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ABSTRACT Breast cancer is the most common malignant tumor in Chinese women, and its incidence is increasing. Regular screening is an 

effective method for early tumor detection and improving patient prognosis. In this review, we analyze the epidemiological changes 

and risk factors associated with breast cancer in China and describe the establishment of a screening strategy suitable for Chinese 

women. Chinese patients with breast cancer tend to be younger than Western patients and to have denser breasts. Therefore, the 

age of initial screening in Chinese women should be earlier, and the importance of screening with a combination of ultrasound 

and mammography is stressed. Moreover, Chinese patients with breast cancers have several ancestry-specific genetic features, and 

aiding in the determination of genetic screening strategies for identifying high-risk populations. On the basis of current studies, we 

summarize the development of risk-stratified breast cancer screening guidelines for Chinese women and describe the significant 

improvement in the prognosis of patients with breast cancer in China.
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Introduction

Breast cancer is the most common malignant tumor world-

wide1. In China, the incidence of female breast cancer con-

tinues to increase, thus endangering women’s health2. Breast 

cancer screening is an important method for secondary pre-

vention. It facilitates early detection, diagnosis, and treatment 

of breast cancer, and effectively improves patient survival and 

prognosis3,4. Western countries began to standardize the breast 

cancer screening process earlier than China and have already 

established many screening guidelines for breast cancer5-13. 

However, the screening rate in women in China is much lower 

than that in Western countries, and a national screening pro-

gram in China is difficult to establish14. Additionally, breast 

cancer shows clear differences according to ancestry: Chinese 

women have unique breast cancer risk factors, breast struc-

ture features, and characteristics of breast cancer onset15,16. 

Therefore, standard evidence-based screening guidelines suit-

able for Chinese women are needed to guide and promote 

breast cancer screening in China.

In this review, we systematically discuss the epidemiologi-

cal and population characteristics of breast cancer in China. 

The risk factors and genetic features of Chinese patients are 

summarized. Furthermore, we elucidate the establishment of 

screening guidelines suitable for Chinese women.

Increasing incidence of breast cancer 
in China

Breast cancer incidence and mortality in China

Breast cancer incidence and mortality have increased in 

recent years. According to the Global Cancer Observatory 
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(GLOBOCAN) 2020 estimates of cancer incidence and mor-

tality, female breast cancer has become the most commonly 

diagnosed cancer and the fifth leading cause of death among all 

cancers, with an estimated 2.3 million new cases and 685,000 

deaths per year1. Among women, breast cancer accounts for 

1 in 4 cancer cases and causes 1 in 6 cancer- related deaths. 

Globally, 1 in 18 women develops breast cancer in her life-

time17. Breast cancer also substantially influences Chinese 

society. GLOBOCAN 2020 included morbidity and mortality 

information for breast cancer from 23 Chinese cancer regis-

tries. In China, breast cancer is the cancer type with the high-

est incidence in women, with 416,371 new cases and 117,174 

deaths in 2020, accounting for 18% of new cases and 17% of 

deaths worldwide, respectively18.

The United States and China have distinct trends in breast 

cancer incidence and mortality. Using nationwide statistics of 

cancer incidence and mortality from the International Agency 

for Research on Cancer and National Central Cancer Registry 

of China2,19-24, we plotted the changes in breast cancer inci-

dence and mortality in recent years in the United States and 

China. As illustrated in Figure 1, the incidence of female 

breast cancer has plateaued and is slowly increasing in the 

United States. One explanation for this finding is that wide-

spread breast cancer screening with mammography at the end 

of the last century has reached a plateau in the United States5. 

The decrease in the use of hormone replacement therapy 

after menopause has also contributed to the stabilization of 

the incidence25. Besides, mortality due to breast cancer in the 

United States began to decrease with the standardization and 

popularization of breast cancer screening, as well as advances 

in treatment (Figure 1). Compared with those in the United 

States, the breast cancer incidence and mortality rates in China 

continue to rise (Figure 1). Therefore, China must establish a 

standardized breast cancer screening and early diagnosis sys-

tem for early detection of breast cancer to reduce mortality.

Compared with patients with breast cancer in Europe and 

the United States, Chinese patients have distinct features in the 

age of onset. Our previous research has revealed 2 age peaks of 

breast cancer onset in China: one at 45–55 years of age and the 

other at 70–74 years of age26. The former peak is greater, thus 

resulting in a young median age of onset. According to the 

GLOBOCAN 2020 estimates, the median age of onset in China 

is 50–54 years, which is much younger than the 60–64 years in 

Europe and the United States (Figure 2)27. An earlier median 

age of onset suggests that more women have breast cancer at 

younger ages in China. Consequently, patients require longer 

follow-up and treatment periods, and have fewer healthy life 

years, thus increasing the disease burden for both individuals 
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and society. Therefore, Chinese women must start breast can-

cer screening at an earlier age to enable early detection of sus-

picious lesions, improve prognosis, and reduce the burden of 

disease.

 In summary, the incidence and mortality of breast cancer 

in Chinese women has been increasing, and the median age 

of onset is young, thus suggesting that breast cancer screening 

in Chinese women must be standardized and started earlier. 

The specific risk factors leading to these onset characteristics 

in Chinese women are also worthy of exploration.

Risk factors for breast cancer in China

In China, a significant factor underlying the rapid increase 

in breast cancer incidence in recent decades is the decrease in 

the fertility rate among women16. Since the family planning 

policy was enacted in the 1970s, the national total fertility rate 

(TFR) decreased dramatically from approximately 6 in the 

1960s to 1.22 in 2000. The TFR has since increased to approx-

imately 1.3, owing to relaxation of the policy28. The fertility 

rates in Northeast China, Beijing, and Shanghai are lowest, 

with a TFR of only approximately 0.7. Correspondingly, the 

incidence of breast cancer in Northeast China is highest: the 

age-standardized incidence rate by the world standard popu-

lation (ASIRW) is 35.4/100,000, whereas the total ASIRW is 

28.7/100,000. In addition, significant differences in TFR exist 

between urban and rural areas (0.88 and 1.44, respectively)29. 

The ASIRW of breast cancer is also significantly higher in 

urban than in rural areas (33.8/100,000 vs. 23.6/100,000)2. 

Therefore, according to both the temporal and spatial dis-

tribution, the decline in fertility rate is accompanied by an 

increase in breast cancer incidence. Moreover, the incidence 

of breast cancer is higher in regions with significantly lower 

fertility rates, thus suggesting that the decline in fertility rate 

is an important reason for the increase in breast cancer inci-

dence in China. In addition to policy restrictions, later ages 

at marriage and postponement of childbearing are impor-

tant reasons underlying the decrease in the TFR. Late mar-

riage and pregnancy in China are attributed to the lifestyle 

changes resulting from the rapid development of Chinese 

society since the 21st century. Women who have more educa-

tion, have higher labor participation, and pursue career devel-

opment may choose marriage and pregnancy at older ages30. 

Therefore, these women have lower fertility rates and higher 

incidence of breast cancer, particularly in large cities such as 

Beijing and Shanghai.

In contrast, some risk factors in China are similar to those 

in Western countries, including reproductive and hormonal 

factors, as well as dietary factors. Early menarche, late mater-

nal age at the birth of the first or last child, and long intervals 

between menarche and the birth of the first or last child are 

all associated with higher breast cancer risk, particularly in 

premenopausal women, whereas a lower rate of breastfeeding 

and late menopause are important risk factors for postmen-

opausal women31-33. In addition, hormone replacement ther-

apy and oral contraceptives contribute to the development of 

breast cancer, but their effects are not as substantial as those of 

reproductive factors34. Moreover, risk factors associated with 

diet, obesity, and exercise, which have been recognized as cru-

cial contributors to the increased incidence of breast cancer in 

Western countries, warrant more attention in China35. Recent 

data have shown a substantial increase in the prevalence of 

obesity in China in recent years and indicated that a “meat-

sweet pattern” diet increases breast cancer risk in postmeno-

pausal Chinese women36,37.

In conclusion, breast cancer has distinct prevalence char-

acteristics and risk factors in China. Consequently, targeted 

screening and early diagnosis strategies must be established 

for Chinese women.

Imaging techniques for screening 
breast cancer

Screening for breast cancer mainly relies on imaging tech-

niques, most importantly mammography, ultrasound (US), 

and magnetic resonance imaging (MRI). The features, advan-

tages, limitations, and performance of these imaging tech-

niques are summarized in Table 1.

Mammography

Conventional mammography
Mammography, the most widely used screening technique 

for breast cancer, provides a two-dimensional projection 

image of the breast. In general, mammography is performed 

with craniocaudal and mediolateral views of each breast52,53. 

Mammography has developed rapidly in recent decades, and 

digital mammography (DM) has gradually replaced conven-

tional screen-film mammography.

Because of its recognized ability to enable the diagnosis of 

breast cancer, as well as its high sensitivity to microcalcifications 
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in early breast cancer, convenience, and economical clini-

cal application, mammography is now the most important 

method for the screening and early diagnosis of breast can-

cer, and the preferred method in various guidelines3,54. Many 

meta-analyses have confirmed the efficacy of mammography. 

Since the application of mammography, the breast cancer 

mortality rate has decreased by approximately 20% in women 

over 40 years of age, and the effect is particularly significant 

in the older population, with a decrease of greater than 30% 

in women over 60 years of age3,4,54,55. However, limitations of 

mammography have also been observed. The sensitivity of 

mammography is relatively lower for women of young age with 

dense breasts40,49. In addition, overdiagnosis might increase 

with the increasing diagnostic rate of breast cancer in younger 

women with the widespread use of mammography54,56.

Many new techniques have been developed and popularized 

in clinical practice to further improve the sensitivity and speci-

ficity of mammography, and minimize overdiagnosis.

Digital breast tomosynthesis (DBT)
DBT, also called 3D mammography, acquires a series of 

stacked images while the X-ray tube is pivoted in an arc in 

a plane aligned with the chest wall57. With postprocessing 

algorithms, 2D mammogram images are reconstructed from 

tomosynthesis images in synthetic mammography, which is 

equivalent to DM.

This 3D imaging substantially decreases tissue stacking, thus 

enabling the discovery and localization of lesions hidden in 

high-density glands58. In DBT, compared with DM, the cancer 

detection rate is relatively higher in patients with high breast 

density or heterogeneous density59,60. Screening examinations 

with DBT are associated with a higher cancer detection rate 

and sensitivity, as well as a lower recall rate, thus decreasing 

false-positive rates and overdiagnosis39,42,59,61. In general, DBT 

may be a better choice than DM for breast cancer screening.

Although DBT performs better than DM for breast can-

cer screening, researchers have not conclusively determined 

whether DBT can replace DM, owing to its higher costs, radia-

tion dosages, and acquisition and interpretation times62.

Contrast-enhanced mammography (CEM)
CEM is another emerging mammography technique that 

uses intravenous iodinated contrast agents to improve the 

visualization of tumor neovascularity. Dual-energy digital 

mammography provides a low-energy image, similarly to 

DM, and a high-energy image to detect the signal from the 

contrast agent63. The high-energy and low-energy images 

are postprocessed to generate the final recombined image of 

enhanced lesions in the breast.

With CEM, abnormal anatomical signs and the blood sup-

ply within lesions can be observed in the recombined images. 

Therefore, screening with CEM significantly increases the 

cancer detection rate in patients with dense breasts, and has 

a significantly higher sensitivity and specificity than screening 

with DM. No added benefit of using supplementary US exam-

ination has been shown44,45. CEM is only slightly less sensitive 

than MRI, but it provides higher specificity and a positive pre-

dictive value, as well as a similar ability to assess lesion size and 

disease extent43,64-66. Thus, in the future, CEM may be used as 

an alternative to MRI in breast cancer screening for women 

with moderate-to-high risk.

However, compared with conventional mammography, 

CEM has several disadvantages, including a greater radiation 

dose and risk of adverse reactions to contrast agents67,68. In 

addition, the limitations of 2D mammography images still 

apply, because some deep breast lesions cannot be visualized63.

Ultrasound

Hand-held ultrasound (HHUS) is commonly used to exam-

ine breast diseases. One major advantage of US is its ability 

to distinguish breast cysts from malignant solid masses, thus 

helping avoid unnecessary biopsies69. Beyond conventional 

linear US, several advanced imaging techniques have been 

used to improve diagnostic ability. Color and power Doppler 

are important complementary tools for evaluating lesion vas-

cularity. The demonstration of irregular branching vascularity 

and a greater number of peripheral vessels raises suspicion of 

malignant lesions70,71. US elastography can detect changes in 

the elasticity of soft tissues resulting from specific pathological 

processes. Higher lesion stiffness corresponds to a greater 

probability of malignancy72. In clinical practice, US is used 

mainly for supplementary screening in women with dense 

breasts and negative mammogram findings, and for localiz-

ing lesions identified by mammography or MRI for puncture 

biopsy73,74.

However, US also has limitations. First, the ability of US to 

indicate the nature of calcification is inferior to that of mam-

mography69. In addition, US lacks standardized techniques 

and is time consuming. The diagnostic ability of US depends 

on the experience and ability of technologists, who must rec-

ognize lesions and thoroughly evaluate them through real-

time scanning75.
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Automated breast ultrasound (ABUS) is an advanced 

ultrasonography technique with high-frequency broadband 

transducers that provides 3D reconstructed images based 

on 3–5 views of each breast76. ABUS separates the acquisi-

tion step from interpretation, thereby prolonging the inter-

pretation time. However, ABUS is less dependent on the 

technologist’s experience than HHUS, and computer- aided 

detection software for ABUS has been developed for ease 

of interpretation77. ABUS has high sensitivity and speci-

ficity comparable to or better than that of HHUS, and it 

outperforms HHUS in the detection of architectural dis-

tortions78-82. Therefore, ABUS may be a promising early 

screening method replacing HHUS, particularly in settings 

lacking skilled technologists.

MRI

MRI is the most sensitive imaging technique for breast cancer 

screening. During the examination, women lie in the prone 

position with the breasts hanging free in the recesses of the 

coil, to allow the breast tissue to spread and minimize motion 

artifacts induced by breathing83.

The MRI approach currently used for breast cancer screening 

is multiparametric breast MRI, which provides better differ-

entiation between benign and malignant lesions. T1-weighted 

contrast-enhanced sequences are the basis for MRI protocols 

to illustrate vascularity within lesions84. Time-signal intensity 

curves are highly valuable in assessing benign and malignant 

lesions, because malignant lesions exhibit a fast initial phase 

and rapid washout85. Ultrafast breast imaging is an advanced 

method that captures the fast early enhancement of malignan-

cies within shorter acquisition times86. T2-weighted imaging 

performs well in revealing edema, a potential sign of malig-

nancy87. Malignancies also show decreased water diffusion 

in diffusion-weighted imaging compared with normal tissue, 

thus leading to a higher signal intensity and a lower apparent 

diffusion coefficient88. In summary, multiparametric breast 

MRI provides high accuracy for the diagnosis of breast disease, 

and it has a better ability to detect invasive cancer than ductal 

carcinoma in situ49,84. Moreover, breast MRI can be used for 

multiplanar imaging of the breast, which specifically displays 

both the anatomical structure and the lesions. Small lesions 

and multiple scattered lesions are relatively easier to observe 

in MRI images, thus avoiding missed detection. Compared 

with DM alone or in combination with US, MRI substan-

tially improves the sensitivity and cancer detection rate, and 

decreases interval cancers, particularly in women with dense 

breasts49-51,89.

However, the high sensitivity of MRI may come at the cost 

of low specificity and a high false-positive rate50. Therefore, 

MRI is currently clinically used for breast cancer screen-

ing in women at high risk to avoid missed tumors90. Long 

examination times and high costs are also important factors 

limiting the wide application of MRI in breast cancer screen-

ing. Abbreviated MRI, an emerging technique, uses a shorter 

image acquisition and interpretation time, thus increasing the 

availability of breast MRI and decreasing costs91.

As described, the various breast cancer screening techniques 

each have their own advantages and disadvantages, along with 

different detection abilities and indications. Therefore, stand-

ard evidence-based screening guidelines are needed to guide 

screening strategies for different populations.

Establishment of a breast cancer 
screening strategy for Chinese 
women

Breast cancer screening guidelines worldwide

The formulation of breast cancer screening guidelines requires 

data support from many studies to determine the screening 

techniques, the initial age of screening, and the frequency 

of screening. On the basis of the results of many large-scale 

screening studies conducted in Europe and the United States, 

several institutions have developed breast cancer screening 

guidelines.

For women with an average risk of breast cancer, among 

these guidelines, the American Cancer Society (ACS) breast 

cancer screening guidelines provide more active recommen-

dations. The ACS strongly recommends that women start 

mammography screening annually at age 45 and transition 

to biennial screening at age 55 or continue screening annu-

ally. They also recommend that women 40–44 years of age be 

given the opportunity to begin screening10. However, other 

guidelines provide more conservative recommendations. The 

WHO and the European Breast Guidelines provide similar 

recommendations that women 50–69 years of age undergo 

biennial mammography screening9,12. The European Breast 

Guidelines also suggest biennial or triennial mammography 

screening for women 45–49 years of age and triennial mam-

mography screening for women 70–74 years of age12. The U.S. 
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Preventive Services Task Force (USPSTF) recommends bien-

nial mammography screening for women 50–74 years of age. 

For women 40–49 years of age, mammography screening may 

yield false-positive results resulting in unnecessary biopsies 

and a higher risk of overdiagnosis. Therefore, the USPSTF rec-

ommends that women who place higher value on the potential 

benefits than the potential harms may choose to begin bien-

nial screening at ages of 40–49 years13.

Regarding the selection of screening techniques, all these 

guidelines recommend mammography screening alone for 

women at average risk. The ACS and USPSTF recommend 

against breast self-examination for breast cancer screening, 

because evidence remains insufficient to assess the addi-

tional benefits and harms beyond mammography screen-

ing10,92. Moreover, both the USPSTF and the European 

Breast Guidelines conclude that insufficient evidence sup-

ports that additional screening with DBT, HHUS, or ABUS 

for women with dense breasts provides benefits outweighing 

the added costs. However, the European Breast Guidelines 

suggest DBT for women recalled for suspicious lesions on a 

mammogram12,13.

In contrast, the ACS recommends breast MRI screening for 

women with a high risk of breast cancer. Annual mammogra-

phy and MRI screening are recommended starting at 30 years 

of age for women with BRCA germline mutation, women with 

a first-degree relative with a known BRCA germline mutation, 

and women with an over 20% lifetime risk of breast cancer, on 

the basis of risk estimation models11. Commonly used mod-

els for predicting an individual’s risk of breast cancer include 

BRCAPRO and BOADICEA, which focus primarily on fam-

ily history and genetic factors, and the Tyrer-Cuzick and Gail 

models, which include classic risk factors93. Other conditions 

considered to be associated with a high risk of breast can-

cer include radiation to the chest at an age younger than 30 

years; diagnosis of Li-Fraumeni, Cowden, or Bannayan-Riley-

Ruvalcaba syndrome; and a personal history of breast lesions 

that are either malignant or benign94,95.

In summary, improved screening techniques, updated study 

evidence, and more detailed risk stratification will help estab-

lish better breast cancer screening guidelines.

Imaging-based screening for breast cancer in 
Chinese women

In Chinese clinical practice, the selection of imaging-based 

screening was subjectively performed by clinicians referring to 

the screening strategies of Western countries, the breast fea-

tures and personal history of patients, and facility conditions 

of hospitals14. Clinicians lacked standard screening guide-

lines to guide their screening selection. However, Chinese 

women have significantly smaller and denser breasts than 

white women, particularly women younger than 50 years96,97. 

Because previous studies have found that higher breast density 

affects the sensitivity and screening efficacy of some screening 

techniques, screening strategies suitable for Chinese women 

must be established.

US can be used as an adjunct to mammography in screening 

women with dense breasts98,99. Mammography is sensitive to 

microcalcification, but the sensitivity decreases significantly 

with increasing breast density. Lesions without calcification 

may be masked by dense fibroglandular tissue100. Compared 

with mammography, dense fibroglandular tissues are hyper-

echoic, and most lesions are hypoechoic on ultrasonograms. 

Therefore, US is not affected by higher breast density101. US 

may help identify the presence of an associated mass with 

suspicious calcification; its boundary, size, and shape; and the 

benign or malignant properties of lesions. US may also detect 

lesions on the edge or deep inside the breast, which may be 

missed on mammograms102. Rougher lesion margins and 

a lower lesion/glandular tissue stiffness ratio are often asso-

ciated with lesions identified on ultrasonograms but not on 

mammograms103. Many international studies have shown that 

additional US with mammography for women with dense 

breasts improves sensitivity and increases the detection rate 

of cancer, particularly small, early-stage and lymph node- 

negative invasive cancer89,104-108. A randomized controlled trial 

in Japan has demonstrated that screening with mammography 

and ultrasonography has a significantly higher sensitivity than 

mammography alone (91.1% vs. 77.0%), with an incremental 

cancer detection rate of 1.7 per 1,000. Accordingly, the early 

diagnosis rate is increased, and interval cancer is decreased107. 

However, additional US screening may also decrease the spec-

ificity and increase the false-positive rates. This outcome is 

associated with indications for the selection of US98. A uni-

fied standard of indications for screening with US is not yet 

available.

Because Chinese women generally have smaller and denser 

breasts than women in Western countries, the FUSCC con-

ducted a study to evaluate whether the combined use of US and 

mammography might be more suitable for Chinese women. 

A total of 14,464 women 35–74 years of age participated 

in this Shanghai Society-based Breast Screening Program. 
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All participants first underwent a clinical examination, and 

those with positive results and all women 45–69 years of age 

underwent biennial mammography and US screening. US was 

found to be most sensitive in women younger than 45 years, 

whereas mammography performed better in older women. 

The combined use of US and mammography increased the 

sensitivity from 67.3% of mammography alone to 79.3%, par-

ticularly in hormone receptor-positive breast cancer. In addi-

tion, the study concluded that mammography plus US screen-

ing for women 45–69 years of age and mammography alone 

for women older than 70 years is a more cost-effective screen-

ing strategy. Given the large population and limited resources 

in China, clinical breast examination (CBE) is an effective 

screening method for younger women109,110. Table 2 sum-

marizes the results of several other studies on combined US 

and mammography screening for breast cancer in China111-

114, all showing higher sensitivity for mammography plus US. 

Together, these findings indicate the effectiveness of supple-

mentary US in Chinese women. However, this greater sensitiv-

ity comes at the cost of lower specificity and a lower positive 

predictive rate. The lower specificity may result from the sepa-

rate interpretation of the mammogram and US images, which 

also leads to a higher recall rate. A combined assessment helps 

improve specificity107.

In summary, the combined use of US and mammog-

raphy can be a suitable strategy for Chinese women, par-

ticularly younger women and women with dense breasts. 

For women 45–69 years of age, this choice is a better and 

more cost-effective method. The screening guideline estab-

lished in China have taken the above factors into account 

and recommend that women 45–69 years of age with aver-

age risk should undergo biennial mammography, and sup-

plementary US screening after mammography should be 

performed in women with dense breasts. CBE is an effec-

tive method for early screening in Chinese women. More 

detailed screening strategies are discussed in the following 

sections.

Genetic screening for breast cancer in Chinese 
women

Genetic screening is another important method for screen-

ing breast cancer. A screen of germline mutations is useful to 

identify populations at high risk of developing breast cancer. 

BRCA1/2 germline mutations are the most frequent germline 

mutations found in breast cancer and are present in approx-

imately half of all patients with a family history of breast 

 cancer115. BRCA1 germline mutation carriers have a 37.9% 

cumulative risk of developing breast cancer by the age of 70 

years, and the risk is 36.5% for BRCA2 germline mutation car-

riers, which is approximately 10 times higher than that in the 

general population116. Table 3 summarizes different germline 

Table 2 Performance of US and MAM screening in programs in China

Study   Number of participants 
underwent screening

  Number of breast 
cancer patients

 
 

Sensitivity (%)  
 

Specificity (%)  
 

PPV (%)

US   MAM   US + MAM US   MAM   US + MAM US   MAM   US + MAM

Ya-jie et al.111   11,236   54   57.4   79.6   92.6   –   –   –   –   –   –

Dong et al.112   31,918   99   61.6   84.8   94.9   98.8   98.1   97.2   13.6   12.2   9.5

Shen et al.113   4,135   14   100   57.1   100   99.9   100   99.9   70   72.7   60.9

Li et al.114   5,296   3,002   97.9   96.2   99.4   49.7   39.2   24.8   59.8   54.7   50.3

PPV, positive predictive value; US, ultrasound; MAM, mammography.

Table 3 Comparison of frequent germline mutations between 
breast cancers in Chinese and white patients

Gene  
 

Mutation frequency (%)   Ref.

Chinese  White

BRCA1   1.6–2.7   1.4–3.7   117-123

BRCA2   2.7–3.7   1.6–3.1   117-123

PALB2   0.7–1.0   0.9–1.0   117-120,123

TP53   0.3–0.5   0.2–0.3   117,119,120,123,124

ATM   0.4–0.6   0.7–1.0   117,119-123

CHEK2   0.2–0.3   1.6–2.1   117,119-122

RAD51D   0.4–0.5   0.1   117,119,120,122

BARD1   0.2   0.2   117,119,120,122

PTEN   0.1   0.1   117,119,120,125

BRIP1   0.2–0.3   0.2–0.8   117,119,121-123
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mutation frequencies of most frequently mutated genes 

between breast cancers in Chinese and white patients. Among all 

patients with breast cancer, approximately 5% carry BRCA1/2 

germline mutations, and this percentage is similar in Chinese 

and white patients with breast cancers121,126. BRCA2 germline 

mutation is more frequently detected than BRCA1 in Chinese 

patients with breast cancer120,122. Approximately 3% of patients 

carry other germline mutations. PALB2 is present at a relatively 

high frequency of 1%118. ATM and CHEK2 are mutated more 

frequently in white breast cancer patients117,119,120. However, 

RAD51D germline mutation is more frequently present in 

Chinese patients and is particularly enriched in K91fs vari-

ants127-129. In addition, RAD51D germline mutation confers 

an increased breast cancer risk: carriers have a 20% cumulative 

risk of developing breast cancer by 80 years of age129,130. PTEN 

germline mutation is relatively rare in the Chinese population 

and is not recommended for genetic testing125.

FUSCC has developed an NGS-based pipeline for BRCA1/2 

mutation testing to better recognize possible BRCA germline 

mutations in patients with breast cancer and to alert affected 

relatives. The study has identified 5 risk criteria: TNBC, male 

breast cancer, bilateral breast cancers, early onset of breast can-

cer (diagnosed in patients younger than 40 years of age), and 

a family history of breast or ovarian cancer. Genetic testing 

is strongly recommended for patients with both a family his-

tory and either bilateral breast cancer or male breast cancer, 

as well as for patients with family history of at least 3 affected 

relatives. Moderate recommendations have been provided for 

patients with any 2 of 5 risk criteria or patients with family 

history of at least 2 affected relatives, and low recommenda-

tions have been provided for patients with any one of 5 risk 

criteria126. This pipeline has been applied in clinical diagnosis 

to recognize the genetic risk factors for patients with breast 

cancer and their relatives. Moreover, because its high cost 

makes DNA sequencing inaccessible for most people, FUSCC 

launched and developed an NGS panel called Fudan-BC panel, 

including 484 breast cancer-specific genes that are frequently 

mutated and are potential therapeutic targets in breast cancer. 

This panel aids in the preliminary detection of high-frequency 

germline mutations in more patients131.

Overall, the identification of the genomic characteristics 

and mutation profiles of breast cancer in China enables the 

identification of high-risk populations of breast cancer and 

the determination of indications for genetic testing. Moreover, 

genetic testing plays an important role in breast cancer risk 

stratification and screening.

Guidelines for stratified screening for breast 
cancer in Chinese women

In addition to breast density and genetic factors, many 

other risk factors for breast cancer have been identified, as 

described above, including a history of benign breast disease. 

Stratification of these risk factors is important for the estab-

lishment of breast cancer screening strategies. The Gail model 

is widely used in Western countries. However, the predic-

tive performance of this model in China is limited, because 

it may overestimate the risk in Asian women132. Therefore, a 

risk prediction model suitable for Chinese women is needed. 

FUSCC has developed a risk prediction model for breast can-

cer by analyzing information on various risk factors collected 

through a questionnaire, including family history and per-

sonal characteristics. This model has high predictive value, 

with an accuracy of 64.9%, a sensitivity of 79.0%, a specificity 

of 64.8%, and an area under receiver operating characteristic 

curve of 0.762133. Other researchers have built risk prediction 

models with an expected/observed ratio of nearly 1.0 and an 

area under the receiver operating characteristic curve exceed-

ing 0.6134,135. These risk models could be applied for self- 

assessment and large-scale preliminary screening for breast 

cancer, but they would still require further improvement and 

exploration before being widely applied in clinical practice in 

the future.

According to the characteristics of breast cancer in Chinese 

women described above and with reference to international 

screening guidelines, the China Anti-Cancer Association has 

formulated breast cancer screening guidelines for Chinese 

women136. The recommended screening process is shown 

in Figure 3. Compared with other international guidelines, 

this guideline has several important features. First, because 

the peak age of breast cancer in Chinese women is younger 

than that in Western countries, the guideline recommends 

an earlier initial age of screening. Women 45–69 years of 

age with average risk should undergo biennial mammogra-

phy, and women 40–44 years of age should undergo oppor-

tunistic screening. Second, because of the large population 

and limited resource settings in China, CBE is a preliminary 

screening method that can be used before imaging screening, 

 particularly among women older than 50 years. The screening 

interval is biennial for women with an average risk of breast 

cancer. Moreover, the guidelines have additional recommen-

dations for the use of US in breast cancer screening. Because 

of the high breast density in Chinese women, supplementary 
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US screening after mammography in women with dense 

breasts is recommended. US is also recommended for women 

with a high risk of breast cancer but without genetic factors, 

such as US alone for women 40–44 years of age and US com-

bined with mammography for women older than 45 years. 

This guideline also provides specific recommendations for 

women with high breast cancer risk. The guidelines divide 

high-risk women into 2 groups: those with a high-risk family 

history of breast cancer or pathogenic germline mutations, 

and those with other high-risk factors, such as a history of 

benign breast diseases or radiation therapy applied to the 

chest. MRI is primarily recommended for screening in the 

former group, whereas US and mammography screening are 

mainly recommended in the latter group, because this prac-

tice is more cost-effective136-138.

The establishment of breast cancer screening guidelines 

suitable for Chinese women has standardized the screening 

process in China, thereby improving the detection rate and 

early diagnosis of breast cancer, and the long-term survival 

rate of Chinese patients with breast cancer.

Achievements and prospects

Breast cancer screening has important effects on the diagno-

sis and treatment of breast cancer. Through the standardized 

application of breast cancer screening methods recommended 

by the guidelines, the FUSCC has made substantial achieve-

ments in breast cancer screening and early diagnosis. The stage 

of cancer at diagnosis decreased from 2008 to 2016. According 

to the TNM staging system, the percentage of patients diag-

nosed with stage I disease increased significantly, from 30.5% 

to 39.4% (Figure 4A). In addition, the number of patients 

undergoing breast-conserving surgery increased from 17.0% 

in 2008 to 28.3% in 2016, and the percentage of patients 

opting for reconstruction after mastectomy increased from 

3.5% to 8.2% (Figure 4B). Moreover, with the development 

Risk assessment*

Average risk High risk

45–69 years
Family history of early-onset

breast cancer
OR

Pathogenic genetic mutations

> 69 years40–44 years

Opportunistic
screening

Regular
screening

Opportunistic
screening

Biennial MAM screening

Dense breast

Supplementary BUS
screening after MAM

Other high risk criteria

Start at 35 years of age
40–44 years > 45 years

Start at 40 years of age

Annual breast MRI
screening

Annual BUS
screening

Annual MAM and
BUS screening

Negative

Figure 3 Risk stratification guidelines for breast cancer screening. Risk stratification flowchart for selecting breast cancer screening methods. 
*Women meeting any of the following criteria are considered to have a high risk of breast cancer: (1) family history of early-onset breast can-
cer, male breast cancer, pathogenic genetic mutations, or hereditary tumor syndrome; (2) at least 2 first-degree relatives with breast cancer, 
ovarian epithelial cancer, fallopian tube cancer, or primary peritoneal cancer; (3) personal history of moderate to severe dysplasia or benign 
breast cancer; or (4) history of chest radiotherapy136. MAM, mammography; BUS, breast ultrasonography.
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Figure 4 Improvements in early diagnosis and prognosis at FUSCC. (A–C) Trends in tumor staging at diagnosis (A), breast surgical modality 
(B), and axillary surgical modality (C) of breast cancer from 2008 to 2016 at FUSCC. (D, E) Trends in the overall survival rate from 2008 to 2015 
(D) and disease-free survival rate from 2008 to 2014 (E) in patients with breast cancer treated at FUSCC. BCS, breast-conserving surgery; SLNB, 
sentinel lymph node biopsy; ALND, axillary lymph node dissection; OS, overall survival; DFS, disease-free survival.

of sentinel lymph node biopsy (SLNB), more patients can 

preserve axillary lymph nodes after biopsy. The percentage of 

patients undergoing only SLNB markedly increased from 6.9% 

in 2008 to 57.9% in 2016 (Figure 4C). Importantly, the early 

detection of breast cancer and the use of less invasive surgical 

modalities have increased the long-term survival rates among 

patients. The 5-year overall survival rate of patients treated at 

FUSCC increased from 94.6% to 96.3%, and the 5-year dis-

ease-free survival rate increased from 85.9% to 88.5% (Figure 

4D, 4E). In conclusion, standardized breast cancer screening 

reduces the burden of breast cancer treatment and substan-

tially improves the survival and prognosis of patients with 

breast cancer.

Over the past 20 years, breast cancer screening in China has 

begun to receive attention and has gradually been standardized, 

thus enabling the achievements described above. In this devel-

opment process, progress in science and technology has played 

a crucial role in promoting breast cancer screening. Updated 

screening techniques make breast cancer screening more accu-

rate and convenient. Advanced mammography techniques 

such as DBT and CEM have substantially improved the sen-

sitivity for detecting malignancies in dense breasts. ABUS has 

enabled US screening to become more convenient and univer-

sal. New MRI techniques have also simplified the MRI screen-

ing procedures. The advances in, and comprehensive use of, 

these screening techniques have greatly improved the sensitiv-

ity and specificity of cancer detection, and increased the accu-

racy of distinguishing benign from malignant lesions. Future 

technical progress is also expected to minimize the existing 

disadvantages, such as the harm due to use of radiation and 

contrast agents, to better benefit the public. The development 

of high-throughput sequencing technologies will allow for 

simultaneous sequencing of multiple pathogenic genes and 

even the whole exome or the entire genome of a patient139. 



Cancer Biol Med Vol 19, No 4 April 2022 461

Although the current cost of such sequencing remains high 

for the public, genetic testing will probably be popularized, 

and precise screening is a likely future trend for screening. 

The application of artificial intelligence (AI) is another trend 

expected in future screening. AI systems can assist radiologists 

in image interpretation, thus substantially improving the accu-

racy. Many studies have shown that AI systems simultaneously 

improve sensitivity and specificity, decrease false- positive and 

false-negative rates, more accurately identify invasive cancer, 

and are robust for breast cancer screening140-145. Furthermore, 

AI systems may be used to predict the personalized risk of 

breast cancer. The assessment of personalized risk prediction 

is based on combined assessment of an individual’s risk fac-

tors and breast images146-149. This approach facilitates risk 

stratification for breast cancer screening and thus guides the 

use of appropriate screening methods for different women. 

In addition, with greater understanding of tumor molecular 

characteristics, some tumor genomic and epigenomic features 

may serve as biomarkers for breast cancer. In this regard, liq-

uid biopsy to detect these features may become an important 

method for breast cancer screening150,151. Combined with 

advances in multiomics studies, breast cancer screening and 

recognition are expected to become more precise.

China is continually updating and refining breast cancer 

screening guidelines suitable for Chinese women. In addition 

to technological innovation, more large-scale cohort studies 

in the Chinese population are needed to obtain additional evi-

dence and establish better screening strategies suitable for the 

Chinese population. Furthermore, standardized breast cancer 

screening will substantially increase the survival of patients 

with breast cancer in China and reduce mortality.

Conclusions

Breast cancer screening and early diagnosis in China are being 

standardized and popularized. This review highlights the 

background and the establishment of breast cancer screen-

ing strategies in China. The unique demographic and genetic 

characteristics of breast cancer in China summarized in this 

review have provided an important basis for the Chinese 

breast cancer screening guidelines. This knowledge will help 

guide future related studies and further improvement of 

breast cancer screening guidelines in China. Evidence-based 

and standardized breast cancer screening programs will play 

important roles in improving the prognosis of patients with 

breast cancer.

Grant support

This work was supported by Grants from the National Key 

R&D Project of China (Grant No. 2020YFA0112304), the 

National Natural Science Foundation of China (Grant Nos. 

91959207, 92159301 and 82002792), the Shanghai Key 

Laboratory of Breast Cancer (Grant No. 12DZ2260100), the 

Shanghai Key Clinical Specialty of Oncology (Grant No. shsl-

czdzk02001), the Clinical Research Plan of SHDC (Grant 

Nos. SHDC2020CR4002 and SHDC2020CR5005) and the 

Shanghai Sailing Program (Grant No. 20YF1408600).

Conflict of interest statement

No potential conflicts of interest are disclosed.

Authors’ contributions

Conceived and designed the analysis: Zhi-Ming Shao, Yi-Zhou 

Jiang.

Collected the data: Ying Zheng, Miao Mo, Rui Ding.

Contributed data or analysis tools: Ying Zheng, Miao Mo, 

Rui Ding.

Performed the analysis: Miao Mo, Rui Ding.

Wrote the paper: Yi Xiao, Rui Ding.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 

A, 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.

2. Zhang S, Sun K, Zheng R, Zeng H, Wang S, Chen R, et al. Cancer 

incidence and mortality in China, 2015. J Natl Cancer Center. 2021; 

1: 2-11.

3. Moss SM, Cuckle H, Evans A, Johns L, Waller M, Bobrow L. Effect 

of mammographic screening from age 40 years on breast cancer 

mortality at 10 years’ follow-up: a randomised controlled trial. 

Lancet. 2006; 368: 2053-60.

4. Pace LE, Keating NL. A systematic assessment of benefits and 

risks to guide breast cancer screening decisions. JAMA. 2014; 311: 

1327-35.

5. Breen N, Gentleman JF, Schiller JS. Update on mammography 

trends: comparisons of rates in 2000, 2005, and 2008. Cancer. 2011; 

117: 2209-18.

6. Expert Panel on Breast Imaging, Mainiero MB, Moy L, Baron P, 

Didwania AD, diFlorio RM, et al. Acr appropriateness criteria® 

breast cancer screening. J Am Coll Radiol. 2017; 14: S383-90.



462 Ding et al. Breast cancer screening in China

7. Lauby-Secretan B, Scoccianti C, Loomis D, Benbrahim-

Tallaa L, Bouvard V, Bianchini F, et al. Breast-cancer screening – 

viewpoint of the IARC Working Group. N Engl J Med. 2015;  

372: 2353-8.

8. Qaseem A, Lin JS, Mustafa RA, Horwitch CA, Wilt TJ, Clinical 

Guidelines Committee of the American College of Physicians; 

Forciea MA, et al. Screening for breast cancer in average-risk 

women: a guidance statement from the American college of 

physicians. Ann Intern Med. 2019; 170: 547-60.

9. World Health Organization. Who position paper on 

mammography screening. https://www.Who.Int/publications/i/

item/who-position-paper-on-mammography-screening. Published 

February 16, 2014.

10. Oeffinger KC, Fontham ET, Etzioni R, Herzig A, Michaelson JS, 

Shih YC, et al. Breast cancer screening for women at average risk: 

2015 guideline update from the American cancer society. JAMA. 

2015; 314: 1599-614.

11. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, 

et al. American cancer society guidelines for breast screening with 

MRI as an adjunct to mammography. CA Cancer J Clin. 2007; 57: 

75-89.

12. Schunemann HJ, Lerda D, Quinn C, Follmann M, Alonso-Coello P, 

Rossi PG, et al. Breast cancer screening and diagnosis: a synopsis of 

the European breast guidelines. Ann Intern Med. 2020; 172: 46-56.

13. Siu AL, U.S. Preventive Services Task Force. Screening for breast 

cancer: U.S. Preventive services task force recommendation 

statement. Ann Intern Med. 2016; 164: 279-96.

14. Bao Y, Kwok C, Lee CF. Breast cancer screening behaviors among 

chinese women in mainland China. Nurs Health Sci. 2018; 20: 445-51.

15. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. 

Racial and ethnic disparities in cancer survival: the contribution 

of tumor, sociodemographic, institutional, and neighborhood 

characteristics. J Clin Oncol. 2018; 36: 25-33.

16. Fan L, Strasser-Weippl K, Li J-J, St Louis J, Finkelstein DM, Yu K-D, 

et al. Breast cancer in china. Lancet Oncol. 2014; 15: e279-89.

17. Global Burden of Disease Cancer Collaboration, Fitzmaurice 

C, Abate D, Abbasi N, Abbastabar H, Abd-Allah F, et al. Global, 

regional, and national cancer incidence, mortality, years of life lost, 

years lived with disability, and disability-adjusted life-years for 29 

cancer groups, 1990 to 2017: a systematic analysis for the global 

burden of disease study. JAMA Oncol. 2019; 5: 1749-68.

18. International agency for research on cancer. The global cancer 

observatory 2020 china fact sheets. https://gco.Iarc.Fr/today/data/

factsheets/populations/160-china-fact-sheets.Pdf. Published March, 

2021.

19. Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, et al. Cancer 

incidence and mortality in China, 2014. Chin J Cancer Res. 2018; 

30: 1-12.

20. Chen W, Zheng R, Zeng H, Zhang S, He J. Annual report on status 

of cancer in china, 2011. Chin J Cancer Res. 2015; 27: 2-12.

21. Chen W, Zheng R, Zhang S, Zhao P, Zeng H, Zou X, et al. Annual 

report on status of cancer in China, 2010. Chin J Cancer Res. 2014; 

26: 48-58.

22. Chen W, Zheng R, Zuo T, Zeng H, Zhang S, He J. National cancer 

incidence and mortality in China, 2012. Chin J Cancer Res. 2016; 

28: 1-11.

23. Yu XQ, Baade P. Re: Cancer incidence and mortality in China, 2013 

by Chen et al. Cancer Lett. 2017; 401: 72-3.

24. Ervik M, Lam F, Laversanne M, Ferlay J, Bray F. Global cancer 

observatory: cancer over time. Lyon, France: international Agency 

for Research on Cancer. 2021. Available from: https://gco.Iarc.Fr/

overtime. Accessed 05 February 2022.

25. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg 

C, Stefanick ML, et al. Risks and benefits of estrogen plus progestin 

in healthy postmenopausal women: principal results From the 

Women’s Health Initiative randomized controlled trial. JAMA. 

2002; 288: 321-33.

26. Fan L, Zheng Y, Yu KD, Liu GY, Wu J, Lu JS, et al. Breast cancer 

in a transitional society over 18 years: trends and present 

status in Shanghai, China. Breast Cancer Res Treat. 2009; 117: 

409-16.

27. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, 

et al. Global cancer observatory: cancer today. Lyon, France: 

international agency for research on cancer. 2020. Available from: 

https://gco.Iarc.Fr/today. Accessed 05 February 2022.

28. National Bureau of Statistics PRC. Tabulation on the 2010 

population census of the people’s republic of China. China 

Statistics Press. 2012.04 http://www.Stats.Gov.Cn/tjsj/pcsj/

rkpc/6rp/indexch.htm.

29. National Bureau of Statistics PRC. A press conference on the results 

of the seventh national population census. http://www.Stats.Gov.

Cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817702.

html. Published May 11, 2021.

30. Jiang Q, Yang S, Li S, Feldman MW. The decline in China’s fertility 

level: a decomposition analysis. J Biosoc Sci. 2019; 51: 785-98.

31. Gao Y-T, Shu X-O, Dai Q, Potter JD, Brinton LA, Wen W, et al. 

Association of menstrual and reproductive factors with breast 

cancer risk: results from the Shanghai breast cancer study. Int J 

Cancer. 2000; 87: 295-300.

32. Huang Z, Beeghly-Fadiel A, Gao YT, Zheng Y, Dai Q, Lu W, et al. 

Associations of reproductive time events and intervals with breast 

cancer risk: a report from the Shanghai breast cancer study. Int J 

Cancer. 2014; 135: 186-95.

33. Zhang JY, Wang MX, Wang X, Li YL, Liang ZZ, Lin Y, et al. 

Associations of reproductive factors with breast cancer prognosis 

and the modifying effects of menopausal status. Cancer Med. 2020; 

9: 385-93.

34. Li L, Ji J, Wang JB, Niyazi M, Qiao YL, Boffetta P. Attributable 

causes of breast cancer and ovarian cancer in china: reproductive 

factors, oral contraceptives and hormone replacement therapy. 

Chin J Cancer Res. 2012; 24: 9-17.

35. Porter P. “Westernizing” women’s risks? Breast cancer in lower-

income countries. N Engl J Med. 2008; 358: 213-6.

36. Cui X, Dai Q, Tseng M, Shu XO, Gao YT, Zheng W. Dietary patterns 

and breast cancer risk in the shanghai breast cancer study. Cancer 

Epidemiol Biomarkers Prev. 2007; 16: 1443-8.

Https://www.Who.Int/publications/i/item/who-position-paper-on-mammography-screening
Https://www.Who.Int/publications/i/item/who-position-paper-on-mammography-screening
https://gco.Iarc.Fr/today/data/factsheets/populations/160-china-fact-sheets.Pdf
https://gco.Iarc.Fr/today/data/factsheets/populations/160-china-fact-sheets.Pdf
https://gco.Iarc.Fr/overtime
https://gco.Iarc.Fr/overtime
https://gco.Iarc.Fr/today
http://www.Stats.Gov.Cn/tjsj/pcsj/rkpc/6rp/indexch.htm
http://www.Stats.Gov.Cn/tjsj/pcsj/rkpc/6rp/indexch.htm
http://www.Stats.Gov.Cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817702.html
http://www.Stats.Gov.Cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817702.html
http://www.Stats.Gov.Cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817702.html


Cancer Biol Med Vol 19, No 4 April 2022 463

37. Mi YJ, Zhang B, Wang HJ, Yan J, Han W, Zhao J, et al. Prevalence 

and secular trends in obesity among chinese adults, 1991-2011. Am 

J Prev Med. 2015; 49: 661-9.

38. Pattacini P, Nitrosi A, Giorgi Rossi P, Iotti V, Ginocchi V, Ravaioli 

S, et al. Digital mammography versus digital mammography plus 

tomosynthesis for breast cancer screening: The Reggio Emilia 

Tomosynthesis randomized trial. Radiology. 2018; 288: 375-85.

39. Hofvind S, Holen ÅS, Aase HS, Houssami N, Sebuødegård S, Moger 

TA, et al. Two-view digital breast tomosynthesis versus digital 

mammography in a population-based breast cancer screening 

programme (To-Be): a randomised, controlled trial. Lancet Oncol. 

2019; 20: 795-805.

40. Hofvind S, Moshina N, Holen ÅS, Danielsen AS, Lee CI, Houssami 

N, et al. Interval and subsequent round breast cancer in a 

randomized controlled trial comparing digital breast tomosynthesis 

and digital mammography screening. Radiology. 2021; 300: 66-76.

41. Phi XA, Tagliafico A, Houssami N, Greuter MJW, de Bock GH. 

Digital breast tomosynthesis for breast cancer screening and 

diagnosis in women with dense breasts – a systematic review and 

meta-analysis. BMC Cancer. 2018; 18: 380.

42. Marinovich ML, Hunter KE, Macaskill P, Houssami N. Breast 

cancer screening using tomosynthesis or mammography: a meta-

analysis of cancer detection and recall. J Natl Cancer Inst. 2018; 

110: 942-9.

43. Sung JS, Lebron L, Keating D, D’Alessio D, Comstock CE, Lee 

CH, et al. Performance of dual-energy contrast-enhanced digital 

mammography for screening women at increased risk of breast 

cancer. Radiology. 2019; 293: 81-8.

44. Sorin V, Yagil Y, Yosepovich A, Shalmon A, Gotlieb M, Neiman 

OH, et al. Contrast-enhanced spectral mammography in women 

with intermediate breast cancer risk and dense breasts. AJR Am J 

Roentgenol. 2018; 211: W267-74.

45. Cheung YC, Lin YC, Wan YL, Yeow KM, Huang PC, Lo YF, et al. 

Diagnostic performance of dual-energy contrast-enhanced 

subtracted mammography in dense breasts compared to 

mammography alone: interobserver blind-reading analysis. Eur 

Radiol. 2014; 24: 2394-403.

46. Hadadi I, Rae W, Clarke J, McEntee M, Ekpo E. Diagnostic 

performance of adjunctive imaging modalities compared to 

mammography alone in women with non-dense and dense breasts: 

a systematic review and meta-analysis. Clin Breast Cancer. 2021; 21: 

278-91.

47. Melnikow J, Fenton JJ, Whitlock EP, Miglioretti DL, Weyrich MS, 

Thompson JH, et al. Supplemental screening for breast cancer 

in women with dense breasts: a systematic review for the U.S. 

Preventive Service Task Force, Rockville (MD). Ann Intern Med. 

2016;164:268-78.

48. Wang L, Qi ZH. Automatic breast volume scanner versus handheld 

ultrasound in differentiation of benign and malignant breast 

lesions: a systematic review and meta-analysis. Ultrasound Med 

Biol. 2019; 45: 1874-81.

49. Comstock CE, Gatsonis C, Newstead GM, Snyder BS, Gareen IF, 

Bergin JT, et al. Comparison of abbreviated breast MRI vs digital 

breast tomosynthesis for breast cancer detection among women 

with dense breasts undergoing screening. JAMA. 2020; 323: 

746-56.

50. Bakker MF, de Lange SV, Pijnappel RM, Mann RM, Peeters PHM, 

Monninkhof EM, et al. Supplemental MRI screening for women 

with extremely dense breast tissue. N Engl J Med. 2019; 381: 

2091-102.

51. Saadatmand S, Geuzinge HA, Rutgers EJT, Mann RM, de 

Roy van Zuidewijn DBW, Zonderland HM, et al. MRI versus 

mammography for breast cancer screening in women with familial 

risk (FaMRIsc): a multicentre, randomised, controlled trial. Lancet 

Oncol. 2019; 20: 1136-47.

52. Miller AB. Digital mammography. J Natl Cancer Inst. 2014; 106: 

dju125.

53. Pisano ED, Yaffe MJ. Digital mammography. Radiology. 2005; 234: 

353-62.

54. Nelson HD, Fu R, Cantor A, Pappas M, Daeges M, Humphrey L. 

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.

55. Otto SJ, Fracheboud J, Looman CWN, Broeders MJM, Boer 

R, Hendriks JHCL, et al. Initiation of population-based 

mammography screening in Dutch municipalities and effect on 

breast-cancer mortality: a systematic review. Lancet. 2003; 361: 

1411-17.

56. Jorgensen KJ, Gotzsche PC. Overdiagnosis in publicly organised 

mammography screening programmes: systematic review of 

incidence trends. BMJ. 2009; 339: b2587.

57. Chong A, Weinstein SP, McDonald ES, Conant EF. Digital breast 

tomosynthesis: concepts and clinical practice. Radiology. 2019; 292: 

1-14.

58. Gastounioti A, McCarthy AM, Pantalone L, Synnestvedt M, Kontos 

D, Conant EF. Effect of mammographic screening modality on 

breast density assessment: digital mammography versus digital 

breast tomosynthesis. Radiology. 2019; 291: 320-7.

59. Conant EF, Barlow WE, Herschorn SD, Weaver DL, Beaber EF, 

Tosteson ANA, et al. Association of digital breast tomosynthesis vs 

digital mammography with cancer detection and recall rates by age 

and breast density. JAMA Oncol. 2019; 5: 635-42.

60. Rafferty EA, Durand MA, Conant EF, Copit DS, Friedewald SM, 

Plecha DM, et al. Breast cancer screening using tomosynthesis and 

digital mammography in dense and nondense breasts. JAMA. 2016; 

315: 1784-6.

61. Skaane P, Bandos AI, Niklason LT, Sebuødegård S, Østerås 

BH, Gullien R, et al. Digital mammography versus digital 

mammography plus tomosynthesis in breast cancer screening: the 

oslo tomosynthesis screening trial. Radiology. 2019; 291: 23-30.

62. Pisano ED, Yaffe MJ. Breast cancer screening: should tomosynthesis 

replace digital mammography? JAMA. 2014; 311: 2488-9.

63. Jochelson MS, Lobbes MBI. Contrast-enhanced mammography: 

state of the art. Radiology. 2021; 299: 36-48.

64. Jochelson MS, Pinker K, Dershaw DD, Hughes M, Gibbons GF, 

Rahbar K, et al. Comparison of screening CEDM and MRI for 



464 Ding et al. Breast cancer screening in China

women at increased risk for breast cancer: a pilot study. Eur J 

Radiol. 2017; 97: 37-43.

65. Lee-Felker SA, Tekchandani L, Thomas M, Gupta E, Andrews-Tang 

D, Roth A, et al. Newly diagnosed breast cancer: comparison of 

contrast-enhanced spectral mammography and breast MR imaging 

in the evaluation of extent of disease. Radiology. 2017; 285: 

389-400.

66. Sumkin JH, Berg WA, Carter GJ, Bandos AI, Chough DM, 

Ganott MA, et al. Diagnostic performance of MRI, molecular 

breast imaging, and contrast-enhanced mammography in 

women with newly diagnosed breast cancer. Radiology. 2019; 

293: 531-40.

67. Phillips J, Mihai G, Hassonjee SE, Raj SD, Palmer MR, Brook 

A, et al. Comparative dose of contrast-enhanced spectral 

mammography (CESM), digital mammography, and digital breast 

tomosynthesis. AJR Am J Roentgenol. 2018; 211: 839-46.

68. Zanardo M, Cozzi A, Trimboli RM, Labaj O, Monti CB, Schiaffino 

S, et al. Technique, protocols and adverse reactions for contrast-

enhanced spectral mammography (CESM): a systematic review. 

Insights Imaging. 2019; 10: 76.

69. Hooley RJ, Scoutt LM, Philpotts LE. Breast ultrasonography: state 

of the art. Radiology. 2013; 268: 642-59.

70. Lee SH, Chung J, Choi HY, Choi SH, Ryu EB, Ko KH, et al. 

Evaluation of screening US-detected breast masses by combined 

use of elastography and color doppler US with B-mode US in 

women with dense breasts: a multicenter prospective study. 

Radiology. 2017; 285: 660-9.

71. Yang WT, Metreweli C, Lam PK, Chang J. Benign and malignant 

breast masses and axillary nodes: evaluation with echo-enhanced 

color power Doppler US. Radiology. 2001; 220: 795-802.

72. Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Willmann JK. 

Ultrasound elastography: review of techniques and clinical 

applications. Theranostics. 2017; 7: 1303-29.

73. Harada-Shoji N, Suzuki A, Ishida T, Zheng YF, Narikawa-Shiono 

Y, Sato-Tadano A, et al. Evaluation of adjunctive ultrasonography 

for breast cancer detection among women aged 40-49 years with 

varying breast density undergoing screening mammography: a 

secondary analysis of a randomized clinical trial. JAMA Netw 

Open. 2021; 4: e2121505.

74. Sprague BL, Stout NK, Schechter C, van Ravesteyn NT, Cevik 

M, Alagoz O, et al. Benefits, harms, and cost-effectiveness of 

supplemental ultrasonography screening for women with dense 

breasts. Ann Intern Med. 2015; 162: 157-66.

75. Berg WA, Mendelson EB. Technologist-performed handheld 

screening breast US imaging: how is it performed and what are the 

outcomes to date? Radiology. 2014; 272: 12-27.

76. Rella R, Belli P, Giuliani M, Bufi E, Carlino G, Rinaldi P, et al. 

Automated breast ultrasonography (ABUS) in the screening and 

diagnostic setting: Indications and practical use. Acad Radiol. 2018; 

25: 1457-70.

77. Vourtsis A. Three-dimensional automated breast ultrasound: 

technical aspects and first results. Diagn Interv Imaging. 2019; 100: 

579-92.

78. Jia M, Lin X, Zhou X, Yan H, Chen Y, Liu P, et al. Diagnostic 

performance of automated breast ultrasound and handheld 

ultrasound in women with dense breasts. Breast Cancer Res Treat. 

2020; 181: 589-97.

79. Lin X, Jia M, Zhou X, Bao L, Chen Y, Liu P, et al. The diagnostic 

performance of automated versus handheld breast ultrasound and 

mammography in symptomatic outpatient women: a multicenter, 

cross-sectional study in China. Eur Radiol. 2021; 31: 947-57.

80. Vourtsis A, Kachulis A. The performance of 3D ABUS versus 

HHUS in the visualisation and BI-RADS characterisation of breast 

lesions in a large cohort of 1,886 women. Eur Radiol. 2018; 28: 

592-601.

81. Xin Y, Zhang X, Yang Y, Chen Y, Wang Y, Zhou X, et al. A 

multicenter, hospital-based and non-inferiority study for 

diagnostic efficacy of automated whole breast ultrasound for breast 

cancer in China. Sci Rep. 2021; 11: 13902.

82. Zhang X, Lin X, Tan Y, Zhu Y, Wang H, Feng R, et al. A multicenter 

hospital-based diagnosis study of automated breast ultrasound 

system in detecting breast cancer among Chinese women. Chin J 

Cancer Res. 2018; 30: 231-9.

83. Mann RM, Cho N, Moy L. Breast MRI: state of the art. Radiology. 

2019; 292: 520-36.

84. Mann RM, Kuhl CK, Moy L. Contrast-enhanced MRI for breast 

cancer screening. J Magn Reson Imaging. 2019; 50: 377-90.

85. Onishi N, Sadinski M, Gibbs P, Gallagher KM, Hughes MC, Ko 

ES, et al. Differentiation between subcentimeter carcinomas and 

benign lesions using kinetic parameters derived from ultrafast 

dynamic contrast-enhanced breast MRI. Eur Radiol. 2020; 30: 

756-66.

86. Gao Y, Heller SL. Abbreviated and ultrafast breast MRI in clinical 

practice. Radiographics. 2020; 40: 1507-27.

87. Cheon H, Kim HJ, Kim TH, Ryeom HK, Lee J, Kim GC, et al. 

Invasive breast cancer: prognostic value of peritumoral edema 

identified at preoperative MR imaging. Radiology. 2018; 287: 

68-75.

88. Amornsiripanitch N, Bickelhaupt S, Shin HJ, Dang M, Rahbar H, 

Pinker K, et al. Diffusion-weighted MRI for unenhanced breast 

cancer screening. Radiology. 2019; 293: 504-20.

89. Berg WA, Zhang Z, Lehrer D, Jong RA, Pisano ED, Barr RG, et al. 

Detection of breast cancer with addition of annual screening 

ultrasound or a single screening MRI to mammography in women 

with elevated breast cancer risk. JAMA. 2012; 307: 1394-404.

90. Smith RA. The evolving role of MRI in the detection and 

evaluation of breast cancer. N Engl J Med. 2007; 356: 1362-4.

91. Kuhl CK. Abbreviated magnetic resonance imaging (MRI) for 

breast cancer screening: rationale, concept, and transfer to clinical 

practice. Annu Rev Med. 2019; 70: 501-19.

92. US Preventive Services Task Force. Screening for breast cancer: U.S. 

Preventive services task force recommendation statement. Ann 

Intern Med. 2009; 151: 716-26.

93. Harkness EF, Astley SM, Evans DG. Risk-based breast cancer 

screening strategies in women. Best Pract Res Clin Obstet Gynaecol. 

2020; 65: 3-17.



Cancer Biol Med Vol 19, No 4 April 2022 465

94. Mulder RL, Kremer LCM, Hudson MM, Bhatia S, Landier W, Levitt 

G, et al. Recommendations for breast cancer surveillance for female 

survivors of childhood, adolescent, and young adult cancer given 

chest radiation: a report from the International Late Effects of 

Childhood Cancer Guideline Harmonization Group. Lancet Oncol. 

2013; 14: e621-9.

95. Smith RA, Andrews KS, Brooks D, Fedewa SA, Manassaram-Baptiste 

D, Saslow D, et al. Cancer screening in the United States, 2019: a 

review of current American Cancer Society guidelines and current 

issues in cancer screening. CA Cancer J Clin. 2019; 69: 184-210.

96. Dai H, Yan Y, Wang P, Liu P, Cao Y, Xiong L, et al. Distribution of 

mammographic density and its influential factors among Chinese 

women. Int J Epidemiol. 2014; 43: 1240-51.

97. Maskarinec G, Meng L, Ursin G. Ethnic differences in 

mammographic densities. Int J Epidemiol. 2001; 30: 959-65.

98. Flobbe K, Nelemans PJ, Kessels AGH, Beets GL, von Meyenfeldt 

MF, van Engelshoven JMA. The role of ultrasonography as an 

adjunct to mammography in the detection of breast cancer. Eur J 

Cancer. 2002; 38: 1044-50.

99. Rebolj M, Assi V, Brentnall A, Parmar D, Duffy SW. Addition of 

ultrasound to mammography in the case of dense breast tissue: 

systematic review and meta-analysis. Br J Cancer. 2018; 118: 

1559-70.

100. Kolb TM, Lichy J, Newhouse JH. Comparison of the performance 

of screening mammography, physical examination, and breast US 

and evaluation of factors that influence them: an analysis of 27,825 

patient evaluations. Radiology. 2002; 225: 165-75.

101. Zhao H, Zou L, Geng X, Zheng S. Limitations of mammography in 

the diagnosis of breast diseases compared with ultrasonography: 

a single-center retrospective analysis of 274 cases. Eur J Med Res. 

2015; 20: 49.

102. Wang FL, Chen F, Yin H, Xu N, Wu XX, Ma JJ, et al. Effects of 

age, breast density and volume on breast cancer diagnosis: a 

retrospective comparison of sensitivity of mammography and 

ultrasonography in China’s rural areas. Asian Pac J Cancer Prev. 

2013; 14: 2277-82.

103. Pu H, Peng J, Xu F, Liu N, Wang F, Huang X, et al. Ultrasound 

and clinical characteristics of false-negative results in 

mammography screening of dense breasts. Clin Breast Cancer. 

2020; 20: 317-25.

104. Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 

Bohm-Velez M, et al. Combined screening with ultrasound and 

mammography vs mammography alone in women at elevated risk 

of breast cancer. JAMA. 2008; 299: 2151-63.

105. Brem RF, Tabar L, Duffy SW, Inciardi MF, Guingrich JA, 

Hashimoto BE, et al. Assessing improvement in detection of breast 

cancer with three-dimensional automated breast US in women 

with dense breast tissue: the SomoInsight Study. Radiology. 2015; 

274: 663-73.

106. Lee JM, Arao RF, Sprague BL, Kerlikowske K, Lehman CD, Smith 

RA, et al. Performance of screening ultrasonography as an adjunct 

to screening mammography in women across the spectrum of 

breast cancer risk. JAMA Intern Med. 2019; 179: 658-67.

107. Ohuchi N, Suzuki A, Sobue T, Kawai M, Yamamoto S, Zheng Y-F, 

et al. Sensitivity and specificity of mammography and adjunctive 

ultrasonography to screen for breast cancer in the Japan Strategic 

Anti-cancer Randomized Trial (J-START): a randomised controlled 

trial. Lancet. 2016; 387: 341-8.

108. Tagliafico AS, Calabrese M, Mariscotti G, Durando M, Tosto 

S, Monetti F, et al. Adjunct screening with tomosynthesis or 

ultrasound in women with mammography-negative dense breasts: 

interim report of a prospective comparative trial. J Clin Oncol. 

2016; 34: 1882-8.

109. Mo M, Liu GY, Zheng Y, Di LF, Ji YJ, Lv LL, et al. 

Performance of breast cancer screening methods and modality 

among Chinese women: a report from a society-based breast 

screening program (SBSP) in Shanghai. Springerplus. 2013; 

2: 276.

110. Wu F, Mo M, Qin XX, Fang H, Zhao GM, Liu GY, et al. [cost-

effectiveness of multiple screening modalities on breast cancer in 

Chinese women from Shanghai]. Zhonghua Liu Xing Bing Xue Za 

Zhi. 2017; 38: 1665-71.

111. Ya-jie J, Wei-jun P, Cai C, Jian-hui D, Wei Z, Min C, et al. 

Application of breast ultrasound in a mammography-based 

Chinese breast screening study. Cell Biochem Biophys. 2012; 65: 

37-41.

112. Dong H, Huang Y, Song F, Dai H, Liu P, Zhu Y, et al. Improved 

performance of adjunctive ultrasonography after mammography 

screening for breast cancer among Chinese females. Clin Breast 

Cancer. 2018; 18: e353-61.

113. Shen S, Zhou Y, Xu Y, Zhang B, Duan X, Huang R, et al. A multi-

centre randomised trial comparing ultrasound vs mammography 

for screening breast cancer in high-risk Chinese women. Br J 

Cancer. 2015; 112: 998-1004.

114. Li J, Xing P, Feng L, Dong H, Jin F, Wu Y, et al. The value of 

substratified combined imaging assessment with mammography 

and ultrasonography for Chinese women with palpable breast 

masses. Breast Cancer Res Treat. 2014; 144: 391-6.

115. Yang X, Wu J, Lu J, Liu G, Di G, Chen C, et al. Identification of a 

comprehensive spectrum of genetic factors for hereditary breast 

cancer in a Chinese population by next-generation sequencing. 

PLoS One. 2015; 10: e0125571.

116. Yao L, Sun J, Zhang J, He Y, Ouyang T, Li J, et al. Breast cancer 

risk in Chinese women with BRCA1 or BRCA2 mutations. Breast 

Cancer Res Treat. 2016; 156: 441-5.

117. Couch FJ, Shimelis H, Hu C, Hart SN, Polley EC, Na J, et al. 

Associations between cancer predisposition testing panel genes and 

breast cancer. JAMA Oncol. 2017; 3: 1190-6.

118. Deng M, Chen HH, Zhu X, Luo M, Zhang K, Xu CJ, et al. 

Prevalence and clinical outcomes of germline mutations in 

BRCA1/2 and PALB2 genes in 2769 unselected breast cancer 

patients in China. Int J Cancer. 2019; 145: 1517-28.

119. Kurian AW, Ward KC, Howlader N, Deapen D, Hamilton AS, 

Mariotto A, et al. Genetic testing and results in a population-based 

cohort of breast cancer patients and ovarian cancer patients. J Clin 

Oncol. 2019; 37: 1305-15.



466 Ding et al. Breast cancer screening in China

120. Sun J, Meng H, Yao L, Lv M, Bai J, Zhang J, et al. Germline 

mutations in cancer susceptibility genes in a large series of 

unselected breast cancer patients. Clin Cancer Res. 2017; 23: 

6113-9.

121. Tung N, Lin NU, Kidd J, Allen BA, Singh N, Wenstrup RJ, et al. 

Frequency of germline mutations in 25 cancer susceptibility genes 

in a sequential series of patients with breast cancer. J Clin Oncol. 

2016; 34: 1460-8.

122. Zeng C, Guo X, Wen W, Shi J, Long J, Cai Q, et al. Evaluation of 

pathogenetic mutations in breast cancer predisposition genes 

in population-based studies conducted among Chinese women. 

Breast Cancer Res Treat. 2020; 181: 465-73.

123. Xiao W, Zhang G, Chen B, Chen X, Wen L, Lai J, et al. 

Characterization of frequently mutated cancer genes and tumor 

mutation burden in Chinese breast cancer. Front Oncol. 2021; 11: 

618767.

124. Sheng S, Xu Y, Guo Y, Yao L, Hu L, Ouyang T, et al. Prevalence and 

clinical impact of TP53 germline mutations in Chinese women 

with breast cancer. Int J Cancer. 2020; 146: 487-95.

125. Wu Y, Huang D, Zhang H, Weng X, Wang H, Zhou Q, et al. The 

frequency of PTEN germline mutations in Chinese breast cancer 

patients: the PTEN gene may not be closely associated with breast 

cancer in the Chinese population. Gene. 2020; 744: 144630.

126. Lang GT, Shi JX, Hu X, Zhang CH, Shan L, Song CG, et al. The 

spectrum of BRCA mutations and characteristics of BRCA-associated 

breast cancers in China: screening of 2,991 patients and 1,043 controls 

by next-generation sequencing. Int J Cancer. 2017; 141: 129-42.

127. Ma D, Chen SY, Ren JX, Pei YC, Jiang CW, Zhao S, et al. Molecular 

features and functional implications of germline variants in triple-

negative breast cancer. J Natl Cancer Inst. 2021; 113: 884-92.

128. Couch FJ, Hart SN, Sharma P, Toland AE, Wang X, Miron P, et al. 

Inherited mutations in 17 breast cancer susceptibility genes among 

a large triple-negative breast cancer cohort unselected for family 

history of breast cancer. J Clin Oncol. 2015; 33: 304-11.

129. Chen X, Li Y, Ouyang T, Li J, Wang T, Fan Z, et al. Associations 

between RAD51D germline mutations and breast cancer risk and 

survival in BRCA1/2-negative breast cancers. Ann Oncol. 2018; 29: 

2046-51.

130. Yang X, Song H, Leslie G, Engel C, Hahnen E, Auber B, et al. 

Ovarian and breast cancer risks associated with pathogenic variants 

in RAD51C and RAD51D. J Natl Cancer Inst. 2020; 112: 1242-50.

131. Lang GT, Jiang YZ, Shi JX, Yang F, Li XG, Pei YC, et al. 

Characterization of the genomic landscape and actionable 

mutations in Chinese breast cancers by clinical sequencing. Nat 

Commun. 2020; 11: 5679.

132. Wang X, Huang Y, Li L, Dai H, Song F, Chen K. Assessment of 

performance of the Gail model for predicting breast cancer risk: a 

systematic review and meta-analysis with trial sequential analysis. 

Breast Cancer Res. 2018; 20: 18.

133. Li XQ, Mo M, Wu F, Liu GY, Xu WH, Shao ZM. Artificial neural 

network models based on questionnaire survey for prediction of 

breast cancer risk among chinese women in shanghai. Tumor. 2018; 

38: 883-93.

134. Han Y, Lv J, Yu C, Guo Y, Bian Z, Hu Y, et al. Development and 

external validation of a breast cancer absolute risk prediction 

model in Chinese population. Breast Cancer Res. 2021; 23: 62.

135. Wang L, Liu L, Lou Z, Ding L, Guan H, Wang F, et al. Risk 

prediction for breast Cancer in Han Chinese women based on a 

cause-specific Hazard model. BMC Cancer. 2019; 19: 128.

136. China Anti-Cancer Association, National Clinical Research Center 

for Cancer. Breast cancer screening guideline for Chinese women. 

Cancer Biol Med. 2019; 16: 822-4.

137. Chinese Anti-Cancer Association, Committee of Breast Cancer 

Society. Chinese Anti-Cancer Association breast cancer diagnosis 

and treatment guidelines. China Oncology. 2021; 31: 954-1040.

138. Huang Y, Tong Z, Chen K, Wang Y, Liu P, Gu L, et al. Interpretation 

of breast cancer screening guideline for chinese women. Cancer 

Biol Med. 2019; 16: 825-35.

139. Speicher MR, Geigl JB, Tomlinson IP. Effect of genome-wide 

association studies, direct-to-consumer genetic testing, and high-

speed sequencing technologies on predictive genetic counselling for 

cancer risk. Lancet Oncol. 2010; 11: 890-8.

140. Aboutalib SS, Mohamed AA, Berg WA, Zuley ML, Sumkin JH, Wu 

S. Deep learning to distinguish recalled but benign mammography 

images in breast cancer screening. Clin Cancer Res. 2018; 24: 5902-9.

141. Kim H-E, Kim HH, Han B-K, Kim KH, Han K, Nam H, 

et al. Changes in cancer detection and false-positive recall in 

mammography using artificial intelligence: a retrospective, 

multireader study. Lancet Digit Health. 2020; 2: e138-48.

142. Lotter W, Diab AR, Haslam B, Kim JG, Grisot G, Wu E, et al. 

Robust breast cancer detection in mammography and digital 

breast tomosynthesis using an annotation-efficient deep learning 

approach. Nat Med. 2021; 27: 244-9.

143. McKinney SM, Sieniek M, Godbole V, Godwin J, Antropova N, 

Ashrafian H, et al. International evaluation of an AI system for 

breast cancer screening. Nature. 2020; 577: 89-94.

144. Rodriguez-Ruiz A, Krupinski E, Mordang JJ, Schilling K, Heywang-

Kobrunner SH, Sechopoulos I, et al. Detection of breast cancer with 

mammography: effect of an artificial intelligence support system. 

Radiology. 2019; 290: 305-14.

145. Rodriguez-Ruiz A, Lang K, Gubern-Merida A, Broeders M, 

Gennaro G, Clauser P, et al. Stand-alone artificial intelligence for 

breast cancer detection in mammography: comparison with 101 

radiologists. J Natl Cancer Inst. 2019; 111: 916-22.

146. Dembrower K, Liu Y, Azizpour H, Eklund M, Smith K, Lindholm 

P, et al. Comparison of a deep learning risk score and standard 

mammographic density score for breast cancer risk prediction. 

Radiology. 2020; 294: 265-72.

147. Kakileti ST, Madhu HJ, Manjunath G, Wee L, Dekker A, Sampangi 

S. Personalized risk prediction for breast cancer pre-screening using 

artificial intelligence and thermal radiomics. Artif Intell Med. 2020; 

105: 101854.

148. Ming C, Viassolo V, Probst-Hensch N, Dinov ID, Chappuis PO, 

Katapodi MC. Machine learning-based lifetime breast cancer risk 

reclassification compared with the BOADICEA model: impact on 

screening recommendations. Br J Cancer. 2020; 123: 860-7.



Cancer Biol Med Vol 19, No 4 April 2022 467

149. Yala A, Lehman C, Schuster T, Portnoi T, Barzilay R. A deep 

learning mammography-based model for improved breast cancer 

risk prediction. Radiology. 2019; 292: 60-6.

150. Zubor P, Kubatka P, Kajo K, Dankova Z, Polacek H, Bielik T, et al. 

Why the gold standard approach by mammography demands 

extension by multiomics? Application of liquid biopsy mirna profiles 

to breast cancer disease management. Int J Mol Sci. 2019; 20: 2878.

151. Zhang X, Zhao D, Yin Y, Yang T, You Z, Li D, et al. Circulating cell-

free DNA-based methylation patterns for breast cancer diagnosis. 

NPJ Breast Cancer. 2021; 7: 106.

Cite this article as: Ding R, Xiao Y, Mo M, Zheng Y, Jiang YZ, Shao ZM. Breast 

cancer screening and early diagnosis in Chinese women. Cancer Biol Med. 

2022; 19: 450-467. doi: 10.20892/j.issn.2095-3941.2021.0676


