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multifactorial etiology includes genetic, hormonal, and lifestyle-related risk factors with significant
implications for diagnosis and treatment. Understanding these factors and the latest advancements in
screening and therapeutic approaches is essential for improving patient outcomes. Methodology: This
Keywords review synthesizes findings from peer-reviewed articles, clinical trials, and meta-analyses. The focus is
Breast Cancer Treatment, on identifying key risk factors for breast cancer, evaluating the effectiveness of current diagnostic
Diagnosis, Stage Patients,

Receptors, Endocrine therapy,
Targeted Therapy collected from PubMed, Scopus, and Google Scholar databases. Results and Discussion: The review

highlights major risk factors, including BRCA1/BRCA2 mutations, which contribute to a 45-65%
lifetime risk, as well as hormonal influences and lifestyle factors like obesity and alcohol consumption.

methods, and examining the latest treatment strategies, including personalized medicine. Data were

Targeted therapies, such as HER2 inhibitors (e.g., trastuzumab) and hormone therapies (e.g., tamoxifen),
have significantly improved survival rates. Emerging treatments like immunotherapy and PARP
inhibitors are also promising for aggressive and metastatic cases. Conclusion: Breast cancer continues
to pose a significant health challenge, but advancements in risk assessment, early detection, and
personalized treatment offer hope for better outcomes. Continued research and refining diagnostic and
therapeutic approaches are essential for reducing breast cancer mortality and enhancing patient quality
of life.

INTRODUCTION most prevalent kinds of cancer, and it is the primary global cause
Breast cancer is a medical condition characterized by the ot cancer-related mortality for women is breast cancer [1].
uncontrolled growth and division of abnormal cells within the  graast cancer causes approximately 25% of all cancer cases and
breast tissue, leading to the formation of tumors. If leftuntreated, 1504 of all cancer-related deaths in women [2]. Breast cancer, on

these cancers can metastasize, spreading to other parts of the e other hand. affects men and women alike. Male breast
body and potentially becoming life-threatening. It is one of the
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carcinomas represent 0.8% to 1% of all breast cancers [3-4].
Mortality rates vary greatly but are generally trending upward.
The drastic shift in screening procedures, early diagnosis, and
advancements in therapy have all contributed to greater
longevity [5].

Epidemiology of breast cancer

Breast cancer originated roughly 1,500 years ago. Over 3,500
years ago, the ancient Egyptians were the first to mention the
sickness [6-7]. Edwin Smith's and George Ebers' Papyri
provided reasonably accurate descriptions of the state [6-7].
Around 460 B.C., Hippocrates, the father of Western medicine,
categorized breast cancer as a humeral sickness [7-8]. Based on
statistics from the World Health Organisation (WHO),
malignant neoplasms are the primary cause of disability-
adjusted life years (DALY's) among women, with breast cancer
contributing to 19.6 million DALY [9]. In 2020, there were 2.26
million new instances of breast cancer reported in women
worldwide, making it one of the most often detected
malignancies [10]. GLOBOCAN data from 2018 show a
positive correlation between the Age-standardized incidence
rates (ASIR) of breast cancer and the Human Development
Index (HDI) [11].In 2020, breast cancer impacted 2.3 million
women globally, resulting in 685,000 deaths [12]. The global
breast cancer mortality-to-incidence ratio (MIR) in 2020, often
used to assess 5-year survival rates, was 0.30 [12]. Considering
the clinical severity of breast cancer, the 5-year survival rate was
89.6% for cases that were confined to a specific area and 75.4%
for cases that had spread to nearby regions in countries with
advanced healthcare systems (Hong Kong, Singapore, and
Turkey). The survival rates for localized and regional breast
cancer in less developed nations such as Costa Rica, India, the
Philippines, Saudi Arabia, and Thailand were 76.3% and 47.4%,
respectively [13]. Based on the latest projections, it is anticipated
that by 2030, there will be around 2.7 million new instances of
the disease identified worldwide each year, resulting in
approximately 0.87 million deaths [14].

Types of Breast Cancer

There are two categories of breast cancer in situ; ductal
carcinoma in situ (DCIS) and lobular carcinoma in situ (LCIS).
DCIS cancers commonly arise in the mammary ducts [15] Main
types of breast cancers are described in Figure 1. Fortunately,
the terminal ductal lobular units (TDLUS) are the source of all
pre-invasive lesions [16]. The two predominant types of

malignant tumors that invade surrounding tissues are
infiltrating/invasive lobular (ILC) and ductal (invasive ductal
carcinoma [IDC]). ILC comprises around 15% of all cases [17]
.Inthe ILC subtype, cancer cells frequently exhibit a high degree
of morphological similarity [17]. Nuclei are often minuscule and
have a consistent shape throughout cells. The tumor has several
growth patterns[17]. A genetic subtype, Breast cancer's
intricacy, has long been recognized and explored. Initially,
histological characteristics classified breast tumors, but since the
1980s, HER2 and estrogen receptor expression have
distinguished them. By 2000, the microarray revolution
demonstrated that the phenotypic differences among breast
cancers stemmed from their mRNA expression patterns. The
more recent genomic revolution confirmed this. Nuclei are
typically small and consistently formed throughout cells [18-
19]. Different molecular subtypes of breast cancer were
discovered using genetic microarrays [20].

| Representation of the main types of breast cancer.[24.25.26]
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Figure 1: Breast cancer types
Stages of Breast Cancer: Stages of breast cancer are expressed
on Figure 2 [20].
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Risk factors

There is a vast array of risk factors for breast cancer,
encompassing both characteristics that can be changed and those
that cannot be changed [Table 1][18].

Table 1: Modifiable and non-modifiable risk factors for
breast cancer

Non- modifiable risk Modifiable risk factors

factors
Female sex Hormone replacement treatment
Older age Physical activity

Family history Overweight obesity

Genetic mutations Alcohol consumption

Ethnicity Smoking
Pregnancy and breast

. Insufficient vitamin supplementation
feeding

Density of breast tissue Excessive exposure to artificial light

Prior medical record of )

Exposure to chemicals

breast cancer

Prior radiation
Other drugs

treatments

2. Diagnosis Methods:

Imaging tests and biopsies are essential for identifying cancer of

the breast and informing surgical

management, axillary staging, and treatment sequencing, which

are expressed in Figure 3 [21].
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Figure 3: Representation of diagnostics and screening
techniques for breast cancer
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Molecular Image-Guided Sentinel Biopsy (SLNB)

Mammaography
Mammography, also called breast radiography, can identify
benign and malignant abnormalities. A minimal radiation dose

is applied to the compressed breast, positioned between two
distinct plates, to provide an X-ray image [22]. Mammogram
screening is utilized to detect early indicators of breast cancer
before symptoms appear, aiming to lower mortality rates
through early detection. Diagnostic mammography is a medical
procedure that helps diagnose breast cancer in women who show
symptoms, such as a lump in the breast [23][24][25]. For
example, patients may have diverse mammograms, each
producing a markedly different result despite delivering the
exact breast density measurement. Previous studies used
mammaography outcomes to calculate the quantity of glandular
tissue. However, these automated techniques for assessing breast
density are insufficient for predicting breast cancer occurrence
[26].

Magnetic Resonance Mammaography (MRI)

Magnetic resonance imaging (MRI) of the breast is a non-
invasive and non-ionizing diagnostic imaging technique. It uses
low-energy radiofrequency radiation and a magnetic field to
produce detailed images of the internal breast tissues[27]. MRI
is utilized to assess the extent of malignancy and detect the
existence of metastatic tumors in women previously diagnosed
with breast cancer. It accurately detects tumors up to 2 cm in
size. Nonetheless, bigger breast tumors are often exaggerated
because the aberrant breast tissue surrounding the disease may
result in a greater mastectomy rate [27][28][29]. To mitigate the
risk of unforeseen adverse reactions and enhance breast cancer
selectivity, it is possible to encapsulate these contrast agents into
polymeric carriers that specifically target breast cancer
cells.[30][31].Conducting tests resulted in a rise in unintended
outcomes. Before any surgical intervention, it is essential to do
a histological examination of these results [32][33].

Dynamic Contrast-Enhanced MRI (DCE-MRI)

Enhanced breast imaging using a dynamic contrast agent or an
intravenous injection of a magnetic contrast agent allows an
MRI to examine the tissue's temporal enhancement pattern. This
imaging technology, which does not require any invasion of the
body, quantifies the blood vessel formation in tissues, analyzes
the makeup of the interstitial space, and detects any
abnormalities or lesions present [34]. This imaging technique is
very effective in viewing the process of tumor angiogenesis and
evaluating the overall rates of tumor recurrence and patient
survival in individuals with breast cancer [35][36][37]. DCE-
MRI is a sophisticated imaging technique that enables the
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assessment of disease severity in a non-invasive and three-
dimensional manner, even before any noticeable structural
changes occur. This technology helps predict the overall
treatment response before starting therapy or in the early stages
of treatment [38][39].

Diffusion - Weighted Imaging (DWI)

Diffusion-weighted imaging (DWI) is an MRI technique that
does not require contrast agents. Instead, it uses water molecules'
motion to create contrast in magnetic resonance (MR) images.
This technique effectively addresses numerous constraints
associated with traditional breast MRI [40][41][42].
Technological advancements are resolving various picture
quality challenges that have hindered the widespread use of DWI
for breast imaging [43].

Magnetic Resonance Elastography MRI

Breast MRE is a medical imaging technology that generates
cross-sectional images without invasive procedures or exposure
to ionizing radiation [44][45]. It is common for breast tumors to
be stiffer than the normal tissues and noncancerous growths
nearby because they have more cells, more collagen, and higher
levels of proteoglycans [46]. Manual examination, commonly
employed in routine breast screening, possesses specificity and
sensitivity. Magnetic resonance imaging (MRI) of the breast can
overcome the limitations of physical examination [47][48].
Remarkably, the initial findings indicate significant promise.
The primary limitation in the application of magnetic resonance
elastography (MRE) for breast cancer is the challenge of
achieving a significant degree of spatial resolution and
accurately identifying minute focal lesions. The issue arises
from the comparable amounts of rigidity seen in both soft
malignant tumors and rigid benign tumors [49].

Magnetic Resonance Spectroscopy (MRS):

Incorporating an MRI technique into the in vivo 1H MRS
methodology results in a total acquisition time increase of about
10 minutes. This approach has the benefit of enhancing the
diagnostic capabilities compared to clinical breast examinations
[50][51]. MRS has a specificity of around 88%. However, one
disadvantage of this imaging technique is that it requires
somewhat more significant lesions and has limited sensitivity in
identifying the total choline (Cho) signal. The phosphocholine
metabolite, elevated in breast cancer, is a diagnostic marker
[52][53].

Positron Emission Tomography (PET) scanning and PET
combined with computer-aided tomography (CT)

The most widely used and authorized PET radiotracer by the US
FDA is 2-deoxy-2-(18F) fluoro-D-glucose (FDG). FDG targets
the enhanced glucose metabolism of cancer cells[54]. Cells with
cancer are more proliferative and have a faster glucose
utilization rate than normal ones. FDG PET radiotracers enter
cells via the glucose carrier; therefore, tumor cells take them up
at higher levels than normal cells [55]. FDG uptake is negatively
correlated with prognosis [53][54][56]. PET-CT combines PET,
a nuclear medical procedure, and CT, generating accurate body
images. PET scanners designed for breast imaging, particularly
positron emission mammography (PEM), have greatly enhanced
their capacity to capture intricate features and identify minute
irregularities. As a result, they are currently used in clinical
settings to examine primary malignancies [57][58]. Multiple
studies have demonstrated that 18F-FDG PET/CT hybrid
imaging sheds light on the increased cellular uptake of glucose
in malignant tumors [59][60][61]. Jorgensen et al. determined
that  nanoparticle-assisted  photothermal  therapy (PT)
dramatically decreased tumor cell absorption of 18F-FDG,
making it a valuable marker for assessing treatment outcomes
[62].

Molecular Image-Guided Sentinel Node Biopsy (MIGSNB)
Sentinel lymph node biopsy (SLNB) is a minimally invasive
procedure used to determine whether early-stage breast cancer
has spread to nearby lymph nodes. This technique is often
performed to assess the extent of cancer dissemination’s
determine the most effective treatment approach by assessing the
presence of nodal metastases[63]. The SLNB technique is well-
known for its markedly decreased post-operative complications
compared to standard axillary lymph node dissection [64][65].
Implementing accurate SLNB protocols might reduce the need
for invasive surgeries and identify the occurrence of multiple-
basin draining by precisely locating sentinel lymph nodes. This
would ultimately improve the accuracy of staging in women
diagnosed with invasive breast cancer [66].

Breast Specific-Gamma imaging (BSGI)

During Breast-Specific Gamma Imaging (BSGI), a radioactive
tracer such as Technetium Tc99m Sestamibi is injected into the
patient's bloodstream, and a specialized device is used to image
the breast [67][68][69][70]. Unlike mammaography, BSGI is not
impacted by the density of the breasts [71][72]. The new BSGI
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offers better sensitivity for identifying sub-centimeter lesions
when compared with scintimammography [73]. The primary
drawback of this method is that it is unsuitable for routine breast
cancer screening due to the extensive radiation exposure to the
entire body [74].

Treatment Approaches

The available treatment modalities for breast cancer encompass
surgical intervention, radiation therapy (RT), chemotherapy
(CT), endocrine (hormone) therapy (ET), and targeted therapy
[75].

Surgery

Treatments for surgical mastectomy and breast-conserving
surgery (BCS) are available for patients with early-stage
invasive breast cancer. Within ten years following radiation
treatment (RT) and breast-conserving surgery (BCS), the local
recurrence rate (LRR) for human epidermal growth factor
receptor-2 (HER-2) and estrogen receptor (ER)-positive breast
cancer is roughly 2-3. For triple-negative breast cancer (TNBC),
it is 5%. This is similar to what has been observed after
mastectomy in early-stage breast cancer instances [76][77].
Furthermore, as compared to mastectomy, individuals who
received BCS+RT had superior aesthetic results and higher life
satisfaction [78]. Therefore, the planned surgical standard of
care for the majority of breast cancers involves combining
breast-conserving surgery (BCS) with radiation therapy.
However, we must handle the decision to choose breast-
conserving surgery (BCS) cautiously when treating patients who
have significant worries about micro-calcifications, many
malignant areas, the difficulty of achieving complete tumor
removal, and restrictions on radiation therapy [79]. BCS is not
contraindicated for younger patients, those with lobular
carcinoma, or those with aggressive subtypes such as triple-
negative and HER2-positive illnesses. Patients with big tumors
may benefit from neo-adjuvant chemotherapy (NAC) to
downstage the tumor for BCS [80]. The use of axillary treatment
is a debated topic among patients with surgically node-negative
(cNO) breast cancer [81]. Surgery is also an essential component
in the treatment of local and regional recurring breast cancer. For
recurrent patients following BCS, total mastectomy is the
mainstay of therapy. Recovery mastectomy combined with
axillary lymph node dissection (ALND) may result in 85-95%
control of the illness in the local and regional areas. The user's
text is incomplete and lacks information [82]. Patients who
experienced chest-wall recurrence after initial mastectomy had a

greater risk of metastasis than those who were first treated with
BCS [82]. Moreover, previous research has indicated that
incomplete tissue removal was linked to a 60-70% rise in the
likelihood of a second local recurrence. Therefore, experts
widely recommend comprehensive excision of reoccurring
lesions for patients who initially underwent mastectomy [83].

Radiation Therapy

WBI is recommended for the treatment of early breast cancer
that does not require nodal therapy [84][85]. Additionally,
partial breast irradiation (PBI) has demonstrated similar local
control rates [85][86]. Despite having a similar recurrence rate
of 4.4% over 5 years, brachytherapy should be approached
carefully owing to the lack of extensive supporting data [87][88].
The quantity of affected axillary lymph nodes (ALNSs) plays a
crucial role in assessing the necessity of radiation therapy
following a mastectomy. Patients with a diagnosis of four or
more positive axillary lymph nodes (ALNs) commonly receive
post-mastectomy radiation treatment (PMRT). However, there
are uncertainties about administering PMRT to individuals with
between one and three afflicted axillary lymph nodes [89].
Recent investigations have shown that persons with one to three
axillary lymph nodes (ALNSs) do not experience any additional
survival benefits while receiving contemporary systemic therapy
[90][91]. So, it is important to find people more likely to respond
well to post-mastectomy radiation therapy (PMRT) by looking
at their younger age, larger breast and axilla loads, and unique
biological traits. New research suggests that the 8th American
Joint Committee on Cancer (AJCC) pathological prognostic
staging, which uses molecular markers, can help doctors figure
out how best to treat women with N1 breast cancer with radiation
therapy [92][93]. The MA.20 study randomly allocated 1832
patients with positive lymph nodes to either breast irradiation or
comprehensive regional nodal irradiation, which included
internal mammary nodes (IMNs) [94].

Chemotherapy

N-acetylcysteine (NAC) can reduce the degree of breast and
axillary involvement in operable breast cancer, convert
inoperable breast cancer into a state amenable to surgical
treatment, and eradicate tiny, disseminated cancer cells[95]. N-
acetylcysteine (NAC) is advised for individuals who have a large
tumor, Significant involvement of axillary lymph nodes, and
aggressive subtypes of breast cancer, such as triple-negative and
HER2-positive, often necessitate chemotherapy as part of the
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treatment regimen. Chemotherapy strategies commonly
employed include neoadjuvant chemotherapy (NAC), adjuvant
chemotherapy (AC), and salvage chemotherapy. Chemotherapy
can decrease the probability of early breast cancer recurrence by
around 30%. The user's text is incomplete and lacks information
[95]. Utilizing NAC in aggressive subtypes of breast cancer may
aid in assessing the effectiveness of treatment, forecasting the
prognosis of the illness, and informing future treatment choices.
Prior research has demonstrated that neoadjuvant chemotherapy.
However, patients who received NAC experienced a 17%
reduction in mastectomy rates [96][97]. In addition, multigene
assays and molecular classifications can be used to categorize
and distinguish persons who would derive advantages from
chemotherapy, particularly in cases where there is no
involvement of lymph nodes. Still, there is the presence of
estrogen receptors, the absence of three specific receptors, or the
presence of HER2 receptors [98]. The use of anthracyclines is
the subject of discussion. However, chemotherapy appears
crucial for individuals at high risk, particularly those with triple-
negative and HER2-positive subtypes of breast cancer [99][100].

Endocrine Therapy

Endocrine treatment is commonly used as an adjunct therapy for
individuals with hormone receptor-positive malignancies (with
at least 1% staining for estrogen receptor or progesterone
receptor) for 5-10 years. The efficacy of endocrine treatment is
directly correlated with the hormone receptor expression level
[100]. Administering a daily dose of 20 mg of Tamoxifen for 5
years in premenopausal persons led to a nearly 50% decrease in
the chance of recurrence during the initial 4 years and a reduction
of over 30% in the 5-9 year period. Prolonged treatment with
Tamoxifen resulted in significant decreases in both recurrence
rates and mortality from breast cancer[101]. Additional analysis
of the ATLAS trial showed that extending Tamoxifen to 10 years
led to a 2% decrease in breast cancer mortality (9.6% vs 11.6%)
compared to a 5-year treatment with Tamoxifen [102].
Treatment options for postmenopausal women include
Tamoxifen or Al immunotherapy for 5 years, either alone or in
combination. Patients at high risk or with lobular histology are
more likely to get Al immunotherapy as an adjuvant treatment
for breast cancer since it reduced death rates for more than five
years compared to Tamoxifen [103][104]. However, patients
who received Al medication experienced a greater occurrence of
bone-related adverse effects, including fractures and
osteoporosis. Hence, Tamoxifen can be a viable option for those

who experience significant negative effects from Al therapy.
Additional assessment is required to determine the optimal time
for administering Tamoxifen and Al to postmenopausal women
while considering the trade-off between potential hazards and
advantages. Multigame tests can aid in estimating the optimal
duration of treatment [105].

Targeted Therapy

As a second-line medical treatment, lapatinib is authorized for
the treatment of metastatic HER2-positive breast carcinoma. The
small-molecule blocker neratinib, which targets HER1/2, has
effectively prevented HER2 activity. Compared to the
combination of lapatinib and capecitabine, the stage 111 NALA
studies showed that combining neratinib with capecitabine
enhanced progression-free survival (PFS). They decreased the
incidence of central nervous system illnesses [106].

Recent advancement and future prospective
Recent advancements in Dbreast cancer diagnosis have
transformed the accuracy and efficacy of detection methods.
Digital breast tomosynthesis (DBT), also known as 3D
mammography, has enhanced traditional imaging by reducing
tissue overlap, improving the visibility of small tumors in dense
breast tissue, and lowering false positive rates [107]. Liquid
biopsy, which detects circulating tumor DNA (ctDNA) or
circulating tumor cells (CTCs), is another emerging diagnostic
tool that offers a non-invasive alternative to tissue biopsies and
allows real-time monitoring of tumor progression [104].
Additionally, Al-powered algorithms have improved diagnostic
accuracy by assisting in mammogram interpretation, reducing
the rates of false positives and negatives, and providing more
precise and earlier detection [105]. Screening advancements
have also evolved to become more personalized and effective.
Risk-based screening incorporating genetic, environmental, and
lifestyle factors is becoming the norm, particularly for high-risk
groups like those with BRCA1/BRCA2 mutations [108].
Advances in genetic testing have made it easier to detect
individuals at higher risk for breast cancer, allowing for earlier
interventions such as preventive surgeries or more frequent
monitoring [109]. Moreover, emerging imaging technologies
like photoacoustic imaging, which combines laser-induced
ultrasound, offer a promising approach for detecting early-stage
tumors with high precision, potentially surpassing the
capabilities of conventional mammography [110]. Treatment
approaches have shifted towards precision medicine and
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targeted therapies, improving patient outcomes.
Immunotherapy, especially checkpoint inhibitors like
Atezolizumab, has shown significant promise in treating
aggressive subtypes such as triple-negative breast cancer [111].
Additionally, targeted therapies like PARP inhibitors for BRCA-
mutated cancers and CDK4/6 inhibitors for hormone receptor-
positive cancers have revolutionized treatment strategies by
offering more personalized approaches that minimize side
effects and increase efficacy [112]. Nanotechnology-based drug
delivery systems, such as solid lipid nanoparticles, are being
explored to improve drug targeting and reduce systemic toxicity,
indicating a promising future for more effective and less
invasive treatment options [110][112].

CONCLUSION
The present review aims to consolidate and update the

knowledge on breast cancer, particularly emphasizing its current
epidemiology, risk factors, categorization, prognostic
biomarkers, and therapeutic choices. It is critical to give top
priority to the development of efficient preventive strategies,
with a focus on modifiable risk factors that have the potential to
significantly lower the incidence of breast cancer, given the
marked increase in the disease's incidence and mortality rates
recorded in recent years. The two main screening methods used
now to enable early identification of breast cancer are
mammography and tomography. The continuous quest for
predictive biomarkers and possible targets for biological therapy
has greatly enhanced breast cancer treatment and clinical results.
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