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ABSTRACT

All over the world, the most common malignancy in women is breast cancer. Breast cancer is also a significant
factor of death in women. In 2020, approximately 2.3 million cases of breast cancer were newly diagnosed in
women globally, and approximately 685,000 people died. Breast cancer incidence varies by region around the
world, but it is all increasing. According to the current morbidity and mortality trend of breast cancer, it is esti-
mated that by 2030, the number of incidence and deaths of breast cancer will reach 2.64 million and 1.7 million,
respectively. The age-standardized incidence rate was 66.4/100,000 in developed countries and 27.3/100,000 in
developing countries. The incidence of breast cancer in the world is increasing rapidly, and the incidence rate
has increased by 57.8% in the past 30 years, and the rate of increase is 0.5% per year. The incidence and mortality
of breast cancer among Chinese women rank first in the world, and in recent years, the incidence and mortality of
breast cancer among Chinese women have also been on the rise. Breast cancer is a disease caused by a variety of
factors, such as genetics, estrogen levels, environment, and behavior and lifestyle. The purpose of this review is to
explore the global epidemiology, associated risk factors and molecular types of breast cancer to understand breast
cancer prevalence, mortality, and to help with its prevention, early detection, treatment and improvement of
prognosis.
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1 Introduction

In every country on earth, cancer is a major contributor to mortality and a significant impediment to
raising life expectancy [1]. The most frequent cancer in women is breast cancer in the majority of
countries worldwide, but in a few countries, it may be liver or cervical cancer. The most common cause
of mortality from malignant tumors in women is breast cancer in 104 countries around the world,
followed by cervical cancer in 44 countries, lung cancer in 29 countries, stomach cancer in several
countries, liver cancer and colorectal cancer in a few countries [2]. Globally, there will be about
19.3 million new cases of cancer diagnosed in 2020, and there will be about 10 million cancer-related
deaths. As the most common cancer diagnosed, female breast cancer has surpassed lung cancer with an
anticipated 2.3 million new cases (11.7%). The following are the most common cancers: stomach cancer
(5.6%), colorectal cancer (10.0%), lung cancer (11.4%), and prostate cancer (7.3%). With an estimated
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1.8 million deaths (18%), lung cancer remains the leading cause of cancer death, followed by colorectal
cancer (9.4%), liver cancer (8.3%), stomach cancer (7.7%), and female breast cancer (6.9%) [3].

The incidence of breast cancer is rising rapidly worldwide, with an increase of 57.8 percent over the past
30 years, and the rate of increase is 0.5% per year. Breast cancer incidence and mortality rates among Chinese
women are the highest in the world, and have also been rising in recent years. There are many different
factors that can contribute to breast cancer, including environmental factors, genetic factors, behavioral
and lifestyle factors. The objective of this review is to investigate the epidemiology, associated risk
factors, and molecular subtypes of breast cancer around the world, in order to comprehend its morbidity
and offer assistance with prevention, early detection, and early treatment.

2 Epidemiology

From 2000 to 2018, the incidence of breast cancer in women increased sharply all over the world, from
1.05 million in 2000 to 2.09 million in 2018, but the number of deaths decreased. In 2000, global female
breast cancer deaths were 370,000, increased to about 520,000 in 2012, and decreased to 310,000 in
2018 [4-8].

Since 2003, breast cancer cases and deaths among women in the United States and Australia have
continued to rise, while the incidence has increased slightly, the mortality rate has decreased [9-11].
Compared with China, although the morbidity and mortality of female breast cancer in the United States
and Australia are much higher, the incidence of breast cancer in all three countries is on the rise. The
mortality rate of female breast cancer in the United States and Australia declined slightly, while breast
cancer mortality in China was growing [10-17].

In 2020, breast cancer in women has transcended lung cancer becoming the leading factor of cancer
incidence worldwide. There are about 2.3 million new cases, accounting for 11.7% of all cancer cases
(Fig. 1) [3]. Breast cancer is the fifth leading cause of cancer death all over the world, with approximately
685,000 deaths each year. In the female population, breast cancer accounts for 1/4 of cancer cases and for
1/6 of cancer deaths. It ranks first in the morbidity and mortality in most countries [3]. There are
exceptions especially for cancer deaths, with lung cancer ranking top in Australia/New Zealand, northern
Europe, North America and China, and cervical cancer in many countries in sub-Saharan Africa.

The incidence of breast cancer is 88% higher in transitioned nations than in transitioning nations
(55.9 and 29.7 per 100,000, respectively). However, compared to women in advanced countries, death
rates for women in developing nations are 17% higher (15.0 and 12.8 per 100,000, respectively)
(Fig. 2B) [3].

Studies have shown that increased breast cancer rates are linked to lifestyle risk factors (drinking, being
overweight, being inactive), reproductive and hormonal risk factors (early menarche, later menopause,
higher age at first childbearing, fewer children, reduced breastfeeding, menopausal hormone therapy, oral
contraceptives), and increased mammography [18].

Breast cancer incidence rates increased rapidly in many countries in North America and Europe during
the 1980s and 1990s, possibly reflecting changes in risk factor prevalence associated with increased detection
rates from widespread mammography screening. The incidence then started to reduce or stabilize in the early
2000s [19], probably due to a decrease in the use of menopausal hormone therapy and possibly a plateau in
screening participation rates [20,21]. Breast cancer incidence is growing rapidly in some transitioning
countries and some high-income Asian countries (such as Japan and South Korea, where breast cancer
incidence rates are historically low) [22].
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Figure 1: Distribution of cases and deaths for the top 10 most common cancers in 2020 for (A) Both sexes,
(B) Men, and (C) Women. For each sex, the area of the pie chart reflects the proportion of the total number of
cases or deaths. Source: GLOBOCAN 2020 [3]

The prevalence of breast cancer risk factors has been impacted by the significant changes in lifestyles,
sociocultural norms, and environmental factors brought on by the expansion of the world economy and the
proportion of women working. Breast cancer incidence rate disparities between industrialized and
developing nations are closing as a result of delaying and having fewer children, being overweight, and
not exercising.
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Figure 2: Incidence and mortality age-standardized rates in high/very high human development index (HDI)
countries vs. low/medium HDI countries among (A) Men and (B) Women in 2020. The 15 most common
cancers in the world (W) are shown in descending order of the overall age-standardized rate for both
sexes combined. Source: GLOBOCAN 2020 [3]

The fastest growth in breast cancer incidence occurred in sub-Saharan Africa, along with rising mortality
rates, which are now ranked highest in the world (Fig. 3) [3], reflecting the association of poor health

infrastructure with poor survival outcomes.

The

S-year age-standardized relative survival rate for
confirmed cases in 12 sub-Saharan African countries was 66% between 2008 and 2015, compared with
85% to 90% in high-income countries between 2010 and 2014 [23].

In sub-Saharan Africa, the low survival rates are largely attributable to advanced disease. Improving
breast cancer awareness and breast screening [24,25], and timely and standard treatment are critical to
improving survival [26]. With early detection and appropriate treatment, a recent study predicted that
28% to 37% of breast cancer deaths might be avoided [27].
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Figure 3: Region-specific incidence and mortality age-standardized rates for female breast cancer in 2020.
Rates are shown in descending order of the world (W) age-standardized incidence rate, and the highest
national age-standardized rates for incidence and mortality are superimposed. Source: GLOBOCAN
2020 [3]

Breast cancer accounts for roughly 30% of female cancers globally, with a mortality-to-incidence ratio
of 15% [9]. The global incidence ranges from 27 per 100,000 people in Africa and East Asia to 97 per
100,000 people in North America, reflecting the link between breast cancer incidence and economic
development, as well as related social and lifestyle factors [4]. Mortality from breast cancer in women
can be better reduced by increasing access to aggressive prevention, early detection, and early treatment
[28,29]. About 10 percent of breast cancer cases are linked to family history or a genetic predisposition,
which varies by country and ethnicity. The most commonly mutated genes in breast cancer are the
BRCA1 and BRCA2 genes, with an average cumulative lifetime risk of 70% approximately [30,31].

3 Risk Factors for Breast Cancer

The majority of occurrences of breast cancer can be linked to hormone therapy factors, pregnancy-
related factors, lifestyle factors (such as obesity, inactivity, alcohol use, low-fiber diets, and smoking), as
well as other risk factors. Over one-third of breast cancer cases in high-income countries may be
avoidable by changing lifestyle [32]. Whether oral hormonal contraceptives increase breast cancer risk
has long been debated [33]. On the other hand, it has been more clearly shown that menopausal hormone
therapy increases the risk of breast cancer in women [34].

Risk factors for breast cancer include genetic factors, environmental factors, and behavioral and lifestyle
factors. The following factors are associated with an increased risk of breast cancer, such as older age,
younger menarche, nulliparous or advanced maternal age, dense breasts, family history of breast cancer,
history of hormone therapy, obesity, history of smoking or drinking, and consumption of high-calorie
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foods. However, regular physical activity, breastfeeding, regular work and rest, and a high intake of fruits,
vegetables, and dietary fiber can appropriately reduce the risk of breast cancer.

Age is a known important risk factor, and the incidence of breast cancer increases with age [35]. The risk
of breast cancer increases by about 50% in postmenopausal women, and the distribution of breast gland
density varies among different groups, but most women have a small amount of glandular breast density,
and those with extremely dense breasts have the highest risk of breast cancer. The risk of breast cancer is
about twice as high as that of the low-gland type and three times that of those with mostly fat breasts,
and the high-gland type is second only to the extremely dense type. 40 percent of premenopausal breast
cancers and 26 percent of postmenopausal breast cancers could be avoided if all women with extremely
dense breasts converted to few glandular breasts [36].

High intakes of red meat, animal fats, and refined carbs are related to an increased risk of breast cancer,
while high intakes of fruits, vegetables, whole grains (such as soy milk, soy products, etc.), and dietary fiber
are related with a lower risk of the disease [37,38]. The incidence of breast cancer rises as dietary fat intake
overall rises [39]. A Western-style diet rich in calories and energy, such as red and/or processed meats, high-
fat dairy products, potatoes, and sweets, increases the risk of breast cancer by about 14%. While consuming a
lot of fruits, vegetables, fish, whole grains, and low-fat dairy products can cut the risk of breast cancer by
about 18% [40]. Recent studies have shown that breast cancer incidence is on the rise as developing
countries move toward high-calorie Western diets [39]. Higher natural dietary levels of folic acid, B
vitamins, riboflavin, vitamin D, and calcium are associated with a lower risk of breast cancer [41].

Patients who use hormone therapy have a greater risk of breast cancer than patients who have never used
it [34]. In African American women, the combination of estrogen and progestin increases the risk of ER+
breast cancer but not ER-breast cancer, whereas estrogen alone has no effect on either risk [42]. Basal
insulins are frequently used to treat patients with type 1 diabetes and severe type 2 diabetes. These
include the long-acting insulin analogs insulin glargine and Detemir (insulin detemir), as well as neutral
protamine zinc (NPH) insulin. In a cohort analysis, using insulin glargine to treat diabetes was linked to a
slightly higher incidence of breast cancer in female patients compared to using NPH insulin [43].

Lifestyle factors, such as active or passive smoking, increase the risk of breast cancer, but smoking
cessation reduces the risk of death [44]. The risk of breast cancer in drinkers is approximately three times
higher than in nondrinkers [38,45]. Regular physical activity is also associated with a lower risk of breast
cancer. And people with higher activity levels have a significantly lower risk of breast cancer [37,44].

The risk of breast cancer increases with age at menarche. Women under the age of 12 at menarche have
about twice the risk of breast cancer than people over the age of 12 when they have menarche [45]. The risk
of breast cancer is increased among nulliparous women or those who have their first childbirth older than
30 years, and the age at first birth older than 30 years is most associated with breast cancer risk, more
than six times that of those younger than 30 years of age [36,45]. The risk of breast cancer increases with
the age of the first childbirth, and the risk is 3.53 times higher for women whose first childbirth is older
than 29 years compared to women whose first childbirth is younger than 20 years [44,46]. Although
childbirth reduces the risk of breast cancer, compared with nulliparous women, multiparous women have
an 80% increased risk of breast cancer 5 years after delivery and an approximately 25% lower risk of
breast cancer 34 years after delivery [47]. Breastfeeding has a preventive effect against breast cancer,
however research has shown that it only lowers the incidence of ER-breast cancer, but not ER+ breast
cancer [46,48]. It is debatable if parity affects a woman'’s risk of developing breast cancer [47].

Familial breast cancer cases account for 15% to 20%, and hereditary cases account for 5% to 10%, of
which germline pathogenic variants in BRCA1 and BRCA2 account for more than 30% of hereditary breast
cancers. Recent studies have revealed that new genes have become breast cancer susceptibility genes,
including rare germline hyper penetrant gene mutations (such as TP53 and PTEN), and the more
common moderately penetrant genes mutated in penetrant genes (such as CHEK2, ATM, and PALB?2)
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[49]. In addition, variants in CHEK2, ATM, BARDI, and RAD51D are linked to an increased risk of breast
cancer by 1 to 7 times, while variants in MRE11A, RAD50, NBN, BRIP1, RAD51C, MLHI1, and NF1 are
not linked to an increased risk of breast cancer [50,51]. Germline pathogenic variants in BRCA1 and
BRCAZ2 have been shown to increase lifetime risk of breast cancer.

In comparison to women without a family history, those having a history of breast cancer in first-degree
relatives are at higher risk of developing the disease [46]. The 10-year cumulative absolute risk of
contralateral breast cancer was 4.3% in those without a family history of breast cancer and 8.1% in those
with a family history of breast cancer. If a first-degree relative is diagnosed with breast or bilateral breast
cancer before age 40, the risk increases by about three to nine times compared to women without a
family history [52]. In addition, the individual risk of breast cancer is proportional to the number of
affected relatives and the age at onset of the disease. Among women 65—74 years old, women with fatty
breasts had the highest risk associated with first-degree family history, with an HR of 1.67, while women
>75 years old had the highest risk associated with family history with dense breasts, the HR is 1.55 [53].

4 Treatment and Survival

Breast conserving surgery (BCS) and adjuvant radiation therapy were performed on 50% of women with
ecarly-stage (I or II) breast cancer, while approximately 34% underwent mastectomy, usually without
chemotherapy or radiation (Fig. 4) [54]. In contrast, 65% of women with Stage III breast cancer
underwent mastectomy, with the majority receiving chemotherapy as well. Black women were less likely
than white women to undergo BCS (with or without adjuvant radiation) for Stage I and Stage II breast
cancer (60% and 64%, respectively). Black women were more likely to get chemotherapy and/or
radiation alone (9% vs. 6%) and less likely to undergo mastectomy (57% vs. 66%) for Stage III cancer.
60% of women who were diagnosed with metastatic breast cancer (Stage IV) received only radiation or
chemotherapy.
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Figure 4: Female breast cancer treatment patterns (%) by Stage, 2018. Categories for white and black race
exclude persons of Hispanic ethnicity. a A small number of these patients receive chemotherapy. b A small
number of these patients receive radiation therapy (RT). +/— indicates with or without; BCS, breast-
conserving surgery; chemo, chemotherapy (includes targeted therapy and immunotherapy) [54]
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Long-term survival is the same as mastectomy when local or regional radiation therapy is added
following breast conserving surgery [55,56]. However, evidence suggests that in patients with breast
cancer aged 70 years and older, with small tumors and estrogen receptor (ER) positive, adjuvant radiation
therapy can be omitted without compromising patient survival [57,58]. Some women with breast cancer
eligible for breast-conserving surgery choose mastectomy due to reluctance to receive radiation therapy,
contraindications to radiation therapy, or fear of recurrence [59-61].

Mastectomy and contralateral preventive mastectomy are more common in younger women (less than
40 years old) and patients with larger and/or more aggressive tumors [62—64]. The proportion of early-stage
breast cancer patients who chose mastectomy and were eligible for CPM rose from 2% in 1998 to 30% in
2012. This rise could be attributed to the increased availability of genetic testing as well as increased risk
awareness among people [65].

Tumor stage, grade, estrogen receptor (ER) status and progesterone receptor (PR) status, as well as the
status of the human epidermal growth factor receptor 2 (HER?2), are all facors that affect survival of breast
cancer. Triple-negative breast cancers (ER-negative, PR-negative, and HER2 receptor-negative) are treated
less effectively than other molecular subtypes and are typically only responsive to cytotoxic chemotherapy.
Immunosuppressive combination chemotherapy for patients with early-stage and metastatic breast cancer,
however, is becoming a common treatment option for triple-negative breast cancer [66].

A number of additional immunotherapy and targeted therapy treatments are now being researched, but
due to the heterogeneous range of molecular profiles present in triple negative tumors, these therapies might
only be successful for a portion of patients.

Breast cancer patients had a 75% 5-year relative survival rate in the 1970s, but by 2017 that number had
risen to 90% [67,68]. This is mainly due to advances in hormone therapy and improved early diagnosis rates
due to increased mammography screening [69]. Patients with stage I breast cancer have a nearly 100% 5-year
relative survival rate, whereas patients with stage [V breast cancer only have a 28% 5-year relative survival
rate [70].

Breast cancer is a type of malignant tumor that with a relatively good prognosis and a relatively long
survival time. Survival rates vary significantly across countries and regions. In most developed western
countries, the 5-year relative survival rate of breast cancer is high. For example, from 2005 to 2009, the
S-year relative survival rates of the United States, Australia, Canada, and Germany were 88.6%, 86.2%,
85.8%, and 85.3%, respectively. And the survival rate of breast cancer in these regions showed a gradual
upward trend. However, in many Asian countries, due to the combined effects of many factors such as
economy, living environment, reproductive pattern, the relative survival rate varies significantly among
regions. Breast cancer’s 5-year relative survival rate in South Korea from 2005 to 2009 was 82.7%. In the
same period, breast cancer’s 5-year relative survival rate in the Chinese population was 80.9%, while the
survival rate in India was only 60.4%, and the survival rate in Jordan was as low as 43.1% [71].

In China, the urban-rural survival gap for breast cancer is still large due to differences in access to breast
cancer screening and early diagnosis and treatment for urban and rural women, as well as differences in the
treatment levels of breast cancer between urban and rural areas. The survival rate in urban areas is 77.8%, and
the survival rate in rural areas is only 55.9% [72]. In recent years, in many economically developed cities,
such as Guangzhou, Beijing and other regions, the survival rate of breast cancer has gradually increased
[73,74]. And the gap between China and western developed countries is gradually narrowing, while the
survival rate of rural and underdeveloped areas is still low.

5 Prevention and Screening

Establishing primary breast cancer prevention is still difficult. However, weight control, reduced alcohol
intake, increased physical activity, and promotion of breastfeeding may reduce the incidence of breast cancer
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worldwide. Through early detection and efficient treatment, the National Breast Cancer Screening Program
seeks to lower the mortality of breast cancer [75-78]. In region with adequate resources, the WHO advises
mammograms every two years for women 50 to 69 years old [79]. According to recommendations from the
American Cancer Society, women between the ages of 45 and 54 should have annual screening, women
between the ages of 40 and 44 should be given the chance to start annual screening, and women above
the age of 55 should switch to biennial screening as long as they are healthy. A woman who is in good
health and has a life expectancy of more than 10 years, she should continue to be screened [80].
However, the disadvantages of screening mammograms include overdiagnosis and overtreatment [81—83].
Through risk-stratified screening techniques that make use of current and developing risk prediction
models, there are chances to increase the cost-effectiveness and benefit-to-hazard ratio of screening [84—87].

There are clinical trials showing that screening mammography can reduce breast cancer mortality by
20% [80]. Routine screening mammograms can detect 2—8 cancers per 1000 x-rays, while using digital
tomography, an additional 1.6 cancers per 1000 mammograms could be detected [88]. 4.4 extra tumors
were found per 1,000 screening tests using ultrasound, particularly in women with dense breasts, however
this test’s positive predictive value was only 3%—-8% [89]. MRI screening has a sensitivity of 90%—-93%
for cancer detection compared to 48%63% of the combination of mammography and ultrasound
screening [90,91]. Simple MRI, also known as contrast-enhanced spectral mammography, may be a new
replacement for conventional MRI [92,93]. Bilateral mastectomy can reduce the risk for women with
BRCA1 or BRCA2 mutations. Tamoxifen, raloxifene, and aromatase inhibitors have all been
demonstrated to lower the chance of developing breast cancer but not the mortality rate [94-97]. In
patients with intraepithelial neoplasia, low-dose tamoxifen (5 mg) appears to lower the chance of
recurrence [98].

6 Conclusion

To sum up, the epidemiological analysis of breast cancer indicates that it is a widespread malignant
tumor and one of the leading causes of tumor death in women globally. Breast cancer continues to put a
strain on society. Breast cancer therapy and prevention are getting more and more complex. Therefore, in
the future, the focus of breast cancer prevention and treatment will be on developing scientifically sound
breast cancer screening techniques, enhancing breast cancer screening programs, and actively
implementing early diagnosis and treatment of breast cancer for women of the appropriate age.

Additionally, the prevention and control of breast cancer should also be strengthened by advocating a
healthy lifestyle, controlling weight, quitting smoking and limiting alcohol, regulating the indications for
estrogen use, and standardizing treatment. Research on breast cancer in the future will concentrate less on
developing new drugs and more on tailoring therapies to each patient’s unique tumor.
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