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ABSTRACT Objective: To develop and evaluate the screening performance of a low-cost high-risk screening strategy for breast cancer in low 

resource areas.

Methods: Based on the Multi-modality Independent Screening Trial, 6 questionnaire-based risk factors of breast cancer (age at 

menarche, age at menopause, age at first live birth, oral contraceptive, obesity, family history of breast cancer) were used to determine 

the women with high risk of breast cancer. The screening performance of clinical breast examination (CBE), breast ultrasonography 

(BUS), and mammography (MAM) were calculated and compared to determine the optimal screening method for these high risk 

women.

Results: A total of 94 breast cancers were detected among 31,720 asymptomatic Chinese women aged 45–65 years. Due to significantly 

higher detection rates (DRs) and suitable coverage of the population, high risk women were defined as those with any of 6 risk 

factors. Among high risk women, the DR for BUS [3.09/1,000 (33/10,694)] was similar to that for MAM [3.18/1,000 (34/10,696)], 

while it was significantly higher than that for the CBE [1.73/1,000 (19/10,959), P = 0.002]. Compared with MAM, BUS showed 

significantly higher specificity [98.64% (10,501/10,646) vs. 98.06% (10,443/10,650), P = 0.001], but no significant differences in 

sensitivity [68.75% (33/48) vs. 73.91% (34/46)], positive prediction values [18.54% (33/178) vs. 14.11% (34/241)], and negative 

prediction values [99.86% (10,501/10,516) vs. 99.89% (10,443/10,455)]. Further analyses showed no significant difference in the 

percentages of early stage breast cancer [53.57% (15/28) vs. 50.00% (15/30)], lymph node involvement [22.73% (5/22) vs. 28.00% 

(7/25)], and tumor size ≥ 2 cm [37.04% (10/27) vs. 29.03% (9/31)] between BUS and MAM. Subgroup analyses stratified by breast 

densities or age at enrollment showed similar results.

Conclusions: The low-cost high-risk screening strategy based on 6 questionnaire-based risk factors was an easy-to-use method to identify 

women with high risk of breast cancer. Moreover, BUS and MAM had comparable screening performances among high risk women.
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Introduction

Breast cancer is the most common cancer in the world, 

with an estimated 2.3 million new cases diagnosed in 2020 

(11.7% of all cancers)1,2. It is the most common cancer in 

women, both in more and less developed regions, with 

slightly more cases in less developed than in more developed 

regions1,3. Moreover, breast cancer mortality rates have been 

stable or decreasing since around 1990 in North America 

and high resource European countries, while the mortality 

rates have shown no obvious decrease, but rather potential 

increases in low resource countries, such as China, due to 

unique physiological and reproductive characteristics, dra-

matic lifestyle changes associated with westernization, and 

the delayed introduction of effective breast cancer screening 

programs4-11.

Several studies suggested that general population-based 

mammography (MAM) screening could reduce breast cancer 
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mortality12,13. Due to limited resources and the relatively low 

incidence of breast cancer14, it is not appropriate to conduct 

general population-based screening in low resource areas, 

such as China. On the contrary, high risk population-based 

screening may be a more suitable choice for China. According 

to guideline recommendations from the American Cancer 

Society, the U.S. Preventive Services Task Force, National 

Comprehensive Cancer Network (NCCN), and the American 

College of Radiology (ACR)15-18, women with high risk of 

breast cancer were usually defined as women with known 

underlying genetic mutations (such as a BRCA1 or BRCA2 

gene mutation or other familial breast cancer syndromes), 

extremely dense breasts on MAM, or other complex risk pre-

diction models. For residents in low resource areas, it would 

be cost-prohibitive to conduct tests of BRCA gene mutations, 

tumor biomarkers, and other blood markers before screening, 

while it would be also impractical to determine complex can-

cer risk predictions before screening. Development of a low 

cost, easy-to-use, and relatively scientific high risk screening 

strategy would be the preferred choice for low resource areas, 

such as China.

Until now, there has been no consensus on which breast 

cancer screening method is more suitable for Asian women, 

when compared to European or American women10. Due to 

several objective reasons, such as the inaccessibility of MAM 

equipment, the lack of insurance coverage, and the lack of 

professional screening technicians, it is impractical to con-

duct MAM-based breast cancer screening in low resource 

areas14. In China, MAM also seems to be less attractive com-

pared to breast ultrasonography (BUS) in low resource areas 

due to potential radiation risks, over diagnosis, and less sen-

sitivity of suspicious breast cancers in women with small and 

dense breasts19-22. More recently, several studies reported 

that BUS showed comparable screening performances com-

pared to MAM in high risk women19,22. However, as men-

tioned above, high risk women were mainly defined by 

 complex models or high cost tests. Few studies have deter-

mined whether the screening performances of BUS are also 

comparable to MAM among high risk women as defined by 

low cost methods.

Based on the Multi-modality Independent Screening 

Trial (MIST) of breast cancer in China, we therefore aimed 

to develop a low-risk, easy-to-use, and relatively scientific 

method for identifying women at high risk of breast cancer, 

and then to determine the optimal screening methods for 

these women in low resource areas.

Materials and methods

Introduction of MIST

MIST aimed to evaluate and compare the screening per-

formances of clinical breast examinations (CBEs), BUS, 

and MAM among Chinese women aged 45~65 years, and 

to identify a suitable breast cancer screening strategy for 

targeted women. Detailed information of MIST has been 

described in our previously reports4,10,23. Briefly, a total 

of 33,234 asymptomatic women who were aged 45~65 

years and lived in local communities for more than 3 years 

were recruited from 5 areas in China (Tianjin, Beijing, 

Nanchang, Shenyang, and Feicheng) between July 2008 and  

December 2010. After obtaining informed consent, all 

 participants received a face-to-face questionnaire-based 

interview conducted by local investigators to collect infor-

mation on demographic characteristics (such as age, gender, 

race, marital status, education, income, and insurance), fam-

ily history of cancer, history of benign breast disease, and fac-

tors associated with breast cancer risk, including age of the 

first menarche, menopausal status, age at menopause, abor-

tion, giving births, breast feeding, oral contraceptive use, 

and hormone replacement therapy. Body weight (kg) and 

height (m) were measured by trained investigators, and the 

body mass index was calculated as the weight in kg divided 

by the square of height in meters (kg/m2). This study was 

reviewed and approved by the institutional review board of 

Tianjin Medical University Cancer Institute and Hospital 

(TMUCIH)(Approval No. bc2018015).

Screening methods

After a questionnaire-based interview, all participants received 

CBE, BUS, and MAM. The physicians performed these 3 

examinations blindly and separately. All physicians had at least 

5 years of work experience regarding the corresponding exam-

inations. All examinations followed unified technical proto-

cols developed by the expert committees of MIST. Bilateral 

MAM was conducted with a full-field digital mammography 

system. Bilateral BUS was performed with color Doppler and 

high resolution transducers with a maximum frequency of at 

least 10 MHz.

The results of these 3 examinations, including breast mass, 

calcification, breast density, and other imaging characteristics, 
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were recorded in predesigned case report forms. The results of 

CBE and BUS were assessed categorically as follows: 1) nor-

mal; 2) abnormal benign; 3) suspicious malignancy; and 4) 

highly suggestive of a malignancy. The results of MAM were 

assessed according to the Breast Imaging Reporting and Data 

System of the American College of Radiology (ACR): 0) addi-

tional imaging needed; 1) negative; 2) benign finding; 3) prob-

ably benign finding; 4) suspicious malignancy; and 5) highly 

suggestive of a malignancy. All assessments of MAM and BUS 

were double-checked at primary screening sites. Disagreement 

between 2 MAM physicians was reassessed by another more 

experienced MAM physician, while disagreement between 2 

BUS physicians was also reassessed by another more experi-

enced BUS physician. Moreover, a subsample of MAM images 

was sent to TMUCIH for concordance analyses. Detailed 

information of these methods can be found in our previously 

published papers10,23.

Follow-up and reference standard

Patients with suspicious malignancies and highly suggestive 

of breast cancers from any of the abovementioned 3 exami-

nations were immediately recommended for pathological 

examination. The diagnosis of breast cancer was based on 

combinations of pathological examinations, clinical diagno-

ses, or follow-ups within 1 year after the initial screenings. For 

all breast cancers confirmed by the reference standards, clin-

ical data on tumor characteristics (tumor stage, lymph node 

involvement, and tumor size) were obtained from patho-

logical reports. The tumor stage was defined according to the 

American Joint Committee on Cancer Tumor Node Metastasis 

staging system.

Development of a simple high risk screening 
strategy

Several risk prediction models have been previously devel-

oped to identify the potential high risk population of breast 

cancers24-29. However, as mentioned above, high risk women 

were mainly defined by complex models, and the utility of 

these complex breast cancer risk assessment models was very 

low. Lack of familiarity was the most cited barrier in the use 

of these complex risk prediction models30,31. Instead of devel-

oping a complex risk prediction model, the number of known 

risk factors of breast cancer was therefore used to identify 

potential high risk women in this study.

According to our previous studies and other comprehen-

sive studies on the risk factors of breast cancer among Chinese 

women6-11,28,32-34, a total of 13 factors (age at menarche, men-

opausal status, age at menopause, number of live births, age 

at first live birth, breast feeding, duration of breast feeding, 

abortion, oral contraceptive, hormone replacement therapy, 

obesity, history of benign breast disease, and family history 

of breast cancer) were initially selected. After excluding cor-

related factors, factors with risk frequencies ≥ 20% (to avoid 

labeling too many women as “high-risk groups”)19, and factors 

with missing values ≥ 5%, 6 target factors [age at menarche 

(AGEMENA), age at menopause (AGEMENO), age at first 

live birth (AGEFLB), oral contraceptive (OC), obesity, and a 

family history of breast cancer (FHBC)] were finally selected 

(Figure 1). Among 33,234 participants, after excluding 1,514 

(4.6%) women with missing values of the 6 abovementioned 

target factors, 31,720 women were included in the final 

analyses.

Statistical analysis

Pearson’s chi-squared tests and Fisher’s exact tests were used 

to determine the differences in breast cancer detection for 

 different high-risk screening strategies with different num-

bers of breast cancer risk factors. Both the breast cancer 

detection and population coverage of different high-risk 

screening  strategies were used to determine the optimal 

strategy for defining high risk populations of breast cancer. 

Among high risk women, Pearson’s chi-squared tests and 

Fisher’s exact tests were further used to compare breast can-

cer detection rates for 3 different screening methods (CBE, 

BUS, and MAM). Pearson’s chi-squared and McNemar’s chi-

squared tests with continuity correction were used to com-

pare the screening accuracy [including sensitivity, specificity, 

positive/negative predictive value (PPV/NPV)] and tumor 

characteristics (tumor stage, lymph-node involvement, and 

tumor size) of 3 screening modalities (CBE, BUS, and MAM) 

among high risk women. Subgroup analyses were further 

conducted to compare the sensitivities of BUS vs. MAM 

among high risk women by age at enrollment or by breast 

density.

All the analyses were conducted with R software, version 

3.6.2 (The R Foundation for Statistical Computing, Vienna, 

Austria) and SPSS statistical software for Windows, version 24 

(SPSS, Chicago, IL, USA). Two-sided P < 0.05 was considered 

statistically significant.
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Results

Determination of a high risk screening strategy 
for Chinese women

A total of 94 breast cancers were detected among 31,720 

asymptomatic Chinese women aged 45–65 years. The char-

acteristics of the population and their corresponding detec-

tion of breast cancer are shown in Supplementary Table 

S1. As shown in Figure 2A and Supplementary Table S2, 

the detections were 2.23/1,000 (46/20,654), 4.19/1,000 

(38/9,065), 4.49/1,000 (8/1,783), and 9.17/1,000 (2/218) 

for women with 0, 1, 2, and ≥ 3 risk factors, respectively 

(P = 0.011).

Among women with ≥ 2 risk factors, the detection 

[5.00/1,000 (10/2,001)] was significantly higher than that 

among women with < 2 risk factors (P = 0.005). However, the 

percentage of the included population to the whole popula-

tion was only 6.31%, while a total of 89.36% (84/94) cancers 

were missed (Figure 2B and Supplementary Table S2). We 

therefore redefined the high risk women as those with any 

1 of the 6 listed risk factors. The detection among high risk 

women [4.34/1,000 (48/11,066)] was still significantly higher 

than that among low risk women [2.23/1,000 (46/20,654)] 

(P = 0.001) (Figure 2A), with 34.89% for the high risk popu-

lation relative to the entire population (Figure 2B). Due to the 

high detection of breast cancer and relatively suitable coverage 

of the whole population, the high risk women in this study 

was finally defined as women who had any of the 6 question-

naire-based risk factors.

Comparisons of screening performances 
between different modalities among high risk 
women

As shown in Figure 3A and Supplementary Table S3, 

among high risk women, the detection for BUS [3.09/1,000 

(33/10,694)] was similar with that for MAM [3.18/1,000 

(34/10,696), P = 0.663], while it was significantly higher for 

CBE [1.73/1,000 (19/10,959), P = 0.002]. Therefore, in order to 

determine the optimal screening method for high risk Chinese 

women, the following comparisons of screening performances 

were conducted between MAM and BUS.

Among screening-detected cancers (Figure 3B and 

Supplementary Table S3), compared with MAM, BUS showed 

significantly higher specificities [98.64% (10,501/10,646) vs. 

Age at menarche, menopausal status, age at menopause, number of live birth, age at first live birth, breast feeding, duration of
breast feeding, abortion, oral contraceptive, hormone replacement therapy, obesity, history of benign breast disease, family history
of breast cancer (number of risk factors in total: 13)

Incorporation of similar risk factors:
1. Menopausal status and age at menopause (1: age at menopause ≥ 55 years; 0: premenopause or age at menopause < 55 years)
2. Number of live birth and age at first live birth (1: nulliparity or age at first live birth > 30 years; 0: age at first live birth ≤ 30
years)
3. Breast feeding and duration of breast feeding (1: no breast feeding or duration of breast feeding < 6 months; 0: duration of
breast feeding ≥ 6 months)

Age at menarche, age at menopause, age at first live birth, duration of breast feeding, abortion, oral contraceptive, hormone
replacement therapy, obesity, history of benign breast disease, family history of breast cancer (number of risk factors in total: 10)

Excluding risk factors with risk frequency larger than 20%:
1. Abortion: 68.9%
2. History of benign breast disease: 32.2%
3. Duration of breast feeding: 24.3%

Age at menarche, age at menopause, age at first live birth, oral contraceptive, hormone replacement therapy, obesity, family history
of breast cancer (number of risk factors in total: 7)

Excluding risk factors with missing values frequency larger than 5%:
Hormone replacement therapy: 5.4%

Age at menarche, age at menopause, age at first live birth, oral contraceptive, obesity, family history of breast cancer (number of
risk factors in total: 6)

Figure 1 Flowchart of selection factors to determine potential high risk women.
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98.06% (10,443/10,650), P = 0.001], but no significant dif-

ferences in sensitivity [68.75% (33/48) vs. 73.91% (34/46), 

P = 0.580], PPV [18.54% (33/178) vs. 14.11% (34/241), 

P = 0.221], and NPV [99.86% (10,501/10,516) vs. 99.89% 

(10,443/10,455), P = 0.574].

Further analyses also showed no significant differences in 

the characteristics of screening-detected cancers between BUS 

and MAM, including the percentages of early stage (stage 0 + I) 

breast cancer: [53.57% (15/28) vs. 50.00% (15/30), P = 0.993], 

lymph-node involvements [22.73% (5/22) vs. 28.00% (7/25), 

P = 0.679], and tumor size ≥ 2 cm [37.04% (10/27) vs. 29.03% 

(9/31), P = 0.517] for BUS and MAM, respectively (Figure 4 

and Supplementary Table S4).

Subgroup analysis

Among high risk women, there was no significant difference in 

the detection between women with different breast densities, 

with detections of 3.58/1,000 (5/1,398), 4.65/1,000 (18/3,869), 

4.27/1,000 (16/3,749), and 4.26 (3/704) for women with 

breast densities of 0 < 25% (using control group), 25%–50% 

(P = 0.794), 51%–75% (P = 0.979), and > 75% (P = 0.059), 

respectively. Further analyses showed no significant difference of 

sensitivities between MAM and BUS across 4 subgroups of breast 

densities, with the sensitivities being 100% (5/5) vs. 60% (3/5) 

for women with breast densities of 0 < 25% (P = 0.444), 66.67% 

(12/18) vs. 77.78% (14/18) for women with breast densities 
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of 25%–50% (P = 0.457), 81.25% (13/16) vs. 68.75% (11/16) 

for women with breast densities of 51%–75% (P = 0.414), and 

66.67% (2/3) vs. 33.33% (1/3) for women with breast densities 

of > 75% (P = 1.000) (Figure 5 and Supplementary Table S5).

Among high risk women, there was also no significant 

difference in detection between women with ages at enroll-

ment, with detection of 3.88/1,000 (15/3,863), 3.50/1,000 

(11/3,142), 3.92/1,000 (10/2,548), and 7.93 (12/1,513) for 

women with ages at enrollment ≤ 49 years (Control group), 

50–54 years (P = 0.794), 55–59 years (P = 0.979), and ≥ 60 

years (P = 0.059), respectively. Further analyses also showed 

no significant difference of sensitivities between MAM and 

BUS across 4 subgroups of ages at enrollment, with sensitivi-

ties of 73.33% (11/15) vs. 60.00% (9/15) for women aged ≤ 49 

years (P = 0.439), 72.73% (8/11) vs. 45.45% (5/11) for women 

aged 50–54 years (P = 0.193), 87.50% (7/8) vs. 80.00% (8/10) 

for women aged 55–59 years (P = 1.000), and 66.67% (8/12) 

vs. 91.67% (11/12) for women aged ≥ 60 years (P = 0.317) 

(Figure 6 and Supplementary Table S5).

Discussion

Many low and middle income developing countries cannot 

afford general population-based MAM screening for breast 

cancer, including China. Even in developed regions of China, 

such as Hong Kong, MAM screening is also cost-prohibi-

tive14,35. Identifying an affordable screening strategy is an 

urgent need in response to the increasing burden of breast 
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cancer in China5,36,37. In this study, to facilitate the manage-

ment of high risk women and then conduct high risk pop-

ulation screening in primary communities in China, we first 

proposed an easy-to-use method for defining a high risk pop-

ulation. In the high risk population, we found that the per-

formance of BUS was comparable to MAM in addition to 

showing a higher rate of specificity for BUS. These results were 

similar to previous studies19,20.

Since the first risk prediction model, namely the Gail model, 

was developed in 198938, several risk prediction models for 

breast cancer have been developed25,26,39-44, and numerous 

studies have been conducted to validate the performance of 

these risk models45-49. However, due to large population het-

erogeneities and different variables used in these models, the  

performance of these models has varied across differ-

ent  studies29,44,45. Although several modified models had 

been developed for specific populations, such as Chinese 

women28,50, the utility of these breast cancer risk assessment 

models by primary care physicians was very low. As reported 

in the Corbelli et al.31 study, only 40% of primary care pro-

viders reported having used the Gail model. Even after imple-

mentation of an educational program, only 3.8% of eligible 

patients received breast cancer risk assessment provided by 

primary care physicians30. Lack of familiarity was the most 

cited barrier in the use of these complex risk prediction mod-

els. Simplification of these models would therefore be the first 

choice to promote the utility of a breast cancer risk assessment 

tool by primary care physicians.

In addition to the easy-to-use high risk definition method, 

the more important implication of our study was the similar 

screening performances of BUS and MAM among high risk 

Chinese women, which were also reported in the ACRIN 6666 

and the study by Shen et al.19,20. In both studies, BUS detected 

significantly more invasive and more negative node cancers 

than MAM. We also observed similar but not significant results, 

which was probably caused by the small sample size (Figure 

4). Moreover, based on the International Agency for Research 

on Cancer (IARC) Working Group and systematic reviews on 

the benefits and harms of breast cancer screening12,13,50, meth-

ods which could detect more invasive but node-negative can-

cers would be preferred in the future to avoid potential over 

diagnosis, especially in regions or countries with limited social 

resources. Based on the results of our study and previous studies, 

BUS is more preferred than MAM for high risk Chinese women 

according to the abovementioned prerequisites. However, more 

studies are needed in the future to support BUS screening.

Several reasons could explain the similar performances 

of BUS vs. MAM among high risk Chinese women. First, 

Chinese women tend to have smaller and more dense breasts 

than Americans in a younger age group10, which has been 

reported to reduce the sensitivity of MAM51. Second, the peak 

age at diagnosis of breast cancer among Chinese women was 

nearly 10–20 years younger than that in American women14, 

and MAM was also less effective in younger women com-

pared with older women52. Third, BUS had more potential to 

detect node-negative and invasive breast cancers than MAM 

in young women or women with dense breasts19,20. We also 

observed similar results in the subgroup analyses. However, 

we did not find significant advantages for BUS vs. MAM 

among Chinese young women or women with dense breasts. 

3.88
3.50

3.92

7.93

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

≤49 50–54 55–59 ≥60

D
et

ec
tio

n 
ra

te
s 

of
 c

an
ce

r, 
1/

1,
00

0

Age (year)

60.00

45.45

80.00

91.67

73.33 72.73

87.50

66.67

0

20

40

60

80

100

≤49 50–54 55–59 ≥60

Se
ns

iti
vi

ty
 (%

)

Age (year)

BUS MAM

P = 0.794
P =0.979

P = 0.065 P = 0.724 P = 0.371 P = 1.000 P = 0.371A B

Figure 6 Subgroup analyses of comparisons of screening performances between ultrasonography and mammography according to age at 
enrollment among high risk Chinese women.



8 Huang et al. Low cost and high risk breast cancer screening

Small sample size was the probable reason. Moreover, we were 

not the first to report these results. In the ACRIN 6666 study, 

although BUS was more likely to detect node-negative and 

invasive cancers than MAM, there was also no significant dif-

ference in the screening sensitivities of BUS vs. MAM among 

young women or women with dense breasts. More studies 

in the future are therefore needed to confirm the reasons for 

the similar performances of BUS vs. MAM among high risk 

women.

In addition to the aforementioned findings, this study also 

had certain limitations. First, although we proposed an easy-

to-use method with 6 risk factors to identify potential high 

risk women, missed diagnoses were inevitable, as shown in 

Supplementary Table S2, a total of 46 cancers were reported 

among 20,654 participants with 0 risk factors. In the future, 

these individuals should be initially screened by combining 

traditional cancer risk assessment, genetic risk assessment, 

tumor markers, or other routine indicators (such as blood 

lipids) to avoid potential missed diagnoses. In addition, as 

shown in Supplementary Table S1, significant differences 

in the detection of breast cancer in different subgroups were 

only found for AGEMENO and FHBC, but not for the other 

4 variables. This limitation was probably caused by too few 

cases and too many healthy participants in the screening 

studies, where it is often impossible to confirm all signifi-

cant associations observed in case-control studies. Second, 

to develop a feasible high risk screening strategy for breast 

cancer in low resource areas, it is necessary to conduct health 

economics evaluations based on the effectiveness and costs of 

 screening. However, this study did not collect necessary cost 

information required in cost evaluations, such as the time 

cost for participating in screening, the cost of further diag-

nostic examinations and treatment for screening-detected 

cancer patients, and the comparable costs of treatments for 

patients diagnosed in clinical visits rather than by screening 

during the same period. The current results were therefore 

not available for health economics evaluations. More stud-

ies are needed in the future to explore the cost-effectiveness 

ratio of this high risk screening strategy. Third, due to the 

lack of long-term follow-ups, it was impossible to evaluate 

the impact of the high risk screening strategy proposed in this 

study on breast cancer mortality. However, as reported in the 

latest cancer registry report in China, the crude breast can-

cer incidence was 45.29 per 100,00053, which was significantly 

lower than the detection of breast cancer (3.09/1,000) in our 

study (Figure 3). The percentage of early stage breast cancer 

in our study (53.57%, Figure 4) was also significantly higher 

than that among clinically-diagnosed breast cancer (20.1%)54. 

Based on the high detection and the high percentage of early 

stage breast cancers, we can expect that the high risk screening 

strategy proposed in this study will lead to a reduced breast 

cancer mortality in the future.

Conclusions

In summary, we have proposed an easy-to-use high-risk 

screening strategy for breast cancer. BUS showed similar 

screening performances with MAM in the cancer detec-

tion, accuracy, and tumor characteristics among Chinese 

high risk women. Although further validation studies are 

needed to confirm these results, this study suggested that 

BUS is a potentially preferable method, when compared to 

MAM for high risk Chinese women, particularly in regions 

where there is a lack of MAM equipment but with more BUS 

systems.
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Supplementary materials
Table S1 Characteristics of the population and their corresponding detections of breast cancer

Variable Participants (n = 31,720) Non-case (n = 31,626) Case (n = 94) Detection rate, 1/1,000 P

AGEMENA

 No 28,321 28,238 83 2.93 0.757

 Yes 3,399 3,388 11 3.24 

AGEMENO

 No 30,860 30,774 86 2.79 0.001

 Yes 860 852 8 9.30 

AGEFLB

 No 29,440 29,356 84 2.85 0.195

 Yes 2,280 2,270 10 4.39 

OC

 No 28,500 28,420 80 2.81 0.127

 Yes 3,220 3,206 14 4.35 

OBESITY

 No 28,980 28,897 83 2.86 0.290

 Yes 2,740 2,729 11 4.01 

FHBC

 No 30,921 30,833 88 2.85 0.017

 Yes 799 793 6 7.51

AGEMENA, age at menarche; AGEMENO, age at menopause; AGEFLB, age at first live birth; OC, oral contraceptive; OBESITY, obesity, FHBC, 
family history of breast cancer.

Table S2 Detection of breast cancer according to the different numbers of risk factors

Number of risk factors Case (n = 94) Participants (n = 31,720) Detection rate, 1/1,000 Coverage of participants, % P

0 46 20,654 2.23 65.11 0.011

1 38 9,065 4.19 28.58 

2 8 1,783 4.49 5.62 

≥ 3 2 218 9.17 0.69 

Reclassification method 1

 0 46 20,654 2.23 65.11 0.005

 1 38 9,065 4.19 28.58 

 ≥ 2 10 2,001 5.00 6.31 

Reclassification method 2

 0 46 20,654 2.23 65.11 0.001

 ≥ 1 48 11,066 4.34 34.89 
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Table S3 Comparison of detection and screening accuracy between 3 screening modalities among high risk Chinese women

Method Result Non-case Case Participants Sensitivity, % Specificity, % PPV, % NPV, % DR, 1/1,000

CBE Negative 10,843 29 10,872 39.58 99.38 21.84 99.73 1.73 

Positive 68 19 87

Total 10,911 48 10,959

BUS Negative 10,501 15 10,516 68.75 98.64 18.54 99.86 3.09

Positive 145 33 178

Total 10,646 48 10,694

MAM Negative 10,443 12 10,455 73.91 98.06 14.11 99.89 3.18

Positive 207 34 241

Total 10,650 46 10,696

CBE, clinical breast examination; BUS, breast ultrasonography; MAM, mammography; PPV/NPV, positive/negative predictive value,  
DR, detection rate.

Table S4 Comparison of tumor characteristics between 
ultrasonography and mammography among high risk Chinese 
women

Tumor characteristics BUS 
(n = 33)

MAM 
(n = 34)

P

n % n %

TNM stage

 Stage 0 5 17.86 7 23.33 0.787

 Stage I 10 35.71 8 26.67 

 Stage II 9 32.14 12 40.00 

 Stage III 4 14.29 3 10.00 

  Stage 0 + I 15 53.57 15 50.00 0.993

  Stage II + III 13 46.43 15 50.00 

Lymph node involvement 

 No 17 77.27 18 72.00 0.679

 Yes 5 22.73 7 28.00 

Tumor size

 ≤ 2 cm 17 62.96 22 70.97 0.517

 > 2 cm 10 37.04 9 29.03 
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Table S5 Subgroup analyses of comparisons of screening performances between ultrasonography and mammography according to breast 
density and age at enrollment among high risk Chinese women

Screen characteristic
No. cancers/ 
No. women

Screens with cancer BUS MAM Difference 
in US vs. 
mammography

Detection rate, 
1/1,000

No. detected/
No. cancers

Sensitivity, % No. detected/
No. cancers

Sensitivity, % Estimate, % P

Density, % < 25 5/1,398 3.58 3/5 60.00 5/5 100.00 −20.00 0.444

25–50 18/3,869 4.65 14/18 77.78 12/18 66.67 11.11 0.457

51–75 16/3,749 4.27 11/16 68.75 13/16 81.25 −12.50 0.414

> 75 3/704 4.26 1/3 33.33 2/3 66.67 −33.33 1.000

P trend 0.886 0.467 0.666

Age at 
enrollment, 
year

≤ 49 15/3,863 3.88 9/15 60.00 11/15 73.33 −13.33 0.439

50–54 11/3,142 3.50 5/11 45.45 8/11 72.73 −27.27 0.193

55–59 10/2,548 3.92 8/10 80.00 7/8 87.50 −7.50 1.000

≥ 60 12/1,513 7.93 11/12 91.67 8/12 66.67 25.00 0.317

P trend 0.111 0.036 0.874


