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Abstract 
Although it is more common in women, men can still develop breast cancer. Men are discovered to 
have breast cancer in about 1 out of every 100 cases that are detected around the world. Breast cancer 
can affect men as well, even though it is generally associated with women. This is since, while it is far 
less prevalent, men do have breast tissue that has the potential to develop cancer, albeit in much less 
amounts than does breast tissue in women. Breast cancer arises from the mutation of breast cells into 
malignant cells, which proliferate and give rise to tumors. Although it usually affects women over 50, 
breast cancer can also strike men and younger people. Medical professionals may use chemotherapy to 
eradicate malignant cells or surgery to remove tumors to treat breast cancer. Male breast cancer [MBC] 
accounts for only 1% of all cases of breast cancer, which, in comparison to female breast cancer [FBC], 
is quite low, but it does happen, and it's vital to understand its possibility. Men are equally as likely as 
women to develop breast cancer if they have a first- or second-degree relative who has the disease. 
Research has indicated that having a parent or sibling with the condition can raise the risk of breast 
cancer in both male and female family members. Because of incomplete data, MBC has never received 
enough attention. Male breast tumors may develop palpable and manifest symptoms earlier than female 
breast tumors since men's breast sizes are smaller. However, men are more likely to delay seeking 
medical assistance, have gynecomastia concealing their breast tumors, and be ignorant of breast cancer. 
A detailed review regarding male breast cancer in respect to that of female breast cancer has been 
discussed in this article. 
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Introduction 
Breast cancer is defined as the proliferation of malignant cells in the breast. If neglected, the 
cancer will spread to other parts of the body. Aside from skin cancer, carcinoma of the breast 
is the least frequent type of cancer among women in the United States, contributing to one in 
each three cancer diagnoses [1]. Breast cancer is the most common cancer in women globally 
and can be cured in around 70-80% of people with early-stage, non-metastatic illness. 
Advanced breast cancer with distant organ metastases is thought to be incurable using 
existing treatments. Breast cancer is a diverse disease at the molecular level, with traits such 
as HER2 activation (encoded by ERBB2), hormone receptor activation (Oestrogen receptor 
and progesterone receptor), and/or BRCA mutations [2]. Breast cancer is the second most 
common type of cancer in the world. Statistics show that 1 in every 3 cancers diagnosed 
annually are breast cancers. Breast cancers are detected both in males and females, even 
though the chances for the cancer to occur in males are comparatively very low. Breast 
cancers can be diagnosed by self-examination. Females are recommended to check for any 
changes in their breasts like a lump formation, change in the color of the skin around the 
breasts, and blood, or any other discharge from the nipple [3]. It is recommended to do a self-
examination every month after the age of 20 years to prevent breast cancer, as all women are 
at risk of breast cancer in the later stages of their lives [4]. The cancer of the breast can also 
be diagnosed with the help of mammograms and other techniques of screening like X-rays 
and MRIs. Many women are diagnosed with this type of cancer due to the lack of knowledge 
on self-examination or the fear and embarrassment that might occur [5]. The vulnerable 
causes of breast cancer consist of gender, age, unhealthy habits, menstruation, pregnancy, 
hormones. Family history is also another cause of the disease [6]. Breast cancer is a type of 
malignant tumour which can extend to other bodily parts like bone, kidney, and liver through 
the process of metastasis [7]. Women certainly dominate when it comes to Breast 
cancer incidence. Breast cancer in Men showed a greater rise in the Estimated Annual 
Percent Change (EAPC) for BC occurrence (0.91%) compared to women  
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(0.36%). Male EAPC for Breast cancer incidence is much 

greater than women's, highlighting the significance of 

keeping an eye on men's health, particularly in those who 

consume alcohol and smoke or have other risk factors. For 

both genders, the EAPC for Breast cancer deaths gradually 

dropped [8]. In terms of risk factors for Breast 

cancer fatalities, metabolic hazards accounted for a sizable 

portion of the total (31.98% in 1990 versus 46.87% in 

2019). Other important risk variables included inadequate 

physical activity, alcohol and tobacco use, and dietary 

hazards. Globally, metabolic hazards exhibited notable 

variability, with Southeast Asia and Oceania having the 

greatest percentages [9]. From 1990 to 2019, the regions with 

the biggest increases in metabolic risk-related BC fatalities 

were Southeast Asia, South Asia, Andean Latin America, 

and Southern Sub-Saharan Africa. Future incidence of 

breast cancer (BC) is anticipated to be higher in areas with 

lower socio-demographic index (SDI) values [10]. Estimated 

hazards account for a sizable share of cancer deaths 

worldwide and disability-adjusted life years [11]. Three 

primary risk factors for BC fatalities have been identified: 

high body mass index, high fasting glucose, and metabolic 

hazards. An established risk factor, alcohol consumption 

exhibited a declining burden in middle-high and high SDI 

nations [12]. Age-Standardized Rates (ASR) of breast cancer 

incidence in males and females are expected to rise by 2050. 

Male ASR of breast cancer fatalities is expected to gradually 

decline by 2050, whereas female ASR is expected to 

slightly increase [13]. A number of closely interacting factors, 

like age, genetics, environment, reproductive history, and 

maybe unidentified ones, interact to cause breast cancer. 

Women who have gone through menopause are most likely 

to develop breast cancer, which is more common as people 

age. Heritable factors and genetics are major contributors to 

the development of breast cancer [14]. The exposure of the 

cancer is greatly increased in families with a history of the 

disease in family members sharing half of the genetic 

similarities [15]. Breast cancer risk has been linked to a 

number of potentially modifiable variables, such as physical 

inactivity, obesity, alcoholism, smoking, and replacement 

hormone therapy. The reproductive history of women 

influences risk as well; nulliparity is linked to higher rates 

than multiparity [16]. Testicular disease-related hormonal 

changes in men may be a significant contributing factor. 

Klinefelter's syndrome has been linked to male breast 

cancer, which could explain about 3% of cases. Individuals 

with Klinefelter's syndrome exhibit gynecomastia, low 

testosterone levels, elevated gonadotropins, testicular 

dysgenesis, and at least one extra X chromosome to the 

typical XY karyotype (47 XXY). Compared to 46 XY men, 

these people have a 20–50 times increased risk of breast 

cancer. Furthermore, boys who have experienced testicular 

damage, undescended testes, or the mumps are more likely 

to develop breast cancer as a result of high estrogen or 

androgen shortage [17]. Male breast cancer may be 

predisposed by liver cirrhosis, which is characterized by 

elevated estrogen levels. There have occasionally been 

reports linking male breast cancer to exogenous estrogens. 

There have been cases of transsexuals getting breast cancer 

from exogenous estrogens, and there have also been reports 

of males getting breast cancer from estrogen therapy for 

cancer in the prostate [18]. Worldwide, breast cancer is 

among the most frequent malignant tumors in women. Up to 

36% of oncological diagnoses are suffering from breast 

cancer. In 2018, almost 2.089 million women received 

diagnoses with breast cancer [19]. Mammography is now 

accepted as a screening method for breast cancer. The 

population of women aged 50–69 exhibits the highest 

mammography value. At the 80–95% threshold, classical 

mammography exhibits 75–95% specificity as well as 

sensitivity. A screening procedure called MRI 

mammography is performed on women who may have 

hereditary breast cancer. When a worrisome lesion is 

discovered on mammography, an ultrasound, thick needle 

biopsy, and histological analysis of the tumor are conducted 

if needed [20]. Although the precise origin of carcinogenesis 

is still unknown, there are a number of risk factors that have 

been linked to the development of breast cancer. One of the 

most crucial factors is a country's gender, age, and level of 

economic growth, as well suggested by the epidemiological 

data discussed above. Hormonal factors, which mostly 

pertain to the duration of estrogen exposure, and procreative 

factors, such as the number of children born, the age at 

which the first kid is born, or breastfeeding, are equally 

significant. 

 
Table 1: Major risk conditions in occurrence of breast cancer [21]. 

 

Cause Risk factor of breast cancer 

Hormonal and reproductive 

Early age of the first menstruation. 

No pregnancies. 

The first reported pregnancy at a late age (after 30 years of age). 

Late age of the last menstruation. 

Use of oral contraception. 

Use of hormone replacement therapy. 

Nutritional 

Excessive consumption of fats, especially animal fats. 

High consumption of red and fried meat. 

Western type diet. 

High iron intake. 

Development of overweight/obesity after menopause. 

Low consumption of fresh vegetables and fruits. 

Low intake of phytoestrogens (Isoflavones, lignans). 

Pertaining to physiological aspects and state 

of health 

Older age (risk increases starting at age 35). 

Breast cancer in the family history. 

In the past, endometrial, breast, and ovarian cancers. 

harmless breast alterations that lead to the development of atypical hyperplasia. 

Ionizing radiation, such as that employed in Hodgkin lymphoma treatment. 

High growth as an adult and rapid growth during adolescence. 
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an oncogenic virus infection (e.g., Epstein-Barr) 

Additional caused by lifestyle factors 

Frequent intake of alcohol, either moderate or high. 

Absence of consistent exercise. 

Working at night. 

 

Ninety-nine percent of cases of breast cancer are found in 

women. Men are affected by this malignant tumor in only 

1% of instances; in Poland, the standardized incidence rate 

is 0.4/105. Annually, no more than 100 instances are 

documented [22]. Nonetheless, there is a consistent rising 

trend in the incidence of breast cancer in men as well as 

women, which is probably related to obesity and longer 

survival times [23]. Among the most significant risk factors 

for breast cancer is age. The incidence of breast cancer has 

increased globally, with women under 50 seeing the highest 

rate of occurrence across all age categories. However, the 

significance of variables that increase the risk of breast 

cancer is increasing. These variables include having a late 

first child, having few children, using hormone replacement 

therapy, being obese, not exercising, or following an 

unhealthy diet [24]. 2018 saw the diagnosis of over 645,000 

premenopausal cases and 1.4 million postmenopausal cases 

worldwide, with over 130,000 and 490,000 fatalities in each 

menopausal cohort, respectively. In comparison to higher-

income nations, premenopausal breast cancer was more 

common in nations with lower UNDP Human Development 

Indexes (HDI) in terms of both new cases and fatalities [25]. 

Premenopausal and postmenopausal breast cancer incidence 

were highest in very high HDI countries (30.6 and 253.6 

cases per 100,000, respectively), while premenopausal and 

postmenopausal mortality rates were highest in low and 

medium HDI countries (5 and 53.3 deaths per 100,000, 

respectively). Through an analysis of breast cancer trends, 

they discovered that in 20 of 44 populations, the age-

standardized incidence rates (ASIRs) for premenopausal 

breast cancer were considerably rising, and in 24 of the 44 

populations, the ASIRs for postmenopausal breast cancer 

were significantly rising. The burden of postmenopausal 

breast cancer increased most noticeably in transition 

countries, whereas growth in premenopausal age alone was 

concentrated in high-income nations [25].  

 

Role of Hormones, Genetics, Alcohol, Diet, & Obesity in 

Breast Cancer: There appears to be a significant 

correlation between a woman's hormonal state and her risk 

of breast cancer. Numerous research' findings show that the 

risk of breast cancer rises proportionately to the amount of 

time spent exposed to estrogen, which delays early 

menarche, late menopause, the age at which a child is born, 

and the number of children born [26]. As of right now, this 

reduction is estimated to be roughly 30%. Conversely, in 

2012, the Collaborative Group on Hormonal Factors in 

Breast Cancer reported in The Lancet Oncology the findings 

of a meta-analysis, which showed that for every year that an 

early menarche was initiated, the relative chance of getting 

breast cancer increased by 5% [27]. Furthermore, it was 

discovered that early menarche was linked to a higher risk 

of breast cancer than late menopause; for every year of late 

menopause, the relative risk rose by 2.9%. It is thought that 

late menopause, which occurs after the age of 54, doubles 

the risk of breast cancer in comparison to menopause, which 

occurs before the age of 45 [27]. In addition, the meta-

analysis revealed that, in comparison to postmenopausal 

women of the same age, women who had not yet reached 

menopause were at greater risk of breast cancer. The impact 

of BMI on the chance of contracting the illness was 

observed in this patient group under analysis; in 

premenopausal patients, obesity decreased this risk, whereas 

in postmenopausal individuals, it increased. This meta-

analysis also revealed that both late menopause and early 

menarche were linked to an increased risk of lobular breast 

cancer. An additional risk factor for steroid-expressed breast 

cancer is late menopause [27]. Numerous studies have proven 

that the age at which a child is born, the number of babies 

born, and breastfeeding are additional reproductive factors 

that affect the risk of breast cancer. Research suggests that 

transgender women have a higher risk of breast cancer than 

cisgender males, but transgender men had a lower risk than 

cisgender women. For transgender women, the duration of 

hormone treatment raises the risk of breast cancer, and the 

disease's features more closely resemble those of a female 

patient. The study's findings imply that recommendations 

for cisgender individuals' breast cancer screening are 

adequate for transgender patients undergoing hormone 

therapy [28]. According to recent research, long-term usage 

of estrogen-only and combined estrogen-progestogen 

therapy is linked to an elevated risk of breast cancer. 

Estradiol-dydrogesterone is the combination medication 

linked to the least amount of increased risk. Studies indicate 

that long-term usage of hormone replacement therapy 

(HTR) is not connected with a higher risk of breast cancer, 

and that the risk decreases more noticeably once treatment is 

stopped [29].  

An essential part of the pathophysiology of breast cancer 

development is played by estrogens. Since breast cancer is 

thought to be a hormone-dependent tumor, higher estrogen 

levels and prolonged exposure to the hormone are linked to 

a higher chance of the disease developing [31, 32]. 

Epidemiological studies have proven that the risk of getting 

breast cancer is raised when endogenous and exogenous 

estrogens are exposed to higher levels. Elevated blood 

estrogen levels are linked to a higher risk of breast cancer in 

all postmenopausal women. Unquestionably, the increased 

risk of breast cancer is influenced by both hormonal and 

reproductive variables [33]. The length of estrogen exposure 

and the impact of pregnancy, as determined by factors like 

the age of the first menstrual period, the age of the first 

pregnancy (particularly for women exposed after the age of 

30), childlessness, or the age at which menopause begins, 

alter each person's risk of developing breast cancer [34]. 

Compared to women who began menstruation late (15 

years) and stopped it early (40 years), those who begin 

menstruation early (12 years) and terminate it late (50 years) 

have twice the risk. Long-term exposure to estrogens is also 

linked to childlessness and the age of the first pregnancy 

(over 30 years old) [35]. Those who are nulliparous or who 

became pregnant beyond the age of thirty are at a two-to 

five-fold higher risk of illness. While artificial and 

spontaneous miscarriages (incomplete pregnancies) may not 

offer the same protective benefits as complete pregnancies, 

they may raise the risk because progesterone does not have 

the same protective effect during the second half of 

pregnancy [36]. The use of hormone replacement treatment 
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raises the risk of breast cancer significantly. In the 1990s, 

the first data regarding the harmful effects of hormone 

replacement therapy (HRT) on the risk of breast cancer 

emerged. The results of a meta-analysis of 51 studies 

assessing the association between HRT use and breast 

cancer were published in The Lancet in 1997 by the 

Collaborative Group on Hormonal Factors in Breast Cancer. 

According to this meta-analysis, using HRT for a year 

raised the risk of breast cancer by 2.7% [37]. The same 

organization republished a meta-analysis in The Lancet in 

2019; this time, it included 58 prospective studies assessing 

the connection between the kind of HRT used and the 

chance of breast cancer. According to this meta-analysis, the 

biggest increase in the risk of breast cancer was shown with 

HRT that contained both progestogens and estrogens, 

particularly when progestogens were used daily. A higher 

risk of breast cancer was also linked to the use of HRT, even 

for brief periods of time (1-4 years). 

 

 
 

Fig 1: Hormonal effect on breast cancer with respect to breast cancer cell proliferation [103]. 

 

Steroid receptor expression in breast cancer was the primary 

predictor of the disease's development. If HRT was started 

beyond the age of 60, the chance of getting the condition 

was somewhat decreased. Obese women had a decreased 

risk as well, particularly if they used HRT that solely 

contained estrogens [38]. Only 5–10% of incidences of breast 

cancer are genetically based. Many genes are involved in 

the development of cancer in the breast. Tumor onset and 

advancement are influenced by mutations and 

overexpression of oncogenes and antioncogenes. The 

BRCA1 and BRCA2 genes are the most well-known genetic 

abnormalities linked to this malignancy [39]. Situated on 

chromosome 17, the BRCA1 gene is a suppressor that 

produces nuclear protein, which is accountable for 

preserving genome stability. This protein co-creates a 

protein complex with the products of other suppressor 

genes, signal transduction genes, and DNA damage 

detection that binds to RNA polymerase II and interacts 

with histone deacetylase, influencing transcription, DNA 

repair, and recombination processes. In particular, the 

BRCA1 protein and the BRCA2 gene product—a 

suppressor gene situated on chromosome 13—are engaged 

in the homologous recombination process that repairs 

double DNA strand breaks. The two anti-oncogenes, breast 

cancer-associated gene 1 and 2, play a key role in the 

progress of breast cancer [40]. The location of BRCA1 is on 

the long arm of chromosome 17 on the 21st band and that of 

BRCA2 is on the long arm of chromosome 13 on the 12th 

band. They are tumor suppressor genes which encode tumor 

suppressor proteins. The BRCA1 gene is repressed by p130 

and p107, also known as “pocket proteins”. Deficiency of 

BRCA1 leads to disruption of the checkpoints of the cell 

cycle and genetic instability. The mutations in BRCA1/2 are 

inherited in an autosomal dominant manner [41, 42]. The 

suppressor genes TP53 (Li-Fraumeni syndrome) and PTEN 

(Cowden syndrome) are other genes whose high-penetration 

mutations contribute to breast cancer. For women with Li-

Fraumeni syndrome, the cumulative risk of breast cancer at 

age 70 is 54%. The lifetime risk of acquiring breast cancer 

in those with Cowden's syndrome is between 25 and 50 

percent. Both genetic disorders are quite uncommon, 

though. Genes with mutations related to ATM, BRIP1, 

CHEK2, and PALB2 indicate a moderate susceptibility to 

breast cancer. Individuals who possess these mutations are 

2-3 times more likely to acquire this cancerous growth [43]. 

Less than 10% of breast cancers are thought to have a 

hereditary basis. On the other hand, random somatic 

mutations are the cause of almost 90% of breast cancer 

cases. Women whose mother or sister, or the nearest 

relative, has received treatment for the malignant tumor in 

issue face a twofold increased chance of developing breast 

cancer; if both of their closest relatives have received 
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treatment, the risk increases by three to six times. The older 

the relative was when the cancer was diagnosed, the lower 

the risk [44]. Benign modifications to the mammary glands 

are another factor that raises the chance of breast cancer. 

Certain benign lesions raise the risk four or five times, such 

as benign neoplasms like atypical ductal hyperplasia (ADH) 

or atypical lobular hyperplasia (ALH), and up to two times 

for proliferative (proliferative) lesions without atypia like 

star scar or fibrotic adenoma. Patients with various benign 

lesion types were evaluated for their risk of breast cancer in 

the Hartmann et al. cohort research. For the total study 

population, the relative risk of having breast cancer was 

1.56 (95% CI, 1.45–1.68) [37]. After the biopsy, this risk 

remained higher for 25 years. The relative risk of breast 

cancer in females with benign lesions without proliferation 

was 1.27 (95% CI: 1.15–1.41). When minor proliferating 

lesions were present but atypia was absent, the value was 

1.88 (95% CI, 1.66–2.12). Women who had benign 

proliferating lesions with atypia (atypical ductal hyperplasia, 

atypical lobular hyperplasia, or both) had the highest 

relative risk of getting breast cancer, up to 4.24 (95% CI, 

3.26–5.41).It was also discovered that the likelihood of 

acquiring a malignant change increased with the sooner 

benign abnormalities were diagnosed (less than 55 years of 

age) [45]. An established risk factor for breast cancer is early 

ionizing radiation exposure. John et al. examined the 

association between exposure to ionizing radiation used in 

breast cancer detection and treatment and the chance of 

developing the disease, and their analysis of data from the 

Breast Cancer Family Registry was published in 2007. 

According to this investigation, women who had radiation 

therapy as part of their cancer treatment in the past or who 

had a control chest X-ray taken while receiving treatment 

for pneumonia and tuberculosis were at higher risk of 

developing breast cancer. Patients who had many exposures 

to ionizing radiation or who were exposed at a very young 

age had the highest risk of getting breast cancer [46]. 

Drinking alcohol is linked to a higher risk of breast cancer, 

according to numerous research. Alcohol intensifies the 

conversion of androgens to estrogens and inhibits their 

metabolism in the liver, which both contribute to the rise in 

estrogen content in the blood. These two mechanisms 

together account for the dependence. It may also accelerate 

cellular migration and proliferation and hinder DNA repair 

mechanisms or the immune system. Ultimately, alcohol's 

own metabolites are known to cause cancer [47]. The risk of 

breast cancer is thought to rise by 9% for each 10 g of pure 

alcohol consumed each day [48, 49, 50, 51]. A number of 

researches have examined the impact of dietary type on the 

course of the cancer process. It appears indisputable that a 

diet high in saturated fats, particularly those derived from 

animals, and poor in variety increases the risk of developing 

colon cancer in particular [52]. However, there is a lack of 

consistency in the studies evaluating the connection between 

nutrition and breast cancer risk. Dandamudi and colleagues 

examined comprehensive research works released from 

2013 to 2017. Of the seventeen publications reviewed, ten 

examined the relationship between breast cancer risk and a 

diet deemed to be "unhealthy." Sweetened soft beverages, 

processed fruit juices, red and processed meats, solidified 

fats, saturated fats, salted food (chips, chips, peanuts), 

refined grains, and sweetened products (sweets, desserts) 

were the main items of the diet in question. A substantial 

correlation was discovered in the majority of the examined 

studies, however not all of them, between the 

overindulgence in the aforementioned goods and a higher 

chance of breast cancer development. Saturated fats, 

sodium, and excessive consumption of red and processed 

meat were the main factors influencing this association. A 

diet high in fruits, vegetables, seafood, legumes, oils, and 

vegetable oils lowers the risk of breast cancer, according to 

this comprehensive review [53]. Studies indicate that the 

prognosis of breast cancer is influenced by dietary habits. 

However, there is currently not enough data to support 

suggestions based on the findings. To lower global 

mortality, it should be promoted that people eat a healthy, 

balanced diet. After a diagnosis of breast cancer, overall 

survival may be enhanced by a nutritious diet that is high in 

unrefined grains, fruits, vegetables, nuts, and olive oil, and 

moderately to low in red meat and saturated fatty acids. 

Patients with breast cancer who are receiving radiation 

therapy and/or chemotherapy have a variety of symptoms 

that make their condition worse. Nutritional counseling and 

supplementation with specific dietary components, such as 

eicosatetraenoic (EPA) and docosahexaenoic (DHA) acids, 

have been shown in studies on nutritional interventions 

during breast cancer treatment to be beneficial in lowering 

drug-induced side effects and improving therapeutic 

efficacy. As a result, dietary management in BC patients can 

be viewed as a crucial component of a multimodal therapy 

strategy [53]. Numerous research have proven that obesity is 

one of the risk factors for breast cancer. A pooled analysis 

of multiple studies assessing the connection between obesity 

and the incidence of breast cancer in premenopausal and 

postmenopausal women was assembled by Jiralerspong and 

Goodwin. This investigation indicated that in 

postmenopausal women who did not utilize hormone 

replacement therapy, being overweight or obese increased 

the incidence of breast cancer, especially steroid-receptor-

expressed breast cancer. For premenopausal women, being 

overweight or obese lowers the risk of hormone-dependent 

breast cancer, in contrast to postmenopausal patients. 

However, the analysis's authors note that research from the 

literature suggests a link between premenopausal 

individuals' weight and their chance of developing triple-

negative breast cancer. This investigation also revealed that, 

independent of menopausal status, physical inactivity and 

obesity raise the risk of breast cancer. Additionally, a poorer 

prognosis for breast cancer patients both before and after 

menopause is linked to overweight and obesity, according to 

the findings of multiple research [54, 55]. The authors 

speculate that a higher stage of cancer at diagnosis and a 

more aggressive course of breast cancer in obese patients 

may be associated with a worse survival rate. Through a 

number of methods, obesity accelerates the development of 

cancer. Many cytokines, chemokines, and endocrine 

hormones, including proangiogenic and promitogenic leptin, 

are found in overdeveloped adipose tissue and have an 

impact on the immunological milieu of the tissue in question 
[56]. There is an immune system cell concentration that is 

pro-inflammatory and secretes inflammatory cytokines. 

Overdevelopment of adipose tissue inhibits the synthesis of 

antiangiogenic and antimitogenic adiponectin and 

encourages the surrounding hypoxia, which increases leptin 

and VEGF factor secretion. The development and 

maintenance of inflammation in excess adipose tissue is 

caused by the NF-κB (nuclear factor kappa-light-chain-

enhancer of activated B cells) pathway, which also inhibits 
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apoptosis through pro-inflammatory cytokines and later 

encourages the growth of breast cancer cells, cancer 

invasion, angiogenesis, and metastasis. Insulin resistance, 

hyperinsulinemia, and elevated production of insulin-like 

growth factor 1 (IGF-1) are other features of the metabolic 

syndrome that coexists with obesity. Research has indicated 

that patients with breast cancer who are insulin resistant or 

have hyperinsulinemia tend to have lower survival rates [57]. 

Additionally, the IGF-1 receptor is frequently overexpressed 

in breast cancer cells, which suggests that this protein may 

be a mitogen. Compared to women of normal weight, obese 

women are less likely to have breast reconstructions, and 

those who have had surgery have higher rates of surgical 

problems. Hormone therapy and systemic chemotherapy are 

less effective in obese women. Compared to women of 

normal weight, obese women are more likely to have a local 

recurrence. For obese women who survive breast cancer, the 

effectiveness of cancer treatment is much reduced. In 

postmenopausal women, adipose tissue serves as the 

primary source of sex hormones. Estrogens are produced in 

this tissue through the aromatization of adrenal androgens 

[58]. 

 

Epidermal growth factor receptor and HER 2 in respect 

to breast cancer 

On chromosome 7 p 12 lies a receptor protein called EGFR. 

It is a member of the family of tyrosine kinases. When it 

attaches to particular ligands such as amphiregulin, TGF-α 

(transforming growth factor-alpha), and epidermal growth 

factor, among others, it becomes active. Within the cell, 

EGFR activation starts a cascade of signaling processes. 

Angiogenesis, or the creation of new blood vessels, and cell 

proliferation, or the development and division of cells, are 

both influenced by these downstream signals. Some forms 

of breast cancer have been shown to overexpress EGFR. 

EGFR overexpression is a common feature of aggressive 

inflammatory breast cancer. Given that EGFR plays a part 

in breast cancer, targeting the EGFR pathway in malignant 

breast tumors may be a viable treatment option. Treatment 

options for breast tumors with overexpressed EGFR may 

include investigating the efficacy of medications that block 

or alter EGFR activity [59].

 

 
 

Fig 2: EGF in breast cancer [103]. 

 

HER 2 In Comparison with Male Breast Cancer: Since 

HER2 and HER1, or human epidermal growth factor 

receptors, have similar structures, they share the same name. 

Due to its origins in a rodent glioblastoma cell line, a 

particular kind of neural tumor, Neu got its moniker. ErbB, 

also known as avian erythroblastosis oncogene B, was 

determined to code for EGFR and was thus termed because 

of its resemblance to ErbB-2. Orthologs of HER2, Neu, and 

ErbB-2 are all encoded by the same genes, according to 

molecular cloning of the gene. c-erbB-2, also known as 

human epidermal growth factor receptor 2 is an oncogene 

significant in cancer of the breast, positioned on 17q12. 

HER-2 is activated by gene rearrangement and gene 

amplification. HER-2 protein is an EGF of the TK family 

which forms heterodimers with Her3 and Her4 and thus 

stimulates the secondary signaling pathway. Overexpression 

of HER 2 is seen in most breast cancers. A protein called 

HER2 promotes the rapid growth of breast cancer cells. 

HER2-positive breast cancer cells have HER2 levels that are 

greater than average. Compared to breast cancers that are 

HER2-negative, these tumors typically grow and spread 

more quickly, but they also have a higher propensity to react 

to treatment with medications that target the HER2 protein. 

The ERBB2 gene encodes the protein known as receptor 

tyrosine-protein kinase erbB-2, which is typically found in 

cell membranes. The gene erythroblastic oncogene B, which 

was first identified from the avian genome, is known by its 

acronym, ERBB [60]. A member of the HER/EGFR/ERBB 

family of human epidermal growth factors and their 

receptors is HER2. However, HER2 does not bind to the 

ligand like other ERBB family members do. In situations 

when HER2 concentrations are high, such as in cancer, 

HER2 activation occurs by homodimerization or 

heterodimerization via an additional ERBB member [61]. It 

has been demonstrated that this oncogene's amplification or 

overexpression is crucial to the onset and spread of several 

aggressive forms of breast cancer. About 30% of patients 

with breast cancer now have the protein as a target for 
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therapy and as a significant biomarker [62]. There are four 

distinct receptor tyrosine kinases confined to the plasma 

membrane that make up the ErbB family. The remaining 

members are erbB-1, erbB-3 (neuregulin-binding; lacking 

kinase domain), and erbB-4. erbB-2 is one of these 

members. Every one of the four has an intracellular domain, 

a transmembrane domain, and an extracellular ligand 

binding region that can interact with a wide range of 

signaling molecules and show both ligand-dependent and 

ligand-independent activity. Interestingly, ligands for HER2 

have not yet been found. HER2 is thought to be the 

preferred dimerization partner of the other ErbB receptors 

because it can heterodimerize with any of the other three 

receptors [63, 64]. 

 

Signaling pathways activated by HER2 include  

 mitogen-activated protein kinase (MAPK). 

 phosphoinositide 3-kinase (PI3K/Akt). 

 phospholipase C γ. 

 protein kinase C (PKC). 

 Signal transducer and activator of transcription (STAT) 
[65]. 

 

In between 15% and 30% of cases of breast cancer, the 

ERBB2 gene is amplified, or overexpressed. Drugs that 

target HER2 in breast carcinoma have greatly and 

advantageously altered the otherwise unfavorable outlook of 

the historically challenging obstacles that accompany 

HER2-positive breast cancer [66]. HER2-positive breast 

cancers have been demonstrated to be correlated with 

increased disease occurrences and a poor prognosis when 

compared to other identifiably genetically individual breast 

cancers along with other known, or absence of, genetic 

markers that are believed to be associated with other breast 

cancers [67]. It is also known that overexpression happens in 

lung adenocarcinoma, stomach, ovarian, and aggressive 

forms of uterine cancer, like uterine serous endometrial 

carcinoma, e.g. About 7–34% of individuals with stomach 

cancer and 30% of patients with salivary duct carcinomas 

had overexpressed HER2 [68]. HER2 is frequently 

colocalized and co- amplified with GRB7, a proto-oncogene 

linked to tumors of the breast, testicular germ cells, 

stomach, and esophagus. It has been demonstrated that 

HER2 proteins aggregate in cell membranes, which may 

contribute to carcinogenesis. Moreover, a variety of 

structural changes that result in ligand-independent firing of 

this receptor have been found; this firing occurs even in the 

absence of over-expression of the receptor. Numerous 

tumors include HER2, and some of these tumors have point 

mutations in the region that defines HER2's transmembrane 

domain. In the absence of a ligand, constitutive dimerization 

of this protein can occur when a valine in the 

transmembrane domain is substituted for either glutamic 

acid or glutamine [69]. According to studies, men are more 

likely than women to present with aggressive-appearing 

microscopic histopathology of breast tumors that have 

migrated to neighboring axillary lymph nodes. Nonetheless, 

a sizable investigation conducted by the National Institutes 

of Health's Surveillance, Epidemiology, and End Results 

program graded the severity of breast cancer according to 

TNM stage. According to the study, there were 63.1% of 

male cases and 45.4% of female cases with purely local 

disease (i.e., no metastases); 29.1% of male cases and 

43.6% of female cases had spread to local lymph nodes; and 

5.7% of male cases and 8.1% of female cases had distant 

metastases (2.1% of male cases and 2.9% of female cases 

were not staged). 

 

 
 

Fig 3: Tyrosine kinase inhibitors and HER2-positive breast cancer [103].
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Comparative study of breast cancer in males and 

females 

In Males 

Male breast carcinoma is a medical condition in which the 

surrounding tissues of the breast develop cancerous 

(malignant) cells. Males can also develop breast cancer [70, 

71]. Men can develop breast cancer at any age, but the 

majority of cases occur in those between the ages of 60 and 

70. A little over one percent of incidents involving breast 

cancer in men are male-specific. Even though breast cancer 

is more common in females than males, it is seen that males 

also are at risk of breast cancer [72]. The occurrence of the 

disease is rare, but it would have a substantial effect on the 

health of the individual. Invasive ductal carcinoma is the 

most common type of breast cancer observed in males. The 

risk factors of the disease include age, more in older men, 

family history and genetic mutation. Mutations in the 

BRCA1 and BRCA2 genes increase the risk [73]. The 

symptoms of the cancer in males are similar to those of 

females, but due to the failure of diagnosis at the right time, 

the disease goes unnoticed in men and is diagnosed only in 

the advanced stages. According to research, male breast 

cancers tend to be more aggressive than female breast 

cancers and increased expression of the Ki-67 marker, 

showing greater cell proliferation [74].  

 

The following types of breast cancer are found in men 

A unusual clinical entity, male breast cancer accounts for 

about 1% of all cases of breast cancer. But over the past few 

decades, MBC incidence has been gradually rising. Age, 

color (black), relatives with a history of breast cancer, 

genetic mutations, liver cirrhosis, and abnormalities of the 

testicles are risk factors for metastatic breast cancer. About 

half of patients with MBC had at least one affected lymph 

node at the time of diagnosis, and the majority of patients 

present with painless lumps. Just 1% of cases of breast 

cancer are in men, making it a very uncommon condition 
[76]. A number of clinical trials that were prematurely closed 

due to low recruitment have demonstrated that, similar to all 

other uncommon diseases, conducting prospective clinical 

research in male breast cancer has proven to be difficult. 

The fact that men were previously excluded from female-

only breast cancer clinical studies has made the problem 

worse [77, 78]. Since much of the information we currently 

have for male breast cancer comes from limited 

retrospective studies and frequently single-center 

experience, treatment strategies for MBC are extrapolated 

from recommendations for the care of FBC. 

 
Table 2: Types of breast cancer are found in men [75]. 

 

Types of breast cancer in males Characteristics 

Infiltrating ductal carcinoma 
cancer that has progressed past the cells lining the breast ducts. For men, this is the most 

prevalent kind of breast cancer. 

Ductal carcinoma in situ Intraductal carcinoma is another name for abnormal cells present in the duct lining. 

Inflammatory breast cancer a kind of cancer when the breast feels warm, puffy, and looks red. 

Paget disease of the nipple a tumor that has spread from the ducts under the nipple to the nipple's surface. 

 

Age and ethnicity have a significant impact on the incidence 

of MBC; the non-Hispanic Black population has the highest 

incidence rate (1.89/100,000), compared to the non-

Hispanic White population (1.3/100,000), the Asian 

population (0.7/100,000), and the Hispanic population 

(0.8/100,000) [79]. In South and Central Africa, there are 

higher incidence rates of MaBC, which may be related to 

hypoestrogenism in the context of more common viral 

hepatitis. Non-Hispanic Blacks and Whites in the 

retrospective study by O'Malley et al. have similarly low 5-

year survival rates (57% and 66%, no confidence interval or 

p value provided), which are significantly lower than those 

of other racial/ethnic groups (75%) [80]. When an individual 

reaches 50 years of age, the incidence rate rises significantly 

(to 1.7/100,000), reaching a plateau at 80 years of age and 

beyond (8.3/100,000). Ancestral History Several 

demographic studies have estimated that 15–20% of male 

patients diagnosed with breast cancer also have at least one 

first-degree relative with the disease [81]. Men who have a 

first-degree male or female relative who has breast cancer 

are as likely to get breast cancer as women are; their risk is 

elevated by two to three times. The danger significantly 

rises as the number of impacted family members rises. The 

Klinefelter Syndrome Clinically presenting as gynecomastia 

and testicular dysgenesis, Klinefelter is a rare hereditary 

condition that arises in men who receive an extra X 

chromosome [82]. A low androgen and high gonadotropin 

condition is thought to be the primary cause of the 

considerable (20–50 times) higher risk of MBC in men with 

Klinefelter syndrome as compared to the general male 

population. An imbalance of hormones Interestingly, a 

meta-analysis combining data from 10 cohort studies and 11 

case-control studies found that MBC was associated with 

higher levels of estrogen rather than lower levels of 

androgen [83]. Men who suffer from illnesses like obesity 

and alcoholism that cause a pathological rise in their 

endogenous estrogen levels are just as likely as women to 

develop breast cancer. Expression of the androgen receptors 

impedes the treatment of the disease. Also, mutations in 

BRCA1 and BRCA2 are connected with an increased risk of 

breast cancer. A large number of breast cancers in males are 

ductal cancers which are invasive. The diagnosis of breast 

cancer in men is done with the help of mammography and 

ultrasound, as well as a confirmation using a biopsy [84]. 

Tumor characterization relies heavily on 

immunohistochemistry, which shows the expression of 

hormone receptors (PR and ER) and HER2/neu. In men, 

hormone receptor expression is nearly exclusively positive 

while HER2/neu expression is negative. The main 

treatments used in breast cancer are surgery, hormone 

therapy, radiation therapy, chemotherapy, targeted therapy, 

and gene therapy. Surgery: Surgery can be of two types, 

mastectomy (removal of the breast), or lumpectomy 

(removal of the lump along with some of the surrounding 

tissue) [85]. Hormone Therapy: In hormone-positive tumors, 

tamoxifen is used to lower the possibility of recurrence than 

aromatase inhibitors in men. In the case of androgen 

receptor positivity, tamoxifen would be less effective. 

Chemotherapy can be used in advanced tumors. Targeted 

Therapy: Trastuzumab can be used as targeted therapy in 

case of HER2-positive tumors Gene Therapy: This 

treatment can be used in breast cancers with specific genetic 
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mutations like poly-ADP-ribose polymerase inhibitors or 

molecules that can target androgen receptors. The 

treatments mentioned above can be given as a monotherapy 

or in combination with other therapies. The size and other 

characteristics of the lump that has formed, the patient's 

health status, and the cancer stage must all be taken into 

consideration while choosing the appropriate treatment plan. 

The prognosis for males with breast cancer differs according 

to the stage of diagnosis. There hasn't been a discernible 

increase in survival in recent years. Early detection results 

in survival rates that are similar to those of females [86]. 

However, because of ignorance and a delayed diagnosis, the 

prognosis may be worse in advanced stages. There is no 

discernible difference in terms of survival in advanced 

stages (IV), even though men typically have a worse 

prognosis due to advanced clinical stage diagnosis and more 

aggressive tumors; however, there is a discernible difference 

in the clinicopathological features and pattern of metastasis 

between the two genders. Exposure to Environment The risk 

of acquiring MBC has been linked to a number of 

occupational hazards, such as exposure to chemical 

substances like combustion products, hot working 

environments, and ionizing and electromagnetic radiation. 

These results, however, have only been applied to case 

series and case reports. It is generally known that FBC is 

associated with mutations in the tumor suppressor genes 

BRCA1 and BRCA2, which are involved in DNA repair. 

These autosomal dominant variants are linked to 10-15% of 

FBC and carry a cumulative 45–65% lifetime risk [87, 88]. 

 

In Females 

All females are at the risk of breast cancer. Factors 

contributing to breast cancer other than sex include age, 

females above the age of 40, family history, reproductive 

factors like early menarche and late menopause, age of first 

pregnancy, hormones like endogenous and exogenous 

estrogen and lifestyle like excessive alcohol consumption. 

The most common symptom of breast cancer is breast lumps 
[89]. There are many other symptoms reported in females. 

Some of them include breast pain, nipple abnormalities, 

breast ulceration, breast skin abnormality, chest pain and 

weight loss. Breast tumors are developed from the increased 

proliferation of ducts which is a result of carcinogens. This 

can further contribute to metastatic cancer by the persistent 

exposure to carcinogens and the ignorance of the symptoms 
[90]. The tumor microenvironment plays a crucial role in the 

advancement of breast cancer. Macrophages in the tumor 

microenvironment have the ability to induce mutagenic 

inflammatory microenvironment. This contributes to 

angiogenesis and further immune escape for the cancer 

cells. DNA methylation in the tumor microenvironment can 

contribute to carcinogens [91]. Any breast cancer can 

progressively develop as random mutations where these 

mutations can accumulate to form tumor cells. The 

treatments involved in breast cancer are surgery, 

radiotherapy, chemotherapy, targeted therapy, and vaccines. 

Surgery: There are mainly two types known as mastectomy 

usually followed by breast reconstruction and lumpectomy 

Radiation: High-energy radiations are applied on the part of 

the tumor or the whole breast. Radiation therapy just before 

surgery can increase the efficiency of the treatment and the 

survival of the patient. Chemotherapy: It includes the use of 

different cytotoxic drugs like alkylating agents and 

antimetabolites [92, 93]. Chemotherapies can be used for both 

adjuvant and non-adjuvant systems. Targeted therapy: 

Targeted therapies can be used for HR-positive metastatic 

breast cancer by targeting the estrogen receptor or the 

estrogen synthesis. Targeted therapy can be done using 

aromatase inhibitors, and antibodies targeting HER-2 like 

pertuzumab and trastuzumab. Vaccines: Vaccinations can be 

used as an immunotherapy to prevent the recurrence of the 

cancer in high-risk cancer patients [94]. Triple-negative 

breast cancers are the most aggressive type of breast cancer 

and vaccines can be used against their recurrence. PPV or 

Personalized peptide vaccines are used according to the 

immunity of the patient, for instance, PVX-410 vaccines. A 

complex mix of hereditary, environmental, and lifestyle 

factors can contribute to breast cancer. Women going 

through menopause are more vulnerable, and genetics is a 

major contributing factor. Physical inactivity, obesity, 

drunkenness, smoking, and hormone therapy are examples 

of modifiable factors. Male breast cancer risk is influenced 

by hereditary factors and hormonal changes associated with 

testicular illness. Age, genetic mutations, radiation, 

hormone exposure, family history, and liver cirrhosis are 

risk factors. Delays in detection in males often result in 

advanced stages of diagnosis. Breast cancers in men are 

typically more aggressive than those in women [95, 96, 97]. 

Oncogenes have been overexpressed and mutated in breast 

tumors. Immunohistochemistry for HER2/neu and hormone 

receptors (PR and ER) is used in the diagnosis processes in 

males. Common therapies include hormone therapy, 

chemotherapy, targeted therapy, gene therapy, and surgery 

(mastectomy or lumpectomy) [98]. The prognosis is 

dependent upon the diagnosis stage, with higher survival 

rates associated with early discovery. Age, family history, 

reproductive characteristics, hormones, and lifestyle choices 

are among the many variables that put all women at risk. 

Increased ductal proliferation, which results in metastatic 

cancer, is a function of carcinogens in females. The tumor 

microenvironment is important, as macrophages provide an 

inflammatory milieu that might cause mutations [99]. The 

target of targeted therapy is HER-2 or hormone receptors in 

females. Vaccines can be used in female breast cancer as 

immunotherapy to prevent recurrence, such as personalized 

peptide vaccines. 

 

Conclusion 

Breast cancer is a type of cancer that is diagnosed both in 

men and women. Even though there are more similarities in 

male and female breast cancers, minor differences are also 

seen among two genders. It is the second most common 

cancer in women while breast cancer is a rare disease in 

men. Male breast cancer constitutes 1.4% of all cancers of 

the breast. The expected age of a female to be diagnosed 

with breast cancer is above 40, while that of a male is above 

60. In men, a higher stage of disease is usually shown 

during diagnosis due to the lack of awareness. As we 

approach Breast Cancer Awareness Month, it's important to 

discuss breast cancer and how it impacts males as well. 

Breast cancer is not simply a disease that affects women. 

Even though male breast cancer is uncommon, there may be 

a cultural stigma associated with men discussing physical 

issues that prevents them from learning about this illness. 

This truism applies to men's health in general, and there is a 

perceived stigma around topics like male breast cancer [100]. 

However, this illness is a serious issue. Breast cancer in men 

can be fatal. It's crucial to heed the warning signals. 
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According to the American Cancer Society, like past years, 

2,800 males will receive a breast cancer diagnosis in 2023, 

and 530 of those men will pass away from the illness. By 

contrast, according to the same figures, roughly 297,790 

women will receive a diagnosis and 43,170 will pass away 

in 2023. Less than 1% of cases of breast cancer in men are 

diagnosed with the disease. In a man's lifetime, about one in 

833 will get breast cancer. Male breast cancer is particularly 

difficult since it is so uncommon, even while the statistic—

one in eight males will receive a diagnosis in their 

lifetime—may not seem as scary as the equivalent for 

women. Some differences in the outcomes of breast cancer 

in males compared to women have been observed in recent 

studies [101]. This is likely due to a lack of research and 

knowledge among men and physicians. Male breast cancer 

patients have a 19% higher death rate than female breast 

cancer patients, according to a 2019 study by Vanderbilt 

University researchers using mortality data from 16,025 

men and 1.8 million women who had breast cancer. In a 

2023 study that was published in the Journal of the National 

Cancer Institute, a number of investigators from the BCRF 

and other organizations discovered that, in contrast to breast 

cancer in women, male breast cancer survival rates had not 

increased noticeably during the previous 30 years [102]. Men 

are often undertreated for breast cancer, according to 

groundbreaking research by Dr. Fatima Cardoso and the 

International Male Breast Cancer Program, which is funded 

by the BCRF. In comparison to women with identical breast 

cancers, males were less likely to have endocrine therapy 

for ER-positive illness or breast-conserving surgery for 

early-stage breast cancers, according to her 2018 study of 

1,482 men with the condition. Male breast cancers differ 

from female breast cancers in terms of biology and 

molecular makeup, according to research conducted by Dr. 

Cardoso and her associates. This finding emphasizes the 

need for additional study. 2019 saw the analysis of data 

from over 10,000 males in the National Cancer Database by 

Mayo Clinic researchers. The prognosis of male breast 

cancer is worse than that of females. Klinefelter’s syndrome 

can be one of the causes of breast cancer in males. Male 

cancer has more estrogen receptor-positive tumors. The 

overexpression of p53 and Erb-B2 is seen in females and 

not in males. Early-onset breast cancer is seen in women 

more than in men, caused by hormone exposure or 

reproductive factors. In the field of treatment, hormone 

replacement therapy is an option for female breast cancers 

but not in males.  

 

References 

1. Burguin A, Diorio C, Durocher F. Breast cancer 

treatments: Updates and new challenges. Journal of 

Personalized Medicine. 2021;11(8):808. 

doi:10.3390/jpm11080808. 

2. Harbeck N, Penault-Llorca F, Cortes J, et al. Breast 

cancer. Nature Reviews Disease Primers. 2019;5:66. 

Doi:10.1038/s41572-019-0111-2. 

3. Scomersi S, Giudici F, Cacciatore G, et al. Comparison 

between male and female breast cancer survival using 

propensity score matching analysis. Scientific Reports. 

2021;11:11639. doi:10.1038/s41598-021-91131-4. 

4. Anderson WF, Jatoi I, Tse J, Rosenberg PS. Male 

breast cancer: A population-based comparison with 

female breast cancer. Journal of Clinical Oncology. 

2010;28(2):232-239. doi:10.1200/JCO.2009.23.8162. 

5. Muir D, Kanthan R, Kanthan SC. Male versus female 

breast cancers: A population-based comparative 

immunohistochemical analysis. Archives of Pathology 

& Laboratory Medicine. 2003;127(1):36-41. 

doi:10.5858/2003-127-36-MVFB. 

6. Khattab A, Kashyap S, Monga DK. Male breast cancer. 

In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; c2024. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK526036/. 

7. Xu Y, Gong M, Wang Y, et al. Global trends and 

forecasts of breast cancer incidence and deaths. 

Scientific Data. 2023;10:334. doi:10.1038/s41597-023-

02253-5. 

8. De Miglio MR, Mello-Thoms C. Editorial: Reviews in 

breast cancer. Frontiers in Oncology. 2023;13:1161583. 

doi:10.3389/fonc.2023.1161583. 

9. Yadav SK, Silwal S, Yadav S, Krishnamoorthy G, 

Chisti MM. A systematic comparison of overall 

survival between men and women with triple-negative 

breast cancer. Clinical Breast Cancer. 2022;22(2):161-

169. 

10. Rudlowski C. Male breast cancer. Breast Care (Basel). 

2008;3(3):183-189. doi:10.1159/000136825. 

11. Admoun C, Mayrovitz HN. The aetiology of breast 

cancer. In: Mayrovitz HN, editor. Breast Cancer 

[Internet]. Brisbane (AU): Exon Publications; c2022. 

Chapter 2. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK583809/. 

doi:10.36255/exon-publications-breast-cancer-etiology. 

12. Waks AG, Winer EP. Breast cancer treatment: a 

review. JAMA. 2019;321(3):288-300. 

13. Sun YS, Zhao Z, Yang ZN, et al. Risk factors and 

preventions of breast cancer. International Journal of 

Biological Sciences. 2017;13(11):1387. 

14. Key TJ, Verkasalo PK, Banks E. Epidemiology of 

breast cancer. The Lancet Oncology. 2001;2(3):133-

140. 

15. Gómez-Raposo C, Tévar FZ, Moyano MS, Gómez ML, 

Casado E. Male breast cancer. Cancer Treatment 

Reviews. 2010;36(6):451-457. 

16. Yadav S, Karam D, Bin Riaz I, et al. Male breast 

cancer in the United States: Treatment patterns and 

prognostic factors in the 21st century. Cancer. 

2020;126(1):26-36. 

17. Giordano SH. Breast cancer in men. New England 

Journal of Medicine. 2018;378(24):2311-2320. 

18. Campos FAB, Rouleau E, Torrezan GT, et al. Genetic 

landscape of male breast cancer. Cancers. 

2021;13(14):3535. 

19. Nardin S, Mora E, Varughese FM, et al. Breast cancer 

survivorship, quality of life, and late toxicities. 

Frontiers in Oncology. 2020;16:864. 

20. Bellanger M, Zeinomar N, Tehranifar P, Terry MB. Are 

global breast cancer incidence and mortality patterns 

related to country-specific economic development and 

prevention strategies? Journal of Global Oncology. 

2018;4:1-16. 

21. Smolarz B, Nowak AZ, Romanowicz H. Breast 

cancer—epidemiology, classification, pathogenesis and 

treatment (Review of literature). Cancers. 

2022;14(10):2569. doi:10.3390/cancers14102569. 

22. Religioni U. Cancer incidence and mortality in Poland. 

Clinical Epidemiology and Global Health. 2020;8:329-

334. 



National Journal of Pharmaceutical Sciences  www.pharmajournal.net 

~ 37 ~ 

23. Lima SM, Kehm RD, Terry MB. Global breast cancer 

incidence and mortality trends by region, age-groups, 

and fertility patterns. E-Clinical Medicine. 

2021;38:100985. 

24. Torre LA, Islami F, Siegel RL, Ward EM, Jemal A. 

Global cancer in women: Burden and trends. Cancer 

Epidemiology, Biomarkers & Prevention. 2017;26:444-

457. 

25. Heer E, Harper A, Escandor N, et al. Global burden and 

trends in premenopausal and postmenopausal breast 

cancer: A population-based study. The Lancet Global 

Health. 2020;8:e1027-e1037. 

26. Sisti JS, Collins LC, Beck AH, Tamimi RM, Rosner 

BA, Eliassen AH. Reproductive risk factors in relation 

to molecular subtypes of breast cancer: Results from the 

nurses’ health studies. International Journal of Cancer. 

2016;138:2346-2356. 

27. Collaborative Group on Hormonal Factors in Breast 

Cancer. Menarche, menopause, and breast cancer risk: 

Individual participant meta-analysis, including 118,964 

women with breast cancer from 117 epidemiological 

studies. The Lancet Oncology. 2012;13:1141-1151. 

28. De Blok CJM, Wiepjes CM, Nota NM, van Engelen K, 

Adank MA, Dreijerink KMA, Barbé E, Konings IRHM, 

den Heijer M. Breast cancer risk in transgender people 

receiving hormone treatment: Nationwide cohort study 

in the Netherlands. BMJ. 2019;365:l1652. 

29. Vinogradova Y, Coupland C, Hippisley-Cox J. Use of 

hormone replacement therapy and risk of breast cancer: 

Nested case-control studies using the QResearch and 

CPRD databases. BMJ. 2020;371:m3873. 

30. Bhardwaj P, Au CC, Benito-Martin A, Ladumor H, 

Oshchepkova S, Moges R. Estrogens and breast cancer: 

Mechanisms involved in obesity-related development, 

growth and progression. The Journal of Steroid 

Biochemistry and Molecular Biology. 2019;189:161-

170. doi:10.1016/j.jsbmb.2019.03.002. 

31. Yue W, Wang JP, Li Y, Fan P, Liu G, Zhang N, et al. 

Effects of estrogen on breast cancer development: Role 

of oestrogen receptor independent mechanisms. 

International Journal of Cancer. 2010;127:1748-1757. 

32. Dall GV, Britt KL. Estrogen effects on the mammary 

gland in early and late life and breast cancer risk. 

Frontiers in Oncology. 2017;7:110. 

33. Singletary SE. Rating the risk factors for breast cancer. 

Annals of Surgery. 2003;237:474-482. 

34. Kelsey JL, Gammon MD, John EM. Reproductive 

factors and breast cancer. Epidemiologic Reviews. 

1993;15:36-47. 

35. Cohain JS, Buxbaum RE, Mankuta D. Spontaneous first 

trimester miscarriage rates per woman among parous 

women with 1 or more pregnancies of 24 weeks or 

more. BMC Pregnancy and Childbirth. 2017;17:437. 

36. Collaborative Group on Hormonal Factors in Breast 

Cancer. Breast cancer and hormone replacement 

therapy: Collaborative reanalysis of data from 51 

epidemiological studies of 52,705 women with breast 

cancer and 108,411 women without breast cancer. The 

Lancet. 1997;350:1047-1059. 

37. Collaborative Group on Hormonal Factors in Breast 

Cancer. Type and timing of menopausal hormone 

therapy and breast cancer risk: Individual participant 

meta-analysis of the worldwide epidemiological 

evidence. The Lancet. 2019;394:1159-1168. 

38. Mehrgou A, Akouchekian M. The importance of 

BRCA1 and BRCA2 genes mutations in breast cancer 

development. Medical Journal of the Islamic Republic 

of Iran. 2016;30:369. 

39. Chen H, Wu J, Zhang Z, Tang Y, Li X, Liu S, Cao S, Li 

X. Association between BRCA status and triple-

negative breast cancer: A meta-analysis. Frontiers in 

Pharmacology. 2018;9:909. 

40. De Talhouet S, Peron J, Vuilleumier A, Friedlaender A, 

Viassolo V, Ayme A, et al. Clinical outcome of breast 

cancer in carriers of BRCA1 and BRCA2 mutations 

according to molecular subtypes. Scientific Reports. 

2020;10:7073. 

41. Angeli D, Salvi S, Tedaldi G. Genetic predisposition to 

breast and ovarian cancers: How many and which genes 

to test? International Journal of Molecular Sciences. 

2020;21:1128. 

42. Chamseddine RS, Wang C, Yin K, Wang J, Singh P, 

Zhou J. Penetrance of male breast cancer susceptibility 

genes: A systematic review. Breast Cancer Research 

and Treatment. 2022;191:31-38. 

43. Armaou S, Pertesi M, Fostira F, Thodi G, 

Athanasopoulos PS, Kamakari S, et al. Contribution of 

BRCA1 germ-line mutations to breast cancer in Greece: 

A hospital-based study of 987 unselected breast cancer 

cases. British Journal of Cancer. 2009;101:32-37. 

44. Hartmann LC, Sellers TA, Frost MH, Lingle WL, 

Degnim AC, Ghosh K, et al. Benign breast disease and 

the risk of breast cancer. New England Journal of 

Medicine. 2005;353:229-237. 

45. John EM, Phipps AI, Knight JA, Milne RL, Dite GS, 

Hopper JL, et al. Medical radiation exposure and breast 

cancer risk: Findings from the Breast Cancer Family 

Registry. International Journal of Cancer. 

2007;121:386-394. 

46. Meyer SB, Foley K, Olver I, Ward PR, McNaughton D, 

Mwanri L. Alcohol and breast cancer risk: Middle-aged 

women’s logic and recommendations for reducing 

consumption in Australia. PLoS ONE. 

2019;14:e0211293. 

47. Khushalani JS, Qin J, Ekwueme DU, White A. 

Awareness of breast cancer risk related to a positive 

family history and alcohol consumption among women 

aged 15-44 years in United States. Preventive Medicine 

Reports. 2019;17:101029. 

48. Kim HJ, Jung S, Eliassen AH, Chen WY, Willett WC, 

Cho E. Alcohol consumption and breast cancer risk in 

younger women according to family history of breast 

cancer and folate intake. American Journal of 

Epidemiology. 2017;186:524-531. 

49. Martin N, Buykx P, Shevills C, Sullivan C, Clark L, 

Newbury-Birch D. Population level effects of a mass 

media alcohol and breast cancer campaign: A cross-

sectional pre-intervention and post-intervention 

evaluation. Alcohol and Alcoholism. 2018;53:31-38. 

50. Gomberg ES. Treatment for alcohol-related problems: 

Special populations: Research opportunities. Recent 

Developments in Alcoholism. 2003;16:313-333. 

51. Grosso G, Bella F, Godos J, Sciacca S, Del Rio D, Ray 

S, Galvano F, Giovannucci EL. Possible role of diet in 

cancer: Systematic review and multiple meta-analyses 

of dietary patterns, lifestyle factors, and cancer risk. 

Nutrition Reviews. 2017;75:405-419. 

52. De Cicco P, Catani MV, Gasperi V, Sibilano M, 



National Journal of Pharmaceutical Sciences  www.pharmajournal.net 

~ 38 ~ 

Quaglietta M, Savini I. Nutrition and breast cancer: A 

literature review on prevention, treatment and 

recurrence. Nutrients. 2019;11:1514. 

53. Chan D, Vieira AR, Aune D, Bandera EV, Greenwood 

DC, McTiernan A. Body mass index and survival in 

women with breast cancer: Systematic literature review 

and meta-analysis of 82 follow-up studies. Annals of 

Oncology. 2014;25:1901-1914. 

54. Gilbert CA, Slingerland JM. Cytokines, obesity, and 

cancer: New insights on mechanisms linking obesity to 

cancer risk and progression. Annual Review of 

Medicine. 2013;64:45-57. 

55. Picon-Ruiz M, Morata-Tarifa C, Valle-Goffin JJ, 

Friedman ER, Slingerland JM. Obesity and adverse 

breast cancer risk and outcome: Mechanistic insights 

and strategies for intervention. CA: A Cancer Journal 

for Clinicians. 2017;67:378–397. 

56. Tornatore L, Thotakura AK, Bennett J, Moretti M, 

Franzoso G. The nuclear factor kappa B signaling 

pathway: Integrating metabolism with inflammation. 

Trends in Cell Biology. 2012;22:557–566. 

57. Prasad S, Ravindran J, Aggarwal BB. NF-kappa B and 

cancer: How intimate is this relationship. Molecular and 

Cellular Biochemistry. 2010;336:25–37. 

58. Sforza V, Martinelli E, Ciardiello F, Gambardella V, 

Napolitano S, Martini G, et al. Mechanisms of 

resistance to anti-epidermal growth factor receptor 

inhibitors in metastatic colorectal cancer. World Journal 

of Gastroenterology. 2016;22:6345. doi: 

10.3748/wjg.v22.i28.6345. 

59. ERBB2 erb-b2 receptor tyrosine kinase 2 [Homo 

sapiens (human)] - Gene - NCBI. 

www.ncbi.nlm.nih.gov. Retrieved 2016-06-14. 

60. Hsu JL, Hung MC. The role of HER2, EGFR, and other 

receptor tyrosine kinases in breast cancer. Cancer and 

Metastasis Reviews. 2016;35(4):575–588. 

doi:10.1007/s10555-016-9649-6. PMC 5215954. PMID 

27913999. 

61. Mitri Z, Constantine T, O'Regan R. The HER2 

Receptor in Breast Cancer: Pathophysiology, Clinical 

Use, and New Advances in Therapy. Chemotherapy 

Research and Practice. 2012;2012:743193. 

doi:10.1155/2012/743193. PMC 3539433. PMID 

23320171. 

62. Keshamouni VG, Mattingly RR, Reddy KB. 

Mechanism of 17-beta-estradiol-induced Erk1/2 

activation in breast cancer cells. A role for HER2 AND 

PKC-delta. The Journal of Biological Chemistry. 

2002;277(25):22558–22565. 

doi:10.1074/jbc.M202351200. PMID 11960991. 

63. Keshamouni VG, Mattingly RR, Reddy KB. 

Mechanism of 17-beta-estradiol-induced Erk1/2 

activation in breast cancer cells. A role for HER2 AND 

PKC-delta. The Journal of Biological Chemistry. 

2002;277(25):22558–22565. 

doi:10.1074/jbc.M202351200. PMID 11960991. 

64. Roy V, Perez EA. Beyond trastuzumab: small molecule 

tyrosine kinase inhibitors in HER-2-positive breast 

cancer. The Oncologist. 2009;14(11):1061–1069. 

doi:10.1634/theoncologist.2009-0142. PMID 

19887469. S2CID 207242039. 

65. Burstein HJ. The distinctive nature of HER2-positive 

breast cancers. The New England Journal of Medicine. 

2005;353(16):1652–1654. doi:10.1056/NEJMp058197. 

PMID 16236735. S2CID 26675265. 

66. Kumar V, Abbas A, Aster J. Robbins basic pathology. 

Philadelphia: Elsevier/Saunders; c2013. p. 697. ISBN 

978-1-4377-1781-5. 

67. Meza-Junco J, Au HJ, Sawyer MB. Critical appraisal of 

trastuzumab in treatment of advanced stomach cancer. 

Cancer Management and Research. 2011;3(3):57–64. 

doi:10.2147/CMAR.S12698. PMC 3085240. PMID 

21556317. 

68. Brandt-Rauf PW, Rackovsky S, Pincus MR. 

Correlation of the structure of the transmembrane 

domain of the neu oncogene-encoded p185 protein with 

its function. Proceedings of the National Academy of 

Sciences of the United States of America. 

1990;87(21):8660–8664. doi:10.1073/pnas.87.21.8660. 

PMC 55017. PMID 1978329. 

69. Schlam I, Swain SM. HER2-positive breast cancer and 

tyrosine kinase inhibitors: the time is now. npj Breast 

Cancer. 2021;7:56. https://doi.org/10.1038/s41523-021-

00265-1. 

70. Centers for Disease Control and Prevention. Male 

Breast Cancer Incidence and Mortality, United States—

2013–2017. No 19. Atlanta, GA: Centers for Disease 

Control and Prevention, US Department of Health and 

Human Services; c2020. 

71. Agrawal A, Ayantunde AA, Rampaul R, Robertson 

JFR. Male breast cancer: A review of clinical 

management. Breast Cancer Research and Treatment. 

2007;103(1):11–21. doi:10.1007/s10549-006-9356-z. 

72. O’Malley CD, Prehn AW, Shema SJ, Glaser SL. 

Racial/ethnic differences in survival rates in a 

population‐based series of men with breast carcinoma. 

Cancer. 2002;94(11):2836–2843. 

doi:10.1002/cncr.10521. 

73. American Cancer Society. Cancer Facts & Figures 

2020. Atlanta, Ga: American Cancer Society; c2020. 

74. Chen Z, Xu L, Shi W, et al. Trends of female and male 

breast cancer incidence at the global, regional, and 

national levels. Breast Cancer Research and Treatment. 

2020;180(2):481–490. doi:10.1007/s10549-020-05561-

1. 

75. O’Malley CD, Prehn AW, Shema SJ, Glaser SL. 

Racial/ethnic differences in survival rates in a 

population‐based series of men with breast carcinoma. 

Cancer. 2002;94(11):2836–2843. 

doi:10.1002/cncr.10521. 

76. Hultborn R, Hanson C, Kopf I, Verbiene I, 

Warnhammar E, Weimarck A. Prevalence of 

Klinefelter’s syndrome in male breast cancer patients. 

Anticancer Research. 1997;17(6D):4293–4297. 

77. Brinton LA. Prediagnostic sex steroid hormones in 

relation to male breast cancer risk. Journal of Clinical 

Oncology. 2015;33(18):2041. 

78. Johnson KC, Pan S, Mao Y. Risk factors for male 

breast cancer in Canada, 1994–1998. European Journal 

of Cancer Prevention. 2002;11(3):253–263. 

doi:10.1097/00008469-200206000-00009. 

79. Guénel P, Cyr D, Sabroe S, et al. Alcohol drinking may 

increase risk of breast cancer in men: a European 

population-based case–control study. Cancer Causes & 

Control. 2004;15(6):571–580. 

doi:10.1023/B:CACO.0000036154.18162.43. 

80. Olsson H, Bladstrom A, Alm P. Male gynecomastia and 

risk for malignant tumours–a cohort study. BMC 



National Journal of Pharmaceutical Sciences  www.pharmajournal.net 

~ 39 ~ 

Cancer. 2002;2(1):26–6. doi:10.1186/1471-2407-2-26. 

81. Thomas DB, Jimenez LM, McTiernan A, et al. Breast 

cancer in men: risk factors with hormonal implications. 

American Journal of Epidemiology. 1992;135(7):734–

748. doi:10.1093/oxfordjournals.aje.a116360. 

82. Cocco P, Figgs L, Dosemeci M, Hayes R, Linet MS, 

Hsing AW. Case-control study of occupational 

exposures and male breast cancer. Occupational and 

Environmental Medicine. 1998;55(9):599–604. 

doi:10.1136/oem.55.9.599. 

83. Antoniou A, Pharoah PDP, Narod S, et al. Average 

risks of breast and ovarian cancer associated with 

BRCA1 or BRCA2 mutations detected in case series 

unselected for family history: a combined analysis of 22 

studies. The American Journal of Human Genetics. 

2003;72(5):1117–1130. doi:10.1086/375033. 

84. Haraldsson K, Loman N, Zhang QX, Johannsson O, 

Olsson H, Borg A. BRCA2 germ-line mutations are 

frequent in male breast cancer patients without a family 

history of the disease. Cancer Research. 

1998;58(7):1367–1371. 

85. Cardoso F, Bartlett JMS, Slaets L, et al. 

Characterization of male breast cancer: results of the 

EORTC 10085/TBCRC/BIG/NABCG international 

male breast cancer Program. Annals of Oncology. 

2018;29:405–417. doi:10.1093/annonc/mdx651 

86. Cutuli B, Lacroze M, Dilhuydy JM, et al. Male breast 

cancer: results of the treatments and prognostic factors 

in 397 cases. European Journal of Cancer. 

1995;31A:1960–1964. doi: 10.1016/0959-

8049(95)00366-5. 

87. American Cancer Society: https://www.cancer.org/ 

88. National Cancer Registry Programme, National Centre 

for Disease Informatics and Research, and Indian 

Council of Medical Research. Three year report of 

population-based cancer registries 2009–2011 national 

cancer registry programme. National Cancer Registry. 

2013. 

89. Somdatta P, Baridalyne N. Awareness of breast cancer 

in women of an urban resettlement colony. Indian 

Journal of Cancer, 2008, 45(4). 

90. Sathwara J, Balasubramaniam G, Bobdey S, Jain A, 

Saoba S. Sociodemographic factors and late-stage 

diagnosis of breast cancer in India: A hospital-based 

study. Indian Journal of Medical and Paediatric 

Oncology. 2017;38(3):277–281. 

91. Vishwakarma G, Ndetan H, Das DN, Gupta G, 

Suryavanshi M, Mehta A, et al. Reproductive factors 

and breast cancer risk: A meta-analysis of case-control 

studies in Indian women. South Asian Journal of 

Cancer. 2019;8(2):80–84. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/31069183. 

92. Mathew A, Gajalakshmi V, Rajan B, Kanimozhi V, 

Brennan P, Mathew BS, et al. Anthropometric factors 

and breast cancer risk among urban and rural women in 

South India: A multicentric case-control study. British 

Journal of Cancer. 2008;99(1):207–213. 

93. Dey S, Mishra A, Govil J, Dhillon PK. Breast cancer 

awareness at the community level among women in 

Delhi, India. Asian Pacific Journal of Cancer 

Prevention. 2015;16(13):5243–5251. 

94. Shinde S, Kadam S. Breast cancer awareness among 

women in Vikhroli: a suburban area of Mumbai, 

Maharashtra, India. International Journal of Community 

Medicine and Public Health. 2016;3(8):2281–2286. 

95. Grunfeld EA, Ramirez AJ, Hunter MS, Richards MA. 

Women’s knowledge and beliefs regarding breast 

cancer. British Journal of Cancer. 2002;86(9):1373–

1378. 

96. Ahuja S, Chakrabarti N. To determine the level of 

knowledge regarding breast cancer and to increase 

awareness about breast cancer screening practices 

among a group of women in a tertiary care hospital in 

Mumbai. Internet Journal of Public Health. 

2009;1(1):1–19. 

97. Tulman L, Fawcett J. Development of the 

comprehensive inventory of functioning-cancer. Cancer 

Nursing. 2007;30(3):205–212.  

Doi: 10.1097/01.NCC.0000270713.18156.95. 

98. Shahsavari H, Matory P, Zare Z. Correlation between 

quality of life and individual factors in the patients with 

breast cancer in Seiedalshohada Hospital in Isfahan in 

2013. Journal of Community Health. 2015;9(1):58–67. 

99. Gucalp A, Traina TA, Eisner JR, Parker JS, Selitsky 

SR, Park BH, et al. Male breast cancer: a disease 

distinct from female breast cancer. Breast Cancer 

Research and Treatment. 2019;173(1):37–48. doi: 

10.1007/s10549-018-4921-9. PMC 7513797. PMID 

30267249. 

100. Khan NA, Tirona M. An updated review of 

epidemiology, risk factors, and management of male 

breast cancer. Medical Oncology. 2021;38(4):39. doi: 

10.1007/s12032-021-01486-x. PMID 33721121. S2CID 

232237548. 

101. Newman LA. Contralateral prophylactic mastectomy: is 

it a reasonable option? JAMA. 2014;312(9):895–897. 

doi: 10.1001/jama.2014.11308. PMID 25182096. 

102. All images are created with BioRender.com templates: 

https://www.biorender.com 


