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Abstract

Breast cancer is a global health concern with a significant impact on the well-being of women. Worldwide, the past
several decades have witnessed changes in the incidence and mortality of breast cancer. Additionally,
epidemiological data reveal distinct geographic and demographic disparities globally. A range of modifiable and
non-modifiable risk factors are established as being associated with an increased risk of developing breast cancer.
This review discusses genetic, hormonal, behavioral, environmental, and breast-related risk factors. Screening plays
a critical role in the effective management of breast cancer. Various screening modalities, including mammography,
ultrasound, magnetic resonance imaging (MRI), and physical examination, have different applications, and a
combination of these modalities is applied in practice. Current screening recommendations are based on factors
including age and risk, with a significant emphasis on minimizing potential harms to achieve an optimal benefits-to-
harms ratio. This review provides a comprehensive insight into the epidemiology, risk factors, and screening of

breast cancer. Understanding these elements is crucial for improving breast cancer management and reducing its

burden on affected individuals and healthcare systems.
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Introduction

Breast cancer is a disease of great heterogeneity, with a
multifaceted etiology encompassing genetic and nongenetic
factors (1). As recent global cancer statistics indicate, breast
cancer has surpassed lung cancer and become the most
frequently diagnosed cancer worldwide, accounting for
11.7% of new cancer cases in 2020 (2). Thus, breast cancer
remains a significant global health concern despite the
rapid advances in this field.

The epidemiology of breast cancer has been deeply and
constantly investigated over the decades (3,4). Under-
standing the epidemiological characteristics of breast
cancer including its incidence, prevalence, and mortality
across different demographic and geographic aspects, as
well as identifying the risk factors, could facilitate the
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development of proper public health policies. Screening is a
key part of the overall management of breast cancer, which
can detect breast cancer at an early stage, thereby reducing
the associated mortality dramatically (5). And the emerging
novel approaches for detection necessitate more
personalized options to weigh pros and cons of screening
(6). In this review, we summarize the current state of
knowledge on the epidemiology and screening of breast
cancer by synthesizing recent findings, and discuss the
challenges and future directions in this field.

Epidemiology
Global incidence and mortality

Over the course of time, the global incidence of breast
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cancer increased rapidly during the 1980s and 1990s (7),
which was largely due to enhanced detection (8). Then, a
sharp drop occurred in the US population as the use of
hormone replacement therapy (HRT) decreased (9). Since
2007, the burden of breast cancer rose again (10,11) and
this trend continues today. The explanations might
encompass increased body mass index (BMI) and decreased
birth rate (12). During the recent decade (2010-2019), the
incidence of breast cancer increased at a rate of 0.5%
annually (13). The local-stage disease contributed largely to
the increase. Population growth and aging were also
believed to be key factors (14) since the change in age-
standardized rate (ASR) was not obvious. To sum up, the
past three decades witnessed a 128% increase in the total
number of incident cases worldwide (15). In 2020, female
breast cancer became the most commonly diagnosed cancer
globally for the first time, with an estimated 2.26 million
new cases reported (2). The most recent prediction
suggests that by 2040, the global burden of breast cancer
is expected to increase to over 3 million new cases
annually (16).

The mortality rate of breast cancer also fluctuated over
the past few decades. From 1970s to 1980s, the mortality
rose steadily in most countries (17). After the death rate
peaked in the late 1980s, it sharply decreased as the way in
which breast cancer was managed changed (18). At this
time period, both mass mammography screening and better
treatment contributed to the mortality reduction (19).
However, in recent years, the decline in mortality has
slowed to 1.3%, which could result from the gradual
increase in the incidence of breast cancer and the stable
prevalence of screening (13). The latest global statistics
showed that breast cancer was the leading cause of cancer-
related mortality among women, ranking fifth in overall
cancer deaths (2). By 2030, the mortality rate from lung
cancer in women is expected to surpass that of breast
cancer in some developed countries (20).

Geograpbic and demograpbic disparities

Globally, there exist notable variations across different
regions and among various ethnicity, often reflecting a
complex interplay of genetic, environmental, socio-
economic, and healthcare access factors (21). It has been
observed that countries with a high human development
index (HDI) like Northern America, Australia, and
Northern and Western Europe, tend to have a higher
incidence of breast cancer compared to those with a lower
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HDI (22,23). The reasons include a high prevalence of
hormonal and lifestyle risk factors on one hand, and
increased detection of early disease on the other (2). Even
within a single country, the impact of different risk factors
on the overall incidence of breast cancer varies
geographically (24). Conversely, countries with a lower
HDI tend to exhibit higher mortality rates due to limited
access to healthcare for their populations (2). For example,
the stage at diagnosis of breast cancer tends to be later in
countries like those in sub-Saharan Africa, as indicated by a
meta-analysis (25).

Race and ethnicity should also be taken into account
when interpreting the epidemiology of breast cancer.
Various studies have demonstrated significant disparities in
breast cancer incidence and mortality across different racial
and ethnic groups (26). In the US, compared to White
women, the Black women generally have a lower incidence
and higher mortality (27), and this disparity has remained
stable till now. A mix of factors contribute to this
phenomenon, including socioeconomic status and
biological heterogeneity (28). During the ongoing
pandemic, the impact of COVID-19 has also exhibited
racial disparities, with Black women experiencing worse
outcomes compared to Non-Hispanic White patients (29).

In China, breast cancer poses as a significant public
health issue. As of 2015, it was identified as the most
common cancer and one of the leading cause of cancer-
related deaths among women in the country (30).
Worldwide, the newly diagnosed cases and deaths from
breast cancer in China constituted 18.4% and 17.1% of the
global totals in 2020, respectively (31). A Bayesian-based
predictive model forecasts that this upward trend will
persist into the next decade (32). Among the evolving risk
factors, high BMI is regarded as the most significant one
among Chinese women (33). In brief, the overall landscape
of breast cancer in China and Western countries is
converging (34).

Clinicopathological variations

The diversity in clinicopathological features of tumors
across different regions and ethnicities partly explains the
worldwide epidemiological pattern of breast cancer.
According to the 2022 breast cancer statistics (13), the
overall median age at diagnosis is 62 years. For White
women, the median age is 64 years, while it is younger for
women of other ethnicities, such as Black women (60
years). In Central China, the age distribution peaks at
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45-49 years, while in the US, patients display two age
peaks at 60—64 and 80 years (35). The prevalence of breast
cancer in younger individuals varies across different
regions. In the West, the incidence rate in patients below
40 years old is 4%—5%, compared to a 13% incidence rate
in the East (36). An increase in young breast cancer cases
has been reported (37).

Regarding molecular subtype, in the US, hormone
receptor (HR)-positive/human epidermal growth factor
receptor 2 (HER2)-negative breast tumors are the most
common subtype, comprising 68% of cases, while
HR+/HER2+ tumors are the least common, accounting for
only 4%. Among different ethnicities in the US, Black
women are more likely to be diagnosed with triple-negative
breast cancer (TINBC) compared to White women (13),
which is associated with aggressive biological behavior. The
positive rate of estrogen receptor (ER) is reported to be
59% in Africa (38) and 56.7% in Central China (35),
according to different studies. Both African and Asian
patients showed an increased prevalence in the HER2-
enriched molecular subtypes compared with White patients
(39,40). Furthermore, Black women are more likely to be
diagnosed at a later stage compared to White and Chinese
women, and this trend may be partly due to intrinsic
biological factors (41). At the molecular level, significant
differences could be detected between different
populations. Compared with White women, Asian women
exhibited a higher prevalence of TP53 mutations and
elevated immune scores (40). More TP53 mutations and
fewer PIK3CA mutations were observed in Black women
(39,42). The variation in molecular characteristics partly
explains the difference in prognosis across different
regions.

Male breast cancer (MBC)

MBC is a rare disease, accounting for less than 1% of all
breast cancers (43). The median age at diagnosis of MBC is
63.4 years, which is older than that of female breast cancer
(44). The peak incidence of MBC occurs at 71 years old
(45). Worldwide, a total of 25,143 men were diagnosed
with MBC, and 12,099 men died of MBC in 2019 (46).
Like female breast cancer, the incidence of MBC has been
on the rise over the last few decades (47), a trend
anticipated to continue (33). MBC also exhibited similar
distribution pattern across different regions and ethnicities.
Previous data suggested that African males had a higher
incidence of MBC due to the higher prevalence of endemic
infectious diseases that could result in liver damage, which
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in turn could further elevate the conversion of androgen to
estrogen (48).

With regard to its rarity, the study of MBC has largely
been informed by data from the Surveillance,
Epidemiology, and End Results (SEER) database. MBC
usually presents at an advanced stage with a higher tumor
grade due to the delays in the diagnosis. Compared to its
female breast cancer counterparts, MBC exhibits a higher
proportion of ER-positive disease (49) and has worse
overall survival (OS) (50). Additionally, MBC displays
distinct molecular landscapes. A recent systematic review
identified a series of male-specific biomarkers such as
STC2, DDX3, and DACHI, beyond the well-established
markers (51).

Risk factors

Risk factors play important role in the onset and
progression of tumors, and can be categorized into
modifiable and Addressing
modifiable risk factors can significantly reduce the global

non-modifiable  factors.
cancer burden (52). For breast cancer, there are risk factors
common to other cancer types as well as those unique to

it (53).
Genetic risk factors

Hereditary breast cancer accounts for approximately 5% to
10% of all breast cancer cases. Individuals with a positive
family history, especially those with a first-degree relative
affected, are at a significantly increased risk for breast
cancer (54). BRCAI (17q21) and BRCA2 (13q13) are two
common genetic mutations that are involved in DNA
repair by homologous recombination (55). BRCAI and
BRCA2 mutations are responsible for 35% and 25% of
hereditary breast cancer, respectively (56,57). The
prevalence of BRCAI and BRCA2 mutations is relatively
high in certain populations like Ashkenazi Jewish (58).
Apart from BRCAI and BRCA2, other high-penetrance
genes associated with breast cancer include PTEN, TP53,
CDHI, and STK!l, while moderate-penetrance genes
include CHEK?2, BRIP1, ATM, and PALB?2 that are involved
in the DNA repair and cell cycle control (55). Different
genetic mutations observed in patients are associated with
certain molecular subtypes of breast cancer (59).

Hormonal risk factors

Estrogen, a steroid hormone, is responsible for developing
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women sexual characteristics and plays an important role in

the metabolism. However, estrogen and estrogen
metabolites also have potential carcinogenic effects, either
by acting on ER, affecting cell proliferation and cell cycle
progression, or by causing oxidative damage to DNA (60).
Thus, abnormally high estrogen levels caused by both
endogenous and exogenous sources of estrogen may

increase the risk of developing breast cancer (61).

Reproductive patterns

The ages at menarche and menopause are both significant
risk factors, as they are associated with the duration of
estrogen exposure. Several previous case-control studies
and pooled analyses have shown that an age at menarche
older than 15 years significantly increases the risk
compared to an age at menarche of 12—13 years or younger
(62-64). Inversely, early menopause lowers the risk of
breast cancer, especially when comparing women who
experience menopause at age 55 years or older with those
at an age younger than 45 years (53). In addition, menstrual
cycle features also affect the breast cancer risk. Short and
regular menstrual cycles, which lead to increased lifetime
exposure to estrogen and progesterone, are observed more
frequently in women with breast cancer than in healthy
women (65). Other characteristics, such as the number of
menstrual cycles before the first full-term pregnancy and
early menstrual regularity, are also associated with breast
cancer risk (65,66).

Several factors related to pregnancy play a significant
role in modulating the risk of breast cancer. Regarding the
age at first childbirth, increasing age seems to elevate the
risk of HR-positive breast cancer. Women having their first
child at age 30 years or older have a higher risk for breast
cancer compared to those aged 25-29 years, but a lower
risk compared to nulliparous women (63). A recent study
found that this association displays an ethnicity-specific
profile (67). The relationship between the age at first birth
and the prognosis of breast cancer patients has shown
conflicting results (67). The number of pregnancies,
including parity and abortions, were also studied. Some
findings indicate that parity is associated with a lower risk
of HR-positive disease, but not HR-negative disease
(64,68). Though pregnancy may increase the risk in the
short-term due to transient exposure to high levels of
sexual hormones, it exerts protective effects in the long-
term (69,70). Early studies reported an association between
abortion and subsequent breast cancer risk (71). However,
the causal relationship between either induced or

© Chinese Journal of Cancer Research. All rights reserved.

Xu and Xu. Breast cancer epidemiology and screening

spontaneous abortion and breast cancer risk was not
confirmed in later, more rigorous studies (72).

Breastfeeding is another well-established factor in
reducing breast cancer risk. A large-scale study reported
that every 12 months of breastfeeding decreased the breast
cancer risk by 4.3% (73). A meta-analysis concluded that
breastfeeding could exert protective effects against HR-
negative disease. It also observed a reduction of risk in
BRCAI carriers, but not in BRCA2 carriers (74). The
association between breastfeeding and the risk of HR-
positive breast cancer is still unclear (75). The protective
effects may be attributed to the biological mechanisms
involving the immunological components in breast milk
(76), and the regeneration and differentiation of breast
cells (77).

Hormone-containing medications

Besides the carcinogenic effects of endogenous hormones,
medications containing synthetic versions of estrogen
and/or progesterone like oral contraceptives (OC) and
HRT that introduce exogenous hormones into the body
are also associated with breast cancer.

The use of OC is prevalent among women of
reproductive age, especially in western countries. The
common dosage form is the combined OC (COC), known
for its satisfactory efficacy and safety, which contains
synthetic estrogen and progestins (78). Previous evidence
concerning the relationship between COC use and breast
cancer risk has been inconsistent. A meta-analysis involving
more than 150,000 women from 54 studies showed that
women who are currently using COC or have used it in the
past 10 years had a slightly increased risk of breast cancer
compared to never-users (79). Similarly, a more recent
large-scale study conducted among Danish women yielded
similar findings, although the absolute increase in risk is
small (80). However, a case-control study based on
US women aged 35-64 years did not support the
association (81).

HRT is prescribed to patients experiencing climacteric
symptoms during menopause by mimicking the effects of
natural hormones. Additionally, long-term HRT has shown
several benefits including reducing the risks of coronary
heart disease (CHD) and mortality (82). Based on
formulation and administration routes, HRT can be
categorized into different types (83). It can be composed of
estrogen only or combined with progestins, and can be
administered orally, transdermally, or topically to alleviate
systemic or genitourinary symptoms (84).
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The relationship between HRT and breast cancer has
been a topic of discussion for many years. The risk
assessment regarding breast cancer varies across different
studies, types of HRT, and other contributing factors.
Previous data from the Women’s Health Initiative (WHI)
(85) and the Million Women Study (86) established that
the risk of breast cancer escalates with the use of HRT. A
more recent nested case-control study further substantiated
this association, revealing that combined HRT and longer
duration present a higher risk (87). A meta-analysis
suggested that an elevated risk was displayed across all
kinds of molecular subtypes, with the strongest association
observed in luminal A breast cancer (75) .

Bebavioral and environmental risk factors

Physical activity

Several observational studies have found that greater
physical activity were related to lower breast cancer risks
(88,89). Dose-response analyses indicated that the higher
the level of activity, the lower the risk (90,91). To decipher
the causality, Mendelian randomization studies were
conducted. The potentially inverse causal relationship
between physical activity and risks of breast cancer was
supported by the work of Papadimitriou ez al. (92). Another
study by Dixon-Suen et al., employing a similar
methodology further confirmed the conclusions, with
consistent results generated across different molecular
subtypes (93). In addition, sedentary behavior is also an
independent risk factor for breast cancer, with a linear
relationship existing between them (94).

Besides analyzing the overall population of breast cancer
patients, researches have also been stratified based on
different subgroups. Some studies have discovered
menopause-dependent subgroup effects regarding the
protective impact of physical activity, with stronger
evidence of risk reduction in postmenopausal women
compared to premenopausal women (95). In addition to
menopausal status, other factors such as BMI, race, HR
status, family history, and parity also warrant consideration
when discussing the effects of physical activity (96). The
potential biologic rationale underlying the beneficial effects
of physical activity encompasses the reduction of body fat,
leading to decreased exposure to endogenous sex
hormones. Other possible mechanisms might include the
reduction of insulin and other growth factors, as well as
alterations in immune system responses (97).
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Body weight
BMI is widely used to quantify body weight and classify
somatotype. Overweight is defined as a BMI of 25.0-29.9
kg/m?, and obesity as a BMI of 30.0 kg/m? or higher (98).
Accumulating data suggest that obesity is related to an
increased risk breast cancer in postmenopausal women,
especially for ER-positive subtypes. A previous meta-
analysis of 10 studies showed that each 5-unit increase in
BMI was associated with a 33% greater risk of developing
ER-positive and progesterone receptor (PR)-positive
tumors (99). Results from WHI clinical trials, which
enrolled 67,142 postmenopausal women, revealed that a
BMI of 35.0 kg/m? or higher was strongly associated with
ER+/PR+ tumors and advanced disease, characterized by
tumor size, lymph node involvement, stage, and prognosis
(100). Contrarily, weight loss has been shown to exert
protective effects in postmenopausal women, suggesting
that weight management could be included as a strategy for
preventing breast cancer (101). The relationship between
BMI and breast cancer risk in premenopausal women is less
clear. Several meta-analyses have shown a significant
decrease in the risk of developing HR-positive breast
cancer (99,102,103). However, an increased risk of
developing TNBC has been observed (103). The timing
and pattern of weight gain or loss also play important roles
in determining their impact on breast cancer risk (104).
Differences in display among women with varying
menopausal statuses suggest underlying estrogen-driven
mechanisms. In postmenopausal women, excess adiposity
elevates estrogen levels, which are primarily derived from
the conversion of androgens to estrogen via aromatase
(105). Chronic hyperinsulinemia, low-grade inflammation,
and oxidative stress associated with obesity are estrogen-
independent mechanisms that increase the risk of breast
cancer (106).

Diet

Dietary patterns have been identified as important risk
factors. The exists complex interplay between diet,
metabolism and cancer development. The Western and
Mediterranean diets, as two representative dietary patterns,
have distinct characteristics and associations with breast
cancer risk (107). The Western diet is typically high in
calories and low in nutrients. While there is a longstanding
debate over the association between saturated fat intake and
breast cancer, some studies have found a positive
association (108,109), particularly with HR-positive tumors
(108), whereas others have not found a significant link

WWW.cjcren.org Chin J Cancer Res 2023;35(6):565-583



570

(110,111). Similarly, the role of dietary sugar as a risk factor
for breast cancer has yielded inconsistent results (112,113).
However, regardless of these mixed findings, high
consumption of fats and sugars may contribute to weight
gain, leading to overweight or obesity, which is directly
related to an increased risk of breast cancer through the
pathway mentioned above. The Mediterranean diet,
characterized by a high intake of fruits, vegetables,
legumes, unrefined cereals, and olive oil, is renowned for its
numerous potential health benefits (107). Studies have
indicated that adherence to the Mediterranean diet reduces
the risk of developing breast cancer in both pre- and
postmenopausal women (114), which is consistent across all
molecular subtypes (115). The antioxidants in the diet’s
principal components may be responsible for reduction of
oxidative stress and inflammation, thus potentially leading
to a lower cancer incidence (116).

Alcohol consumption has been identified as a risk
enhancer in breast cancer, with studies demonstrating a
dose-response relationship (117). A meta-analysis of 53
studies found that for each daily increase of 10 grams in
alcohol consumption, the risk elevated by 7% (118). Even
slight drinkers, consuming 12.5 g/d or less, face a 5%
increased risk compared to non-drinkers (119). Regarding
the molecular subtype, an increased risk of luminal A and
HER?2-type breast cancer was observed in a large-scale
study (120). The mechanisms behind this include hormonal
imbalances, particularly in estrogen levels, and the
generation of carcinogens during ethanol metabolism
(121). A recent study by Zhou et al. revealed that epigenetic
modifications at several CpG sites also play a role in the
pathogenic effect of alcohol on breast cancer (122).

Smoking

Accumulating data indicates a modest but real association
between both smoking and second-hand smoke with breast
cancer (123). A notable pooled analysis of 14 cohort
studies, involving 934,681 participants, found that the risk
of breast cancer, particularly ER-positive breast cancer,
increases with the duration of smoking before the first
birth. This association was observed to be independent of
adult alcohol intake (124). Supporting this, another study
and meta-analysis drew similar conclusions (125). A linear
dose-response relationship between the risk of breast
cancer and both the intensity and duration of smoking has
been observed (126). The carcinogenic compounds in
tobacco smoke, such as polycyclic aromatic hydrocarbons
(PAH) and aromatic amines, are absorbed and metabolized
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by mammary tissues, contributing to the development of
breast cancer (127).

Environmental exposures

The environmental risk factors underlying the etiology of
breast cancer involves exposure to radiation, chemicals,
artificial light, and contamination in air, water, and soil
during different windows of susceptibility like prenatal,
pubertal, pregnancy, and menopausal periods (128,129).

Radiation exposure is a well-established risk factor for
breast cancer. In the Life Span Study of Japanese atomic
bomb survivors, both the incidence of female breast cancer
(130) and MBC (131) significantly increased. The risk for
female breast cancer increases linearly with the dose of
ionizing radiation, and this risk is modified by the age at
exposure and attained age (130). Numerous studies also
suggest a link between radiation used for medical purposes,
including diagnostic radiation and radiotherapy, and an
increased risk of breast cancer (132). Women survivors of
Hodgkin lymphoma (HL) treated with chest radiotherapy
at a young age face a breast cancer incidence of 16.6% up
to 30 years later (133). In male survivors, the incidence
increases dramatically, up to 23-fold compared with the
general population over a 40-year period (134).

Chronic exposures to numerous chemicals at younger
ages may elevate the risk of developing breast cancer, as
indicated by both laboratory and human evidence. Known
chemicals of concern include dichlorodiphenyltri-
chloroethane (DDT), dioxins, perfluorooctane-sulfonamide
(PFOSA), and certain air pollutants. These substances are
thought to contribute to cancer development either
through genotoxic or hormone-altering pathways (135).
Additionally, exposure to outdoor light at night (LAN) is
being studied as another risk factor for breast cancer. High
levels of LAN disrupt nocturnal melatonin secretion and
circadian rhythms, potentially promoting mammary
carcinogenesis (136). However, the association between
LAN and breast cancer risk remains unclear. Some suggest
a positive correlation (137), while others do not (138). A
recent study by Sweeney et al. highlights the need to
consider additional environmental factors like NO, and
noise pollution when discuss the effects of outdoor LAN on
breast cancer risk (139).

Breast-related risk factors

Breast density
Breasts are composed of fibrous tissue, glandular tissue, and
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fat. Breast density is quantified using mammogram and is
characterized by the proportion of fibrous and glandular
tissue relative to fatty tissue in the breasts. Nearly half of
women aged 40 years and older have dense breasts, which is
associated with hereditary factors, productive factors and
BMI (140). Women with dense breasts are at a greater risk
of breast cancer compared to those with fatty breasts
(141,142). This trend remains consistent across different
age groups and menopausal statuses (142,143). Dense
breast means it hard to detect early breast cancer from
mammograms, leading to the delay in the diagnosis and
treatment. Furthermore, breast cancer typically originates
from epithelial cells, and the dense breast, with its higher
amount of epithelial components, evidently increases the
likelihood of developing breast cancer (144). However,
despite the aggressive biological characteristics of breast
cancer associated with dense breasts, no significant
difference was detected in mortality between patients with
dense breasts and fatty breasts (145).

History of breast lesions

Individuals with a history of breast cancer are at a higher
risk of developing a second primary breast cancer.
According to a SEER-based analysis of 812,851 women
with unilateral breast cancer, there is an annual risk of
0.37% for contralateral invasive breast cancer, which
accumulates to 9.9% over 25 years. The risk is higher in
Black women and those with ER-negative disease
compared to their counterparts (146). Breast cancer
patients carrying BRCAI/2 mutations experience a
cumulative risk of 18.4% of a second primary contralateral
breast cancer compared to 4.9% for non-carriers (147).
Furthermore, pre-invasive breast lesions, including both
lobular carcinoma in situ (LCIS) and ductal carcinoma in
situ (DCIS), are associated with increased risks of
developing invasive breast cancer even after surgical
excision (148,149).

Beyond malignant breast lesions, there are several benign
breast diseases (BBD) with high prevalence (150), which
could be divided into various categories. Overall, as
proliferative activity and atypia increase, so does the risk of
developing breast cancer. A study involving 9,087 women
over a 15-year follow-up period estimated the relative risks
(RR) associated with different types of BBD (151). The
RRs for non-proliferative (NP) changes, proliferative
disease without atypia (PDWA), and atypical hyperplasia
(AH) are 1.27, 1.88, and 4.24, respectively. Additionally,
clinical factors such as the time since biopsy, menopausal
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status, and family history of breast cancer may influence the
relationship between these lesions and the risk of breast
cancer (152).

Screening

Breast cancer screening, which involves various methods, is
part of a secondary prevention strategy for breast cancer,
facilitating early detection and treatment. Though the
screening is recommended by different guidelines of breast
cancer, it is important to balance the benefits and harms of
screening and to select suitable screening modality for each
patient.

Screening modalities

Mammography

Mammography, first widely adopted in the 1960s (153),
continues to be the primary screening tool, as
recommended by various global guidelines (154). In this
process, the patient’s breast tissue is compressed using a
plate. Low-energy X-rays, typically ranging from 20 to
30 kVp, penetrate the breast tissues to generate
mammograms, which are two-dimensional images.
Standard digital mammography (DM) involves acquiring
images in both the mediolateral oblique (MLO) and
craniocaudal (CC) views. Additional views, such as the
mediolateral (ML) view, are also utilized in cases where
diagnostic uncertainty exists. Mammograms are effective in
identifying various breast abnormalities, including masses,
calcifications, and architectural distortions (155). The
breast lesions identified in mammograms were categorized
using the Breast Imaging Reporting and Data System (BI-
RADS), which divides findings into seven -categories,
ranging from 0 to 6 (156).

The Health Insurance Plan (HIP) study was the first to
investigate the efficacy of mass screening in reducing breast
cancer mortality. Involving over 60,000 women aged 40—
64 years, this study demonstrated a one-third reduction in
mortality (157). Subsequently, numerous clinical trials
conducted before the 21st century in various countries,
including the Swedish Two-County Trial, further
confirmed the benefits of mammography in a similar age
group (158). A meta-analysis, drawing conclusions from
pooled clinical trials and observational studies for women
aged 50—69 years, indicated a varied level of mortality risk
reduction across different age groups (159). While the
Gothenburg breast screening trial (160) and the UK Age
trial (161) suggested benefits, the Canadian National Breast
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Screening Study-1 (CNBSS-1) (162) and another meta-
analysis did not support screening in this age group (159).
Given the challenge of overlapping breast tissues in
conventional mammography, digital breast tomosynthesis
(DBT) has been developed to address this shortcoming
(163). Also known as three-dimensional mammography,
DBT creates multiple thin-section images of the breast,
providing a clearer view of the breast tissues. This
technique has been shown to potentially improve cancer
detection and reduce recall rates compared to traditional
mammography, as evidenced by several studies (164) and
pooled analyses (165). Consequently, the use of DBT is
increasing. However, it remains uncertain whether this
advanced technique translates into a mortality benefit. The
ongoing Tomosynthesis Mammographic Imaging
Screening Trial (TMIST) is the first large-scale
randomized clinical trial comparing mammography with
DBT in reducing the incidence of advanced cancer (166).
Additionally, given the increased radiation dose of DBT,
synthetic mammography (SM) combined with DBT may
be an alternative to DM combined with DBT (167).
Contrast-enhanced mammography (CEM) is another
subset of the mammography basing on dual-energy breast
exposure. CEM uses contrast agents to depict tumor
neovascularity, potentially improving the detection of
breast cancers, especially in patients with dense breasts or
when evaluating suspicious findings detected by
mammography. Studies have indicated that CEM
substantially improves sensitivity (ranging from 94% to
100%) and specificity (ranging from 74% to 96%),
especially in these scenarios (168). Currently, CEM is
recommended as a screening tool for individuals at high
risk. Operating in a manner similar to magnetic resonance
imaging (MRI), CEM can significantly reduce time and
cost, making it viable for widespread use (169). Despite the
comparable diagnostic performance between CEM and
MRI, a recent meta-analysis indicated that MRI has
superior sensitivity and a lower negative likelihood ratio
(170). Beyond mass screening, CEM is also employed in
preoperative assessments of local disease extent and in
monitoring responses to neoadjuvant chemotherapy (169).

Ultrasonography

With the advancement in ultrasound equipment and
techniques, breast ultrasound has become increasingly
important in breast cancer screening. Recognized for being
a non-invasive and radiation-free diagnostic method, it
effectively distinguishes cystic from solid lesions and is
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particularly effective in detecting smaller lesions in women
with dense breasts (171). Studies show that, compared to
mammography alone, ultrasound enhances both sensitivity
and specificity in younger women and those with dense
breasts (172).

Breast ultrasound typically serves as a supplementary tool
to mammography and physical examination, especially in
high-risk groups. A large-scale randomized study
demonstrated that adding breast ultrasound to
mammography substantially improved diagnostic accuracy
(0.91 vs. 0.78, P=0.003) in high-risk women (173).
According to a meta-analysis, when combined with
mammography, pooled sensitivity of breast ultrasound in
detecting lesions in women with dense breasts rose from
74% to 96%. However, this combination also saw a
decrease in specificity from 93% to 87%, leading to
increased recall and biopsy rates (174). Given the operator-
dependent nature of hand-held ultrasound and its lack of
standardization, the emerging technique of automated
whole-breast ultrasound (ABUS) is showing promising
prospects. The Somolnsight study, which involved 15,318
women with dense breasts, indicated that adding ABUS to
mammography increases the cancer detection rate (175).

MRI

Breast MRI utilizes magnetic fields to produce detailed
images of breast tissue, highlighting the morphological and
kinetic characteristics of breast lesions. Contrast-enhanced
MRI is extensively used in breast cancer management,
measuring the extent of disease and assessing the response
to neoadjuvant therapy, outperforming other modalities in
sensitivity (176).

Compared to mammography, breast MRI excels in
detecting small, node-negative invasive cancers (177),
potentially improving breast cancer survival rates.
Currently, breast MRI is recommended as an adjunct to
mammography or ultrasound in high-risk women (178).
However, for women at average risk, routine MRI
screening is not advised due to a higher incidence of false
positives leading to unnecessary biopsies (179).
Additionally, challenges such as limited availability, cost-
effectiveness, and low adherence limit breast MRI
utilization (177). Despite these challenges, emerging
evidence supports the use of MRI in the average risk group.
A recent meta-analysis of 22 studies showed that MRI is the
most effective supplemental modality for detecting cancer
in average or intermediate-risk women with dense breasts
and negative mammography results (180).
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Physical examination

It is estimated that about 5%—10% of breast cancers could
be detected through physical examination alone (181).
Therefore, besides imaging techniques in breast screening,
physical examinations, which include clinical breast exams
(CBE) and breast self-examination (BSE), remain vital
components. However, the effectiveness of CBE and
BSE in breast cancer screening is still debated, and they
are not recommended as routine procedures in some
guidelines (182).

CBE, conducted by healthcare professionals, involves
both palpation and inspection, while BSE is performed by
the patients themselves. Both aim for the early detection of
tumors and overall breast health monitoring. Due to their
low-risk and cost-effective nature, these examinations are
particularly important in less-developed countries (183).
Ongoing large cluster-randomized trials in India,
comparing CBE with no breast screening, primarily
indicate the benefits of CBE in early detection of breast
cancer, although there is no available data yet on its impact
on mortality (184,185). Previous studies that combined
mammography with CBE have shown a reduction in
mortality, but isolating the specific contribution of CBE is
challenging (185). The effectiveness of BSE in breast
cancer screening is controversial. Some studies have shown
an increase in cancer detection rates, while others have not
(183). There is, however, a consensus that BSE as a
screening method does not reduce breast cancer mortality,
as indicated by a meta-analysis (186). The increased rate of
false positives should also be considered when
implementing physical examinations for breast cancer
screening (187).

Screening recommendations

Global status of screening

Currently, breast cancer screening programs are well-
established in developed regions like Europe and the US.
For example, nearly all European countries have
population-based screening programs, though inequalities
between them have been identified (188). In contrast, in
low-income areas such as sub-Saharan Africa, no countries
have established systematic screening programs, and
awareness of breast cancer is poor (189). In China, large-
scale screening programs were initiated in 2008, delayed by
challenges such as a widely dispersed population,
insufficient equipment, and a lack of insurance coverage for
screening (190,191).
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Regarding the temporal aspect, mortality rates in most
high-income countries began decreasing in the late 1980s,
partially attributed to the implementation of breast cancer
screening (192), which aids in detecting advanced and
metastatic cancers. It should be noted, though, that the
incidence rates of later-stage breast cancer have remained
stable after decades of mammography screening.
Additionally, as treatments for breast cancer have
improved, the impact of mammography in reducing
mortality has become less significant (193). Most recently,
the COVID-19 pandemic has also impacted screening
programs worldwide, with overall participation rates
decreasing, varying by healthcare setting (194).

Tailored screening strategies

Numerous breast cancer screening guidelines have been
issued from 2010 to 2021, as summarized in a systematic
review, revealing 23 different guidelines across 11 regions
with varied content (154). These guidelines collectively
should
be personalized, considering an individual’s risk of

emphasize that screening recommendations
developing breast cancer and their age. Additionally, race
and ethnicity are also significant factors, as indicated by a
recent study (195).

For women at average risk, the consensus among most
guidelines is to begin screening at 40 years old. The United
States Preventive Services Task Force (USPSTF) initially
recommended starting at age 50 years, given the marginal
net benefit of earlier screening (154). However, the latest
USPSTF guidelines lower the initial age to 40 years
aligning with other recommendations (196). The American
Cancer Society (ACS) advises initiating screening at 45
years, while also giving women aged 40—44 years the option
to participate in screening (197). Guidelines vary on the age
to discontinue screening, but the decision generally
considers life expectancy and comorbidity severity (198).
All current guidelines agree on mammography as the
primary screening tool, recommending it either annually or
biennially depending on age (154).

For individuals at high risk, screening recommendations
are more intensive. High-risk factors, as defined in the
guidelines, include a lifetime breast cancer risk of about
20% or higher, known mutations in BRCAl or BRCA2
genes, significant prior chest radiation exposure, or certain
genetic syndromes (199). For these high-risk groups,
screening can start as early as 30 years old and typically
includes both mammography and MRI (154).

WWW.cjcren.org Chin J Cancer Res 2023;35(6):565-583



574

Challenges and controversies

The practice of breast cancer screening faces significant
challenges, including the risks of overdiagnosis,
overtreatment, and the psychological distress caused by
false positives. These potential harms demand careful
consideration in screening decisions. Several systematic
reviews have quantified these harms. The rates of
overdiagnosis vary widely, ranging from 1%—60% in
clinical trials to 1%—12% in observational studies (200). An
evaluation of both observed and modeled data by Bulliard
et al. indicated that for women aged 50-69 vyears,
overdiagnosis in screening accounts for less than 10% of
invasive breast cancer cases (201). However, an increasing
trend in potentially overdiagnosed breast cancer cases is
observed in women aged 70 years and older. Notably, this
percentage escalates to 54% in women aged 85 years and
older (202).

In terms of false positives, younger age and more
frequent screening are linked to a higher incidence. For
women who begin annual screening at 40 years, the
estimated 10-year cumulative probability of a false-positive
mammography is 61%, with a biopsy rate of 7% (200,203).
Other concerns, such as psychological distress (204) and
radiation exposure (205,206) have been estimated in various
studies, which vary widely in their methodologies.

Conclusions

This review highlights the global significance of breast
cancer, emphasizing its varied incidence and mortality rates
worldwide. It is important to understanding the diverse and
interrelated risk factors, ranging from genetics to lifestyle.
Personalized and risk-based screening strategies are
essential for the early detection and effective management
of breast cancer. Considering the substantial burden of
breast cancer, continued global efforts are necessary for its
control in the future.

Acknowledgements

This work was supported by the CAMS Innovation Fund
for Medical Sciences (No. 2021-12M-1-014 and No. 2022-
12M-2-002).

Footnote

Conflicts of Interest: The authors have no conflicts of
interest to declare.

© Chinese Journal of Cancer Research. All rights reserved.

Xu and Xu. Breast cancer epidemiology and screening

References

1. Sun YS, Zhao Z, Yang ZN, et al. Risk factors and
preventions of breast cancer. Int J Biol Sci 2017;13:
1387-97.

2. Sung H, Ferlay J, Siegel RL, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2021;71:209-49.

3. Kelsey JL, Gammon MD. The epidemiology of
breast cancer. CA Cancer J Clin 1991;41:146-65.

4. Tacoviello L, Bonaccio M, de Gaetano G, et al.
Epidemiology of breast cancer, a paradigm of the
“common soil” hypothesis. Semin Cancer Biol
2021;72:4-10.

5. Tabdr L, Dean PB, Chen TH, et al. The incidence
of fatal breast cancer measures the increased
effectiveness of therapy in women participating in
mammography screening. Cancer 2019;125:515-23.

6. Mann RM, Hooley R, Barr RG, et al. Novel
approaches to screening for breast cancer. Radiology
2020;297:266-85.

7. DeSantis CE, Ma J, Gaudet MM, et al. Breast cancer
statistics, 2019. CA Cancer J Clin 2019;69:438-51.

8. Breen N, Gentleman JF, Schiller JS. Update on
mammography trends: comparisons of rates in 2000,
2005, and 2008. Cancer 2011;117:2209-18.

9. Ravdin PM, Cronin KA, Howlader N, et al. The
decrease in breast-cancer incidence in 2003 in the
United States. N Engl ] Med 2007;356:1670-4.

10.  Anderson WF, Katki HA, Rosenberg PS. Incidence
of breast cancer in the United States: current and
future trends. J Natl Cancer Inst 2011;103:1397-402.

11.  Heer E, Harper A, Escandor N, et al. Global burden
and trends in premenopausal and postmenopausal
breast cancer: a population-based study. Lancet Glob
Health 2020;8:€1027-37.

12.  Pfeiffer RM, Webb-Vargas Y, Wheeler W, et al.
Proportion of U. S. trends in breast cancer incidence
attributable to long-term changes in risk factor
distributions. Cancer Epidemiol Biomark Prev
2018;27:1214-22.

13.  Giaquinto AN, Sung H, Miller KD, et al. Breast
cancer statistics, 2022. CA Cancer J Clin 2022;72:
524-41.

WWW.cjcren.org Chin J Cancer Res 2023;35(6):565-583



Chinese Journal of Cancer Research, Vol 35, No 6 December 2023

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Global Burden of Disease Cancer Collaboration,
Fitzmaurice C, Allen C, et al. Global, regional, and
national cancer incidence, mortality, years of life
lost, years lived with disability, and disability-
adjusted life-years for 32 cancer groups, 1990 to
2015: a systematic analysis for the global burden of
disease study. JAMA Oncol 2017;3:524-48.

Xu 'Y, Gong M, Wang Y, et al. Global trends and
forecasts of breast cancer incidence and deaths. Sci
Data 2023;10:334.

Arnold M, Morgan E, Rumgay H, et al. Current and
future burden of breast cancer: Global statistics for
2020 and 2040. Breast 2022;66:15-23.

Bray F, McCarron P, Parkin DM. The changing
global patterns of female breast cancer incidence and
mortality. Breast Cancer Res 2004;6:229-39.

Peto R, Boreham J, Clarke M, et al. UK and USA
breast cancer deaths down 25% in year 2000 at ages
20-69 years. Lancet 2000;355:1822.

Berry DA, Cronin KA, Plevritis SK, et al. Effect of
screening and adjuvant therapy on mortality from
breast cancer. N Engl ] Med 2005;353:1784-92.
Martin-Sinchez JC, Lunet N, Gonzilez-Marrén A,
et al. Projections in breast and lung cancer mortality
among women: A Bayesian analysis of 52 countries
worldwide. Cancer Res 2018;78:4436-42.

Grann V, Troxel AB, Zojwalla N, et al. Regional and
racial disparities in breast cancer-specific mortality.
Soc Sci Med 2006;62:337-47.

Huang J, Chan PS, Lok V, et al. Global incidence
and mortality of breast cancer: a trend analysis.
Aging (Albany NY) 2021;13:5748-803.

DeSantis CE, Bray F, Ferlay J, et al. International
variation in female breast cancer incidence and
mortality rates. Cancer Epidemiol Biomarkers Prev
2015;24:1495-506.

Anderson T, Herrera D, Mireku F, et al.
Geographical variation in social determinants of
female breast cancer mortality across US counties.
JAMA Netw Open 2023;6:¢2333618.

Jedy-Agba E, McCormack V, Adebamowo C, et al.
Stage at diagnosis of breast cancer in sub-Saharan
Africa: a systematic review and meta-analysis. Lancet
Glob Health 2016;4:€923-35.

Grabinski VF, Brawley OW. Disparities in breast

© Chinese Journal of Cancer Research. All rights reserved.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

WWW.cjcren.org

575

cancer. Obstet Gynecol Clin North Am 2022;49:
149-65.

Hunt BR, Silva A, Lock D, et al. Predictors of breast
cancer mortality among white and black women in
large United States cities: an ecologic study. Cancer
Causes Control 2019;30:149-64.

Hirko KA, Rocque G, Reasor E, et al. The impact of
race and ethnicity in breast cancer-disparities and
implications for precision oncology. BMC Med
2022;20:72.

Nagaraj G, Vinayak S, Khaki AR, et al. Clinical
characteristics, racial inequities, and outcomes in
patients with breast cancer and COVID-19: a
COVID-19 and cancer consortium (CCC19) cohort
study. eLife 2023;12:e82618.

Chen W, Zheng R, Baade PD, et al. Cancer statistics
in China, 2015. CA Cancer J Clin 2016;66:115-32.
Lei S, Zheng R, Zhang S, et al. Global patterns of
breast cancer incidence and mortality: A population-
based cancer registry data analysis from 2000 to
2020. Cancer Commun (Lond) 2021;41:1183-94.
Lei S, Zheng R, Zhang S, et al. Breast cancer
incidence and mortality in women in China:
temporal trends and projections to 2030. Cancer
Biol Med 2021;18:900-9.

Liu N, Yang DW, Wu YX, et al. Burden, trends, and
risk factors for breast cancer in China from 1990 to
2019 and its predictions until 2034: an up-to-date
overview and comparison with those in Japan and
South Korea. BMC Cancer 2022;22:826.

Xia C, Dong X, Li H, et al. Cancer statistics in
China and United States, 2022: profiles, trends, and
determinants. Chin Med J (Engl) 2022;135:584-90.
Chen C, Sun S, Yuan JP, et al. Characteristics of
breast cancer in Central China, literature review and
comparison with USA. Breast 2016;30:208-13.
Anastasiadi Z, Lianos GD, Ignatiadou E, et al. Breast
cancer in young women: an overview. Updates Surg
2017;69:313-7.

Villarreal-Garza C, Aguila C, Magallanes-Hoyos
MC, et al. Breast cancer in young women in Latin
America: an unmet, growing burden. Oncologist
2013;18:1298-306.

Eng A, McCormack V, dos-Santos-Silva I. Receptor-

defined subtypes of breast cancer in indigenous

Chin J Cancer Res 2023;35(6):565-583



576

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

populations in Africa: A systematic review and meta-
analysis. PLOS Med 2014;11:e1001720.

Huo D, Hu H, Rhie SK, et al. Comparison of breast
cancer molecular features and survival by African and
European ancestry in The Cancer Genome Atlas.
JAMA Oncol 2017;3:1654-62.

Pan JW, Zabidi MMA, Ng PS, et al. The molecular
landscape of Asian breast cancers reveals clinically
relevant population-specific differences. Nat
Commun 2020;11:6433.

Igbal J, Ginsburg O, Rochon PA, et al. Differences
in breast cancer stage at diagnosis and cancer-specific
survival by race and ethnicity in the United States.
JAMA 2015;313:165-73.

Keenan T, Moy B, Mroz EA, et al. Comparison of
the genomic landscape between primary breast
cancer in African American versus white women and
the association of racial differences with tumor
recurrence. ] Clin Oncol 2015;33:3621-7.

Siegel RL, Miller KD, Wagle NS, et al. Cancer
statistics, 2023. CA Cancer J Clin 2023;73:17-48.
Abdelwahab Yousef AJ. Male breast cancer:
epidemiology and risk factors. Semin Oncol 2017;
44:267-72.

Anderson WF, Althuis MD, Brinton LA, et al. Is
male breast cancer similar or different than female
breast cancer. Breast Cancer Res Treat 2004;83:
77-86.

Xu S, Liu Y, Zhang T, et al. The global, regional,
and national burden and trends of breast cancer from
1990 to 2019: results from the global burden of
disease study 2019. Front Oncol 2021;11:689562.
Chen Z, Xu L, Shi W, et al. Trends of female and
male breast cancer incidence at the global, regional,
and national levels, 1990-2017. Breast Cancer Res
Treat 2020;180:481-90.

Ionescu S, Nicolescu AC, Marincas M, et al. An
update on the general features of breast cancer in
male patients-a literature review. Diagnostics (Basel)
2022;12:1554.

Yao N, Shi W, Liu T, et al. Clinicopathologic
characteristics and prognosis for male breast cancer
compared to female breast cancer. Sci Rep 2022;
12:220.

Liu N, Johnson KJ, Ma CX. Male breast cancer: an

© Chinese Journal of Cancer Research. All rights reserved.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

WWW.cjcren.org

Xu and Xu. Breast cancer epidemiology and screening

updated surveillance, epidemiology, and end results
data analysis. Clin Breast Cancer 2018;18:¢997-1002.
Chatterji S, Krzoska E, Thoroughgood CW, et al.
Defining genomic, transcriptomic, proteomic,
epigenetic, and phenotypic biomarkers with
prognostic capability in male breast cancer: a
systematic review. Lancet Oncol 2023;24:¢74-85.
GBD 2019 Cancer Risk Factors Collaborators. The
global burden of cancer attributable to risk factors,
2010-19: a systematic analysis for the Global Burden
of Disease Study 2019. Lancet 2022;400:563-91.
Singletary SE. Rating the risk factors for breast
cancer. Ann Surg 2003;237:474-82.

Ellisen LW, Haber DA. Hereditary breast cancer.
Annu Rev Med 1998;49:425-36.

Shiovitz S, Korde LA. Genetics of breast cancer: a
topic in evolution. Ann Oncol 2015;26:1291-9.
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. Am J Hum Genet 2003;72:1117-30.

Tai YC, Domchek S, Parmigiani G, et al. Breast
cancer risk among male BRCA1 and BRCA2
mutation carriers. J Natl Cancer Inst 2007;99:
1811-4.

Struewing JP, Hartge P, Wacholder S, et al. The risk
of cancer associated with specific mutations of
BRCALI and BRCA2 among Ashkenazi Jews. N Engl
J Med 1997;336:1401-8.

Hu C, Hart SN, Gnanaolivu R, et al. A population-
based study of genes previously implicated in breast
cancer. N Engl ] Med 2021;384:440-51.

Yager JD, Davidson NE. Estrogen carcinogenesis in
breast cancer. N Engl ] Med 2006;354:270-82.
Al-Shami K, Awadi S, Khamees A, et al. Estrogens
and the risk of breast cancer: A narrative review of
literature. Heliyon 2023;9:¢20224.

Kelsey JL, Gammon MD, John EM. Reproductive
factors and breast cancer. Epidemiol Rev 1993;15:
36-47.

Nelson HD, Zakher B, Cantor A, et al. Risk factors
for breast cancer for women aged 40 to 49 years: a
systematic review and meta-analysis. Ann Intern

Med 2012;156:635-48.

Chin J Cancer Res 2023;35(6):565-583



Chinese Journal of Cancer Research, Vol 35, No 6 December 2023

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Anderson KN, Schwab RB, Martinez ME.
Reproductive risk factors and breast cancer subtypes:
a review of the literature. Breast Cancer Res Treat
2014;144:1-10.

Olsson HL, Olsson ML. The menstrual cycle and
risk of breast cancer: a review. Front Oncol 2020;
10:21.

Butler LM, Potischman NA, Newman B, et al.
Menstrual risk factors and early-onset breast cancer.
Cancer Causes Control 2000;11:451-8.

Aurin J, Thorlacius H, Butt ST. Age at first
childbirth and breast cancer survival: a prospective
cohort study. BMC Res Notes 2020;13:9.

Li C, Fan Z, Lin X, et al. Parity and risk of
developing breast cancer according to tumor
subtype: A systematic review and meta-analysis.
Cancer Epidemiol 2021;75:102050.

Clavel-Chapelon F, Gerber M. Reproductive factors
and breast cancer risk. Do they differ according to
age at diagnosis? Breast Cancer Res Treat 2002;72:
107-15.

Katuwal S, Tapanainen J, Pukkala E. Multivariate
analysis of independent roles of socioeconomic
status, occupational physical activity, reproductive
factors, and postmenopausal hormonal therapy in
risk of breast cancer. Breast Cancer Res Treat 2022;
193:495-505.

Brind J, Chinchilli VM, Severs WB, et al. Induced
abortion as an independent risk factor for breast
cancer: a comprehensive review and meta-analysis. J
Epidemiol Community Health 1996;50:481-96.
Beral V, Bull D, Collaborative Group on Hormonal
Factors in Breast Cancer, et al. Breast cancer and
abortion: collaborative reanalysis of data from 53
epidemiological studies, including 83000 women
with breast cancer from 16 countries. Lancet
2004;363:1007-16.

Collaborative Group on Hormonal Factors in Breast
Cancer. Breast cancer and breastfeeding:
collaborative reanalysis of individual data from 47
epidemiological studies in 30 countries, including
50302 women with breast cancer and 96973 women
without the disease. Lancet 2002;360:187-95.

Islami F, Liu Y, Jemal A, et al. Breastfeeding and

breast cancer risk by receptor status — a systematic

© Chinese Journal of Cancer Research. All rights reserved.

75.

76.

71.

78.

79.

80.

81.

82.

&3.

84.

85.

WWW.cjcren.org

577

review and meta-analysis. Ann Oncol 2015;26:
2398-407.

Mao X, Omeogu C, Karanth S, et al. Association of
reproductive risk factors and breast cancer molecular
subtypes: a systematic review and meta-analysis.
BMC Cancer 2023;23:644.

do Carmo Franca-Botelho A, Ferreira MC, Franca
JL, et al. Breastfeeding and its relationship with
reduction of breast cancer: a review. Asian Pac J
Cancer Prev 2012;13:5327-32.

Yang L, Jacobsen KH. A systematic review of the
association between breastfeeding and breast cancer.
J Womens Health (Larchmt) 2008;17:1635-45.
Altshuler AL, Gaffield ME, Kiarie JN. The WHOQO’s
medical eligibility criteria for contraceptive use:
20 years of global guidance. Curr Opin Obstet
Gynecol 2015;27:451-9.

Collaborative Group on Hormonal Factors in Breast
Cancer. Breast cancer and hormonal contraceptives:
collaborative reanalysis of individual data on 53297
women with breast cancer and 100239 women
without breast cancer from 54 epidemiological
studies. Lancet 1996;347:1713-27.

Morch LS, Skovlund CW, Hannaford PC, et al.
Contemporary hormonal contraception and the risk
of breast cancer. N Engl ] Med 2017;377:2228-39.
Marchbanks PA, McDonald JA, Wilson HG, et al.
Oral contraceptives and the risk of breast cancer. N
Engl ] Med 2002;346:2025-32.

Lobo RA. Hormone-replacement therapy: current
thinking. Nat Rev Endocrinol 2017;13:220-31.
Mehta J, Kling JM, Manson JE. Risks, benefits, and
treatment modalities of menopausal hormone
therapy: current concepts. Front Endocrinol
(Lausanne) 2021;12:564781.

Portman DJ, Gass ML, Vulvovaginal Atrophy
Terminology Consensus Conference Panel.
Genitourinary syndrome of menopause: new
terminology for vulvovaginal atrophy from the
International Society for the Study of Women’s
Sexual Health and the North American Menopause
Society. J Sex Med 2014;11:2865-72.

Chlebowski RT, Kuller LH, Prentice RL, et al.
Breast cancer after use of estrogen plus progestin in
postmenopausal women. N Engl J] Med 2009;360:

Chin J Cancer Res 2023;35(6):565-583



578

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

573-87.

Beral V, Million Women Study Collaborators.
Breast cancer and hormone-replacement therapy in
the Million Women Study. Lancet 2003;362:419-27.
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. BM]J 2020;371:
m3873.

Bianchini F, Kaaks R, Vainio H. Weight control and
physical activity in cancer prevention. Obes Rev
2002;3:5-8.

Moore SC, Lee IM, Weiderpass E, et al. Association
of leisure-time physical activity with risk of 26 types
of cancer in 1.44 million adults. JAMA Intern Med
2016;176:816-25.

Neilson HK, Farris MS, Stone CR, et al. Moderate-
vigorous recreational physical activity and breast
cancer risk, stratified by menopause status: a
systematic review and meta-analysis. Menopause
2017;24:322-44.

Diao X, Ling Y, Zeng Y, et al. Physical activity and
cancer risk: a dose-response analysis for the Global
Burden of Disease Study 2019. Cancer Commun
(Lond) 2023;43:1229-43.

Papadimitriou N, Dimou N, Tsilidis KK, et al.
Physical activity and risks of breast and colorectal
cancer: a Mendelian randomisation analysis. Nat
Commun 2020;11:597.

Dixon-Suen SC, Lewis SJ, Martin RM, et al.
Physical activity, sedentary time and breast cancer
risk: A Mendelian randomization study. Br J Sports
Med 2022;56:1157-70.

Chong F, Wang Y, Song M, et al. Sedentary
behavior and risk of breast cancer: a dose-response
meta-analysis from prospective studies. Breast
Cancer 2021;28:48-59.

Friedenreich CM. Physical activity and breast cancer
risk: the effect of menopausal status. Exerc Sport Sci
Rev 2004;32:180-4.

Friedenreich CM, Cust AE. Physical activity and
breast cancer risk: impact of timing, type and dose of
activity and population subgroup effects. Br ] Sports
Med 2008;42:636-47.

Xu Y, Rogers CJ. Physical activity and breast cancer

© Chinese Journal of Cancer Research. All rights reserved.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

WWW.cjcren.org

Xu and Xu. Breast cancer epidemiology and screening

prevention: possible role of immune mediators.
Front Nutr 20205;7:557997.

Clinical guidelines on the identification, evaluation,
and treatment of overweight and obesity in adults —
The evidence report. National Institutes of Health.
Obes Res 1998;6 Suppl 2:51S-209S.

Suzuki R, Orsini N, Saji S, et al. Body weight and
incidence of breast cancer defined by estrogen and
progesterone receptor status — a meta-analysis. Int J
Cancer 2009;124:698-712.

Neuhouser ML, Aragaki AK, Prentice RL, et al.
Overweight, obesity, and postmenopausal invasive
breast cancer risk: a secondary analysis of the
women’s health initiative randomized clinical trials.
JAMA Oncol 2015;1:611-21.

Teras LR, Patel AV, Wang M, et al. Sustained
weight loss and risk of breast cancer in women 50
years and older: a pooled analysis of prospective data.
J Natl Cancer Inst 2020;112:929-37.

Munsell MF, Sprague BL, Berry DA, et al. Body
mass index and breast cancer risk according to
postmenopausal estrogen-progestin use and
hormone receptor status. Epidemiol Rev 2014;36:
114-36.

Li X, Li J, Hu Q, et al. Association of physical
weight statuses defined by body mass index (BMI)
with molecular subtypes of premenopausal breast
cancer: a systematic review and meta-analysis. Breast
Cancer Res Treat 2023. [Online ahead of print]
Playdon MC, Matthews SB, Thompson HJ. Weight
change patterns and breast cancer risk: a brief review
and analysis. Crit Rev Eukaryot Gene Expr
2013;23:159-69.

Simpson ER. Sources of estrogen and their
importance. J Steroid Biochem Mol Biol 2003;86:
225-30.

Chen X, Wang M, Yu K, et al. Chronic stress-
induced immune dysregulation in breast cancer:
Implications of psychosocial factors. J Transl Int
Med 2022;11:226-33.

Tsai HH, Yu JC, Hsu HM, et al. The risk of breast
cancer between Western and Mediterranean dietary
patterns. Nutrients 2023;15:2057.

Sieri S, Chiodini P, Agnoli C, et al. Dietary fat

intake and development of specific breast cancer

Chin J Cancer Res 2023;35(6):565-583



Chinese Journal of Cancer Research, Vol 35, No 6 December 2023

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

subtypes. ] Natl Cancer Inst 2014;106:dju068.
Sellem L, Srour B, Guéraud F, et al. Saturated,
mono- and polyunsaturated fatty acid intake and
cancer risk: results from the French prospective
cohort NutriNet-Santé. Eur J Nutr 2019;58:
1515-27.

Park SY, Kolonel LN, Henderson BE, et al. Dietary
fat and breast cancer in postmenopausal women
according to ethnicity and hormone receptor status:
the Multiethnic Cohort Study. Cancer Prev Res
(Phila) 2012;5:216-28.

Farvid MS, Cho E, Chen WY, et al. Premenopausal
dietary fat in relation to pre- and post-menopausal
breast cancer. Breast Cancer Res Treat 2014;145:
255-65.

Arthur RS, Kirsh VA, Mossavar-Rahmani Y, et al.
Sugar-containing beverages and their association
with risk of breast, endometrial, ovarian and
colorectal cancers among Canadian women. Cancer
Epidemiol 2021;70:101855.

Chazelas E, Srour B, Desmetz E, et al. Sugary drink
consumption and risk of cancer: results from
NutriNet-Santé prospective cohort. BMJ 2019;366:
12408.

Turati F, Carioli G, Bravi F, et al. Mediterranean
diet and breast cancer risk. Nutrients 2018;10:326.
Castell6 A, Pollin M, Buijsse B, et al. Spanish
Mediterranean diet and other dietary patterns and
breast cancer risk: case-control EpiGEICAM study.
BrJ Cancer 2014;111:1454-62.

Laudisio D, Castellucci B, Barrea L, et al.
Mediterranean diet and breast cancer risk: a narrative
review. Minerva Endocrinol (Torino) 2021;46:
441-52.

McDonald JA, Goyal A, Terry MB. Alcohol intake
and breast cancer risk: weighing the overall evidence.
Curr Breast Cancer Rep 2013;5:10.1007/s12609-
013-0114-z.

Hamajima N, Hirose K, Tajima K, et al. Alcohol,
tobacco and breast cancer — collaborative reanalysis
of individual data from 53 epidemiological studies,
including 58,515 women with breast cancer and
95,067 women without the disease. Br J Cancer
2002;87:1234-45.

Seitz HK, Pelucchi C, Bagnardi V, et al.

© Chinese Journal of Cancer Research. All rights reserved.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

WWW.cjcren.org

579

Epidemiology and pathophysiology of alcohol and
breast cancer: Update 2012. Alcohol Alcohol 2012;
47:204-12.

Hirko KA, Chen WY, Willett WC, et al. Alcohol
consumption and risk of breast cancer by molecular
subtype: Prospective analysis of the nurses’ health
study after 26 years of follow-up. Int J Cancer
2016;138:1094-101.

Rojas K, Stuckey A. Breast cancer epidemiology and
risk factors. Clin Obstet Gynecol 2016;59:651-72.
Zhou X, Yu L, Wang L, et al. Alcohol consumption,
blood DNA methylation and breast cancer: a
Mendelian randomisation study. Eur J Epidemiol
2022;37:701-12.

Macacu A, Autier P, Boniol M, et al. Active and
passive smoking and risk of breast cancer: a meta-
analysis. Breast Cancer Res Treat 2015;154:213-24.
Gaudet MM, Carter BD, Brinton LA, et al. Pooled
analysis of active cigarette smoking and invasive
breast cancer risk in 14 cohort studies. Int J
Epidemiol 2017;46:881-93.

Gaudet MM, Gapstur SM, Sun J, et al. Active
smoking and breast cancer risk: original cohort data
and meta-analysis. J] Natl Cancer Inst 2013;105:
515-25.

Scala M, Bosetti C, Bagnardi V, et al. Dose-response
relationships between cigarette smoking and breast
cancer risk: a systematic review and meta-analysis. J
Epidemiol 2023;33:640-8.

Hecht SS. Tobacco smoke carcinogens and breast
cancer. Environ Mol Mutagen 2002;39:119-26.
Natarajan R, Aljaber D, Au D, et al. Environmental
exposures during puberty: window of breast cancer
risk and epigenetic damage. Int ] Environ Res Public
Health 2020;17:493.

Zeinomar N, Oskar S, Kehm RD, et al.
Environmental exposures and breast cancer risk in
the context of underlying susceptibility: A systematic
review of the epidemiological literature. Environ Res
2020;187:109346.

Land CE, Tokunaga M, Koyama K, et al. Incidence
of female breast cancer among atomic bomb
survivors, Hiroshima and Nagasaki, 1950-1990.
Radiat Res 2003;160:707-17.

Ron E, Tkeda T, Preston DL, et al. Male breast

Chin J Cancer Res 2023;35(6):565-583



580

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

cancer incidence among atomic bomb survivors. J
Natl Cancer Inst 2005;97:603-5.

Ronckers CM, Erdmann CA, Land CE. Radiation
and breast cancer: a review of current evidence.
Breast Cancer Res 2004;7:21-32.

Schaapveld M, Aleman BMP, van Eggermond AM,
et al. Second cancer risk up to 40 years after
treatment for Hodgkin’s lymphoma. N Engl ] Med
2015;373:2499-511.

de Vries S, Krul IM, Schaapveld M, et al. Risk of
male breast cancer after Hodgkin lymphoma. Blood
2023;142:806-11.

Rodgers KM, Udesky JO, Rudel RA, et al.
Environmental chemicals and breast cancer: An
updated review of epidemiological literature
informed by biological mechanisms. Environ Res
2018;160:152-82.

Stevens RG, Brainard GC, Blask DE, et al. Breast
cancer and circadian disruption from electric lighting
in the modern world. CA Cancer J Clin 2014;64:
207-18.

Xiao Q, James P, Breheny P, et al. Outdoor light at
night and postmenopausal breast cancer risk in the
NIH-AARP diet and health study. Int J Cancer
2020;147:2363-72.

Johns LE, Jones ME, Schoemaker M]J, et al.
Domestic light at night and breast cancer risk: a
prospective analysis of 105000 UK women in the
Generations Study. Br ] Cancer 2018;118:600-6.
Sweeney MR, Nichols HB, Jones RR, et al. Light at
night and the risk of breast cancer: Findings from
the Sister Study. Environ Int 2022;169:107495.
Checka CM, Chun JE, Schnabel FR, et al. The
relationship of mammographic density and age:
implications for breast cancer screening. AJR Am J
Roentgenol 2012;198:W292-5.

Lester SP, Kaur AS, Vegunta S. Association between
lifestyle changes, mammographic breast density, and
breast cancer. Oncologist 2022;27:548-54.

Advani SM, Zhu W, Demb ], et al. Association of
breast density with breast cancer risk among women
aged 65 years or older by age group and body mass
index. JAMA Netw Open 2021;4:¢2122810.

Kim EY, Chang Y, Ahn J, et al. Mammographic

breast density, its changes, and breast cancer risk in

© Chinese Journal of Cancer Research. All rights reserved.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

WWW.cjcren.org

Xu and Xu. Breast cancer epidemiology and screening

premenopausal and postmenopausal women. Cancer
2020;126:4687-96.

Freer PE. Mammographic breast density: impact on
breast cancer risk and implications for screening.
Radiographics 2015;35:302-15.

Gierach GL, Ichikawa L, Kerlikowske K, et al.
Relationship between mammographic density and
breast cancer death in the Breast Cancer Surveillance
Consortium. ] Natl Cancer Inst 2012;104:1218-27.
Giannakeas V, Lim DW, Narod SA. The risk of
contralateral breast cancer: a SEER-based analysis.
Br J Cancer 2021;125:601-10.

Malone KE, Begg CB, Haile RW, et al. Population-
based study of the risk of second primary
contralateral breast cancer associated with carrying a
mutation in BRCA1 or BRCA2. J Clin Oncol
2010;28:2404-10.

King TA, Pilewskie M, Muhsen S, et al. Lobular
carcinoma in situ: a 29-year longitudinal experience
evaluating clinicopathologic features and breast
cancer risk. ] Clin Oncol 2015;33:3945-52.

Estévez LG, Alvarez 1, Segui MA, et al. Current
perspectives of treatment of ductal carcinoma in situ.
Cancer Treat Rev 2010;36:507-17.

Gutwein LG, Ang DN, Liu H, et al. Utilization of
minimally invasive breast biopsy for the evaluation of
suspicious breast lesions. Am J Surg 2011;202:
127-32.

Hartmann LC, Sellers TA, Frost MH, et al. Benign
breast disease and the risk of breast cancer. N Engl J
Med 2005;353:229-37.

Schnitt SJ. Benign breast disease and breast cancer
risk: morphology and beyond. Am J Surg Pathol
2003;27:836-41.

Gold RH, Bassett LW, Widoft BE. Highlights from
the history of mammography. Radiographics
1990;10:1111-31.

National Health Commission of the People’s
Republic of China. National guidelines for diagnosis
and treatment of breast cancer 2022 in China
(English version). Chin ] Cancer Res 2022;34:
151-75.

Iranmakani S, Mortezazadeh T, Sajadian F, et al. A
review of various modalities in breast imaging:

technical aspects and clinical outcomes. Egypt J

Chin J Cancer Res 2023;35(6):565-583



Chinese Journal of Cancer Research, Vol 35, No 6 December 2023

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Radiol Nucl Med 2020;51:57.

Burnside ES, Sickles EA, Bassett LW, et al. The
ACR BI-RADS® experience: learning from history.
J Am Coll Radiol 2009;6:851-60.

Shapiro S, Strax P, Venet L. Periodic breast cancer
screening in reducing mortality from breast cancer.
JAMA 1971;215:1777-85.

Nicosia L, Gnocchi G, Gorini I, et al. History of
mammography: analysis of breast imaging diagnostic
achievements over the last century. Healthcare
(Basel) 2023;11:1596.

Nelson HD, Fu R, Cantor A, et al. Effectiveness of
breast cancer screening: systematic review and meta-
analysis to update the 2009 U. S. Preventive Services
Task Force Recommendation. Ann Intern Med
2016;164:244-55.

Miller AB, Baines CJ, To T. The Gothenburg breast
screening trial: first results on mortality, incidence,
and mode of detection for women ages 39-49 years
at randomization. Cancer 1998;83:186-8.

Moss SM, Wale C, Smith R, et al. Effect of
mammographic screening from age 40 years on
breast cancer mortality in the UK Age trial at 17

years’ follow-up: a randomised controlled trial.

Lancet Oncol 2015;16:1123-32.

Miller AB, To T, Baines CJ, et al. The Canadian
National Breast Screening Study-1: breast cancer
mortality after 11 to 16 years of follow-up: a
randomized screening trial of mammography in
women age 40 to 49 years. Ann Intern Med 2002;
137(5 Part 1):305-12.

Burgess AE, Jacobson FL, Judy PF. Human observer
detection experiments with mammograms and
power-law noise. Med Phys 2001;28:419-37.

Chong A, Weinstein SP, McDonald ES, et al.
Digital breast tomosynthesis: concepts and clinical
practice. Radiology 2019;292:1-14.

Alabousi M, Wadera A, Kashif Al-Ghita M, et al.
Performance of digital breast tomosynthesis,
synthetic mammography, and digital mammography
in breast cancer screening: a systematic review and
meta-analysis. ] Natl Cancer Inst 2020;113:680-90.
Lee C, McCaskill-Stevens W. Tomosynthesis
mammographic Imaging Screening Trial (TMIST):

An invitation and opportunity for the national

© Chinese Journal of Cancer Research. All rights reserved.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

WWW.cjcren.org

581

medical association community to shape the future
of precision screening for breast cancer. ] Natl Med
Assoc 2020;112:613-8.

Zeng B, Yu K, Gao L, et al. Breast cancer screening
using synthesized two-dimensional mammography:
A systematic review and meta-analysis. Breast
2021;59:270-8.

Kornecki A. Current status of contrast enhanced
mammography: a comprehensive review. Can Assoc
Radiol J 2022;73:141-56.

Jochelson MS, Lobbes MBI. Contrast-enhanced
mammography: state of the art. Radiology 2021;299:
36-48.

Po6tsch N, Vatteroni G, Clauser P, et al. Contrast-
enhanced mammography versus contrast-enhanced
breast MRI: A systematic review and meta-analysis.
Radiology 2022;305:94-103.

Chetlen A, Mack J, Chan T. Breast cancer screening
controversies: who, when, why, and how. Clin
Imaging 2016;40:279-82.

Devolli-Disha E, Manxhuka-Kérliu S, Ymeri H,
et al. Comparative accuracy of mammography and
ultrasound in women with breast symptoms
according to age and breast density. Bosn J Basic
Med Sci 2009;9:131-6.

Berg WA, Blume JD, Cormack JB, et al. Combined
screening with ultrasound and mammography vs
mammography alone in women at elevated risk of
breast cancer. JAMA 2008;299:2151-63.

Yuan WH, Hsu HC, Chen YY, et al. Supplemental
breast cancer-screening ultrasonography in women
with dense breasts: a systematic review and meta-
analysis. Br ] Cancer 2020;123:673-88.

Brem RF, Tabir L, Duffy SW, et al. Assessing
improvement in detection of breast cancer with
three-dimensional automated breast US in women
with dense breast tissue: the Somolnsight Study.
Radiology 2015;274:663-73.

Thompson JL, Wright GP. The role of breast MRI
in newly diagnosed breast cancer: An evidence-based
review. Am ] Surg 2021;221:525-8.

Gao Y, Reig B, Heacock L, et al. Magnetic
resonance imaging in screening of breast cancer.
Radiol Clin North Am 2021;59:85-98.

Saslow D, Boetes C, Burke W, et al. American

Chin J Cancer Res 2023;35(6):565-583



582

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Cancer Society guidelines for breast screening with
MRI as an adjunct to mammography. CA Cancer ]
Clin 2007;57:75-89.

Millet I, Pages E, Hoa D, et al. Pearls and pitfalls in
breast MRI. Br J Radiol 2012;85:197-207.

Hussein H, Abbas E, Keshavarzi S, et al.
Supplemental breast cancer screening in women with
dense breasts and negative mammography: a
systematic review and meta-analysis. Radiology
2023;306:€221785.

Oestreicher N, White E, Lehman CD, et al.
Predictors of sensitivity of clinical breast
examination (CBE). Breast Cancer Res Treat 2002,
76:73-81.

Peairs KS, Choi Y, Stewart RW, et al. Screening for
breast cancer. Semin Oncol 2017;44:60-72.

Albeshan SM, Hossain SZ, Mackey MG, et al. Can
breast self-examination and clinical breast
examination along with increasing breast awareness
facilitate earlier detection of breast cancer in
populations with advanced stages at diagnosis. Clin
Breast Cancer 2020;20:194-200.

Sankaranarayanan R, Ramadas K, Thara S, et al.
Clinical breast examination: preliminary results from
a cluster randomized controlled trial in India. J Natl
Cancer Inst 2011;103:1476-80.

Brennan ME. The role of clinical breast examination
in cancer screening for women at average risk: A
mini review. Maturitas 2016;92:61-3.

Hackshaw AK, Paul EA. Breast self-examination and
death from breast cancer: a meta-analysis. Br ]
Cancer 2003;88:1047-53.

Oestreicher N, Lehman CD, Seger D], et al. The
incremental contribution of clinical breast
examination to invasive cancer detection in a
mammography screening program. AJR Am J
Roentgenol 2005;184:428-32.

Peintinger F. National Breast Screening Programs
across Europe. Breast Care (Basel) 2019;14:354-8.
Martei YM, Dauda B, Vanderpuye V. Breast cancer
screening in sub-Saharan Africa: a systematic review
and ethical appraisal. BMC Cancer 2022;22:203.
Huang Y, Dai H, Song F, et al. Preliminary
effectiveness of breast cancer screening among 1.22

million Chinese females and different cancer

© Chinese Journal of Cancer Research. All rights reserved.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

WWW.cjcren.org

Xu and Xu. Breast cancer epidemiology and screening

patterns between urban and rural women. Sci Rep
2016;6:39459.

Huang Y, Tong Z, Chen K, et al. Interpretation of
breast cancer screening guideline for Chinese
women. Cancer Biol Med 2019;16:825-35.
Morimoto T, Nagao T, Okazaki K, et al. Current
status of breast cancer screening in the world. Breast
Cancer 2009;16:2-9.

Autier P, Boniol M. Mammography screening: A
major issue in medicine. Eur ] Cancer 2018;90:
34-62.

Lee R, Xu W, Dozier M, et al. A rapid review of
COVID-19’s global impact on breast cancer
screening participation rates and volumes from
January to December 2020. eLife 2023;12:e85680.
Chen T, Kharazmi E, Fallah M. Race and ethnicity-
adjusted age recommendation for initiating breast
cancer screening. JAMA Netw Open 2023;6:
€238893.

Draft Recommendation: Breast Cancer: Screening.
United States Preventive Services Taskforce.
Available online: https://www.uspreventiveservices
taskforce.org/uspstf/draft-recommendation/breast-
cancer-screening-adults#bcei-recommendation-title-
area

Oeffinger KC, Fontham ETH, Etzioni R, et al.
Breast cancer screening for women at average risk:
2015 guideline update from the American Cancer
Society. JAMA 2015;314:1599-614.
Lansdorp-Vogelaar I, Gulati R, Mariotto AB, et al.
Personalizing age of cancer screening cessation based
on comorbid conditions: model estimates of harms
and benefits. Ann Intern Med 2014;161:104-12.
Rahman WT, Helvie MA. Breast cancer screening in
average and high-risk women. Best Pract Res Clin
Obstet Gynaecol 2022;83:3-14.

Mandrik O, Zielonke N, Meheus F, et al. Systematic
reviews as a ‘lens of evidence’: Determinants of
benefits and harms of breast cancer screening. Int J
Cancer 2019;145:994-1006.

Bulliard JL, Beau AB, Njor S, et al. Breast cancer
screening and overdiagnosis. Int J Cancer 2021.
[Online ahead of print]

Richman IB, Long JB, Soulos PR, et al. Estimating

breast cancer overdiagnosis after screening

Chin J Cancer Res 2023;35(6):565-583


https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/draft-recommendation/breast-cancer-screening-adults#bcei-recommendation-title-area

Chinese Journal of Cancer Research, Vol 35, No 6 December 2023

203.

204.

mammography among older women in the United
States. Ann Intern Med 2023;176:1172-80.

Nelson HD, Pappas M, Cantor A, et al. Harms of
breast cancer screening: systematic review to update
the 2009 U. S. preventive services task force
recommendation. Ann Intern Med 2016;164:256-67.
Lee JM, Lowry KP, Cott Chubiz JE, et al. Breast
cancer risk, worry, and anxiety: Effect on patient

perceptions of false-positive screening results. Breast

Cite this article as: Xu H, Xu B. Breast cancer:

Epidemiology, risk factors and screening. Chin J Cancer Res
2023;35(6):565-583. doi: 10.21147/j.issn.1000-9604.2023.
06.02

© Chinese Journal of Cancer Research. All rights reserved.

205.

206.

WWW.cjcren.org

583

2020;50:104-12.

Yaffe MJ, Mainprize JG. Risk of radiation-induced
breast cancer from mammographic screening.
Radiology 2011;258:98-105.

Miglioretti DL, Lange J, van den Broek JJ, et al.
Radiation-induced breast cancer incidence and

mortality from digital mammography screening: a
modeling study. Ann Intern Med 2016;164:205-14.

Chin J Cancer Res 2023;35(6):565-583



