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Abstract

Background: Unbiased estimates of penetrance are challenging but critically important to make informed choices about
strategies for risk management through increased surveillance and risk-reducing interventions. Methods: We studied the
penetrance and clinical outcomes of 7 breast cancer susceptibility genes (BRCA1, BRCA2, TP53, CHEK2, ATM, PALB2, and PTEN)
in almost 13 458 participants unselected for personal or family history of breast cancer. We identified 242 female participants
with pathogenic or likely pathogenic variants in 1 of the 7 genes for penetrance analyses, and 147 women did not previously
know their genetic results. Results: Out of the 147 women, 32 women were diagnosed with breast cancer at an average age of
52.8 years. Estimated penetrance by age 60 years ranged from 17.8% to 43.8%, depending on the gene. In clinical-impact analy-
sis, 42.3% (95% confidence interval ¼ 31.3% to 53.3%) of women had taken actions related to their genetic results, and 2 new
breast cancer cases were identified within the first 12 months after genetic results disclosure. Conclusions: Our study
provides population-based penetrance estimates for the understudied genes CHEK2, ATM, and PALB2 and highlights the im-
portance of using unselected populations for penetrance studies. It also demonstrates the potential clinical impact of genetic
testing to improve health care through early diagnosis and preventative screening.

Multiple studies of cancer penetrance for breast cancer suscep-
tibility genes have been conducted since the identification of
BRCA1 and BRCA2 (BRCA1/2) in 1994 and 1995, respectively (1,2).
Early penetrance studies were often enriched for participants
with strong family histories of breast cancer (3,4). Some studies

have highlighted that penetrance estimates are dependent on
the method of ascertainment, and disease risks of familial cases
are higher than risk estimates derived from the general popula-
tion (5-10). Using breast cancer patients and their families, pen-
etrance of BRCA1/2 by age 70 years was estimated as high as
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65%-85% and 70%-84%, respectively (3,11–13). In contrast, a
population-based study estimated penetrance of 52% (16%) for
BRCA1 and 32% (SD¼ 17%) for BRCA2 by age 70 years (14). The
difference highlights the importance of unbiased penetrance es-
timate, although the latter is more challenging to recruit a suffi-
ciently large number of individuals with pathogenic variants in
the breast cancer susceptibility genes. Unbiased estimates of
penetrance are critically important to accurately estimate risk
over the life course and make informed choices about strategies
for risk management through increased surveillance and risk-
reducing interventions including prophylactic surgery. This can
only be done if population-based genetic testing is deployed.

A few studies have estimated the penetrance of BRCA1/2
pathogenic variants in the general population (14–16).
Population-based penetrance estimates are not available for the
other breast cancer susceptibility genes with lower frequency of
pathogenic variants (eg, TP53 and PTEN), more recently identi-
fied genes (eg, PALB2), and those that likely have more moderate
penetrance (eg, ATM and CHEK2). Increasingly, there is consider-
ation of population-based genomic health screening for adults
for conditions for which surveillance is effective, including
breast cancer (17). Our study objective is to provide less biased
estimates of breast cancer penetrance in women for the com-
monly assessed breast cancer susceptibility genes (18) in clinical
genetic testing.

Methods

Study Cohort and Sequencing Panel

In phase III of the Electronic Medical Records and Genomics
(eMERGE) network, 13 458 female participants were enrolled at
10 clinical sites and had sequencing for a panel of 109 genes
(19). The focus of this analysis is 7 breast cancer susceptibility
genes included on the eMERGE III panel (BRCA1, BRCA2, PALB2,
PTEN, TP53, ATM, and CHEK2). All 7 genes have shown strong or
moderate association with breast cancer in previous studies
(9,10). Variants identified through sequencing were classified
according to the American College of Medical Genetics and
Genomics and Association for Molecular Pathology guidelines
(20,21) with ClinGen sequence variant interpretation working
group modifications for codes PM2, PM3, BA1, PP5/BP6, PS2/PM6,
and PVS1, which can be found on ClinGen’s website (https://
clinicalgenome.org/working-groups/sequence-variant-interpre-
tation/). Variant classification and genetic reports were pro-
vided by Clinical Laboratory Improvement Amendments (CLIA)-
certified laboratories (19). Pathogenic or likely pathogenic (P/LP)
variants were confirmed by Sanger sequencing (19). We focused
on female participants in this study as the risk for breast cancer
in men with P/LP variants is statistically significantly lower
than that for women. Putative somatic variants (variant allele
fraction in blood samples <0.3) were excluded from down-
stream analysis. Participants who previously knew their genetic
results may be more likely to seek genetic answers after a diag-
nosis of cancer, so they may be more likely to have a higher risk
for breast cancer or have undergone risk reduction or enhanced
surveillance actions after they received their genetic results.
Therefore, only women with P/LP variants who were unaware
of the genetic risk were included in the penetrance and clinical
impact analysis. For clinical impact analysis, the sample was
further restricted to those participants who consented to return
of results (RoR) (22) and did not have breast cancer before RoR.
We assessed clinical impact at 12 months post-RoR. All 10

clinical sites obtained consent from participants under institu-
tional review board–approved protocols (23).

Identification of Breast Cancer Diagnosis and Post-RoR
Risk Management

The electronic health records (EHR) of participants with breast
cancer susceptibility P/LP variants were manually queried at
12 months post-RoR for any history of incident breast cancer
and the date recorded in the EHR to ascertain if the event oc-
curred prior to or after RoR. We measured the post-RoR perfor-
mance of the National Comprehensive Cancer Network (24,25)
guideline-recommended risk management including breast
cancer surveillance and prevention procedures such as breast
magnetic resonance imaging (MRI), breast ultrasound, mammo-
grams, breast cancer risk-reducing medication, and prophylac-
tic mastectomy and oophorectomy. We also recorded breast
biopsies as a diagnostic test. Records were queried for prior pa-
tient knowledge of the identified breast cancer susceptibility P/
LP variants. EHR extraction was completed at each clinical site
and entered into a central REDCap database (26,27).

Statistical Analysis

We used Kaplan-Meier method (28) to estimate the age-specific
penetrance of breast cancer in the women with P/LP variants in
each breast cancer susceptibility gene. The participants were
censored at their current age or age of prophylactic mastec-
tomy. We reestimated penetrance whenever an event (breast
cancer diagnosis or censor) occurred in the curve of penetrance
of breast cancer. We also estimated breast cancer penetrance by
decade from 30 to 70 years. Confidence intervals (CI) were calcu-
lated using Greenwood formula (29). We used 2-sided binomial
test to estimate P value and set significance level as .05. The
analysis was done in R version 3.6.3.

Results

Clinical Characteristics

Of the 13 458 eMERGE III female individuals who were se-
quenced (Supplementary Table 1, available online), we identi-
fied 242 women with at least 1 P/LP variant in 1 of the 7 breast
cancer susceptibility genes. A flowchart of inclusion criteria for
participants is shown in Figure 1. We retained 147 women who
had germline P/LP variants and did not know their genetic
results for the penetrance analysis. The clinical characteristics
of this female cohort are shown in Table 1 and Supplementary
Figure 1 (available online). The majority (73.5%) were of
European and non-Latina ancestry, followed by 15.6% African
American, 8.8% Latina, and 2.7% East Asian by self-reported an-
cestry. The average age was 55.1 (SD ¼ 18) years. One woman
had 2 P/LP variants including 1 frameshift variant in BRCA2 and
1 missense variant in CHEK2. By the date of last chart review, 32
(21.8%, 95% CI ¼ 15.1% to 28.5%) women had developed breast
cancer, and 2 of them were diagnosed post-RoR. The average
age of breast cancer diagnosis was 52.8 years (95% CI ¼ 30.8 to
74.8), and 4 (2.7%, 95% CI ¼ 0.8% to 5.4%) women had a prophy-
lactic mastectomy or oophorectomy after eMERGE RoR.
Although not statistically significant (P ¼ .11), by age 50 years, a
higher proportion of African American (7 out of 13, 53.8%) and
Latina (5 out of 11, 45.5%) individuals developed breast cancer
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compared with European-ancestry individuals (20 out of 72,
27.8%), using the binomial test.

Variant Characteristics

The 147 women had 100 unique P/LP variants in the 7 breast
cancer susceptibility genes. Fourteen variants were recurrent in
this cohort (Supplementary Table 2, available online), the most
frequent of which were CHEK2: c.470T>C (n¼ 26) and CHEK2:

c.1100delC (n¼ 7)—2 European founder variants. The most com-
monly reported variant type in this cohort was putative loss-of-
function (LoF) including frameshift, stop-gain, or splice for
BRCA2, BRCA1, ATM, and PALB2. CHEK2 had both missense and
putative LoF variants beside 2 deletions. Compared with 90% of
85 putative LoF variants that were annotated in ClinVar with at

least 2 stars in review status (assertion criteria provided, multi-
ple submitters, and no conflicts), fewer (62% of 13) missense
variants were well documented in ClinVar. The numbers of
women with P/LP variants and the numbers of unique P/LP var-
iants for each gene are shown in the Supplementary Table 3
(available online). For ATM, BRCA1, BRCA2, and PALB2, more
than 80% of their P/LP variants were annotated in ClinVar with 2
or 3 stars in review status. However, out of 13 P/LP CHEK2 var-
iants in 48 women, only 7 (54%) of the variants in 7 (15%) women
have been well annotated in ClinVar.

Prevalence and Penetrance

Among 147 women with at least 1 P/LP variant in the 7 breast
cancer susceptibility genes, 56 (0.38%, 95% CI ¼ 0.30% to 0.46%)
unselected individuals had BRCA1/2 P/LP variants. This preva-
lence of 0.38% is consistent with the 0.2%-0.7% prevalence of
BRCA1/2 P/LP variants reported in previous studies (9,15,30,31).
The frequency of BRCA1/2 P/LP variants differs across race and
ethnicity: 41.7% in the 108 European-ancestry individuals, 30.4%
in the 23 African Americans, 15.4% in the 13 Latina, and 50.0%
in the 4 Asians. CHEK2 P/LP variants are also common and were
present in 48 (0.33%, 95% CI ¼ 0.25% to 0.40%) female individuals
without previous genetic results. Most (68.8%) of the 48 individ-
uals had 1 of 2 common CHEK2 variants c.470T>C (n¼ 26) or
c.1100delC (n¼ 7). The prevalence of individuals with the 2
CHEK2 variants ranges from 0.0% to 4.9% in European popula-
tions (Supplementary Table 4, available online). This implies
CHEK2 P/LP variants might be more common than BRCA1/2 P/LP
variants in certain European populations. ATM and PALB2 P/LP
variants accounted for 14.3% and 10.2%, respectively, of those
147 women.

Shown in Table 2, BRCA1 and TP53 had high breast cancer
penetrance and included early-onset breast cancer diagnosed
before age 50 years. BRCA2, ATM, PALB2, and CHEK2 were more
commonly associated with later-onset breast cancer, for which
the penetrance estimates ranged from 19% to 31% by age
60 years. Even the moderate-penetrance genes conferred a mea-
surably higher risk of breast cancer than average-risk women

Figure 1. Study cohorts for penetrance analysis and clinical impact analysis.

Participants in the dashed box were excluded. EHR ¼ electronic health record; P/

LP ¼ pathogenic or likely pathogenic; RoR ¼ return of results.

Table 1. Clinical characteristics of 147 women with germline pathogenic or likely pathogenic variants in the 7 breast cancer (BC) susceptibility
genesa

Characteristic All 7 BC susceptibility genes ATM BRCA1 BRCA2 CHEK2 PALB2 PTEN TP53

No. of women 147 21 17 39 48 15 3 5
Mean age (SD), y 55 (18) 63 (13) 43 (19) 50 (17) 59 (16) 61 (19) 32 (22) 51 (25)
Race/ethnicity, No. (%)

Europe 108 (73.5) 10 (47.6) 15 (88.2) 30 (76.9) 40 (83.3) 9 (60.0) 2 (66.7) 2 (40.0)
African American 23 (15.6) 6 (28.6) 2 (11.8) 5 (12.8) 2 (4.2) 5 (33.3) 1 (33.3) 2 (40.0)
Latina 13 (8.8) 4 (19.0) 0 (0.0) 2 (5.1) 5 (10.4) 1 (6.7) 0 (0.0) 1 (20.0)
East Asian 4 (2.7) 1 (4.8) 0 (0.0) 2 (5.1) 1 (2.1) 0 (0.0) 0 (0.0) 0 (0.0)

Mean age of diagnosis
(SD), y

53 (11) 54 (8) 45 (4) 52 (16) 56 (12) 55 (6) NA 41 (5)

BC, No. (%) 32 (21.8) 6 (28.6) 3 (17.6) 6 (15.4) 11 (22.9) 4 (26.7) 0 (0.0) 2 (40.0)
BC after testing, No. (%) 2 (1.4) 1 (4.8) 0 (0.0) 0 (0.0) 1 (2.1) 0 (0.0) 0 (0.0) 0 (0.0)
Prophylactic mastec-

tomy, No. (%)
3 (2.0) 0 (0.0) 1 (5.9) 1 (2.6) 1 (2.1) 0 (0.0) 0 (0.0) 0 (0.0)

RoR, No. (%)b 78 (53.1) 14 (66.7) 8 (47.1) 21 (53.8) 31 (64.6) 4 (26.7) 1 (33.3) 0 (0.0)

aBreast cancer status was ascertained by the last chart review. Genes were sorted alphabetically. One woman with 2 P/LP variants in BRCA2 and CHEK2 was included in

both penetrance and clinical-impact analysis. Percentage was calculated for each gene.
bReturn of results (RoR) row shows the number of women who received their genetic results and did not have breast cancer before the RoR.
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(32). We compared the penetrance estimated using the 147
women and penetrance reported from previous studies in
Figure 1. Supplementary Table 5 (available online) summarizes
published penetrance studies for the 7 breast cancer suscepti-
bility genes (14,33–37). We also calculated the penetrance esti-
mates using all 242 women including those who previously
knew their genetic results, shown in Supplementary Figure 2
(available online). As expected, the penetrance estimated, in-
cluding women with prior knowledge of a breast cancer suscep-
tibility, is higher than the penetrance estimated using
unselected women.

Twenty-one women had ATM P/LP variants, and 18 of them
carried putative LoF variants (Supplementary Table 3, available
online). Six women developed breast cancer at an average age
of 54.2 years (Table 1). Three ATM variants were recurrent. Two
women with the same missense variant ATM: c.7271T>G, and 1
woman with a different missense variant ATM: c.6095G>A de-
veloped breast cancer at a young average age of 48.7 years (data
not shown). Our estimated penetrance increased from 10.3%
(95% CI ¼ 8.7% to 11.8%) by age 50 years to 25.5% (95% CI ¼ 18.9%
to 32.1%) by age 60 years (Table 2).

We identified 17 women with BRCA1 P/LP variants, and 3 of
them had developed breast cancer at an average age of
45.0 years (Table 1). The penetrance was 33.3% (95% CI ¼ 17.9%
to 48.7%) by age 50 years (Table 2).

There were 39 women with BRCA2 P/LP variants. The num-
ber is twice that for BRCA1, a ratio consistent with previous find-
ings (30,38). All reported P/LP BRCA2 variants in the eMERGE
cohort were putative LoF. Of the 39 women, 6 had a history of
breast cancer at an average age of 51.7 years (Table 1). The pene-
trance increased steadily from age 40 to 60 years with a cumula-
tive risk of 19.8% (95% CI ¼ 15.9% to 23.6%) by 60 years (Table 2).

CHEK2 P/LP variants were identified in 48 women in the
eMERGE cohort. Twenty-six and 7 women carried the missense
variant c.470T>C or frameshift variant c.1100delC, respectively
(data not shown). The missense variant is a moderate-risk vari-
ant associated with a 1.5-fold increase in breast cancer risk (39–
41). The variant c.1100delC was previously reported to be associ-
ated with breast cancer with an odds ratio above 2 (4,10,42,43).
Although CHEK2 has a relatively low penetrance before age 50
years, the cumulative risk was 23.6% (95% CI ¼ 19.4% to 27.8%)
by age 70 years (Table 2).

Out of 15 women with PALB2 P/LP variants, 4 had breast can-
cer at an average age of 50.6 years (Table 1). All P/LP PALB2 var-
iants were putative LoF. The penetrance increased the most
between age 50 and 60 years from 8.3% (95% CI ¼ 6.9% to 9.8%)
to 23.0% (95% CI ¼ 16.2% to 29.8%) (Table 2).

We identified 3 women with P/LP variants in PTEN. None of
the women had breast cancer with the current ages of 15, 24,
and 57 years. The penetrance of PTEN was not further analyzed
because of the limited sample size.

Of the 5 women with TP53 P/LP variants, 3 of them had mis-
sense variants. Two women with missense variants developed
breast cancer at the ages of 37.1 and 44.4 years. Although the
sample size is small, breast cancer penetrance for TP53 was esti-
mated at 43.8% (95% CI ¼ 8.7% to 78.8%) by age 50 years
(Table 2).

Clinical Impact

We limited the analysis of clinical impact after RoR to the 78
women not previously aware of the genetic results and without
a breast cancer diagnosis before RoR (data not shown). Based on
the chart review at 12 months post-RoR, 26 women had mam-
mograms, 11 had breast MRI, and 5 had breast ultrasound.
Three women had breast biopsies that led to the diagnosis of a
new breast cancer in 2 women. From the perspective of risk re-
duction, 3 women had prophylactic bilateral mastectomies and
1 also had a prophylactic oophorectomy, and another woman
had only a prophylactic oophorectomy. One woman started ta-
moxifen to reduce breast cancer risk. Overall, 33 (42.3%, 95% CI
¼ 31.3% to 53.3%) women took 1 or more clinical actions, not in-
cluding the breast biopsies, and 9 (11.5%, 95% CI ¼ 4.4% to
18.7%) had at least 2 breast cancer surveillance procedures after
RoR.

Discussion

Our study enrollment criteria were broad, and the 147 women
used in the penetrance analysis were among approximately 13
000 adult female participants unselected for personal or family
history of breast cancer. Therefore, our penetrance estimates
apply to a general adult female population.

Across the 7 studied genes, BRCA1 and TP53 variants were
associated with high penetrance, and variants in BRCA2, ATM,
PALB2, and CHEK2 had more moderate penetrance. Our findings
suggest that CHEK2 P/LP variants could be as prevalent as
BRCA1/2 in certain populations such as the Finnish and Polish
with CHEK2 founder variants.

Comparing penetrance estimates from the eMERGE cohort
with the previous studies (Figure 2), the penetrance by age is
comparable for all genes, although there are some statistically
significant differences at certain ages. For example, our esti-
mated penetrance for ATM by age 50 years was 10.3% (95% CI ¼

Table 2. Penetrance (95% confidence interval) by decades of 6 breast cancer susceptibility genes

Gene <30 y <40 y <50 y <60 y <70 y

ATM 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.0) 10.3 (8.7 to 11.8) 25.5 (18.9 to 32.1) 31.2 (21.8 to 40.7)
BRCA1 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.0) 33.3 (17.9 to 48.7) 33.3 (17.9 to 48.7)a 33.3 (17.9 to 48.7)a

BRCA2 0.0 (0.0 to 0.0) 3.3 (3.1 to 3.6) 11.1 (9.6 to 12.5) 19.8 (15.9 to 23.6) 19.8 (15.9 to 23.6)
CHEK2 0.0 (0.0 to 0.0) 2.4 (2.3 to 2.5) 7.2 (6.6 to 7.8) 17.8 (15.2 to 20.4) 23.6 (19.4 to 27.8)
PALB2 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.0) 8.3 (6.9 to 9.8) 23.0 (16.2 to 29.8) 29.4 (19.4 to 39.4)
TP53 0.0 (0.0 to 0.0)a 25.0 (10.9 to 39.1)a 43.8 (8.7 to 78.8)a 43.8 (8.7 to 78.8)a 43.8 (8.7 to 78.8)a

General populationb — 0.6 2.1 4.5 7.8

aWhen the number of uncensored women who had P/LP variants is below 5 (sample size is too small), the penetrance estimate is not accurate.
bCumulative risk of breast cancer in populations was derived from incidence rate of breast cancer in 10 years from the current age. The incidence rate was obtained

from cancer statistics review 1975-2017 sponsored by the National Cancer Institute Surveillance, Epidemiology, and End Results program (32).
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8.7% to 11.8%), which is statistically significantly higher than
6.0% (95% CI ¼ 4.6% to 7.4%) reported by Marabelli et al. (33),
however, the absolute difference is small. The penetrance for
CHEK2 in our study is higher than that reported by Gronwald
et al. (34), but their study did not provide confidence intervals.
Our CHEK2 estimates are similar to those estimated in a large
recent study (9). These results, based on small sample sizes,
should be validated when larger numbers of participants are
available.

We highlight the importance of estimating penetrance by
comparing penetrance estimates before and after removing
women who knew their genetic results prior to enrollment in
eMERGE. Penetrance of BRCA1/2 increased dramatically when
women who knew their genetic result were included
(Supplementary Figure 2, available online), suggesting use of se-
lected populations inflates penetrance estimates. Our strategy
of excluding women with previous genetic test results is less bi-
ased than previous methods using women selected for family
history. However, women who were previously tested are more
likely to have a family history of cancer, so our penetrance esti-
mates may be potentially deflated by removing more women
with family history of cancer compared with a general
population.

Routine genetic screening could lead to improvement in
long-term clinical outcomes with tailored health surveillance.
Among 242 women with P/LP variants in the 7 genes, 147 (61%)
of them were not previously aware of their genetic results. This
research supports the feasibility of identification of women at
increased risk of breast cancer on a population level.

The 7 genes we studied are included in the National
Comprehensive Cancer Network–suggested breast cancer gene
panel for cancer risk management. Among 74 women who first

learned their genetic results through eMERGE, 42.3% (95% CI ¼
31.3% to 53.3%) had taken actions related to their genetic results
within 12 months, although the uptake of mammograms
(33.3%), breast MRI (14.1%), and mastectomy (3.8%) was lower
than that found in a study of women with BRCA1/2 P/LP variants
in which uptake of the same actions was 45.8%, 32.2%, and 3.5%,
respectively, within the first year post-RoR (30). With this small
sample size of 74 women, 2 new breast cancer cases were diag-
nosed within 12 months after RoR, demonstrating the potential
impact of returning this information.

Although eMERGE III had more than 13 000 female partici-
pants sequenced, the number of women with P/LP variants in
breast cancer susceptibility genes is small compared with stud-
ies selected for family history. Unbiased penetrance estimates
using larger sample sizes are still needed and could impact
breast cancer surveillance for women with P/LP variants in
understudied genes such as PALB2 and ATM. This study only
recruited living participants, so those deceased individuals with
P/LP variants are not represented in our penetrance estimates.

The genes we studied are commonly tested clinically when
assessing breast cancer risk (18). Other genes that are less com-
monly associated with breast cancer but are included with com-
prehensive clinical breast cancer genetic assessments including
CDH1, STK11, NBN, and NF1 are not included in the eMERGE III
gene panel because of the low prevalence and unclear pene-
trance. Future studies with much larger sample sizes are
needed to estimate penetrance for genes with low population
prevalence.

A large portion of women did not consent to receive their ge-
netic results, were already aware of their results prior to partici-
pation in eMERGE III, or had developed breast cancer before
RoR, limiting the sample size for the clinical outcome analysis.

Figure 2. Breast cancer penetrance (orange) of 6 breast cancer susceptibility genes compared with penetrance (blue) in the literature. See Supplementary Table 5 (avail-

able online) for a summary of the recent penetrance studies that were used to compare with these population-based penetrance estimates for the 6 breast cancer

genes. The sample size of the Electronic Medical Records and Genomics phase III penetrance cohort is annotated in parentheses after the gene. Error bars indicate 95%

confidence intervals. The 95% confidence interval of penetrance for CHEK2 and TP53 are not available from the literature. The genes were sorted alphabetically.
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We only have access to data from the EHR at the eMERGE sites,
therefore, clinical actions performed outside of the eMERGE
sites were not assessed. One-year of follow-up may be insuffi-
cient time to assess impact, but we were limited by the project
period. There was variability across eMERGE sites in how results
were returned (22) that could have resulted in differences in
participant understanding and actions taken. We did not assess
lifestyle modifications adopted by participants to reduce cancer
risk such as maintaining a healthy body weight, performing
moderate physical activity, and reducing alcohol consumption.

Our study highlights the challenges of unbiased recruitment
for sufficiently large numbers of people to estimate cancer risk
as we consider population-based genetic testing and risk strati-
fication. We demonstrate that genetic screening for breast can-
cer susceptibility genes has the potential to diagnose cancers at
earlier more treatable stages with enhanced surveillance and to
perform risk reducing surgeries such as prophylactic mastecto-
mies and oophorectomies.
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