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Abstract
Breast cancer is a leading cause of cancer and, therefore, a major health threat for women in the United States
and worldwide. We have seen over the years major advances in breast cancer prevention and care. Breast cancer
screening with mammography leads to reduction in breast cancer mortality, and breast cancer prevention treat-
ment with antiestrogens results in reduction in breast cancer incidence. More progress, however, is urgently
needed for this common cancer that affects 1 in 11 American women in their lifetime. Not all women have
the same breast cancer risk. A personalized approach is highly desirable as women with higher breast cancer
risk may benefit from more intense breast cancer screening and/or prevention intervention while lower risk
women may be spared with the cost, inconvenience, and emotional burden of these procedures. In addition
to age, demographics, family history, lifestyle, and personal health, genetics is an important determinant of
an individual’s risk for breast cancer. Over the past 10 years, advances in cancer genomics identified multiple
common genetic variants from population studies that collectively can contribute significantly to an individual’s
breast cancer risk. The effects of these genetic variants can be summarized as a ‘‘polygenic risk score’’ (PRS). We
are among the first groups to prospectively evaluate the performance of these risk prediction instruments
among women veterans of the Million Veteran Program (MVP). A 313-variant PRS (PRS313) predicted incident
breast cancer for a prospective cohort of European (EUR) ancestry women veterans with an area under the re-
ceiver operating characteristic curve (AUC) of 0.622. The PRS313 performed less well for AFR ancestry however,
with an AUC of 0.579. This is not surprising as most genome-wide association studies were conducted in people
of European ancestry. This is an important area of health disparity and unmet need. The large population size and
diversity of the MVP provide a unique and important opportunity to explore novel approaches to produce ac-
curate and clinically useful genetic risk prediction instruments for minority populations.
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Introduction
Breast cancer is a leading cause of cancer death for Amer-
ican women. It is also a serious issue for women veterans.
Our most recent Million Veteran Program (MVP) anal-
ysis found that out of 53.5K women veterans from the
MVP without prior breast cancer diagnosis (mean age
at entry 48.8 and 30.0% of African [AFR] ancestry),
there were 818 new breast cancer diagnoses over a me-
dian follow-up of 5.7 years, translating into a breast can-
cer incidence of 2.70 per 1000 per year (unpublished).

Breast cancer screening with mammography leads to
reduction in mortality from breast cancer.1 However,
the current breast cancer screening strategy is largely
‘‘one size fits all,’’ except for very high-risk women,
such as those with BRCA mutations or prior chest
wall irradiation. Appropriate risk assessment is highly
desirable as higher risk women may benefit from
more intense screening approaches, whereas lower
risk women may do equally well with less intensity,
therefore, avoiding the cost and inconvenience of
screening.

In addition, tamoxifen has been approved for
women above the age of 35 years for breast cancer pre-
vention if they have an elevated risk, as seen with an av-
erage 65-year-old Caucasian woman.2,3 There are a
growing number of characteristics that have been vali-
dated to predict a woman’s risk of developing breast
cancer. This includes age; mutation status for breast
cancer genes, such as BRCA1 and BRCA2; family his-
tory of cancer; personal history of benign breast biopsy;
history of benign breast disease, such as atypia; expo-
sure to hormones; breast density as seen on mammog-
raphy; and more recently, background parenchymal
enhancement on MRI.4

Harnessing these features may enable us to more
precisely assess the risk of breast cancer development.
Understanding individuals’ risks for developing breast
cancer may allow us to adopt a more appropriate breast
cancer screening and/or prevention strategy. Recent
successes from genome-wide association studies
(GWAS) of breast cancer (e.g., A study with more
than 150,000 breast cancer cases and more than
110,000 controls5) have led to a growing literature on
the development and evaluation of breast cancer risk
prediction models, for example Refs.6–8

Results
In a prospective cohort of 35,130 women veterans
without history of breast cancer (median age 49 years
and median follow-up 3.9 years) in the MVP,9 we eval-

uated the performance of clinical breast cancer risk
prediction models that comprised demographics, life-
style, personal health, environmental exposure, and a
genetic risk model, 313-variant polygenic risk score
(PRS313).10 The performance of PRS313 alone was
assessed. Clinical risk models tested included a litera-
ture review and a Breast Cancer Risk Assessment
Tool,11,12 implemented with or without PRS313. Thirty
one percent of this cohort were of non-Hispanic AFR
ancestry.

Individualized Coherent Absolute Risk Estimator11

literature review12,13 in combination with PRS313 had
an area under the receiver operating characteristic
curve (AUC) of 0.708 (95% confidence interval,
0.659–0.758) in women with European or non-AFR
ancestries and 0.625 (0.539–0.711) in AFR women.9

Breast Cancer Risk Assessment Tool with PRS313
had an AUC of 0.695 (0.662–0.729) in European or
non-AFR women and 0.675 (0.626–0.723) in AFR
women.9

PRS313 alone without clinical or demographic pre-
dictors yielded an AUC of 0.622 (0.580–0.664) in
women of European descent and a lower AUC of
0.579 (0.522–0.636) in AFR women. Incorporation
of PRS313 with clinical models improved prediction
in European, but not in AFR women.9 Models esti-
mated up to 9% of European and 18% of AFR
women with absolute lifetime risk > 20%. Women
with a lifetime breast cancer risk of > 20% are gener-
ally considered to be high risk and may be appropriate
for clinical studies that would examine whether these
women would benefit from more intense breast cancer
screening.

Discussion
We found that PRS313 underperformed in a prospec-
tive cohort of women veterans of AFR ancestry in the
MVP. This is consistent with prior cross section or
case–control studies.9,14–16 This is a significant area of
unmet need as African Americans have higher risk of
developing early-onset breast cancer and about 40%
higher breast cancer mortality than other ancestral
groups in the United States.17

PRS has shown great promise in improving biomed-
ical outcomes through precision medicine. However,
currently available PRS tools are much more accurate
in individuals of European descent, as other ancestral
groups were under-represented and understudied. In
a transethnic breast cancer study,18 the authors per-
formed AFR ancestry GWAS meta-analysis (9241
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cases and 10,193 controls), and then meta-analyzed
with European ancestry GWAS data (122,977 cases
and 105,974 controls) from the Breast Cancer Associa-
tion Consortium. There was a 13-fold difference be-
tween the number of breast cancer subjects between
European and AFR ancestries.

As a result of sample size and possibly different
genetic architecture between the two populations,
only six loci were identified from individuals of
African ancestry, even after trans-ethnic analysis, in
comparison with more than 200 loci reported from
individuals of European ancestry. The differential per-
formance of PRS across ancestral groups raises a sig-
nificant concern about potentials to exacerbate health
disparities and evokes ethical controversy surround-
ing the clinical implementation of PRS in general. It
is, therefore, essential to include participants repre-
senting diverse populations in genomic medicine
studies to ensure equitable benefit from scientific
discoveries and to prevent further increase in health
disparities.

To circumvent this, we perform combined analysis
with additional cases and controls from the MVP to
increase the gain in statistical power for novel locus
discoveries in different ancestral groups. Although
the most straightforward solution to increase PRS per-
formance across ancestral groups is to build well-
powered GWAS resources for diverse populations,
we will entertain an alternative approach by taking ad-
vantage of the observation that genetic data from dif-
ferent ancestral groups still share substantial
information, although with differences in allele fre-
quency, linkage disequilibrium structure, and genetic
architecture.

Recently, models have been developed to borrow in-
formation from European ancestral groups to help
boost the power of predictions in non-European ances-
tral groups. We plan to conduct a comprehensive sim-
ulation and real data analyses in the MVP to evaluate
these newly developed cross-population prediction
models, including XPASS19 and PRScsx20 (that have
been published), MePred and SDPRX (that are being
developed by MVP researchers),21 and other methods.
We believe this innovative comprehensive evaluation
will offer both insights and guidance to improve risk
stratifications for both European and non-European
populations, expand our knowledge of disease mecha-
nisms, and benefit disease screening and early preven-
tion strategies.
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