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ABSTRACT

Due to an increasing proportion of older individuals and the adoption of a westernized 
lifestyle, the incidence rate of breast cancer is expected to rapidly increase within the next 
10 years in Korea. The National Cancer Screening Program (NCSP) of Korea recommends 
biennial breast cancer screening through mammography for women aged 40–69 years old 
and according to individual risk and preference for women above 70 years old. There is an 
ongoing debate on how to most effectively screen for breast cancer, with many proponents of 
personalized screening, or screening according to individual risk, for women under 70 years 
old as well. However, to accurately stratify women into risk categories, further study using 
more refined personalized characteristics, including potentially incorporating a polygenic 
risk score (PRS), may be needed. While most breast cancer risk prediction models were 
developed in Western countries, the Korean Breast Cancer Risk Assessment Tool (KoBCRAT) 
was developed in 2013, and several other risk models have been developed for Asian women 
specifically. This paper reviews these models compared to commonly used models developed 
using primarily Caucasian women, namely, the modified Gail, Breast Cancer Surveillance 
Consortium, Rosner and Colditz, and Tyrer-Cuzick models. In addition, this paper reviews 
studies in which PRS is included in risk prediction in Asian women. Finally, this paper 
discusses and explores strategies toward development and implementation of personalized 
screening for breast cancer in Korea.

Keywords: Breast neoplasms; Early detection of cancer; Precision medicine

INTRODUCTION

In Korea, breast cancer is the most common among all cancers in women. In 2017, there were 
22,300 new cases and the crude incidence rate was 86.9 per 100,000, according to data from 
the Korea National Cancer Incidence Database (KNCID) [1]. The number of incident breast 
cancers in 2019 was estimated to be at 24,010, with a crude incidence rate of 92.9 per 100,000 
[2], suggesting an increasing trend. An epidemiologic study suggests that the incidence rate is 
expected to rapidly increase within the next 10 years in Korea due to an increasing proportion 
of older individuals in the population and continuous adoption of the westernized lifestyle [3]. 
This trend highlights the importance of effective breast cancer screening in Korea.
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The National Cancer Screening Program (NCSP) in Korea introduced breast cancer screening 
in 2002 [4]. As of 2015, the NCSP guideline recommends routine biennial breast cancer 
screening by mammography for women aged 40–69 years old and for women above 70 years 
old according to individual preference and risk [5]. This recommendation of NCSP was 
formed based on several randomized studies in the United States, Scotland, and Sweden that 
showed 10%–27% mortality rate reduction of breast cancer by mammographic screening 
for women aged 40–74 years old [6]. This recommendation is somewhat different from 
those of other countries. For example, in the United States, the U.S. Preventive Services Task 
Force recommends biennial screening mammography for women 50–74 years with average 
risk [7]. Other societies in the U.S., including the American College of Radiology and the 
American Cancer Society, recommend slightly different screening intervals and starting 
ages [8,9]. Differences between guidelines from different countries or even within the 
same country seem to be related to different epidemiologic characteristics of breast cancers 
observed between countries and also by an ongoing debate on the actual effectiveness of 
mammographic screening in decreasing mortality, along with the issues of overdiagnosis for 
individuals at low risk and underdiagnosis for individuals at high risk [10,11].

In Korea, the adherence rate to mammography was 63.9% in 2018 [12]. Data from the NCSP 
showed significant increases in the diagnosis of ductal carcinoma in situ (DCIS) and localized 
breast cancers compared to patients had never been screened (adjusted odds ratio [OR], 1.89; 
95% confidence interval [CI], 1.57–2.29). However, the increased screening did not translate 
into a decrease in regional disease, suggesting the possibility of overdiagnosis [13]. Thus, there 
is great interest in improving methodologies for breast cancer screening, and the exploration 
and testing of risk-based screening strategies are actively underway in some countries [14,15].

Risk-based screening has the potential to improve screening guideline adherence, improve 
screening efficiency, and decrease harms associated with overscreening and overdiagnosis. 
To implement an effective risk-based screening program in a population, it is necessary 
to understand the epidemiology, characteristics, and risk distribution of breast cancer 
within the target population. Most studies on breast cancer, including those informing risk 
prediction and screening guidelines, have been conducted in Western countries. However, 
there are differences in epidemiology, characteristics, and risk factors between breast cancer 
patients in Korea compared to Western countries [16,17]. In this paper, we first review the 
epidemiology, basic characteristics, and trends of breast cancer in Korea. Then, we discuss 
breast cancer risk models including those that have been developed using Korean and other 
Asian women. Finally, we explore recent studies on personalized risk-stratified breast cancer 
screening and suggest ideas towards a personalized risk-stratified methodology for breast 
cancer screening in Korea.

BREAST CANCER EPIDEMIOLOGY, CHARACTERISTICS, 
AND TRENDS IN KOREA
In recent years, the incidence rate of breast cancer has increased in Korea every year, 
with an age-standardized rate (ASR) of 25.9/100,000 women in year 2000 and an ASR of 
75.3/100,000 in 2017 [18]. According to the Korean Breast Cancer Society (KBCS) and Korea 
Central Cancer Registry (KCCR), the incidence of breast cancer in 2017 was highest in 
women 40–49 years old, with 35.9% (n=4,174) and 33.4% (n=8,867) of the diagnoses being 
among women in this age group, respectively. The median age at diagnosis was 51.9 years 
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(KCCR data) [18]. These numbers are different from those from the U.S., where the age-
standardized, delay-adjusted incidence rate for breast cancer was 126.8/100,000 women in 
2012–2016 [19]. Incidence was highest among women aged 60–69 (28.2%) followed by 50–59 
(23.5%), and the median age at diagnosis was 62 [20]. The 5-year survival rates in Korea for 
local, regional, and distant breast cancers diagnosed from 2013-2017 were 98.7%, 92.2%, and 
39.9%, respectively (KCCR data) [18]. These rates are similar to those observed in the U.S., 
where the overall 5-year breast cancer survival rates for patients diagnosed from 2009–2015 
were 98% for stage I, 92% for stage II, 75% for stage III, and 27% for stage IV [20].

The proportion of hormone receptor-positive breast cancers in Korea has increased in recent 
years, from 58.2% being estrogen receptor (ER)-positive in 2002 to 77.5% in 2017 and 50.7% 
being progesterone receptor (PR)-positive in 2002 to 66.1% in 2017. The HER2-positive 
rate in Korea was around 20% in 2000 and 17.8% in 2017 [21]. In comparison, based on 
2012–2016 cases in the U.S., the proportion of invasive breast cancers that were hormone 
receptor-positive was 79%, and the proportion of HER-2 positive breast cancers was slightly 
lower than that of Korea, at 14% [20]. The proportion of young-onset breast cancer among 
newly diagnosed breast cancers, defined as invasive breast cancer in women younger than 40 
years old, was 10.0 and 9.1% from KBCS data and KCCR data, respectively [18], compared to 
5% of cases in the U.S. in 2012–2016 [20]. However, a recent study from a large breast cancer 
registry in Korea suggests that the breast cancer rate in older women is increasing at a faster 
rate than in younger women; thus, the proportion of young-onset breast cancers in Korea will 
soon approach that in Western countries [22].

BREAST CANCER RISK MODELS AND BREAST CANCER 
RISK PREDICTION IN KOREAN WOMEN
There are a number of risk prediction models that have been developed, each with their own 
strengths and limitations, and different risk models may give different scores for the same 
woman [23]. The following discusses the most studied breast cancer risk models and their 
applicability to Korean women.

A review on the quality assessment of breast cancer risk prediction models showed that four 
models, the Breast Cancer Risk Assessment Tool (BCRAT), the Breast Cancer Surveillance 
Consortium (BCSC), the Rosner and Colditz model, and the Tyrer-Cuzick (also known as the 
International Breast Cancer Intervention Study [IBIS]) model, were most extensively used 
[24]. The authors also found that the availability of breast cancer risk prediction models 
has increased steadily over the past three decades and that there were two new trends: the 
increased use of the BCSC model and the inclusion of common genetic variations in some 
prediction models. Below is a brief description of the four common models.

The BCRAT, also known as the modified Gail model, has been widely used and validated. 
The Gail model, developed in 1989, originally included five factors (age, number of first-
degree relatives with breast cancer, age at birth of first child, age at menarche, and number 
of previous biopsies) [25]. Slight modifications were made over the years, for example, the 
addition of presence of atypical hyperplasia in a biopsy, and slightly different versions have 
been made for women of different race and ethnicities, including Asian and Pacific Islander 
women [26,27]. The discriminatory accuracy of BCRAT has been shown to be modest in 
cohort studies (area under the curves [AUCs], 0.54–0.74) in different ethnicities including 
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Americans, Europeans, and Asians [28]. This model has been shown to have a discriminatory 
accuracy of 0.55 (95% CI, 0.50–0.59) in Korean women [29].

The BCSC model includes factors such as age, race/ethnicity, having a first-degree relative 
with breast cancer, history of breast biopsies, and mammographic breast density (Breast 
Imaging Reporting and Data System [BI-RADS]; American College of Radiology, Reston, 
USA). This model was developed using a cohort comprised of 3% (29,180/1,095,484) Asian 
or Pacific Islander women. The discriminatory accuracy of BCSC was also shown to be 
modest, with an AUC of 0.66 (95% CI, 0.65–0.67) [30]. A recent validation study using an 
independent cohort of 252,997 women in a Chicago registry demonstrated that it had an AUC 
of 0.63 (CI not available) and calibration expected/observed (E/O) of 0.94 (95% CI, 0.90–
0.98) [31]. While this study also included approximately 3.4% Asian women, the BSCS model 
has not been validated in Asian women separately.

The other 2 models have also not been validated in Asian women. The Rosner and Colditz model 
was developed using Caucasian women. This model includes 11 risk factors: age, menarche, 
menopause, age at birth of first child, age at subsequent births, previous benign breast 
disease, hormone replacement therapy, family history, weight, body mass index, and alcohol 
consumption [32,33]. The discriminatory accuracy of this model has been shown to be 0.61 (95% 
CI, 0.58–0.64) and 0.64 (95% CI, 0.63–0.66) for ER−/PR− and ER+/PR+ tumors, respectively [33]. 
The Tyrer-Cuzick model was developed in the United Kingdom. This model includes genetic 
information (mutation of BRCA and other breast cancer susceptibility genes) and originally 
nine other factors, namely, age, family history, menarche, age at first birth, menopause, atypical 
hyperplasia, lobular carcinoma in situ, height, and body mass index (BMI) [34]. In a validation 
study, with the addition of mammographic density, the discriminatory accuracy of this model 
improved from 0.59 (95% CI, 0.56–0.61) to 0.61 (95% CI, 0.58–0.63) [35].

A recent study on the 10-year performance of breast cancer risk models found that the Tyrer-
Cuzick model was well calibrated, while BCRAT underpredicted risk (ratio of expected cases to 
observed cases was 1.03 [95% CI, 0.96–1.12] for Tyrer-Cuzick and 0.79 [95% CI, 0.73–0.85] for 
BRCAT) [36]. This analysis showed that misclassification still exists, especially overprediction 
of risk in women in the highest quartiles and underestimation of risk in women in the lower 
quintiles, and highlight the need to improve power for prediction and discrimination, perhaps 
by incorporating mammography-based risk measures and polygenic risk score (PRS).

There has been an interest in the development and validation of a risk model reflecting Korean 
female breast cancer risk parameters. In 2013, a Korean Breast Cancer Risk Assessment Tool 
(KoBCRAT) based on data from the Seoul Breast Cancer Study (SeBCS), a case control study, 
and equations from the Gail model was established [37]. This model stratified the risk factors 
by age group. For women below age 50, a family history of breast cancer in first-degree relatives, 
age at menarche, menopausal status, age at first full-term pregnancy, duration of breastfeeding, 
oral contraceptive usage, and exercise were risk factors. On the other hand, risk factors for 
women aged above 50 years were a family history of breast cancer in first degree relatives, 
age at menarche, menopausal status/age at menopause, parity, BMI, oral contraceptive use, 
and exercise. The KoBCRAT was shown to have a discriminatory accuracy of 0.63 (95% CI, 
0.61–0.65) in women aged < 50 years and 0.65 (95% CI, 0.61–0.68) in those aged ≥ 50 years. In 
the validation analyses, the AUCs of the KoBCRAT were 0.61 (95% CI, 0.49–0.72) in the Korean 
Multicenter Cancer Cohort (KMCC) and 0.89 for the National Cancer Center (NCC) cohort. 
However, this model is not yet used routinely as a clinical risk assessment tool.
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Several other countries in Asia have also developed breast cancer risk models, some of which 
include additional lifestyle factors and environmental exposures [38-44]. Some of the risk 
factors overlap between models but others do not. Table 1 shows a brief summary of risk 
models developed using Asian women, including the KoBCRAT.
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Table 1. Breast cancer risk models developed using Asian women
Study/Model Year Method Target population Risk factors Discriminatory accuracy (AUC) Calibration (E/O ratio)
Ueda et al. [38] 2003 Case-control Japanese, 376 cases and 

430 controls, any age, 
women from university 
medical center

Age of menarche, age of first 
birth, family history, and BMI in 
post-menopausal women

-

Park et al. [37]/
KoBCRAT

2013 Case-control; 
validation 

in two 
independent 

cohorts

Korean, any age, in 
teaching hospitals 
located in urban area, 
3,789 sets of cases and 
controls; validation 
in two independent 
cohorts (n = 11,905;  
n = 9,664)

Age < 50: family history, age 
of menarche, age of first 
birth, menopausal status, 
breast feeding duration, oral 
contraceptive use, exercise 
age ≥ 50: family history, age of 
menarche, menopausal status/
age of menopause, parity, BMI, 
oral contraceptive use, exercise

Age < 50: 0.63  
(95% CI, 0.61–0.65)

Validation 1: 0.97  
(95% CI, 0.67–1.40)

Age ≥ 50: 0.65  
(95% CI, 0.61–0.68)

Validation 2: 0.96  
(95% CI, 0.70–1.37)

Validation 1: 0.61  
(95% CI, 0.49–0.72)

Validation 2: 0.89  
(95% CI, 0.85–0.93)

Anothaisintawee 
et al. [39]

2014 Cross-
sectional

Thai, any age, in 
university hospitals  
(n = 15,718)

Age, menopausal status, BMI, 
oral contraceptive use

0.651  
(95% CI, 0.595–0.707)

1.00  
(95% CI, 0.82–1.21)

Wang et al. [40]/
HRA model

2014 Case-control 
and cohort

Chinese, any age, 328 
cases and 656 controls 
in case-control; 
validation in cohort 
study (n = 13,176)

Age, age of menarche, age of 
first birth, history of benign 
breast diseases, family history, 
history of breast feeding, 
history of induced abortion

0.64  
(95% CI, 0.50–0.78)

-

Lee et al. [41] 2015 Case-control Korean, any age, 4,676 
cases and 4,601 controls

Age of first birth, number of 
children, age of menarche, BMI, 
family history, menopausal 
status, regular mammography, 
exercise, estrogen duration

Age < 50*:  
0.6027  

(95% CI, 0.6006–0.6048) to  
0.6076  

(95% CI, 0.6055–0.6097)

-

Age ≥ 50†:  
0.6290  

(95% CI, 0.6266–0.6314) to  
0.6415   

(95% CI, 0.6392–0.6438)
Wang et al. [42]/
LASSO

2016 Case-control Chinese, 20–84 years 
old, 918 cases and 923 
controls

Age, number of parity, number 
of breast cancer cases in 1st-
degree relatives, exposure to 
light at night, and sleep quality

Premenopausal: 0.640  
(95% CI, 0.598–0.681)

-

Premenopausal: Alcohol 
consumption

Postmenopausal: 0.655  
(95% CI, 0.621–0.653)

Postmenopausal: BMI, age 
of menarche, age of first 
birth, breast feeding, oral 
contraceptive usage, hormone 
replacement treatment, 
and history of benign breast 
diseases

Zhao et al. [43] 2017 Cohort Chinese, age 45–70 years 
(n = 3,030)

HRA model [40] 0.73  
(95% CI, 0.64–0.83)

-

Wang et al. [44]/
Han Chinese 
Breast Cancer 
Prediction model

2019 Case-control 
and cohort

Chinese, 328 cases 
and 656 controls in 
case-control; validation 
in cohort study (13,176 
women)

Number of abortions, age of 
first birth, history of benign 
breast disease, BMI, family 
history, and life satisfaction 
scores

Validation: 0.64  
(95% CI, 0.55–0.72)

Validation: 1.03  
(95% CI, 0.74–1.49)

Fields marked with a dash indicate data not available.
AUC = area under the curve; E/O = expected/observed; KoBCRAT = Korean Breast Cancer Risk Assessment Tool; BMI = body mass index; CI = confidence interval; 
HRA = health risk appraisal; LASSO = least absolute shrinkage and selection operator; SVM = support vector machine; ANN = artificial neural network; BN = 
Bayesian network. 
Three computational methods were used: *Age > 50: SVM, 0.6076 (95% CI, 0.6055–0.6097); ANN, 0.6060 (95% CI, 0.6040–0.6080); and BN, 0.6027 (95% CI 
0.6006–0.6048); †Age ≥ 50: SVM, 0.6415 (95% CI, 0.6392–0.6438); ANN, 0.6383 (95% CI, 0.6359–0.6407); and BN, 0.6290 (95% CI, 0.6266–0.6314).
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Due to limited breast screening availability and breast biopsies in some regions of Asia [44], 
the number of previous biopsies was not included in many risk models developed using Asian 
women. However, Asian risk models included various different factors, including exposure 
to light at night, sleep quality, and life satisfaction score. Although these risk models were 
developed and tested in Asian women, they have not been validated in separate populations, and 
different models may still yield different risk scores for the same woman. In order to accurately 
identify high-risk women for risk-based screening in Korean women, further study is needed.

TOWARD PERSONALIZED BREAST CANCER SCREENING 
IN KOREA: INCORPORATING PRS INTO RISK ASSESSMENT
For personalized cancer screening, accurate estimation of an individual's susceptibility 
to cancer is of utmost importance. Like other cancers, breast cancer has multi-factorial 
etiologies including a genetic component. In addition to genetic mutations, genome-wide 
association studies (GWAS) have enabled the identification of numerous genetic variations, 
or single nucleotide polymorphisms (SNPs), that are associated with complex human traits 
and disease, including cancer, obesity, cardiovascular disease, and Alzheimer's disease [45]. 
While each SNP does not have a large effect size, the combinations of SNPs often do [46,47]. 
As described, there has been an effort to have more predictive value for risk classification 
with PRS added to various models.

For example, a study on 981 multi-ethnic women from San Francisco Mammography Registry 
(SFMR) showed that addition of a PRS comprised of 83 SNPs to the BCSC model modestly 
improved its AUC from 0.62 (95% CI, 0.59–0.66) to 0.65 (95% CI, 0.61–0.68) [48]. Addition 
of a PRS to the Gail and Tyrer-Cuzick models also showed modest improvements in various 
other studies, up to 0.06, depending on the risk model and study population [49-51]. The 
BCRAT and Rosner-Colditz models were also recently tested by Zhang et al. [52] by adding 
PRS and other factors such as mammographic density and endogenous hormones. Overall, 
the AUC for the BCRAT model improved from 0.56 (95% CI, 0.54–0.58) to 0.65 (95% CI, 
0.64–0.66), and the AUC for the Rosner-Colditz model improved from 0.61 (95% CI, 0.59–
0.63) to 0.68 (95% CI, 0.67–0.69). As expected, the addition of other factors beyond PRS 
improved the AUCs. Interestingly, the AUCs were slightly different for women in different 
subgroups, for example, premenopausal women compared to postmenopausal women who 
were using versus not using hormone therapy [52].

While these findings support the potential clinical utility of incorporating PRS into existing 
breast cancer risk models as a screening tool, the SNPs that comprise the PRS should be 
applicable to the population being screened. To this end, some SNPs associated with breast 
cancer risk have been identified in race/ethnicity-specific cohorts [53-56]. In addition, new 
risk variants in genes such as BRCA1, BRCA2, CHEK2, and PALB2, were detected in a study 
cohort of East Asian women, including 2,291 Korean women in the Breast Cancer Association 
Consortium (BCAC), compared to European ancestry [57]. Notably, a PRS comprised of 44 
SNPs had an AUC of 0.61 (95% CI not available) in East Asian women in the BCAC which, 
as noted in the previous study, included 2,291 Korean women [56]. In Korean women 
specifically, the lifetime risk (age 20–80) of developing breast cancer by age 80 for the lowest 
1% of the PRS was 1.31%, whereas the estimated risk for the highest 1% of the PRS was 
9.81% for Korean women [56]. These findings suggest that PRS can be a valuable tool for risk 
stratification in Korean women.
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In addition, there are some studies that showed that PRS can improve the discrimination in 
Asian women above existing risk models [56,58-61]. For example, Shieh et al. showed that 
a PRS comprised of 76 SNPs improved the AUC of the BCSC model in East Asian women in 
San Francisco, California from 0.62 (95% CI, 0.59–0.66) to 0.72 (95% CI, 0.62–0.82) [48]. 
Furthermore, addition of a PRS using 6 SNPs to a risk model containing clinical risk factors, 
such as BMI, waist-to-hip ratio, parity number, and menopause status, was shown to improve 
the AUC from 0.63 to 0.67 (95% CI not available) in a cohort of Taiwanese women (Table 2) 
[60]. Table 2 shows the comparison of studies on PRS for breast cancer risk prediction in Asia.

While there were only two studies examining the effect of adding PRS to breast cancer risk 
models among women in Asia, they both showed small improvements in AUC (0.01 in the 
study by Lee et al. [59] and 0.04 in the study by Hsieh et al. [60]). These small improvements 
are generally consistent with the improvements seen in many Western studies [48-51] but 
slightly lower than the 0.10 increase in AUC observed among Asian women in the Shieh et 
al.'s study [48]. Differences in improvements in AUC may be attributable to the number 
of SNPs in the PRS, the effect size of each individual SNP, and the presence or absence 
of specific factors in the original risk model. It is also possible that addition of PRS may 
improve AUC more in specific subsets of the study populations, for example, by menopause 
or hormone therapy status, as was seen in the study by Zhang et al. [52]. Thus, it is difficult 
to predict how much improvement, if any, a PRS will make upon the performance of a given 
risk model; this needs to be tested. It is also important to consider that even small increases 
in AUC can lead to several percent of the population being reclassified into different risk 
categories, thereby warranting a change in their clinical management [62]. Thus, any 
improvement in the predictive accuracy of a risk model would have clinical utility for breast 
cancer early prevention and risk-based screening. A UK cost-effectiveness study which used 
a life-table model of a hypothetical cohort of 364,500 women showed that risk-stratified 
screening for breast cancer is associated with reduced overdiagnosis and reduced cost of 
screening while maintaining quality-adjusted life-years gained and reduced breast cancer 
deaths [63]. As part of the effort to improve cancer control and prevention in Korea, the 
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Table 2. Studies on breast cancer risk models incorporating PRS in Asia
Study Year Method Target population Risk factors Discriminatory accuracy (AUC)
Lee et al. 
[58]

2014 Case-control Singapore Chinese, age 45–74 years, 
1,212 controls and 411 cases

vGail* (age at menarche, age at 
first live birth, number of 1st degree 
relatives with breast cancer), BMI,  
PRS (51 SNPs)

-†

Lee et al. 
[59]

2015 Prospective 
cohort,  
17 years  

follow-up

Singapore, age 50–64 years,  
24,161 women

vGail (age at menarche, age at first  
live birth, number of 1st degree  
relatives with breast cancer), BMI,  
mean breast dense area, PRS (75 SNPs)

vGail + BMI: 0.62 (95% CI, 0.60–0.64)
vGail + BMI + Density: 0.65 (95% CI, 0.63–0.66)
vGail + BMI + Density + GRS: 0.66 (95% CI, 
0.65–0.68)

Wen et al. 
[56]

2016 Case-control East Asians participating in nine 
studies in the BCAC that were 
conducted in China, Japan, South 
Korea, Thailand, and Malaysia, any 
age, 11,612 controls and 11,760 cases

44 SNPs 0.606 (SD, 0.38)

Hsieh et al. 
[60]

2017 Case-control Taiwanese, age 20–90 years in 4 
hospitals, 514 controls and  
446 cases

Age, BMI, age at menarche, parity, 
menopausal status, PRS (6 SNPs)

Without PRS: 0.63
With PRS: 0.67
PRS only: 0.60

Chan et al. 
[61]

2018 Case-control Singapore Chinese, any age, 243 
controls and 301 cases

PRS model 1: 46 SNPs 0.566 (95% CI, 0.517–0.614)
PRS model 2: 11 SNPs 0.565 (95% CI, 0.516–0.613)
PRS model 3: 9 SNPs 0.557 (95% CI, 0.508–0.606)

PRS = polygenic risk scores; AUC = area under the curve; BMI = body mass index; SNP = single nucleotide polymorphism; CI = confidence interval; BCAC = Breast 
Cancer Association Consortium; SD = standard deviation.
*Variables of Gail model; †This study showed that addition of a Genetic Risk Score with risk factors reclassified 6.2% women for their absolute risk of breast 
cancer in the next 5 years.
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development of personalized cancer screening has been suggested, consistent with the 
worldwide trend [64]. However, it is essential to assess a model's predictive performance in 
an external cohort from the one used for developing the model. In addition to the clinical 
validity of the integrative prediction model, aspects to be considered in developing a 
personalized breast cancer screening program include patients' willingness to undergo breast 
cancer risk assessment. To this end, several studies, such as the PROCAS study in the UK 
[65], the KARMA study in Sweden [66], and the Athena Breast Health Network in the U.S. 
[67], have shown the feasibility of conducting risk assessment in the context of clinical breast 
mammography screening. Also, in the absence of results from appropriate randomized 
trials, no firm evidence exists to support risk-based breast cancer screening in the general 
population. In this aspect, the Women Informed to Screen Depending On Measures of risk 
(WISDOM) study, being conducted in the U.S., is unique in that it is a clinical trial testing 
the safety, efficacy, and acceptability of risk-based (using the BCSC model with PRS) breast 
cancer screening compared to annual screening [15]. Trials like this will hopefully end the 
long-standing debate of how often a woman should undergo mammography and at what age 
she should start.

Based on the available literature, we suggest that more studies are needed to identify 
and validate SNPs for breast cancer susceptibility in Korean women such as the 44 SNPs 
identified in the study by Wen et al. [56] and to incorporate these into well characterized 
models such as KoBCRAT [37] to investigate the clinical utility of PRS with traditional breast 
cancer risk models most applicable to Korean women. Well-designed, randomized, and 
controlled clinical trials would demonstrate if a risk-stratified screening strategy would have 
clinical utility for Korean women. We can refer to the methodology of the WISDOM Study for 
a reference tolerant and adaptive design that encourages women to be randomized but also 
allows self-assignment for those with strong personal preference for either annual or risk-
based screening [15].

While personalized risk assessment and screening hold promise for improving breast cancer 
screening in the population, remaining issues include the still-limited discriminatory 
power of current breast cancer risk models, even with the addition of PRS [68]. In addition, 
implementation barriers include those that may be present at the organizational level, 
low clinician and patient knowledge, and ethical or social issues [69]. For personalized 
risk assessment and screening to succeed, the engagement of policy makers, guideline 
organizations that include multiple medical specialties, and the patient community 
is essential, and consensus should be reached to define acceptable parameters of risk 
assessment, stratification and screening recommendations. Further work is needed to 
address these challenges.

CONCLUSIONS

While strategies such as the national screening program and activities put forth by non-
governmental organizations such as the KBCS have contributed to increasing breast cancer 
awareness and screening, there is a need to step forward to improve the effectiveness and 
efficiency of breast cancer screening amidst the continuously increasing incidence rate of 
breast cancer in Korea. While some challenges remain, a risk-based screening approach 
should be seriously considered for development and implementation in Korea in the current 
era of personalized medicine.

338https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.e40

Personalized Breast Cancer Screening in Korea

https://ejbc.kr


REFERENCES

	 1.	 Hong S, Won YJ, Park YR, Jung KW, Kong HJ, Lee ES, et al. Cancer statistics in Korea: incidence, 
mortality, survival, and prevalence in 2017. Cancer Res Treat 2020;52:335-50. 
PUBMED | CROSSREF

	 2.	 Jung KW, Won YJ, Kong HJ, Lee ES. Prediction of cancer incidence and mortality in Korea, 2019. Cancer 
Res Treat 2019;51:431-7. 
PUBMED | CROSSREF

	 3.	 Lee JE, Lee SA, Kim TH, Park S, Choy YS, Ju YJ, et al. Projection of breast cancer burden due to 
reproductive/ lifestyle changes in Korean women (2013-2030) using an age-period-cohort model. Cancer 
Res Treat 2018;50:1388-95. 
PUBMED | CROSSREF

	 4.	 Yoo KY. Cancer control activities in the Republic of Korea. Jpn J Clin Oncol 2008;38:327-33. 
PUBMED | CROSSREF

	 5.	 Lee EH, Park B, Kim NS, Seo HJ, Ko KL, Min JW, et al. The Korean guideline for breast cancer screening. J 
Korean Med Assoc 2015;58:408-19. 
CROSSREF

	 6.	 Kim SH. A systematic review on radiologists' knowledge of breast cancer screening. J Korean Soc Radiol 
2019;80:8-18. 
CROSSREF

	 7.	 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. 
PUBMED | CROSSREF

	 8.	 Monticciolo DL, Newell MS, Hendrick RE, Helvie MA, Moy L, Monsees B, et al. Breast cancer screening 
for average-risk women: recommendations from the ACR Commission on Breast Imaging. J Am Coll 
Radiol 2017;14:1137-43. 
PUBMED | CROSSREF

	 9.	 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. 
PUBMED | CROSSREF

	10.	 Gøtzsche PC, Olsen O. Is screening for breast cancer with mammography justifiable? Lancet 
2000;355:129-34. 
PUBMED | CROSSREF

	11.	 Autier P, Boniol M. Mammography screening: a major issue in medicine. Eur J Cancer 2018;90:34-62. 
PUBMED | CROSSREF

	12.	 Korean Statistical Information Service. http://kosis.kr/eng/ Accessed April 29th, 2020.

	13.	 Choi KS, Yoon M, Song SH, Suh M, Park B, Jung KW, et al. Effect of mammography screening on stage at 
breast cancer diagnosis: results from the Korea National Cancer Screening Program. Sci Rep 2018;8:8882. 
PUBMED | CROSSREF

	14.	 Evans DG, Astley S, Stavrinos P, Harkness E, Donnelly LS, Dawe S, et al. Improvement in risk prediction, 
early detection and prevention of breast cancer in the NHS Breast Screening Programme and family 
history clinics: a dual cohort study. Southampton (UK): NIHR Journals Library; 2016.

	15.	 Esserman LJ; WISDOM Study and Athena Investigators. The WISDOM Study: breaking the deadlock in 
the breast cancer screening debate. NPJ Breast Cancer 2017;3:34. 
PUBMED | CROSSREF

	16.	 Park SK. Epidemiological characteristics of breast cancer in Koreans. J Korean Med Assoc 2019;62:424-36. 
CROSSREF

	17.	 Park SK, Kim Y, Kang D, Jung EJ, Yoo KY. Risk factors and control strategies for the rapidly rising rate of 
breast cancer in Korea. J Breast Cancer 2011;14:79-87. 
PUBMED | CROSSREF

	18.	 Kang SY, Kim YS, Kim Z, Kim HY, Kim HJ, Park S, et al. Breast cancer statistics in Korea in 2017: data 
from a breast cancer registry. J Breast Cancer 2020;23:115-28. 
PUBMED | CROSSREF

	19.	 Henley SJ, Ward EM, Scott S, Ma J, Anderson RN, Firth AU, et al. Annual report to the nation on the status 
of cancer, part I: national cancer statistics. Cancer 2020;126:2225-49. 
PUBMED | CROSSREF

	20.	 DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller KD, Goding Sauer A, et al. Breast cancer statistics, 
2019. CA Cancer J Clin 2019;69:438-51. 
PUBMED | CROSSREF

339https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.e40

Personalized Breast Cancer Screening in Korea

http://www.ncbi.nlm.nih.gov/pubmed/32178489
https://doi.org/10.4143/crt.2020.206
http://www.ncbi.nlm.nih.gov/pubmed/30913864
https://doi.org/10.4143/crt.2019.139
http://www.ncbi.nlm.nih.gov/pubmed/29361820
https://doi.org/10.4143/crt.2017.162
http://www.ncbi.nlm.nih.gov/pubmed/18407932
https://doi.org/10.1093/jjco/hyn026
https://doi.org/10.5124/jkma.2015.58.5.408
https://doi.org/10.3348/jksr.2019.80.1.8
http://www.ncbi.nlm.nih.gov/pubmed/26757170
https://doi.org/10.7326/M15-2886
http://www.ncbi.nlm.nih.gov/pubmed/28648873
https://doi.org/10.1016/j.jacr.2017.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26501536
https://doi.org/10.1001/jama.2015.12783
http://www.ncbi.nlm.nih.gov/pubmed/10675181
https://doi.org/10.1016/S0140-6736(99)06065-1
http://www.ncbi.nlm.nih.gov/pubmed/29272783
https://doi.org/10.1016/j.ejca.2017.11.002
http://www.ncbi.nlm.nih.gov/pubmed/29892094
https://doi.org/10.1038/s41598-018-27152-3
http://www.ncbi.nlm.nih.gov/pubmed/28944288
https://doi.org/10.1038/s41523-017-0035-5
https://doi.org/10.5124/jkma.2019.62.8.424
http://www.ncbi.nlm.nih.gov/pubmed/21847401
https://doi.org/10.4048/jbc.2011.14.2.79
http://www.ncbi.nlm.nih.gov/pubmed/32395372
https://doi.org/10.4048/jbc.2020.23.e24
http://www.ncbi.nlm.nih.gov/pubmed/32162336
https://doi.org/10.1002/cncr.32802
http://www.ncbi.nlm.nih.gov/pubmed/31577379
https://doi.org/10.3322/caac.21583
https://ejbc.kr


	21.	 Korean Breast Cancer Society. Breast Cancer Facts & Figures 2019. Seoul: Korean Breast Cancer Society; 2019.

	22.	 Lee SK, Kim SW, Yu JH, Lee JE, Kim JY, Woo J, et al. Is the high proportion of young age at breast cancer 
onset a unique feature of Asian breast cancer? Breast Cancer Res Treat 2019;173:189-99. 
PUBMED | CROSSREF

	23.	 Park HL, Tran SM, Lee J, Goodman D, Ziogas A, Kelly R, et al. Clinical implementation of a breast 
cancer risk assessment program in a multiethnic patient population: which risk model to use? Breast J 
2015;21:562-4. 
PUBMED | CROSSREF

	24.	 Louro J, Posso M, Hilton Boon M, Román M, Domingo L, Castells X, et al. A systematic review and quality 
assessment of individualised breast cancer risk prediction models. Br J Cancer 2019;121:76-85. 
PUBMED | CROSSREF

	25.	 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. 
PUBMED | CROSSREF

	26.	 Matsuno RK, Costantino JP, Ziegler RG, Anderson GL, Li H, Pee D, et al. Projecting individualized 
absolute invasive breast cancer risk in Asian and Pacific Islander American women. J Natl Cancer Inst 
2011;103:951-61. 
PUBMED | CROSSREF

	27.	 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. 
PUBMED | CROSSREF

	28.	 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. 
PUBMED | CROSSREF

	29.	 Min JW, Chang MC, Lee HK, Hur MH, Noh DY, Yoon JH, et al. Validation of risk assessment models for 
predicting the incidence of breast cancer in Korean women. J Breast Cancer 2014;17:226-35. 
PUBMED | CROSSREF

	30.	 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. 
PUBMED | CROSSREF

	31.	 Tice JA, Bissell MC, Miglioretti DL, Gard CC, Rauscher GH, Dabbous FM, et al. Validation of the breast 
cancer surveillance consortium model of breast cancer risk. Breast Cancer Res Treat 2019;175:519-23. 
PUBMED | CROSSREF

	32.	 Colditz GA, Rosner B. Cumulative risk of breast cancer to age 70 years according to risk factor status: data 
from the Nurses' Health Study. Am J Epidemiol 2000;152:950-64. 
PUBMED | CROSSREF

	33.	 Colditz GA, Rosner BA, Chen WY, Holmes MD, Hankinson SE. Risk factors for breast cancer according to 
estrogen and progesterone receptor status. J Natl Cancer Inst 2004;96:218-28. 
PUBMED | CROSSREF

	34.	 Tyrer J, Duffy SW, Cuzick J. A breast cancer prediction model incorporating familial and personal risk 
factors. Stat Med 2004;23:1111-30. 
PUBMED | CROSSREF

	35.	 Brentnall AR, Harkness EF, Astley SM, Donnelly LS, Stavrinos P, Sampson S, et al. Mammographic 
density adds accuracy to both the Tyrer-Cuzick and Gail breast cancer risk models in a prospective UK 
screening cohort. Breast Cancer Res 2015;17:147. 
PUBMED | CROSSREF

	36.	 Terry MB, Liao Y, Whittemore AS, Leoce N, Buchsbaum R, Zeinomar N, et al. 10-year performance of four 
models of breast cancer risk: a validation study. Lancet Oncol 2019;20:504-17. 
PUBMED | CROSSREF

	37.	 Park B, Ma SH, Shin A, Chang MC, Choi JY, Kim S, et al. Korean risk assessment model for breast cancer 
risk prediction. PLoS One 2013;8:e76736. 
PUBMED | CROSSREF

	38.	 Ueda K, Tsukuma H, Tanaka H, Ajiki W, Oshima A. Estimation of individualized probabilities of 
developing breast cancer for Japanese women. Breast Cancer 2003;10:54-62. 
PUBMED | CROSSREF

340https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.e40

Personalized Breast Cancer Screening in Korea

http://www.ncbi.nlm.nih.gov/pubmed/30238275
https://doi.org/10.1007/s10549-018-4947-z
http://www.ncbi.nlm.nih.gov/pubmed/26227105
https://doi.org/10.1111/tbj.12461
http://www.ncbi.nlm.nih.gov/pubmed/31114019
https://doi.org/10.1038/s41416-019-0476-8
http://www.ncbi.nlm.nih.gov/pubmed/2593165
https://doi.org/10.1093/jnci/81.24.1879
http://www.ncbi.nlm.nih.gov/pubmed/21562243
https://doi.org/10.1093/jnci/djr154
http://www.ncbi.nlm.nih.gov/pubmed/16954474
https://doi.org/10.1093/jnci/djj332
http://www.ncbi.nlm.nih.gov/pubmed/29534738
https://doi.org/10.1186/s13058-018-0947-5
http://www.ncbi.nlm.nih.gov/pubmed/25320620
https://doi.org/10.4048/jbc.2014.17.3.226
http://www.ncbi.nlm.nih.gov/pubmed/18316752
https://doi.org/10.7326/0003-4819-148-5-200803040-00004
http://www.ncbi.nlm.nih.gov/pubmed/30796654
https://doi.org/10.1007/s10549-019-05167-2
http://www.ncbi.nlm.nih.gov/pubmed/11092437
https://doi.org/10.1093/aje/152.10.950
http://www.ncbi.nlm.nih.gov/pubmed/14759989
https://doi.org/10.1093/jnci/djh025
http://www.ncbi.nlm.nih.gov/pubmed/15057881
https://doi.org/10.1002/sim.1668
http://www.ncbi.nlm.nih.gov/pubmed/26627479
https://doi.org/10.1186/s13058-015-0653-5
http://www.ncbi.nlm.nih.gov/pubmed/30799262
https://doi.org/10.1016/S1470-2045(18)30902-1
http://www.ncbi.nlm.nih.gov/pubmed/24204664
https://doi.org/10.1371/journal.pone.0076736
http://www.ncbi.nlm.nih.gov/pubmed/12525764
https://doi.org/10.1007/BF02967626
https://ejbc.kr


	39.	 Anothaisintawee T, Teerawattananon Y, Wiratkapun C, Srinakarin J, Woodtichartpreecha P, Hirunpat S, et 
al. Development and validation of a breast cancer risk prediction model for Thai women: a cross-sectional 
study. Asian Pac J Cancer Prev 2014;15:6811-7. 
PUBMED | CROSSREF

	40.	 Wang Y, Gao Y, Battsend M, Chen K, Lu W, Wang Y. Development of a risk assessment tool for projecting 
individualized probabilities of developing breast cancer for Chinese women. Tumour Biol 2014;35:10861-9. 
PUBMED | CROSSREF

	41.	 Lee C, Lee JC, Park B, Bae J, Lim MH, Kang D, et al. Computational discrimination of breast cancer for 
Korean women based on epidemiologic data only. J Korean Med Sci 2015;30:1025-34. 
PUBMED | CROSSREF

	42.	 Wang F, Dai J, Li M, Chan WC, Kwok CC, Leung SL, et al. Risk assessment model for invasive breast 
cancer in Hong Kong women. Medicine (Baltimore) 2016;95:e4515. 
PUBMED | CROSSREF

	43.	 Zhao J, Song X, Leng L, Wang H, Liao L, Dong J. Evaluation of risk assessment tools for breast cancer 
screening in Chinese population. Int J Clin Exp Med 2017;10:3582-7.

	44.	 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. 
PUBMED | CROSSREF

	45.	 Buniello A, MacArthur JA, Cerezo M, Harris LW, Hayhurst J, Malangone C, et al. The NHGRI-EBI GWAS 
Catalog of published genome-wide association studies, targeted arrays and summary statistics 2019. 
Nucleic Acids Res 2019;47:D1005-12. 
PUBMED | CROSSREF

	46.	 Xu GP, Chen WX, Zhao Q, Zhou H, Chen SZ, Wu LF. Association between the insulin-like growth factor 
1 gene rs2195239 and rs2162679 polymorphisms and cancer risk: a meta-analysis. BMC Med Genet 
2019;20:17. 
PUBMED | CROSSREF

	47.	 Yan W, Ma X, Gao X, Zhang S. Association between leptin (-2548G/A) genes polymorphism and breast 
cancer susceptibility: a meta-analysis. Medicine (Baltimore) 2016;95:e2566. 
PUBMED | CROSSREF

	48.	 Shieh Y, Hu D, Ma L, Huntsman S, Gard CC, Leung JW, et al. Breast cancer risk prediction using a clinical 
risk model and polygenic risk score. Breast Cancer Res Treat 2016;159:513-25. 
PUBMED | CROSSREF

	49.	 Dite GS, MacInnis RJ, Bickerstaffe A, Dowty JG, Allman R, Apicella C, et al. Breast cancer risk prediction 
using clinical models and 77 independent risk-associated SNPs for women aged under 50 years: 
Australian Breast Cancer Family Registry. Cancer Epidemiol Biomarkers Prev 2016;25:359-65. 
PUBMED | CROSSREF

	50.	 Allman R, Dite GS, Hopper JL, Gordon O, Starlard-Davenport A, Chlebowski R, et al. SNPs and breast 
cancer risk prediction for African American and Hispanic women. Breast Cancer Res Treat 2015;154:583-9. 
PUBMED | CROSSREF

	51.	 Starlard-Davenport A, Allman R, Dite GS, Hopper JL, Spaeth Tuff E, Macleod S, et al. Validation of a 
genetic risk score for Arkansas women of color. PLoS One 2018;13:e0204834. 
PUBMED | CROSSREF

	52.	 Zhang X, Rice M, Tworoger SS, Rosner BA, Eliassen AH, Tamimi RM, et al. Addition of a polygenic risk 
score, mammographic density, and endogenous hormones to existing breast cancer risk prediction 
models: a nested case-control study. PLoS Med 2018;15:e1002644. 
PUBMED | CROSSREF

	53.	 Han MR, Long J, Choi JY, Low SK, Kweon SS, Zheng Y, et al. Genome-wide association study in East 
Asians identifies two novel breast cancer susceptibility loci. Hum Mol Genet 2016;25:3361-71. 
PUBMED | CROSSREF

	54.	 Zheng Y, Ogundiran TO, Falusi AG, Nathanson KL, John EM, Hennis AJ, et al. Fine mapping of breast 
cancer genome-wide association studies loci in women of African ancestry identifies novel susceptibility 
markers. Carcinogenesis 2013;34:1520-8. 
PUBMED | CROSSREF

	55.	 Zheng W, Zhang B, Cai Q, Sung H, Michailidou K, Shi J, et al. Common genetic determinants of breast-
cancer risk in East Asian women: a collaborative study of 23 637 breast cancer cases and 25 579 controls. 
Hum Mol Genet 2013;22:2539-50. 
PUBMED | CROSSREF

	56.	 Wen W, Shu XO, Guo X, Cai Q, Long J, Bolla MK, et al. Prediction of breast cancer risk based on common 
genetic variants in women of East Asian ancestry. Breast Cancer Res 2016;18:124. 
PUBMED | CROSSREF

341https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.e40

Personalized Breast Cancer Screening in Korea

http://www.ncbi.nlm.nih.gov/pubmed/25169530
https://doi.org/10.7314/APJCP.2014.15.16.6811
http://www.ncbi.nlm.nih.gov/pubmed/25085581
https://doi.org/10.1007/s13277-014-1967-0
http://www.ncbi.nlm.nih.gov/pubmed/26240478
https://doi.org/10.3346/jkms.2015.30.8.1025
http://www.ncbi.nlm.nih.gov/pubmed/27512870
https://doi.org/10.1097/MD.0000000000004515
http://www.ncbi.nlm.nih.gov/pubmed/30732565
https://doi.org/10.1186/s12885-019-5321-1
http://www.ncbi.nlm.nih.gov/pubmed/30445434
https://doi.org/10.1093/nar/gky1120
http://www.ncbi.nlm.nih.gov/pubmed/30654740
https://doi.org/10.1186/s12881-019-0749-3
http://www.ncbi.nlm.nih.gov/pubmed/26825898
https://doi.org/10.1097/MD.0000000000002566
http://www.ncbi.nlm.nih.gov/pubmed/27565998
https://doi.org/10.1007/s10549-016-3953-2
http://www.ncbi.nlm.nih.gov/pubmed/26677205
https://doi.org/10.1158/1055-9965.EPI-15-0838
http://www.ncbi.nlm.nih.gov/pubmed/26589314
https://doi.org/10.1007/s10549-015-3641-7
http://www.ncbi.nlm.nih.gov/pubmed/30281645
https://doi.org/10.1371/journal.pone.0204834
http://www.ncbi.nlm.nih.gov/pubmed/30180161
https://doi.org/10.1371/journal.pmed.1002644
http://www.ncbi.nlm.nih.gov/pubmed/27354352
https://doi.org/10.1093/hmg/ddw164
http://www.ncbi.nlm.nih.gov/pubmed/23475944
https://doi.org/10.1093/carcin/bgt090
http://www.ncbi.nlm.nih.gov/pubmed/23535825
https://doi.org/10.1093/hmg/ddt089
http://www.ncbi.nlm.nih.gov/pubmed/27931260
https://doi.org/10.1186/s13058-016-0786-1
https://ejbc.kr


	57.	 Han MR, Zheng W, Cai Q, Gao YT, Zheng Y, Bolla MK, et al. Evaluating genetic variants associated with 
breast cancer risk in high and moderate-penetrance genes in Asians. Carcinogenesis 2017;38:511-8. 
PUBMED | CROSSREF

	58.	 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. 
PUBMED | CROSSREF

	59.	 Lee CP, Choi H, Soo KC, Tan MH, Chay WY, Chia KS, et al. Mammographic breast density and common 
genetic variants in breast cancer risk prediction. PLoS One 2015;10:e0136650. 
PUBMED | CROSSREF

	60.	 Hsieh YC, Tu SH, Su CT, Cho EC, Wu CH, Hsieh MC, et al. A polygenic risk score for breast cancer risk in 
a Taiwanese population. Breast Cancer Res Treat 2017;163:131-8. 
PUBMED | CROSSREF

	61.	 Chan CH, Munusamy P, Loke SY, Koh GL, Yang AZ, Law HY, et al. Evaluation of three polygenic risk score 
models for the prediction of breast cancer risk in Singapore Chinese. Oncotarget 2018;9:12796-804. 
PUBMED | CROSSREF

	62.	 Lambert SA, Abraham G, Inouye M. Towards clinical utility of polygenic risk scores. Hum Mol Genet 
2019;28:R133-42. 
PUBMED | CROSSREF

	63.	 Pashayan N, Morris S, Gilbert FJ, Pharoah PD. Cost-effectiveness and benefit-to-harm ratio of risk-
stratified screening for breast cancer: a life-table model. JAMA Oncol 2018;4:1504-10. 
PUBMED | CROSSREF

	64.	 National Health Insurance Service Ilsan Hospital. Report for Development of Personalized National 
Cancer Program. Goyang: National Health Insurance Service Ilsan Hospital; 2014.

	65.	 Howell A, Astley S, Warwick J, Stavrinos P, Sahin S, Ingham S, et al. Prevention of breast cancer in the 
context of a national breast screening programme. J Intern Med 2012;271:321-30. 
PUBMED | CROSSREF

	66.	 Gabrielson M, Eriksson M, Hammarström M, Borgquist S, Leifland K, Czene K, et al. Cohort profile: 
the Karolinska Mammography Project for Risk Prediction of Breast Cancer (KARMA). Int J Epidemiol 
2017;46:1740-1741g. 
PUBMED | CROSSREF

	67.	 Silver E, Wenger N, Xie Z, Elashoff D, Lee K, Madlensky L, et al. Implementing a population-based breast 
cancer risk assessment program. Clin Breast Cancer 2019;19:246-253.e2. 
PUBMED | CROSSREF

	68.	 Roberts MC. Implementation challenges for risk-stratified screening in the era of precision medicine. 
JAMA Oncol 2018;4:1484-5. 
PUBMED | CROSSREF

	69.	 Hazin R, Brothers KB, Malin BA, Koenig BA, Sanderson SC, Rothstein MA, et al. Ethical, legal, and 
social implications of incorporating genomic information into electronic health records. Genet Med 
2013;15:810-6. 
PUBMED | CROSSREF

342https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.e40

Personalized Breast Cancer Screening in Korea

http://www.ncbi.nlm.nih.gov/pubmed/28419251
https://doi.org/10.1093/carcin/bgx010
http://www.ncbi.nlm.nih.gov/pubmed/24941967
https://doi.org/10.1186/bcr3678
http://www.ncbi.nlm.nih.gov/pubmed/26401662
https://doi.org/10.1371/journal.pone.0136650
http://www.ncbi.nlm.nih.gov/pubmed/28205043
https://doi.org/10.1007/s10549-017-4144-5
http://www.ncbi.nlm.nih.gov/pubmed/29560110
https://doi.org/10.18632/oncotarget.24374
http://www.ncbi.nlm.nih.gov/pubmed/31363735
https://doi.org/10.1093/hmg/ddz187
http://www.ncbi.nlm.nih.gov/pubmed/29978189
https://doi.org/10.1001/jamaoncol.2018.1901
http://www.ncbi.nlm.nih.gov/pubmed/22292490
https://doi.org/10.1111/j.1365-2796.2012.02525.x
http://www.ncbi.nlm.nih.gov/pubmed/28180256
https://doi.org/10.1093/ije/dyw357
http://www.ncbi.nlm.nih.gov/pubmed/31072694
https://doi.org/10.1016/j.clbc.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/29978191
https://doi.org/10.1001/jamaoncol.2018.1940
http://www.ncbi.nlm.nih.gov/pubmed/24030434
https://doi.org/10.1038/gim.2013.117
https://ejbc.kr

	Breast Cancer Risk Prediction in Korean Women: Review and Perspectives on Personalized Breast Cancer Screening
	INTRODUCTION
	BREAST CANCER EPIDEMIOLOGY, CHARACTERISTICS, AND TRENDS IN KOREA
	BREAST CANCER RISK MODELS AND BREAST CANCER RISK PREDICTION IN KOREAN WOMEN
	TOWARD PERSONALIZED BREAST CANCER SCREENING IN KOREA: INCORPORATING PRS INTO RISK ASSESSMENT
	CONCLUSIONS
	REFERENCES




