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abstract

PURPOSE Breast cancer risk prediction models are used to identify high-risk women for early detection, targeted
interventions, and enrollment into prevention trials. We sought to develop and evaluate a risk prediction model
for breast cancer in US Black women, suitable for use in primary care settings.

METHODS Breast cancer relative risks and attributable risks were estimated using data from Black women in
three US population-based case-control studies (3,468 breast cancer cases; 3,578 controls age 30-69 years)
and combined with SEER age- and race-specific incidence rates, with incorporation of competing mortality, to
develop an absolute risk model. The model was validated in prospective data among 51,798 participants of the
Black Women’s Health Study, including 1,515 who developed invasive breast cancer. A second risk prediction
model was developed on the basis of estrogen receptor (ER)–specific relative risks and attributable risks. Model
performance was assessed by calibration (expected/observed cases) and discriminatory accuracy (C-statistic).

RESULTS The expected/observed ratio was 1.01 (95% CI, 0.95 to 1.07). Age-adjusted C-statistics were 0.58
(95% CI, 0.56 to 0.59) overall and 0.63 (95% CI, 0.58 to 0.68) among women younger than 40 years. These
measures were almost identical in the model based on estrogen receptor–specific relative risks and attributable
risks.

CONCLUSION Discriminatory accuracy of the new model was similar to that of the most frequently used
questionnaire-based breast cancer risk prediction models in White women, suggesting that effective risk
stratification for Black women is now possible. This model may be especially valuable for risk stratification of
young Black women, who are below the ages at which breast cancer screening is typically begun.
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INTRODUCTION

Risk prediction modeling is used to identify women at
high risk of breast cancer for early detection, targeted
interventions, and enrollment into prevention trials.1

However, prediction models have not performed as
well in Black women.2-6 Lack of a breast cancer risk
prediction model tailored to Black women represents a
critical gap, given that US Black women have, on
average, earlier ages at diagnosis than US White
women and are more likely to be diagnosed with poor-
prognosis breast cancers.7-15 Many young Black
women are diagnosed with and die from breast cancer
before they even reach the ages at which mammo-
graphic screening is typically recommended.8,16,17

Until now, the relatively small number of Black
women enrolled in epidemiologic studies of breast
cancer has hampered efforts to derive and test models
for use in Black women.

Established breast cancer risk prediction models have
considered all invasive breast cancers together, using
risk parameters that are primarily associated with

estrogen receptor–positive (ER1) breast cancer.18-21

Recent research has indicated that some risk factors
differ for ER1 and estrogen receptor–negative (ER–)
breast cancer.22-26 Although a single-disease ap-
proach may work well for White women, among whom
approximately 85% of cancers are ER1, consideration
of differential associations with ER– breast cancer may
be more important for Black women, among whom a
smaller proportion of breast cancers are ER1.12,15

We used data from the largest case-control27-29 and
cohort30 studies of breast cancer in US Black women
to develop and test a risk prediction tool to be used in
the primary care setting to identify Black women at ele-
vated breast cancer risk. In addition tomodeling all breast
cancers as one entity, we derived a model that incor-
porated ER-specific relative risks and attributable risks.

METHODS

Model Development

Study population. Questionnaire-based data on self-
identified Black women from three population-based
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case-control studies were used to derive relative risk
models (training data set; Table 1).

The National Institute of Child Health and Human Devel-
opment Women’s Contraceptive and Reproductive Expe-
riences Study (CARE)27 is a breast cancer case-control
study conducted in five US locations in 1994-1998.
Cases were identified through SEER Rapid Case Ascer-
tainment (RCA) for four sites and through staff review of
pathology reports from hospitals, clinics, and pathology
laboratories for the fifth site. Controls were identified by
random digit dialing (RDD). In-person interviews were
conducted to obtain a detailed history of reproductive
events and other potential risk factors.

The Carolina Breast Cancer Study (CBCS) is a case-control
study conducted in 44 counties in North Carolina in 1993-
2001.28 Cases were identified from the North Carolina
Central Cancer Registry using RCA, and controls were from

Division of Motor Vehicles and Health Care Financing Ad-
ministration lists. In-home interviews were conducted to
obtain information on breast cancer risk factors.

The Women’s Circle of Health Study is a case-control study
conducted in New York and New Jersey.29 Recruitment in
New York took place in 2002-2008, with hospital-based
ascertainment of cases and controls identified through
RDD. Recruitment in New Jersey was conducted in 2006-
2015, with cases identified by the New Jersey State Cancer
Registry using RCA in 10 counties. Controls were initially
recruited through RDD (2006-2010) and later through
community-based efforts (2009-2015).31 In-person inter-
views used questionnaires closely modeled on the CBCS
questionnaire.

Across the three studies, participants ranged in age from 30
to 69 years; 1,767 had ER1 and 1,323 had ER– cancer
(Table 1).

CONTEXT

Key Objective
To date, breast cancer risk prediction models have underperformed in US Black women, among whom there is a dis-

proportionately high breast cancer mortality and a younger age at diagnosis. There is a critical need for a predictionmodel
developed and validated in data from large studies of Black women.

Knowledge Generated
A new model, developed in data from more than 3,000 Black women with breast cancer and 3,000 controls, had excellent

calibration in a prospective cohort of Black women. Discriminatory accuracy was better than for currently available
models and was best for women younger than 40 years. All variables included in the model can be obtained from the
women themselves.

Relevance
This new tool for personalized prediction of breast cancer risk in Black women can be easily used by primary health care

providers to guide screening recommendations and/or referrals for genetic testing, particularly for young Black women,
thus leading to earlier diagnosis and reduced mortality.

TABLE 1. Epidemiologic Studies Contributing to Model Development and Validation
Model Development Years of Enrollment Age Range, years Invasive Breast Cancer ER1 Only ER– Only Unknown ER Status Controls

Women’s CARE Study 1994-1998 35-64 1,620 736 589 295 1,660

CBCS 1993-2001 30-69 710 301 363 46 714

WCHS 2002-2015 30-69 1,138 730 371 37 1,204

Total for model development 3,468 1,767 1,323 378 3,578

Model Validation Years of Follow-Up At-Risk Cohort

BWHSa 2001-2005 30-70 485 258 158 69 51,798

2006-2010 30-70 537 334 175 28 45,443

2011-2015 30-70 493 331 145 17 40,028

Total for model validation 2001-2015 30-70 1,515 923 478 114

Abbreviations: BWHS, Black Women’s Health Study; CARE, Contraceptive and Reproductive Experiences Study; CBCS, Carolina Breast Cancer Study; ER,
estrogen receptor; WCHS, Women’s Circle of Health Study.

aBWHS participants were included in a given interval if at the start of the interval they were age 30 through 70 years and had not been diagnosed with
invasive breast cancer.



Statistical methods for model development. Two separate
breast cancer absolute risk prediction models were
developed.32,33 Model A treated invasive breast cancer as a
single disease, with predictors retained on the basis of
associations with overall breast cancer risk. Model B was
based on ER1 and ER– specific relative risks and attrib-
utable risks. Potential predictors evaluated were factors
previously associated with breast cancer risk in the liter-
ature: recent body mass index (BMI); BMI at age 18 years;
adult height; alcohol use; number of births; breastfeeding;
age at first birth; oral contraceptive use duration; duration of
use of estrogen plus progestin hormone supplements; first-
degree family history of breast cancer; first-degree family
history of each of ovarian, colorectal, and prostate cancer;
age at menarche; history of past breast biopsy or diagnosis
of benign breast disease; type 2 diabetes; menopausal
status; and history of bilateral oophorectomy. We examined
age interactions with each predictor and interactions of BMI
with menopausal status. We usedmultiple imputations with
chained equations to handle missing values (Data Sup-
plement, online only; IVEware 0.3). We generated 50 im-
puted data sets and used Rubin’s rules to combine
coefficients and their SEs across the imputed data sets.34

We selected predictors separately for all relative risk models
through backward elimination on the basis of the Akaike’s
Information Criterion. We assessed the importance of each
variable on the basis of statistics calculated from the im-
puted data, removed the predictor that showed the
smallest contribution to the model, and repeated the
process until no further predictor could be removed (Data
Supplement).34,35

To calculate 5-year predicted absolute risks, we combined
relative risks and attributable risks with age-specific breast
cancer incidence rates for 2000-2016 for non-Hispanic
Black women from the National Cancer Institute (NCI)
SEER program and age-specific mortality rates from the
CDC Wide-ranging ONline Data for Epidemiologic Re-
search.36 We describe detailed methods and formulas in
the Data Supplement. Because CBCS and CARE over-
sampled younger women with breast cancer, we used
reweighting to ensure that the attributable risk corre-
sponded to the SEER population.33

Model Validation

Study population. The Black Women’s Health Study
(BWHS) is an ongoing cohort study of 59,000 self-identified
US Black women.30,37 Participants, age 21-69 years, en-
rolled in 1995 by completing a detailed 14-page health
questionnaire. Biennial follow-up questionnaires update
exposure variables and ascertain new diagnoses, including
cancer. Follow-up has been successful for . 85% of po-
tential person-years through 10 follow-up cycles. Incident
breast cancers are ascertained by self-report, by linkage
with state cancer registries of 24 states in which 95% of
participants reside, and by linkage with the National Death

Index. Pathology reports or state cancer registry data have
been obtained for more than 90% of breast cancer cases to
date and diagnosis confirmed for 99% of the cases for
whom records were obtained.

Statistical methods for external validation. Models were
validated using BWHS data from 2001 through 2015. We
constructed three 5-year follow-up intervals: 2001-2005,
2006-2010, and 2011-2015. Women were included in an
interval if at the start they had not been diagnosed with
invasive breast cancer and were age 30 through 70 years.
We updated age and the time-dependent predictors (BMI,
menopausal status, parity, breastfeeding, oral contracep-
tive use, and bilateral oophorectomy at the start of sub-
sequent intervals). We computed separate 5-year
predictions for each interval to which a woman contrib-
uted.38 Risks were predicted over 5 years for each woman.
Across the 15 years of follow-up, there were 923 ER1, 478
ER–, and 114 unknown ER status incident invasive cases of
breast cancer (Table 1).

We assessed calibration for a 5-year projection period by the
ratio of the expected number, E (sum of the absolute pre-
dicted risk across BWHS participants), to the observed
number, O, of invasive breast cancers. We used multiple
imputation (IVEware 0.3) to address missing data (, 2%
missing for each predictor; 5% missing ER status; Data
Supplement). We calculated the log expected/observed (E/O)
ratio and its SE for each of 10 imputed data sets and
combined the values according to Rubin’s rules.35 Calibration
estimates were obtained by summing the observed and
expected 5-year risks over the three time periods and then
computing the ratio. We estimated E/O ratio overall and within
strata of age and risk factors. To evaluatemodels across levels
of risk, we stratified the data by 5-year age group and created
age-specific quintile groups of 5-year predicted risk.

To assess discriminatory accuracy, we used the concor-
dance statistic (C-statistic),39,40 which corresponds to the
probability that a randomly selected woman with breast
cancer has a higher predicted risk than a randomly se-
lected unaffected woman. We estimated age-specific
C-statistics and then calculated an age-adjusted C-statis-
tic as the inverse-variance weighted average of the age-
specific estimates.

For comparison, we also computed calibration and dis-
criminationmeasures for the current NCI Breast Cancer Risk
Assessment Tool (BCRAT) model41 in BWHS follow-up data.

RESULTS

Variables included in each relative risk model (all breast
cancer, ER1, and ER–) are shown in Table 2. First-degree
family history of breast cancer, breast biopsy, 5 or more
years of oral contraceptive use, earlier age at menarche,
and lack of breastfeeding were associated with increased
risk of both subtypes and bilateral oophorectomy was as-
sociated with reduced risk. Family history of prostate



TABLE 2. ORs and 95% CIs From Analyses of Case-Control Data for Factors Retained in Relative Risk Models for All Invasive Breast Cancer, ER1 Breast
Cancer, and ER– Breast Cancer

Variables Retained

All Invasive Breast Cancer ER1 Breast Cancer ER– Breast Cancer

Cases
3,468 OR (95% CI)

Cases
1,767 OR (95% CI)

Cases
1,323 OR (95% CI)

First-degree family history breast cancer

No 1,476 1.00 (reference)

Relative diagnosed age $ 50 years 165 1.53 (1.23 to 1.89)

Relative dx age , 50 years or two relatives 126 1.82 (1.42 to 2.35)

Age , 50 years

No 1,406 1.00 (reference) 618 1.00 (reference)

Relative diagnosed age $ 50 years 108 1.41 (1.05 to 1.89) 48 1.56 (1.08 to 2.25)

Relative dx age , 50 years or two relatives 134 2.61 (1.89 to 3.60) 67 3.13 (2.15 to 4.54)

Age $ 50 years

No 1,506 1.00 (reference) 496 1.00 (reference)

Relative diagnosed age $ 50 years 192 1.53 (1.21 to 1.93) 57 1.40 (1.01 to 1.94)

Relative dx age , 50 years or two relatives 122 1.50 (1.12 to 1.99) 37 1.35 (0.90 to 2.02)

First-degree family history prostate cancer

No 3,121 1.00 (reference) 1,569 1.00 (reference)

Yes 347 1.15 (0.97 to 1.35) 198 1.24 (1.02 to 1.50)

Age at menarche , 14 years 1,348 1.11 (0.97 to 1.28)

Age at menarche $ 14 years 420 1.00 (reference)

Age , 50 years

Age at menarche , 14 years 1,338 1.37 (1.16 to 1.62) 602 1.48 (1.18 to 1.85)

Age at menarche $ 14 years 310 1.00 (reference) 131 1.00 (reference)

Age $ 50 years

Age at menarche , 14 years 1,361 1.08 (0.93 to 1.25) 434 1.04 (0.84 to 1.29)

Age at menarche $ 14 years 459 1.00 (reference) 156 1.00 (reference)

Age at first birth (parous only), years

, 25 1,077 1.00 (reference)

$ 25 399 1.15 (0.98 to 1.35)

No. of births

0 291 1.29 (1.09 to 1.54)

1 378 1.14 (0.97 to 1.33)

$ 2 1,098 1.00 (reference)

Age , 50 years

0 births 106 0.72 (0.57 to 0.91)

1 birth 167 1.06 (0.85 to 1.32)

$ 2 births 460 1.00 (reference)

Age $ 50 years

0 births 49 0.70 (0.54 to 0.91)

1 birth 80 0.68 (0.52 to 0.89)

$ 2 births 461 1.00 (reference)

Breastfeeding (parous women only)

Never 1,898 1.18 (1.06 to 1.32) 904 1.12 (0.98 to 1.28)

Ever 1,080 1.00 (reference) 572 1.00 (reference)

(continued on following page)



cancer, lower BMI at age 18 years, BMI. 30 kg/m2 during
the postmenopausal period, later age at first birth, and
nulliparity were associated with increased risk of ER1 but
not ER– breast cancer. Higher parity was associated with
increased risk of ER– breast cancer. Age interaction terms
were retained for family history of breast cancer, age at
menarche, and breast biopsy in analyses of all breast cancer.

Both models were well-calibrated overall (E/O 1.01, 95%
CI, 0.95 to 1.07 for model A; 1.06, 95% CI, 1.00 to 1.13 for
model B) and within strata of age, individual risk factors,
and risk quintiles (Table 3 and Data Supplement).

Discriminatory accuracy was similar for models A and B,
with an age-adjusted C-statistic of 0.58 (95% CI, 0.56 to
0.59) for each model (Table 4); discrimination was
somewhat better for ER1 than ER– disease (C-statistic
0.59 v 0.56; Data Supplement). Discrimination was best
among women younger than 40 years, with a C-statistic of
0.63 (95% CI, 0.58 to 0.68). When we used 5-year pre-
dicted absolute risk divided into quintiles in a Cox re-
gression model fit to breast cancer as the outcome, women
younger than 40 years also had the largest estimated rel-
ative risk (highest v lowest risk quintile, 4.56, 95% CI, 2.02
to 10.3; Data Supplement).

TABLE 2. ORs and 95% CIs From Analyses of Case-Control Data for Factors Retained in Relative Risk Models for All Invasive Breast Cancer, ER1 Breast
Cancer, and ER– Breast Cancer (continued)

Variables Retained

All Invasive Breast Cancer ER1 Breast Cancer ER– Breast Cancer

Cases
3,468 OR (95% CI)

Cases
1,767 OR (95% CI)

Cases
1,323 OR (95% CI)

Age , 50 years

Never breastfed 445 1.52 (1.23 to 1.87)

Ever breastfed 182 1.00 (reference)

Age $ 50 years

Never breastfed 341 1.23 (1.00 to 1.50)

Ever breastfed 200 1.00 (reference)

Oral contraceptive use

Never or , 5 years 2,292 1.00 (reference) 1,187 1.00 (reference) 835 1.00 (reference)

$ 5 years 1,176 1.15 (1.04 to 1.28) 580 1.11 (0.98 to 1.26) 488 1.26 (1.10 to 1.44)

Bilateral oophorectomy

No 3,145 1.00 (reference) 1,207 1.00 (reference)

Yes 323 0.81 (0.68 to 0.96) 116 0.76 (0.61 to 0.96)

BMI at age 18 years, kg/m2

, 25 2,954 1.16 (1.01 to 1.34) 1,504 1.19 (1.00 to 1.42)

$ 25 514 1.00 (reference) 263 1.00 (reference)

Premenopausal

BMI , 30 1,144 1.00 (reference) 541 1.00 (reference)

BMI $ 30 631 0.96 (0.83 to 1.12) 296 0.91 (0.76 to 1.10)

Postmenopausal

BMI , 30 902 1.00 (reference) 463 1.00 (reference)

BMI $ 30 792 1.14 (0.99 to 1.31) 467 1.24 (1.04 to 1.47)

Breast biopsy or benign breast disease

Never 1,030 1.00 (reference)

Ever 293 1.28 (1.09 to 1.50)

Age , 50 years

Never biopsy or benign breast disease 1,304 1.00 (reference) 570 1.00 (reference)

Ever biopsy or benign breast disease 344 1.59 (1.33 to 1.90) 177 1.74 (1.40 to 2.16)

Age $ 50 years

Never biopsy or benign breast disease 1,306 1.00 (reference) 732 1.00 (reference)

Ever biopsy or benign breast disease 514 1.25 (1.08 to 1.45) 288 1.16 (0.98 to 1.39)

Abbreviations: BMI, body mass index; dx, diagnosis; ER, estrogen receptor; OR, odds ratio.



TABLE 3. Calibration of Risk Prediction Model Aa in 15 Years of Follow-Up in the Black Women’s Health Study, Overall and by Age, Risk Factors, and Quintile
of Risk
Risk Strata E O E/O 95% CI

Overall 1,585 1,571 1.01 0.95 to 1.07

Age, years

30-39 106 111 0.95 0.78 to 1.15

40-49 523 451 1.16 1.04 to 1.29

50-59 587 617 0.95 0.88 to 1.03

60-70 370 391 0.95 0.85 to 1.05

Menopausal status

Premenopausal 828 787 1.05 0.97 to 1.15

Postmenopausal 757 784 0.97 0.90 to 1.04

Bilateral oophorectomy

No 1,397 1,362 1.03 0.96 to 1.09

Yes 188 209 0.90 0.78 to 1.04

First-degree family history of breast cancer

No 1,192 1,210 0.99 0.92 to 1.05

Yes, one relative age $ 50 years at dx 266 247 1.08 0.94 to 1.22

Yes, one relative age , 50 years at dx or $ two relatives 127 114 1.12 0.92 to 1.35

First-degree family history of prostate cancer

No 1,301 1,277 1.02 0.96 to 1.09

Yes 284 294 0.97 0.86 to 1.09

Age at menarche, years

, 14 1,309 1,300 1.01 0.95 to 1.07

$ 14 276 271 1.02 0.90 to 1.16

Age at first birth, among parous women, years

, 20 388 372 1.04 0.94 to 1.16

20-24 400 402 1.00 0.90 to 1.11

$ 25 418 468 0.89 0.80 to 0.99

Ever parous

No 379 329 1.15 1.03 to 1.29

Yes 1,206 1,242 0.97 0.91 to 1.04

No. of births, among parous women

1 396 412 0.96 0.86 to 1.07

$ 2 810 830 0.98 0.90 to 1.05

Breastfeeding, among parous women

Never 740 730 1.01 0.94 to 1.10

Ever 466 512 0.91 0.83 to 1.00

Oral contraceptive duration

Never or , 5 years 964 982 0.98 0.92 to 1.05

$ 5 years 621 589 1.05 0.96 to 1.15

BMI at 18 years, kg/m2

, 25 1,406 1,415 0.99 0.93 to 1.06

$ 25 179 156 1.15 0.98 to 1.35

BMI, kg/m2

, 30 886 878 1.01 0.94 to 1.09

$ 30 699 693 1.01 0.93 to 1.09

(continued on following page)



The overall C-statistic without age adjustment was 0.64
(95% CI, 0.62 to 0.65) in both models. Although this
measure can be misleading because the age distribution in
a specific study influences discriminatory accuracy, it is
reported here for comparison with previous studies.21,42

Table 5 shows estimated 5- and 10-year absolute risks for
women age 35, 45, 55, and 65 years with differing risk
profiles. Although family history of breast cancer is clearly
an important factor, predicted risk differed noticeably
across profiles even for women with the same family history
(eg, profiles 5 and 6).

Table 6 presents discriminatory accuracy for separate
ER1 and ER– absolute risk models; age-adjusted C-sta-
tistics were 0.59 for the ER1 prediction model and 0.57 for
the ER– model.

Finally, for the NCI BCRAT model, we obtained an E/O of
0.97 (95% CI, 0.92 to 1.03) and age-adjusted C-statistic of
0.56 (95% CI, 0.55 to 0.59; Data Supplement).

DISCUSSION

We developed and externally validated two absolute risk
prediction models for breast cancer in Black women, one
that considered all breast cancers together and another
that incorporated heterogeneity by ER status. The overall
model, derived from 3,468 cases and 3,578 controls in
three studies and validated with prospective follow-up data
from the BWHS, had excellent calibration overall, by age,
and in both low- and high-risk women. Similar to other
questionnaire-based breast cancer risk models,2,18,20,43-45

our model had only moderate predictive ability. Importantly,
however, discriminatory accuracy was the highest (C-sta-
tistic 0.63) among women younger than 40 years, arguably
those most in need of a tool to guide personalized pre-
vention and screening. Furthermore, we demonstrated that
a risk prediction model on the basis of separate relative
risks and attributable risks for ER1 and ER– breast cancers
does not improve performance relative to a single-disease
model.

TABLE 3. Calibration of Risk Prediction Model Aa in 15 Years of Follow-Up in the Black Women’s Health Study, Overall and by Age, Risk Factors, and Quintile
of Risk (continued)
Risk Strata E O E/O 95% CI

Breast biopsy

No 1,042 1,033 1.01 0.94 to 1.08

Yes 543 538 1.01 0.92 to 1.10

Quintile of risk

1 (low) 115 124 0.92 0.77 to 1.11

2 223 227 0.98 0.86 to 1.13

3 303 291 1.04 0.92 to 1.18

4 384 387 0.99 0.89 to 1.11

5 (high) 560 542 1.03 0.94 to 1.13

Abbreviations: BMI, body mass index; dx, diagnosis; E/O, expected/observed.
aModel A is based on relative and attributable risks for all breast cancer combined.

TABLE 4. Discriminatory Accuracy of Risk Prediction Models in 15 Years of Follow-Up Data From the Black Women’s Health Study

Age Group, Years

Invasive Breast Cancers

Model A (on the basis of relative
risks and attributable risks for all
invasive breast cancers combined)

Model B (on the basis of ER-specific
relative risks and attributable risks)

No. C-Statistic 95% CI C-Statistic 95% CI

30-39 107 0.63 0.58 to 0.68 0.62 0.57 to 0.67

40-44 197 0.59 0.55 to 0.63 0.59 0.55 to 0.63

45-49 228 0.57 0.54 to 0.61 0.58 0.55 to 0.62

50-54 318 0.58 0.55 to 0.62 0.58 0.55 to 0.62

55-59 284 0.56 0.53 to 0.60 0.56 0.53 to 0.60

60-64 227 0.55 0.51 to 0.59 0.56 0.52 to 0.60

65-70 154 0.58 0.53 to 0.63 0.58 0.53 to 0.63

Overall, weighted average 1,515 0.58 0.56 to 0.59 0.58 0.56 to 0.59

Abbreviation: ER, estrogen receptor.



Numerous risk prediction models for breast cancer have
been developed and validated, most often in data from
White women.2,18,20,21,43,44 The most widely used and val-
idated questionnaire-based models intended for use in the
general US population are the BCRAT2 and International
Breast Intervention Study (IBIS) (Tyrer-Cuzick)20 models. In
our BWHS data set, the BCRAT model yielded a C-statistic
of 0.56 and E/O of 0.97. In Nurses’ Health Study (NHS)
data, age-adjusted C-statistics were 0.57 for the BCRAT
model and 0.60 for the IBIS model.42 In a third model,
derived from data on White women in two prospective
cohorts, the corresponding C-statistic in NHS data was 0.58
(0.57 to 0.59).44 Similarly, for a breast cancer risk pre-
diction model derived from European Prospective Investi-
gation of Cancer study data and tested in Women’s Health

Initiative data, the age-adjusted C-statistic was 0.57 (0.56 to
59).46 These results based in White women are consistent
with the discriminatory performance of our model. C-sta-
tistics reported for the Rosner-Colditz model in the NHS have
been higher, as expected when the same study is used for
both development and calibration assessment.19,42,47 Models
that incorporatemammographic density are not considered
here because they are useful only for women who have
already had a first screening mammogram.

In a recent validation of the IBIS model version 7.0 (no
mammographic or genetic variables) in Women’s Health
Initiative data, discriminatory accuracy was lower for non-
Hispanic Black women than for any other group, albeit not
statistically significant (P-interaction of discrimination by

TABLE 5. Examples of 5-Year and 10-Year Predicted Absolute Risk Estimates for Invasive Breast Cancer in US Black Women

Profile
Age,
years

Menopausal
Status

Bilateral
Oophorectomy

Breast
Cancer
Family
History

Prostate
Cancer
Family
History

Age at
Menarche,

years
Ever

Parous Breastfeeding

Duration of Oral
Contraceptive
Use, years

BMI at
Age 18
years,
kg/m2

Current
BMI, kg/

m2

Breast
Biopsy

Absolute Risk
of Breast

Cancer Over
Next 5 or 10
Years, %

5
Years

10
Years

1 35 Pre No No No $ 14 Yes Yes Never or , 5 $ 25 $ 30 No 0.18 0.52

2 35 Pre No No No , 14 Yes No $ 5 , 25 $ 30 Yes 0.63 1.78

3 35 Post Yes No No , 14 No No $ 5 $ 25 $ 30 No 0.25 0.71

4 35 Pre No Yes, 1 Yes $ 14 Yes No $ 5 $ 25 $ 30 No 0.40 1.13

5 35 Post Yes Yes, 21 No , 14 Yes Yes Never or , 5 , 25 , 30 No 0.57 1.61

6 35 Pre No Yes, 21 Yes , 14 Yes No $ 5 , 25 , 30 Yes 1.95 5.41

35 Average absolute risk for US Black women age 35 years on the basis of SEER data 0.33 0.94

1 45 Pre No No No $ 14 Yes Yes Never or , 5 $ 25 $ 30 No 0.49 1.08

2 45 Pre No No No , 14 Yes No $ 5 , 25 $ 30 Yes 1.68 3.69

3 45 Post Yes No No , 14 No No $ 5 $ 25 $ 30 No 0.68 1.49

4 45 Pre No Yes, 1 Yes $ 14 Yes No $ 5 $ 25 $ 30 No 1.07 2.36

5 45 Post Yes Yes, 21 No , 14 Yes Yes Never or , 5 , 25 , 30 No 1.53 3.34

6 45 Pre No Yes, 21 Yes , 14 Yes No $ 5 , 25 , 30 Yes 5.13 10.99

45 Average absolute risk for US Black women age 45 years on the basis of SEER data 0.89 1.95

1 55 Pre No No No $ 14 Yes Yes Never or , 5 $ 25 $ 30 No 0.93 1.97

2 55 Pre No No No , 14 Yes No $ 5 , 25 $ 30 Yes 1.97 4.17

3 55 Post Yes No No , 14 No No $ 5 $ 25 $ 30 No 1.01 2.14

4 55 Pre No Yes, 1 Yes $ 14 Yes No $ 5 $ 25 $ 30 No 2.19 4.63

5 55 Post Yes Yes, 21 No , 14 Yes Yes Never or , 5 , 25 , 30 No 1.31 2.78

6 55 Post No Yes, 21 Yes , 14 Yes No $ 5 , 25 , 30 Yes 2.75 5.79

55 Average absolute risk for US Black women age 55 years on the basis of SEER data 1.32 2.81

1 65 Post No No No $ 14 Yes Yes Never or , 5 $ 25 $ 30 No 1.15 2.25

2 65 Post No No No , 14 Yes No $ 5 , 25 $ 30 Yes 2.45 4.74

3 65 Post Yes No No , 14 No No $ 5 $ 25 $ 30 No 1.35 2.62

4 65 Post No Yes, 1 Yes $ 14 Yes No $ 5 $ 25 $ 30 No 2.72 5.26

5 65 Post Yes Yes, 21 No , 14 Yes Yes Never or , 5 , 25 , 30 No 1.75 3.39

6 65 Post No Yes, 21 Yes , 14 Yes No $ 5 , 25 , 30 Yes 3.66 7.05

65 Average absolute risk for US Black women age 65 years on the basis of SEER data 1.77 3.43

Abbreviation: BMI, body mass index.



race .24).5 Because discriminatory accuracy was quanti-
fied using hazard ratios rather than C-statistics, we could
not compare performance with our model.

We had hypothesized that prediction of breast cancer risk
in Black women would be improved by a model that
considered specific ER subtypes. Most established risk
factors for breast cancer are more strongly associated with
ER1 cancer. Because recent research has demonstrated
differential associations by ER status for reproductive
factors,23-25 we evaluated separate relative risk models for
ER1 and ER– breast cancer. Glynn et al previously re-
ported no benefit to using ER-specific relative risks in the
NHS,47 but this might be expected given that 81% of the
breast cancers were ER1. However, even in BWHS data,
with a more balanced distribution of subtypes (66% ER1,
34% ER–), C-statistics were virtually identical for models
based on ER-specific relative risks and overall breast
cancer relative risks, suggesting that a model based on all
breast cancer is sufficient.

The performance of our new model for prediction of breast
cancer in Black women was best for women younger than
40 years, with an E/O of 0.99 and a C-statistic of 0.63. Given
their higher breast cancer mortality rates, Black women
younger than 40 years are most in need of a personalized
tool to guide decision making about risk-reduction strate-
gies, including when to pursue genetic testing for a high-
risk gene mutation and when to initiate mammographic
screening. As shown in Table 5, women with two or more
first-degree relatives generally had a high 5-year predicted
breast cancer risk and may meet guidelines for genetic
testing. The prevalence of breast cancer genetic testing
is lower among Black than White women48 despite
similar prevalence of mutations and magnitudes of
associations.49,50 As the key predictors of our new model
include the same risk factors for carrying high-penetrance
gene mutations such as BRCA1, BRCA2, and PALB2,
quantifying risk from this new model may improve referral
of Black women for genetic testing, which would have

important implications for risk reduction of both breast and
ovarian cancer.

Current guidelines variably recommend starting mammo-
graphic screening at age 40, 45, and 50 years, with an
emphasis on shared decision making (SDM) between
patients and clinicians. Uncertainty about personal risk is a
well-documented barrier to SDM.51-54 With this new tool,
young Black women, along with their primary health care
providers, can estimate their risk of developing breast
cancer over the next 5 years. National Comprehensive
Cancer Network guidelines also include specific screening
recommendations for women younger than 40 years, in-
cluding women age$ 35 years with a 5-year risk of invasive
breast cancer $ 1.7% and women age $ 30 years with a
lifetime risk of breast cancer. 20% on the basis of the age
of their affected first-degree relative.55 In either case, the
new tool will support SDM between young Black women
and their primary care clinicians.

Our ER1 risk prediction model could be useful for
identifying Black women eligible for trials of chemo-
preventive agents for ER1 breast cancer; Black women
have been underrepresented in such trials, in part be-
cause of their lower predicted absolute risk based on
the most widely used models.56,57 In accord with models
from other populations, our models did not perform
well for ER– breast cancer.46 Further improvements
may require identification of additional risk factors for
ER– cancer.

Addition of a polygenic risk score (PRS) to breast
cancer risk prediction models typically improves dis-
criminatory accuracy.58,59 However, existing PRSs have
been shown to stratify risk poorly in Black women,
probably because of greater genetic variation and different
patterns of linkage disequilibrium in women of African
ancestry.60,61 In the future, addition of a race-specific PRS
developed from a large ongoing consortial genome-wide
association study of breast cancer in Black women could
be a useful extension of our model.

TABLE 6. Discriminatory Accuracy of ER1 Risk Prediction Model and ER– Risk Prediction Model in Black Women’s Health Study Validation Data

Age Group, Years

ER-Positive Model ER-Negative Model

Cases C-Statistic 95% CI Cases C-Statistic 95% CI

30-39 56 0.66 0.58 to 0.73 51 0.60 0.52 to 0.68

40-44 126 0.62 0.57 to 0.67 71 0.53 0.47 to 0.60

45-49 139 0.60 0.55 to 0.64 89 0.57 0.51 to 0.62

50-54 204 0.57 0.53 to 0.62 114 0.60 0.54 to 0.65

55-59 191 0.57 0.53 to 0.62 93 0.57 0.51 to 0.63

60-64 169 0.57 0.53 to 0.62 58 0.55 0.47 to 0.62

65-70 110 0.60 0.54 to 0.65 44 0.51 0.41 to 0.61

Overall, weighted average 996 0.59 0.57 to 0.61 520 0.57 0.54 to 0.59

Abbreviation: ER, estrogen receptor.



Similarly, adding mammographic density to the model
would likely improve discriminatory accuracy. We could not
evaluate this factor because data on mammographic
density were not available. As one goal of the new tool is
identification of women who should begin screening earlier
than usual recommendations, this is only a partial
limitation.

The present study has notable strengths. Sample sizes for
model development and validation were the largest to date
for breast cancer prediction in Black women, and a sub-
stantial number of cases were diagnosed at young ages.
The large number of ER– cases provided an opportunity to
compare the performance of an ER-specific model with an
overall breast cancer risk model. Repeated measures on
time-varying potential predictors such as BMI, parity, and
breastfeeding were available, permitting updating of pre-
dictors at the start of each 5-year period of risk.

In conclusion, this work has produced a breast cancer risk
prediction tool that can be used by US Black women age 30

to 70 years and their primary care providers. The new
model was well-calibrated in prospective cohort data and
the discriminatory accuracy was on par with the models
most widely used in US White women. It is based on
variables that can be easily obtained from women them-
selves and entered into an online risk calculator, available
at BWHS Breast Cancer Risk Calculator.62 Validation data
indicated better performance among women younger than
40 years, for whom personalized referral for breast cancer
screening may be most important. The ER1model has the
potential to increase representation of Black women in
breast cancer chemoprevention trials. Both risk-based
screening recommendations and increased representa-
tion in chemoprevention trials may help to reduce racial
disparities in breast cancer mortality.
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