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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.
Cancer screening; breast cancer; high risk; mammography; ultrasonography

Introduction
Breast cancer is the most common cancer in the world,
with an estimated 2.3 million new cases diagnosed in 2020
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(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, dramatic 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 prediction 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 cancer 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 conduct MAM-based breast cancer screening in low resource
areas14. In China, MAM also seems to be less attractive compared to breast ultrasonography (BUS) in low resource areas
due to potential radiation risks, over diagnosis, and less sensitivity of suspicious breast cancers in women with small and
dense breasts19-22. More recently, several studies reported
that BUS showed comparable screening performances compared to MAM in high risk women19,22. However, as mentioned above, high risk women were mainly defined by
complex models or high cost tests. Few studies have determined 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.
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Materials and methods
Introduction of MIST
MIST aimed to evaluate and compare the screening performances 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 information on demographic characteristics (such as age, gender,
race, marital status, education, income, and insurance), family history of cancer, history of benign breast disease, and factors associated with breast cancer risk, including age of the
first menarche, menopausal status, age at menopause, abortion, 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 examinations. All examinations followed unified technical protocols 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) normal; 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) additional imaging needed; 1) negative; 2) benign finding; 3) probably 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 experienced 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.

3

According to our previous studies and other comprehensive studies on the risk factors of breast cancer among Chinese
women6-11,28,32-34, a total of 13 factors (age at menarche, menopausal 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 correlated 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.

Follow-up and reference standard
Statistical analysis
Patients with suspicious malignancies and highly suggestive
of breast cancers from any of the abovementioned 3 examinations were immediately recommended for pathological
examination. The diagnosis of breast cancer was based on
combinations of pathological examinations, clinical diagnoses, or follow-ups within 1 year after the initial screenings. For
all breast cancers confirmed by the reference standards, clinical data on tumor characteristics (tumor stage, lymph node
involvement, and tumor size) were obtained from pathological 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 developed 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 developing 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.

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 numbers 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 cancer detection rates for 3 different screening methods (CBE,
BUS, and MAM). Pearson’s chi-squared and McNemar’s chisquared tests with continuity correction were used to compare 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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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.

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 characteristics of the population and their corresponding detection 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 population 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 population 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 questionnaire-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.
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Figure 3 Comparison of detection (A) and screening accuracy (B) between 3 screening modalities among high risk Chinese women.
CBE, clinical breast examination; BUS, breast ultrasonography; MAM, mammography; PPV/NPV, positive/negative predictive value, DR,
detection rate.

98.06% (10,443/10,650), P = 0.001], but no significant differences 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 enrollment, 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 sensitivities of 73.33% (11/15) vs. 60.00% (9/15) for women aged ≤ 49
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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 management of high risk women and then conduct high risk population screening in primary communities in China, we first
proposed an easy-to-use method for defining a high risk population. In the high risk population, we found that the performance 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 heterogeneities and different variables used in these models, the
performance of these models has varied across different 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 providers reported having used the Gail model. Even after implementation 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 models. 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, methods which could detect more invasive but node-negative cancers 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 compared 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.
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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 difference 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 easyto-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 significant 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 diagnostic 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 studies 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 cancer 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
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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 detection, 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.

Acknowledgements
We thank postdoctoral fellow Li Zhang from the Cancer
Screening Group, the International Agency for Research on
Cancer for editing the language.

Grant support
This work was supported by the Chinese National Key Research
and Development Project (Grant No. 2018YFC1315601),
the National Natural Science Foundation of China (Grant
No. 81974488), and the Tianjin Science and Technology
Committee Foundation (Grant Nos. 18JCQNJC80300 and
17JCYBJC25300).

Conflict of interest statement
No potential conflicts of interest are disclosed.

Author contributions
Conceived and designed the analysis: Yubei Huang, Fengju
Song, Kexin Chen.
Collected the data: Hongji Dai, Peifang Liu, Ying Zhu.
Contributed data or analysis tools: Huan Wang, Zhangyan
Lyu.

Cancer Biol Med Vol xx, No x Month 2021

Performed the analysis: Yubei Huang, Huan Wang, Zhangyan
Lyu.
Wrote the paper: Yubei Huang, Huan Wang.

9
14.
15.

References
16.
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Britt KL, Cuzick J, Phillips KA. Key steps for effective breast cancer
prevention. Nat Rev Cancer. 2020; 20: 417-36.
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.
Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2018; 68: 394-424.
Bai A, Li H, Huang Y, Liu X, Gao Y, Wang P, et al. A survey of overall
life satisfaction and its association with breast diseases in Chinese
women. Cancer Med. 2016; 5: 111-9.
Huang Y, Dai H, Song F, Li H, Yan Y, Yang Z, et al. Preliminary
effectiveness of breast cancer screening among 1.22 million Chinese
females and different cancer patterns between urban and rural
women. Sci Rep. 2016; 6: 39459.
Gao Y, Huang Y, Song F, Dai H, Wang P, Li H, et al. Urban-rural
disparity of overweight/obesity distribution and its potential trend
with breast cancer among Chinese women. Oncotarget. 2016; 7:
56608-18.
Huang Y, Zhang X, Li W, Song F, Dai H, Wang J, et al. A metaanalysis of the association between induced abortion and breast
cancer risk among Chinese females. Cancer Causes Control. 2014;
25: 227-36.
Chen C, Huang YB, Liu XO, Gao Y, Dai HJ, Song FJ, et al. Active
and passive smoking with breast cancer risk for Chinese females:
a systematic review and meta-analysis. Chin J Cancer. 2014; 33:
306-16.
Liu XO, Huang YB, Gao Y, Chen C, Yan Y, Dai HJ, et al. Association
between dietary factors and breast cancer risk among Chinese
females: systematic review and meta-analysis. Asian Pac J Cancer
Prev. 2014; 15: 1291-8.
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.
Gao Y, Huang YB, Liu XO, Chen C, Dai HJ, Song FJ, et al. Tea
consumption, alcohol drinking and physical activity associations
with breast cancer risk among Chinese females: a systematic review
and meta-analysis. Asian Pac J Cancer Prev. 2013; 14: 7543-50.
Myers ER, Moorman P, Gierisch JM, Havrilesky LJ, Grimm LJ,
Ghate S, et al. Benefits and harms of breast cancer screening: a
systematic review. J Am Med Assoc. 2015; 314: 1615-34.
Independent UK Panel on Breast Cancer Screening. The benefits
and harms of breast cancer screening: an independent review.
Lancet. 2012; 380: 1778-86.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fan L, Strasser-Weippl K, Li J, St Louis J, Finkelstein DM, Yu K,
et al. Breast cancer in China. Lancet Oncol. 2014; 15: e279-89.
Bevers TB, Helvie M, Bonaccio E, Calhoun KE, Daly MB, Farrar
WB, et al. Breast cancer screening and diagnosis, version 3.2018,
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr
Canc Netw. 2018; 16: 1362-89.
Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles
EA. Breast cancer screening in women at higher-than-average risk:
recommendations from the ACR. J Am Coll Radiol. 2018; 15: 408-14.
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. J Am
Med Assoc. 2015; 314: 1599-14.
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.
Shen S, Zhou Y, Xu Y, Zhang B, Duan X, Huang R, et al. A multicentre randomised trial comparing ultrasound vs mammography
for screening breast cancer in high-risk Chinese women. Br J
Cancer. 2015; 112: 998-1004.
Berg WA, Bandos AI, Mendelson EB, Lehrer D, Jong RA, Pisano ED.
Ultrasound as the primary screening test for breast cancer: analysis
from ACRIN 6666. J Natl Cancer Inst. 2016; 108: djv367.
Yang L, Wang S, Huang Y. An exploration for quantification of
overdiagnosis and its effect for breast cancer screening. Chin J
Cancer Res. 2020; 32: 26-35.
Yang L, Wang S, Zhang L, Sheng C, Song F, Wang P, et al.
Performance of ultrasonography screening for breast cancer: a
systematic review and meta-analysis. BMC Cancer. 2020; 20: 499.
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.
Chlebowski RT, Anderson GL, Lane DS, Aragaki AK, Rohan T,
Yasmeen S, et al. Predicting risk of breast cancer in postmenopausal
women by hormone receptor status. J Natl Cancer Inst. 2007; 99:
1695-705.
Chen J, Pee D, Ayyagari R, Graubard B, Schairer C, Byrne C, et al.
Projecting absolute invasive breast cancer risk in white women with
a model that includes mammographic density. J Natl Cancer Inst.
2006; 98: 1215-26.
Rosner B, Colditz GA. Nurses’ health study: log-incidence
mathematical model of breast cancer incidence. J Natl Cancer Inst.
1996; 88: 359-64.
Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, Schairer C,
et al. Projecting individualized probabilities of developing breast
cancer for white females who are being examined annually. J Natl
Cancer Inst. 1989; 81: 1879-86.
Zheng W, Wen W, Gao YT, Shyr Y, Zheng Y, Long J, et al. Genetic and
clinical predictors for breast cancer risk assessment and stratification
among Chinese women. J Natl Cancer Inst. 2010; 102: 972-81.
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

10

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Huang et al. Low cost and high risk breast cancer screening
systematic review and meta-analysis with trial sequential analysis.
Breast Cancer Res. 2018; 20: 18.
Yadav S, Hartkop S, Cardenas PY, Ladkany R, Halalau A, Shoichet
S, et al. Utilization of a breast cancer risk assessment tool by
internal medicine residents in a primary care clinic: impact of an
educational program. BMC Cancer. 2019; 19: 228.
Corbelli J, Borrero S, Bonnema R, McNamara M, Kraemer K, Rubio
D, et al. Use of the Gail model and breast cancer preventive therapy
among three primary care specialties. J Womens Health (Larchmt).
2014; 23: 746-52.
Xu YL, Sun Q, Shan GL, Zhang J, Liao HB, Li SY, et al. A casecontrol study on risk factors of breast cancer in China. Arch Med
Sci. 2012; 8: 303-9.
Li W, Ray RM, Lampe JW, Lin MG, Gao DL, Wu C, et al. Dietary
and other risk factors in women having fibrocystic breast conditions
with and without concurrent breast cancer: a nested case-control
study in Shanghai, China. Int J Cancer. 2005; 115: 981-93.
Yuan JM, Yu MC, Ross RK, Gao YT, Henderson BE. Risk factors for
breast cancer in Chinese women in Shanghai. Cancer Res. 1988; 48:
1949-53.
Wong IO, Kuntz KM, Cowling BJ, Lam CL, Leung GM. Cost
effectiveness of mammography screening for Chinese women.
Cancer. 2007; 110: 885-95.
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.
Huang Z, Wen W, Zheng Y, Gao YT, Wu C, Bao P, et al. Breast
cancer incidence and mortality: trends over 40 years among women
in Shanghai, China. Ann Oncol. 2016; 27: 1129-34.
Tice JA, Cummings SR, Smith-Bindman R, Ichikawa L, Barlow WE,
Kerlikowske K. Using clinical factors and mammographic breast
density to estimate breast cancer risk: development and validation
of a new predictive model. Ann Intern Med. 2008; 148: 337-47.
Gail MH, Costantino JP, Pee D, Bondy M, Newman L, Selvan M,
et al. Projecting individualized absolute invasive breast cancer risk
in African American women. J Natl Cancer Inst. 2007; 99: 1782-92.
Barlow WE, White E, Ballard-Barbash R, Vacek PM, Titus-Ernstoff
L, Carney PA, et al. Prospective breast cancer risk prediction model
for women undergoing screening mammography. J Natl Cancer
Inst. 2006; 98: 1204-14.
Lee CP, Irwanto A, Salim A, Yuan JM, Liu J, Koh WP, et al. Breast
cancer risk assessment using genetic variants and risk factors in a
Singapore Chinese population. Breast Cancer Res. 2014; 16: R64.
Darabi H, Czene K, Zhao W, Liu J, Hall P, Humphreys K. Breast
cancer risk prediction and individualised screening based on
common genetic variation and breast density measurement. Breast
Cancer Res. 2012; 14: R25.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.
54.

Anothaisintawee T, Teerawattananon Y, Wiratkapun C, Kasamesup
V, Thakkinstian A. Risk prediction models of breast cancer: a
systematic review of model performances. Breast Cancer Res Treat.
2012; 133: 1-10.
Meads C, Ahmed I, Riley RD. A systematic review of breast cancer
incidence risk prediction models with meta-analysis of their
performance. Breast Cancer Res Treat. 2012; 132: 365-77.
Gail MH, Benichou J. Validation studies on a model for breast
cancer risk. J Natl Cancer Inst. 1994; 86: 573-5.
Costantino JP, Gail MH, Pee D, Anderson S, Redmond CK,
Benichou J, et al. Validation studies for models projecting the risk
of invasive and total breast cancer incidence. J Natl Cancer Inst.
1999; 91: 1541-8.
Mealiffe ME, Stokowski RP, Rhees BK, Prentice RL, Pettinger M,
Hinds DA. Assessment of clinical validity of a breast cancer risk
model combining genetic and clinical information. J Natl Cancer
Inst. 2010; 102: 1618-27.
Chay WY, Ong WS, Tan PH, Jie LN, Ho GH, Wong CS, et al.
Validation of the Gail model for predicting individual breast cancer
risk in a prospective nationwide study of 28,104 Singapore women.
Breast Cancer Res. 2012; 14: R19.
Gao F, Machin D, Chow KY, Sim YF, Duffy SW, Matchar DB,
et al. Assessing risk of breast cancer in an ethnically South-East
Asia population (results of a multiple ethnic groups study). BMC
Cancer. 2012; 12: 529.
Lauby-Secretan B, Scoccianti C, Loomis D, BenbrahimTallaa L, Bouvard V, Bianchini F, et al. Breast-cancer screening –
viewpoint of the IARC Working Group. N Engl J Med. 2015; 372:
2353-8.
Stomper PC, D’Souza DJ, DiNitto PA, Arredondo MA. Analysis of
parenchymal density on mammograms in 1353 women 25–79 years
old. AJR Am J Roentgenol. 1996; 167: 1261-5.
Checka CM, Chun JE, Schnabel FR, Lee J, Toth H. The relationship
of mammographic density and age: implications for breast cancer
screening. AJR Am J Roentgenol. 2012; 198: W292-5.
Zhang S, Sun K, Zheng R, Zeng H, Wang S, Chen R, et al.
Cancer incidence and mortality in China, 2015. JNCC. 2021; 1: 2-11.
Wang Q, Li J, Zheng S, Li J, Pang Y, Huang R, et al. Breast cancer
stage at diagnosis and area-based socioeconomic status: a
multicenter 10-year retrospective clinical epidemiological study in
China. BMC Cancer. 2012; 12: 122.

Cite this article as: Huang Y, Wang H, Lyu Z, Dai H, Liu P, Zhu Y, et al.
Development and characterization of the screening performance of a low cost,
high risk breast cancer screening strategy. Cancer Biol Med. 2021; x: xx-xx. doi:
10.20892/j.issn.2095-3941.2020.0758

Cancer Biol Med Vol xx, No x Month 2021

11

Supplementary materials
Table S1

Characteristics of the population and their corresponding detections of breast cancer
Participants (n = 31,720)

Non-case (n = 31,626)

Case (n = 94)

Detection rate, 1/1,000

P

No

28,321

28,238

83

2.93

0.757

Yes

3,399

3,388

11

3.24

No

30,860

30,774

86

2.79

Yes

860

852

8

9.30

No

29,440

29,356

84

2.85

Yes

2,280

2,270

10

4.39

No

28,500

28,420

80

2.81

Yes

3,220

3,206

14

4.35

No

28,980

28,897

83

2.86

Yes

2,740

2,729

11

4.01

No

30,921

30,833

88

2.85

Yes

799

793

6

7.51

Variable
AGEMENA

AGEMENO
0.001

AGEFLB
0.195

OC
0.127

OBESITY
0.290

FHBC
0.017

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

0

46

20,654

2.23

65.11

1

38

9,065

4.19

28.58

≥2

10

2,001

5.00

6.31

0

46

20,654

2.23

65.11

≥1

48

11,066

4.34

34.89

Reclassification method 1
0.005

Reclassification method 2
0.001
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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

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

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

BUS

MAM

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)

n

%

n

%

Stage 0

5

17.86

7

23.33

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

   Stage II + III

13

46.43

15

50.00

No

17

77.27

18

72.00

Yes

5

22.73

7

28.00

≤ 2 cm

17

62.96

22

70.97

> 2 cm

10

37.04

9

29.03

P

TNM stage
0.787

0.993

Lymph node involvement
0.679

Tumor size
0.517
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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

Density, %

Age at
enrollment,
year

Screens with cancer

BUS

MAM

Difference
in US vs.
mammography

Detection rate,
1/1,000

No. detected/ Sensitivity, %
No. cancers

No. detected/ Sensitivity, %
No. cancers

Estimate, %

P

< 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

≤ 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

0.467

0.036

0.666

0.874

