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1. Importance of Risk Assessment

Breast cancer is one of the most common cancers 
in Korean women. There were 22,395 newly 
diagnosed breast cancers in Korea in 2017, and, 
according to the Korea National Cancer Incidence 
Database, the crude cancer incidence was 86.9 per 
100,000 women (1). The breast cancer incidence rate 
has been continuously increasing since 1999, and 
research suggests that it will continue to increase 
significantly due to rapidly changing lifestyles and 
an increase in the proportion of older individuals 

over the last decade (2). This trend emphasizes 
the importance of efficient breast cancer screening 
programs in Korea. 

According to the recommendations for breast 
cancer screening from the American Cancer Society 
(ACS) and the U.S. Preventive Services Task Force 
(USPSTF) (3, 4), there is a growing consensus that 
screening should be tailored to patient risk. The 
paradigm has moved from mammography screening 
alone to a personalized protocol that considers 
patient risk factors. Therefore, it is important 
to identify women that are at increased risk for 
breast cancer because they need more intensive 
screening (typically including an MRI) and should 
start screening at a younger age than the general 
population. Supplemental screening with MRI or 
ultrasound has been shown to increase breast cancer 
detection, particularly in women with an elevated 
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Although mammography is the only proven screening modality that decreases breast cancer mortality, 
women with an elevated risk for breast cancer may benefit from more intensive surveillance or risk-
reduction strategies. For these women, supplemental screening with MRI or ultrasound increases cancer 
detection. A personalized risk assessment will help provide individual screening protocols according to 
patient risk. Over the last two decades, various mathematical models have been designed and validated to 
assess breast cancer risk based on family history and other risk factors. This review examines some of the 
most commonly used models and discusses their advantages, limitations, and other details.
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risk. The ACS recommends an annual screening 
MRI for women with a greater than 20% lifetime 
risk of breast cancer (3). 

2. Risk Factors

Family History of Breast Cancer

Family history is an important risk factor for 
breast cancer and should be as detailed as possible. 
A qualified family history of breast cancer requires 
the following information: age at the time of breast 
cancer diagnosis, degree of relationship (first or 
greater), multiple family members with breast cancer 
(particularly on one side), bilateral breast cancer, 
other early-onset tumors (e.g., sarcoma or ovarian 
cancer), and the number of unaffected family 
members. For women with a history of breast cancer 
in a first-degree relative, there is a twofold increase 
in the risk of developing the disease compared with 
women without any affected relatives (5). Younger 
age at the time of breast cancer diagnosis in a 
family member is also associated with an increased 
risk of developing breast cancer (6). That is, there 
is a greater breast cancer risk in women with first-
degree relatives diagnosed before age 50 compared 
to those with relatives diagnosed after age 50.

Reproductive and Hormonal Risk Factors

Reproductive and hormonal factors are well-
known to increase breast cancer incidence. Longer 
exposure to endogenous estrogen, from an 
early age at menarche (< 12 years) or late age at 
menopause (> 55 years), increases breast cancer risk 
(5). The relationship between oral contraceptives 
and breast cancer has been explored. The use 
of long-term combined oral contraceptives (i.e., 
estrogen plus progestin for more than five years) in 
postmenopausal women is related to an increased 
risk of breast cancer (7). Different oral contraceptive 
formulations may affect the risk of breast cancer 

differently; that is, the risk associated with an 
estrogen-only formulation of oral contraceptive is 
much lower than that associated with combined 
hormone replacement therapy (8).

Mammographic Density

Breast density on mammography has been 
recognized as an independent risk factor for 
breast cancer (9, 10). Research has consistently 
reported that women with dense breast tissue 
have a four-to-six-fold increased risk for breast 
cancer compared to those with fatty breast tissue 
(9, 11). The relationship between mammographic 
parenchymal density and the risk of breast cancer 
is consistent regardless of age at mammography 
or the ethnic background of the study population 
(12-14). In Asian countries, dense breast tissue is 
more common and the proportion of breast cancer 
in younger individuals is higher than that in the 
Western population (15-17). 

Park et al. (18) investigated the effects of 
mammographic density on breast cancer risk in a 
Korean population using nationwide mammographic 
screening program data. They found that the risk 
of breast cancer for women with extremely dense 
breasts was five times higher than that in women 
with an almost entirely fatty breast, which is 
consistent with results from research in Western 
countries. When the effect of breast density was 
calculated based on menopausal status, the odds 
ratio of breast cancer for an extremely dense breast 
was 8.5 (95% confidence interval (CI=1.9-36.7) for 
premenopausal women and 3.8 (95% CI=2.8-5.1) for 
postmenopausal women. The authors reported that 
the positive relationship between mammographic 
density and the risk of breast cancer was stronger in 
premenopausal women.

3. Risk Assessment Models

A risk assessment model is a mathematical tool 
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to estimate the probability that a currently healthy 
individual with certain risk factors will develop a 
specific disease, such as breast cancer, over a certain 
period (e.g., within five years or over their lifetime) 
(19). Here we review some of the most commonly 
used models. 

Gail Model

The Gail model is the most commonly used and 
widely known model for breast cancer risk prediction 
(20). It was developed in 1989 and modified in 
1999 (21). This model was designed using data 
from the Breast Cancer Detection Demonstration 
Project (BCDDP), a screening study including 
almost 300,000 women aged 35 to 74 years between 
1973 and 1980. The modified version is called 
the National Cancer Institute-Gail model or the 
Breast Cancer Risk Assessment Tool (BCRAT). The 
modified version differs from the original model 
in that it contains only invasive breast cancers, 
whereas the original version contained both DCIS 
and invasive cancers. The age-specific incidence 
in the modified version was based on the National 
Cancer Institute's Surveillance, Epidemiology, and 
End Results Program rather than the BCDDP, as in 
the original model. 

This model focuses on non-genetic risk factors 
and contains limited information on family history 
of breast cancer. Both the original and modified 
Gail models use six input variables, including age, 
hormonal or reproductive factors (age at menarche 
and first live birth), family history (number of 
first-degree female relatives with breast cancer), 
and previous history of breast disease (number 
and results of breast biopsy). It is widely and 
easily available online at http://www.cancer.gov/
bcrisktool/, and calculates invasive breast cancer 
risk over the next five-years and the lifetime breast 
cancer risk to age 90. The NCCN guidelines support 
using the Gail model to identify candidates for risk 
management, such as chemoprevention, if the five-

year risk is 1.67% or greater (22). 
The Gail model has some specific limitations. It 

does not give an accurate risk prediction for women 
with certain conditions, such as those who already 
had breast cancer, LCIS, or DCIS. It also cannot be 
used for women with a previous history of chest wall 
irradiation treatment or known genetic mutations 
related to breast cancer. The model cannot be used 
in women younger than 35 years of age. Another 
limitation is that the model only asks how many 
first-degree relatives have had breast cancer and not 
about the age at breast cancer diagnosis. It also does 
not account for a family history of breast cancer on 
the paternal side or a family history of male breast 
cancer. It therefore may underestimate the risk in 
women who have 2nd-degree relatives with breast 
cancer and overestimate the risk for women who 
have had a benign breast biopsy (23, 24). 

Claus Model

The Claus model focuses on a family history of 
breast cancer. It was designed using data from the 
Cancer and Steroid Hormone Study (25), a nested 
population-based case-control study including 
4,730 patients with breast cancer aged 20-54 years 
matched with 4,688 controls between 1980 and 
1982. Originally, the model only included data on 
family history of female breast cancer. A modified 
version has been validated by adding bilateral 
disease, three or more affected relatives, and ovarian 
cancer (26). 

The Claus model includes age and a thorough 
family history, including 1st- and 2nd-degree 
relatives, and the age at which cancers in those 
relatives were diagnosed. Unlike the Gail model, 
the Claus model includes family history on both 
the maternal and paternal sides of the family. The 
model results are presented in a series of tables 
that show the lifetime risk of both invasive cancer 
and DCIS. Although this table does not provide 
risk estimates for some relative combinations, an 
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estimation of breast cancer risk is based on similar 
combinations, such as paternal aunt and mother.

The major limitation of the Claus model is that 
it does not include breast cancer risk factors other 
than family history (e.g., reproductive or hormonal 
factors) and does not incorporate male relatives with 
breast cancer. Another potential limitation is that it 
was developed using data from a North American 
population between 1980 and 1982. Because the 
incidence of breast cancer has increased, the model 
results are lower than the current incidence (27, 
28). Therefore, some experts suggest an upward 
adjustment of 3-4% for the lifetime risk is needed 
for those lifetime risks below 20%, as calculated 
by this model. The model may not be applicable 
for women with known genetic mutations, such as 
BRCA, because it may underestimate their risk.

Tyrer-Cuzick Model

The Tyrer-Cuzick model was developed using data 
from the United Kingdom's International Breast 
Intervention Study (IBIS) (29, 30). This model 
includes a comprehensive family history of breast 
and ovarian cancer as well as a wide variety of 
individual risk factors (31). Free software is available 
at: http://www.ems-trials.org/riskevaluator/. 
The model includes individual risk factors such 
as age, height, weight, history of breast biopsies 
and their results, hormone replacement use, and 
a comprehensive maternal and paternal family 
history of breast and ovarian cancer, including age 
at diagnosis. It also includes family size and the 
number of unaffected relatives, which may affect the 
risk prediction. It also factors in positive or negative 
BRCA gene mutation test results. The model output 
is presented as the breast cancer risk over the next 
10 years and lifetime risk for both invasive cancer 
and DCIS. It is based on a dataset from Caucasian 
high-risk females and does not adjust for a non-
Caucasian population. The model may overestimate 
risk for women with previous LCIS results, atypical 

hyperplasia (32), and no family history of breast 
cancer, and it may underestimate risk for women 
with a strong family history of breast cancer.

BRCAPRO Model

The BRCAPRO model calculates lifetime breast 
cancer risk as well as the probability of having a 
BRCA 1 or 2 mutation based on the Bayesian rules 
(33). One advantage of the BRCAPRO model is 
that it incorporates information on both affected 
and unaffected relatives. However, it requires 
a full pedigree, making it difficult to use in a 
clinic. Like the Claus model, it does not include 
information about non-hereditary risk factors and 
therefore may underestimate risk for some women. 
Another limitation is that no other genetic mutation 
that contributes to breast cancer development is 
included. It may underestimate the risk for women 
with negative BRCA results and a family history of 
breast cancer only (34).

Model Performance

It is important to validate risk assessment models 
before using them. Two criteria, calibration and 
discrimination, are often used to evaluate the 
performance of prediction models (35). Calibration 
means how well a model predicts risk overall in 
a population, and it can be presented as the E/
O ratio (expected number (E) from the model 
compared to the observed number (O) of breast 
cancer cases.) A well-calibrated model should have 
an E/O ratio near 1. Discrimination indicates how 
well a model predicts risk at the individual level. It 
is the probability that a randomly selected case with 
breast cancer will have a higher predicted risk than 
a randomly selected non-case without breast cancer. 
An AUC equal to 1 indicates perfect discrimination, 
and an AUC near 0.5 indicates random chance. 

A recent study by McCarthy et al. (36) evaluated 
the performance of the BRCAPRO, Gail, Claus, 
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Breast Cancer Surveillance Consortium (BCSC), 
and Tyrer-Cuzick models in predicting risk of 
breast cancer in 35,921 women aged 40-84 years 
who underwent mammography screening between 
2007 and 2009. In this study, the Gail, BCSC, 
and BRCAPRO models were well-calibrated (CIs 
include 1.0), but the Tyrer-Cuzick model slightly 
overestimated risk, especially when breast density 
was included (O/E = 0.84, 95% CI = 0.79-0.91). 
The Claus model substantially underestimated risk 
(O/E = 1.69, 95% CI = 1.48-1.87). The AUC values 
showing discrimination accuracy were comparable 
and moderate (0.59-0.64). Among women with 
mammographic density information (n = 30,970), 
the BCSC model had the highest discrimination 
accuracy (O/E = 0.97, 95% CI = 0.89-1.05, AUC 
= 0.64, 95% CI = 0.62-0.66), despite its simplicity. 
The Claus model performed worse than the other 
models. 

The UK Generation Study, a large population-
based study including 64,874 women aged 35-
74 years (37), provided more data on model 
performance in a general population. The Gail 
model slightly underestimated risk (O/E=1.09, 95% 
CI=1.02-1.16), whereas the Tyrer-Cuzick model 
slightly overestimated risk (O/E=0.88, 95% CI=0.83-
0.94). The respective AUC values were 0.61 and 
0.63. The two general-population cohorts (36, 37) 
indicate that Gail, BCSC, BRCAPRO, and Tyrer-
Cuzick are reasonably well-calibrated and have 
a moderate level of discrimination accuracy in a 
general population. 

4. Breast Cancer Risk Assessment in 

Korean Women

Many risk-prediction models have been developed, 
and each has strengths and limitations. Different risk 
assessment models may provide different outcomes 
for the same woman (38). Most of the established 
prediction models estimating breast cancer risk were 
developed using data from a Western population. 

However, there are considerable differences in the 
epidemiological characteristics of breast cancer 
cases in Koreans compared to those in a Western 
population (39). According to the Korean Breast 
Cancer Society and Korea Central Cancer Registry, 
the incidence of breast cancer in Korean women is 
highest in those aged 40-49 years (40), whereas the 
incidence in the United States is highest in women 
aged  60-69, followed by those aged 50-59, and the 
median age at breast cancer diagnosis was 62 (41). 

Therefore, a risk assessment model based on 
the epidemiological characteristics of a Korean 
population must be developed and validated. 
A Korean Breast Cancer Risk Assessment Tool 
(KoBCRAT) was developed in 2013 based on the 
Seoul Breast Cancer Study (42), a case-control 
study based on equations developed for the Gail 
model. This model stratified risk factors by age 
group (< age 50 and ≥ age 50). The KoBCRAT 
had a discriminatory accuracy of 0.63 in women 
aged < 50 years and 0.65 in those aged ≥ 50 years, 
suggesting modest discrimination power between 
breast cancer cases and controls. In the validation 
analyses, the AUC was 0.61 for the Korean 
Multicenter Cancer cohort and 0.89 for the National 
Cancer Center cohort. However, this model does 
not include image-based information, such as breast 
density, to assess breast cancer risk. To accurately 
identify Korean women at an elevated breast cancer 
risk, a breast cancer risk model must be developed 
that includes breast density.

Summary

Breast cancer risk assessment models estimate 
risk to develop personalized management options. 
These models always have limitations and must 
be improved to individualize breast cancer risk 
prediction. The risk prediction model that includes 
breast density will help improve outcomes. In the 
future, it is necessary to develop a breast cancer risk 
assessment model targeting Korean females that 
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includes breast density information.
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