer's complexity demands multifaceted approaches incorporating early detection, personalized
treatment based on genetic and molecular profiles, and addressing socio-demographic disparities. Advances in
targeted therapies and better understanding of risk factors are vital for improving prognosis and survival globally.
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Introduction

In the 21st-century global epidemiological, ethnic, and environmental milieu, breast cancer (BC) is a major
concern. Cancer can develop from a complex process called carcinogenesis that affects diverse cells, tissues, and
organs. The ability to spread to other parts of the body (metastasis), resistance to factors that inhibit growth, rapid
cell division, increased blood vessel formation (angiogenesis), avoidance of cell death (apoptosis), and activation
of growth-promoting signals are some of the key pathological mechanisms involved [1]. The process of
carcinogenesis is complex and influenced by both environmental and genetic variables. Every year, the number
of deaths from cancer increases, making it one of the world's top causes of death. Although a large number of
malignancies may not always result in death, they frequently result in a considerable reduction in life quality and
huge financial costs. With an expected 2.3 million new cases worldwide, breast cancer is the sixth most prevalent
cause of cancer-related deaths and one of the most frequently diagnosed malignancies, according to GLOBOCAN
2020 estimates [2]. Breast cancer (BC) now accounts for 11.7% of all cancer cases worldwide, making it the most
common cause of cancer. Globally, more than half a million women die from BC each year, and over 2.2 million
are diagnosed with the condition, according to World Health Organization (WHO) and current research conducted
in 2021 and 2022 [3]. This indicates that breast cancer accounts for about 20-35% of cancer cases and 15-16%
of cancer deaths [2-4]. Experts worry that if this trend continues, processed foods and population expansion may
cause more than 3 million more instances of cancer in British Columbia each year in 20 years [4,5]. Cancer cells
share similar (but not identical) DNA and RNA with the cells of the organism from which they arose. Because of
their resemblance, the immune system finds it challenging to identify them, particularly in cases where it is
compromised [6].

Considering the age of incidence for BC as well as the 5-year survival, data collected from practice and multiple
studies suggest that age is considered the most important risk factor in developing this disease. Up to 95% of
cancer cases occur in women aged 40 or older. The median age at the time of diagnosis has been found to be 61
years old [7,8]. Ethnicity also plays an important part in this pathology. Several early studies stated that African
American and Hispanic women have inferior BC survival rates compared to Caucasian women, even though non-
Caucasian women have a lower incidence of developing the disease. Asian or Asian/Pacific Islander (API)
ethnicity was associated with better survival outcomes in multivariable analyses. African American ethnicity is
usually associated with an increased frequency of the aggressive triple-negative BC (TNBC) subtype and is
considered to be an independent predictor of a poor outcome, a situation also observed in Australian aboriginal
communities, Malay ethnicity, and minority immigrant populations [9]. Regarding the genetic mutations that are
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known to increase the risk of developing BC, the European Society of Breast Cancer Specialists (EUSOMA)
estimates that 3% of all BC cases are caused by an underlying deleterious mutation of the BRCA1 or BRCA2
genes [10]. BRCA genes play a very important part in the BC genetic etiology because of their role in repairing
damaged DNA. Furthermore, mutations of the BRCA genes are also associated with an increased risk of ovarian
cancer. In the case of clinically significant mutations, the estimated lifetime risk is about 80% for BC and 40—-65%
for ovarian cancer. Ovarian cancer is considered another public health problem known to have a poor prognosis,
ranked as the seventh most common cancer type in women in terms of incidence and mortality worldwide [11-
13]. Recent research has pointed out that BRCA1 mutation carriers with BC had more chances of developing
TNBC than BRCA2 mutation carriers or non-carriers [14]. A smaller percentage of BCs are caused by TP53
mutations or, in rare cases, by moderate penetrance alleles such as CHEK?2, ATM, and BRIP1 [15,16]. Other less
frequent mutations or proliferation markers have been correlated with certain molecular BC subtypes. Antigen Ki-
67, also known as Ki-67 or marker of proliferation Ki-67 (MKI67), is a protein whose expression reliably
correlates with cancer proliferation [17]. Immunohistochemical evaluation of this marker has been used for years
to indicate cancer prognosis, outcome, and treatment response. PIK3CA gene mutations can lead to the
overactivity of the PI3K enzyme, promoting the growth of cancer cells. Even though changes in the PI3K gene
can cause a variety of cancers, when referring to BC, PI3K mutation or amplification and other aberrations in the
PI3K signaling pathway can often be observed in hormone receptor-positive (HR+) BC. In recent years, PIK3CA
inhibitors, such as alpelisib, have shown significant progress in HR+/HER2-negative (HER2-) metastatic BC [18].

The cell cycle

In cancerous cells, the process of cell division is disrupted and unregulated, resulting in cell proliferation and
tumor growth. The normal cell cycle is as represented in figure 1
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Epidemiology:

The World Health Organization (WHO) reports that malignant neoplasms represent the largest global health
burden for women, accounting for an estimated 107.8 million Disability-Adjusted Life Years (DALYs), with 19.6
million DALY attributed specifically to breast cancer [19]. Breast cancer is the most commonly diagnosed cancer
among women globally, with 2.26 million new cases (95% UI, 2.24-2.79 million) reported in 2020. In the United
States, breast cancer is projected to represent 29% of all new cancer cases in women. The 2018 GLOBOCAN data
indicates a strong positive correlation between age-standardized incidence rates (ASIR) of breast cancer and the
Human Development Index (HDI). In 2020, the ASIR was highest in countries with a very high HDI (75.6 per
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100,000), while it was over 200% lower in countries with medium and low HDI (27.8 per 100,000 and 36.1 per
100,000, respectively) [20,21].

In 2020, the breast cancer mortality-to-incidence ratio (MIR), which reflects 5-year survival rates, was 0.30
worldwide. In regions with advanced healthcare systems (such as Hong Kong, Singapore, and Turkey), the 5-year
survival rates were 89.6% for localized breast cancer and 75.4% for regional cancer. In contrast, in less developed
countries (including Costa Rica, India, the Philippines, Saudi Arabia, and Thailand), the survival rates were lower,
at 76.3% for localized and 47.4% for regional breast cancer [22,23].

Risk factor for developing breast cancer among women:

> Previous diagnosis of breast cancer:

Women who have previously had breast cancer face a higher risk of it returning. The second occurrence can
develop in the same breast or in the other one. While most women with ductal carcinoma in situ or lobular
carcinoma in situ do not experience a recurrence, they are still at an elevated risk of it happening [24].

> A family history of breast cancer and other types of cancer:

When breast cancer is present in one or more close blood relatives, it suggests that the disease may be hereditary.
In some families, there are more cases of breast cancer than would be expected by chance. Determining whether
this pattern is due to coincidence, shared lifestyle factors, inherited genes, or a combination of these elements can
be challenging.[25]

» Breasts of large sizes:

Dense breasts contain more milk ducts, glands, and connective tissue than fatty tissue. Breast density is inherited,
and women with denser breasts have a higher risk of developing breast cancer compared to those with little or no
dense tissue. Mammograms are the only way to detect breast density, but dense tissue can make the images harder
to read. On a mammogram, dense tissue appears white, similar to tumors, while fatty tissue appears dark, which
can hide a tumor.[26]

» The late menopause:

Menopause occurs when the ovaries stop producing hormones, particularly estrogen and progesterone, leading to
a decline in hormone levels and the cessation of the menstrual cycle. If menopause happens later in life (after age
55), the body is exposed to estrogen and other hormones for a longer time, which increases the risk of breast
cancer. In contrast, if menopause occurs earlier, the exposure to these hormones is shorter, which is linked to a
lower risk of breast cancer.[27]

» Whether a woman has delayed or no pregnancies:

Pregnancy interrupts the exposure of breast cells to circulating estrogen and also decreases the total number of
menstrual cycles a woman has over her lifetime. A woman’s risk of breast cancer is slightly higher if she has no
pregnancies or if her first full-term pregnancy occurs after the age of 30. Early pregnancy is linked to a reduced
breast cancer risk, and having more children offers greater protection. Conversely, a woman who never becomes
pregnant faces an increased risk of breast cancer [28].

Causes of breast cancer:

The detailed description of causes of breast cancer is given in table 1

Table 1: Causes of breast cancer

Sr.no. Causes Description
1 Genetic factors Inherited mutations in genes like BRCA1 and BRCA2 significantly
increase the risk of breast cancer [29].
2 Hormonal factors Hormones like estrogen and progesterone influence breast cancer
development. Longer exposure to these hormones increases risk
[30].
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3 Obesity and diet Overweight and obesity, especially after menopause, are linked to
higher estrogen levels, increasing risk [31].
4 Alcohol consumption Regular alcohol consumption is linked to an increased risk of
breast cancer, even with moderate intake [31].
5 Physical activity Sedentary lifestyle contributes to an increased risk of developing

breast cancer [31].

Sign and symptoms:
The detailed description of sign and symptoms of breast cancer is given in table 2.

Table 2: Sign and Symptoms of breast cancer

Sr.no. Symptoms Description
1 Lump in the Breast A new lump or mass in the breast, often felt during
self-examination. It can be painless or painful and
may have irregular edges [32].

2 Change in Breasts Noticeable changes in size, shape or symmetry of
Size and shape the breast. The breast may appear swollen or
asymmetrical [33].
3 Skin changes Skin over the breast may become red, dimpled, or
resemble the texture of an orange peel [34].
4 Nipple changes Nipple inversion, itching, scaling, or unusual
discharge (not breast milk) may occur [32].
5 Unexplained pain Persistent pain in the breast or nipple, especially if

it doesn’t correlate with the menstrual cycle [33].

Treatment of Breast cancer:
» Surgery

Breast-conserving surgery (BCS) and mastectomy are the two main surgical procedures that allow the removal of
breast cancerous tissues. BCS, sometimes known as a quadrantectomy, lumpectomy, wide local excision, or
partial/segmental mastectomy, allows for the removal of cancerous tissue while simultaneously preserving healthy
breast tissue. It is frequently used in conjunction with oncoplastic, a type of plastic surgery. A mastectomy is the
total removal of the breast, and it is frequently followed right away by breast reconstruction. Both axillary lymph
node dissection (ALND) and sentinel lymph node biopsy (SLNB) are used to remove the afflicted lymph nodes.
Although BCS appears to be much more advantageous for patients, patients who receive this treatment frequently
exhibit a propensity to require a full mastectomy in the future [35]. But the use of BCS is primarily linked to far
superior cosmetic results, less psychological strain on the patient, and less postoperative problems [36]. According
to the European Society for Medical Oncology's (ESMO) guidelines, the size of the tumor, the patient's desire to
save their breast, the clinical phenotype, and the practicality of surgery all influence the therapy option for patients
with early-stage breast cancer [37].

» Chemotherapy

One systemic treatment for BC is chemotherapy, which can be either adjuvant or neoadjuvant. Each person's
choice is unique based on the characteristics of the breast tumor; chemotherapy may also be utilized for the
secondary breast cancer. In order to downstage large tumors to allow for BCS or in small tumors with worse
prognostic molecular subtypes (such as HER2 or TNBC), neoadjuvant chemotherapy is used for locally advanced
BC and inflammatory breast cancers. It can be administered intravenously or orally and can be used to determine
prognostics and predictive factors of response. Drugs such as carboplatin, cyclophosphamide, 5-
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fluorouracil/capecitabine, taxanes (paclitaxel, docetaxel), and anthracyclines (doxorubicin, epirubicin) are being
used in combination as part of treatment schemes 2-4. Given that many genetic breast cancer subtypes react
differently to preoperative chemotherapy, selecting the right medication is crucial [38]. Chemotherapy before and
after surgery is equally effective [39].

» Radiation Therapy

After surgery and/or chemotherapy, radiotherapy is usually used to treat BC locally. It is done to reduce the chance
of breast cancer returning by ensuring that all of the malignant cells are eliminated. Furthermore, when breast
cancer is metastatic or incurable, radiation therapy is beneficial [40]. The type of radiation therapy used depends
on the type of surgery that was done previously or on the particular clinical situation. The most common
techniques are breast radiotherapy, which is always applied after breast cancer surgery, chest-wall radiotherapy,
which is typically applied after mastectomy, and "breast boost," which is a boost of high-dose radiation to the
location of the tumor bed as a complement to breast radiotherapy after breast cancer surgery. Particularly speaking,
there are various forms of breast radiation, including as

intraoperative radiation therapy (IORT)

3D-conformal radiotherapy (3D-CRT)

intensity-modulated radiotherapy (IMRT)

brachytherapy—which refers to internal radiation in contrast to other above-mentioned techniques.

bl

Fatigue, lymphoedema, and skin irritation and darkening from radiation exposure are some of the most frequent
adverse effects of radiation therapy for women with breast cancer. Nevertheless, radiation treatment is strongly
linked to increased patient survival rates overall and decreased recurrence risk [41].

» Endocrinal (Hormonal) Therapy

Endocrine therapy is useful in cases of breast cancer metastasis or recurrence and can be utilized as an adjuvant
or neoadjuvant treatment for individuals with the Luminal-molecular subtype of BC. Since the expression of ERs
is a regular occurrence in individuals with breast cancer, blocking it with hormone therapy is frequently employed
as a possible therapeutic approach. Lowering estrogen levels or stopping estrogen from stimulating breast cancer
cells are the goals of endocrine therapy. Selective estrogen receptor degraders (SERDs) like fulvestrant and
selective estrogen receptor modulators (SERMs) like tamoxifen and toremifene are medications that block ERs,
while aromatase inhibitors (Als) like letrozole, anastrazole, and exemestane are therapies that try to reduce
estrogen levels [42,43]. Lowered estrogen levels in premenopausal women can also be achieved through ovarian
suppression brought on by oophorectomy, luteinizing hormone-releasing hormone analogs, or a number of
chemotherapy medications [44]. However, with such treatment, about 50% of hormonoreceptor-positive breast
cancers develop increasing resistance to hormonal therapy [45]. Chemotherapy and endocrine therapy together
have been linked to lower death rates for people with breast cancer [46].

> Biological Therapy

Targeted therapy, or biological therapy, can be administered at any point throughout breast therapy, either as
adjuvant therapy following surgery or as neoadjuvant therapy prior to surgery. Among the main medications used
in biological therapy for individuals with HER2-positive breast cancer are trastuzumab, pertuzumab, trastuzumab
deruxtecan, lapatinib, and neratinib [47-51]. The effectiveness of angiogenesis inhibitors, such as bevacizumab
or a recombinant humanized monoclonal anti-VEGF antibody (thuMAb VEGF), is also being regularly studied
[52].

For Luminal, HER2-negative breast cancer, postmenopausal women frequently take CDK4-6 inhibitor
palbociclib or ribociclib concurrently with hormonal therapy, but premenopausal women are more likely to
receive everolimus-TOR inhibitor with exemestane [53-55]. Abemaciclib, everolimus, and two penultimate
medications can also be utilized to treat HER2-negative and estrogen-positive breast cancers [56,57]. Denosumab
is authorized in cases of bone metastases, whereas atezolizumab is authorized for triple-negative breast cancer
[58-601].

Causes of Breast cancer [61]
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Conclusion

Breast cancer remains a major global health challenge, characterized by complex interactions between genetic,
environmental, hormonal, and lifestyle factors. Its incidence and mortality vary significantly across different
regions and ethnic groups, underscoring the impact of socio-demographic disparities and healthcare access.
Genetic mutations such as BRCA1/2 play a critical role, alongside modifiable risk factors like obesity, alcohol
consumption, and reproductive history.

Early detection and accurate diagnosis are essential to improving survival, as breast cancer can present with
diverse signs such as lumps, changes in breast size or skin texture, and nipple alterations. Treatment strategies are
multifaceted, including surgery, chemotherapy, radiation, endocrine therapy, and advanced targeted biological
therapies tailored to the tumour’s molecular profile. These interventions aim to maximize efficacy while
minimizing adverse effects and preserving quality of life.

To reduce the global burden of breast cancer, comprehensive approaches integrating prevention, personalized
treatment, and equity in healthcare delivery are vital. Continued research into genetic markers and novel therapies,
alongside public health efforts targeting lifestyle risk factors and early screening, will enhance outcomes and
survival rates worldwide.
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