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Abstract

Background: Prostate cancer is among the most heritable cancers, and clinical testing for germline genetic variants based on ethnicity,

disease features, and family history has recently become standard of care for men with advanced disease. It is not established whether preva-

lence of germline variants varies based on ethnicity or race.

Methods: We retrospectively examined germline genetic and clinical data of men reporting a diagnosis of prostate cancer

referred to Color Genomics by a healthcare provider for testing of 30 genes associated with hereditary cancer risk. Variants were

classified as pathogenic (P), likely pathogenic (LP), variant of uncertain significance (VUS), likely benign, or benign. P/LP and

VUS prevalence was compared among subgroups classified by age at diagnosis, self-reported ethnicity, family history, and history

of other cancer.

Results: We identified 1,351 men reporting a diagnosis of prostate cancer of any stage who underwent germline testing. Overall,

78% of men were Caucasian, 11% Ashkenazi Jewish, 3% African-American/Canadian (AAC), 2% Hispanic, 2% Asian/Pacific

Islander (API), and 4% Other (multiple, unknown, Native-American). One-hundred eighty-seven men (13.8%) carried a P/LP vari-

ant, and the most prevalent P/LP variants were in BRCA2 (3.4%), CHEK2 (2.8%), MUTYH (1.8%), and ATM (1.7%). Age at diagno-

sis, ethnicity, type of family member with prostate cancer, and type of second cancer were not associated with risk of carrying any

P/LP variant. Ashkenazi Jewish men (6.7%) were more likely to carry P/LP BRCA2 variants than Caucasian men (2.8%) (P <
0.05). Two-hundred eighty-four men (21.0%) carried a VUS, and AAC (36.6%) and API (33.3%) men were most likely to carry a

VUS (P < 0.01).

Conclusions: P/LP germline variants are prevalent in men with prostate cancer. AAC, Hispanic, and API men with prostate cancer are

under-represented in studies of germline testing, potentially contributing to higher rates of VUS relative to Caucasian and Ashkenazi Jewish

men. Further studies in these groups will facilitate reclassification of VUS, increasing opportunities for early detection, cancer risk modifi-

cation, and targeted therapeutics. Published by Elsevier Inc.
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1. Introduction

Prostate cancer is the most frequently diagnosed cancer

among men in the United States. In 2019, there will be an esti-

mated 174,650 new cases accounting for 20% of all cancers,

and an estimated 31,620 prostate cancer-related deaths [1].

Prostate cancer is also one of the most heritable cancers, with

an estimated 57% of incident cases deemed heritable [2].

Familial susceptibility is thought to be due to a spectrum

of rare to common variants with inversely associated effect

sizes [3]. Genome-wide association studies have identified

over 140 common variants of loci that confer a slightly

increased risk of prostate cancer, generally in a polygenic

risk model, and explain 28% of excess familial prostate

cancer risk [3,4], some of which may have an active role in

tumorigenesis [5]. Conversely, variants of genes such as

BRCA1/2, CHEK2, ATM, PALB2, and HOXB13, though

less common, may confer a substantially greater risk of

prostate cancer than common variants [6−10].
In 2016, a study of men with metastatic prostate cancer

demonstrated a high prevalence (11.8%) of germline muta-

tions in DNA repair genes independent of age at diagnosis

or family history [11], stimulating a new era of multigene

germline testing, and prompting professional societies to

develop guidelines on screening for germline mutations.

The National Comprehensive Cancer Network Prostate

Cancer Version 2.2019 guidelines recommend cancer pre-

disposition next-generation sequencing for the homologous

recombination genes BRCA1, BRCA2, ATM, PALB2, and

CHEK2; and MLH1, MSH2, MSH6, and PMS2 for Lynch

syndrome in the following situations: family history of

high-risk germline mutations (e.g., BRCA1/2, Lynch muta-

tion), suspicious family history, and presence of intraductal

carcinoma on biopsy. Germline testing can also be consid-

ered for high- or very-high risk prostate cancer, and addi-

tional genes such as HOXB13 can be tested depending on

clinical context [12]. The Philadelphia Prostate Cancer

Consensus and Germline Genetics Working Group of the

Prostate Cancer Clinical Trials Consortium presented simi-

lar recommendations, though with minor differences in

which genes to test (e.g., HOXB13), and age cutoffs for test-

ing [13,14]. While expanded use of multigene testing has

created great opportunities to widen the understanding of

germline mutations in men with prostate cancer, it has also

proven challenging to identify all men at high risk of carry-

ing germline mutations while minimizing unnecessary test-

ing in men at low risk [13,15].

Multiple cohort studies subsequent to Pritchard et al. have

described germline variants among men with prostate cancer

[11,15,16]. However, few ethnic/racial minority men have

been studied (e.g., only 5.8% of men in Pritchard et al. were

non-Hispanic black) [11], and whether prevalence of germline

variants varies based on race or ethnicity has not been

reported. Herein, we aim to determine whether prevalence of

germline variants varies by ethnicity. We hypothesize that

men with prostate cancer of African-American/Canadian
(AAC), Hispanic, or Asian/Pacific Islander (API) descent are

under-represented, and carry higher rates of variants of

unknown significance than men of Caucasian or Ashkenazi

Jewish descent.

2. Materials and methods

A retrospective cohort study of men with a personal his-

tory of prostate cancer was undertaken. A publicly available

database from Color Data comprising 50,000 individuals

from the United States of America and Canada with and

without cancer who underwent germline testing ordered by

a physician between 2015 and 2018 was queried [17]. Color

is considered a “hybrid laboratory,” neither following the

physician-centric paradigm of clinical laboratory ordering

nor direct-to-consumer in that testing requires either the

individual’s primary physician or a consulting physician in

the Color network to order the testing [18].

Demographic and clinical information was self-reported

by the individual through an online health history tool,

including age at testing, age at diagnosis, ethnicity, personal

history of cancer, and family history of cancer. These data

were deidentified prior to acquisition, and were available

only in aggregate. Disease-related variables such as Glea-

son grade and stage, and outcome data were not available.

Genes in the panel were previously selected based on

published evidence of association with hereditary cancer

risk and technical feasibility, and included APC, ATM,

BAP1, BARD1, BMPR1A, BRCA1, BRCA2, BRIP1, CDH1,

CDK4, CDKN2A (p14ARF and p16INK4a), CHEK2,

EPCAM, GREM1, MITF, MLH1, MSH2, MSH6, MUTYH,

NBN, PALB2, PMS2, POLD1, POLE, PTEN, RAD51C,

RAD51D, SMAD4, STK11, and TP53. HOXB13 was not

tested. A description of DNA extraction, sequencing, and

variant identification has been previously published [17].

Germline variants were classified as pathogenic (P), likely

pathogenic (LP), variant of uncertain significance (VUS),

likely benign, or benign according to American College

of Medical Genetics and Genomics guidelines [19], and

classifications were confirmed by a medical geneticist or

pathologist.

The overall and individual frequency of P/LP variants and

VUS was calculated, stratified into subgroups including eth-

nicity, and analyzed using chi-squared tests. The 2-sample t

test with unequal variance was used to compare the mean age

at diagnosis among different ethnic groups. P values less than

0.05 were considered significant and were calculated using

STATA (Stata Statistical Software: College Station, TX: Stata

Corp LP). Multivariate analyses were unable to be performed

since data were structured in aggregate.

3. Results

There were 1,351 men with a personal history of prostate

cancer who underwent germline testing in this cohort. One-

thousand and fifty-three men (78%) reported Caucasian



Table 1

Frequency of individual pathogenic or likely pathogenic variants among men with prostate cancer, stratified by ethnicity

Gene Total

N = 1,351

Caucasian

N = 1,053

Ashkenazi

Jewish

N = 150

African-American/

Canadian

N = 41

Hispanic

N = 25

Asian/Pacific

Islander

N = 24

Othera

N = 58

BRCA2 46 (3.4%) 29 (2.8%)b 10 (6.7%)b 1 (2.4%) 0 2 (8.3%) 4 (6.9%)

CHEK2 38 (2.8%) 29 (2.8%) 8 (5.3%) 1 (2.4%) 0 0 0

MUTYH 24 (1.8%) 22 (2.1%) 0 0 1 (4.0%) 0 1 (1.7%)

ATM 23 (1.7%) 22 (2.1%) 0 0 0 0 1 (1.7%)

BRCA1 12 (0.9%) 8 (0.8%) 1 (0.7%) 2 (4.9%) 0 1 (4.2%) 0

PALB2 12 (0.9%) 11 (1.0%) 0 0 0 1 (4.2%) 0

APC 11 (0.8%) 4 (0.4%) 7 (4.7%) 0 0 0 0

MITF 8 (0.6%) 8 (0.8%) 0 0 0 0 0

MSH6 6 (0.4%) 3 (0.3%) 2 (1.3%) 1 (2.4%) 0 0 0

PMS2 3 (0.2%) 3 (0.3%) 0 0 0 0 0

BRIP1 3 (0.2%) 3 (0.3%) 0 0 0 0 0

NBN 3 (0.2%) 3 (0.3%) 0 0 0 0 0

MSH2 2 (0.1%) 2 (0.2%) 0 0 0 0 0

TP53 2 (0.1%) 2 (0.2%) 0 0 0 0 0

CDH1 2 (0.1%) 2 (0.2%) 0 0 0 0 0

BARD1 2 (0.1%) 2 (0.2%) 0 0 0 0 0

CDKN2A 1 (<0.1%) 1 (0.1%) 0 0 0 0 0

RAD51C 0 0 0 0 0 0 0

RAD51D 0 0 0 0 0 0 0

MLH1 0 0 0 0 0 0 0

STK11 0 0 0 0 0 0 0

BAP1 0 0 0 0 0 0 0

BMPR1A 0 0 0 0 0 0 0

SMAD4 0 0 0 0 0 0 0

PTEN 0 0 0 0 0 0 0

EPCAM 0 0 0 0 0 0 0

GREM1 0 0 0 0 0 0 0

MTF 0 0 0 0 0 0 0

POLD1 0 0 0 0 0 0 0

POLE 0 0 0 0 0 0 0

Note: an individual may carry multiple P/LP variants of the same gene.
a Other includes 45 multiple, 9 unknown, and 4 Native-American men.
b Chi-square test for P/LP BRCA2 prevalence among Caucasian vs. Ashkenazi Jewish men yielded P = 0.01.
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ethnicity, 150 (11%) Ashkenazi Jewish, 41 (3%)AAC, 25

(2%) Hispanic, 24 (2%) API, and 58 (4%) “Other”

(Table 1). “Other” ethnicity included 45 men reporting mul-

tiple ethnicities, 9 unknown, and 4 Native-American.

Overall, 187 (13.8%) men carried a P/LP variant (Table 1).

The most prevalent P/LP variants were BRCA2 (3.4%),

CHEK2 (2.8%), MUTYH (1.8%), and ATM (1.7%) (Table 1).

Ethnicity was not associated with risk of carrying any P/LP

variant (Table 2). Ashkenazi Jewish men (6.7%) were more

likely than Caucasian men (2.8%) to carry a P/LP BRCA2

variant (Table 1). Otherwise, there was no significant differ-

ence in frequency of individual P/LP variants by ethnicity

(Table 1). A detailed description of prevalence of individual

P/LP variants by ethnicity can be found in Table 1 and Fig. 1.

VUS was present in 21.0% of all men, and was more

prevalent among AAC (37%), API (33%), and Other (34%)

men with prostate cancer compared to Caucasian (21%)

and Ashkenazi Jewish (12%) men (P < 0.01, Table 2). Fre-

quencies of individual VUS can be found in Supplementary

Table 2.
The overall mean age at prostate cancer diagnosis was

61.0 years (interquartile range 55−66), and the mean age at

time of genetic testing was 68.6 years (interquartile range

63−74). Age at time of diagnosis was not associated with

risk of P/LP variant or VUS (Table 2).

Ashkenazi Jewish men were diagnosed at an older age

than Caucasian men (mean age 66.6 years vs. 61.1 respec-

tively, P < 0.01, Fig. 2). Other, AAC, and Hispanic men

were diagnosed at a younger age than Caucasian men (57.9,

55.2, 54.8, and 66.1 years respectively, P < 0.01, Fig. 2).

There was no significant difference in age at diagnosis

between API and Caucasian men (61.6 vs. 66.6 years

respectively, P = 0.79, Fig. 2). When restricting the sample

to men with P/LP variants, Ashkenazi Jewish men were

diagnosed at an older age than Caucasian men (66.6 vs.

60.5 years, P < 0.01, Fig. 2). Compared to Caucasian men

(60.5 years), AAC (59.4 years) and Other (61.4 years) men

were diagnosed at a similar age (P = 0.79 and 0.82 respec-

tively, Fig. 2). There were too few Hispanic and API men

with P/LP variants to compare age at diagnosis.



Table 2

Frequency of pathogenic or likely pathogenic variants, and variants of uncertain significance among men with prostate cancer, stratified by clinical and demo-

graphic characteristics

Total in cohort

N = 1,351

(% of total)

Pathogenic or likely

pathogenic variant

N = 187 (% of subgroup)

P valuea Variant of uncertain

significance

N = 284 (% of subgroup)

P valuea

Ethnicity Caucasian 1,053 (77.9%) 147 (14.0%) 0.46 221 (21.0%) <0.01
Ashkenazi Jewish 150 (11.1%) 25 (16.7%) 18 (12.0%)

African-American/

Canadian

41 (3.0%) 5 (12.2%) 15 (36.6%)

Hispanic 25 (1.9%) 1 (4.0%) 4 (16.0%)

Asian/Pacific Islander 24 (1.8%) 4 (16.7%) 8 (33.3%)

Otherc 58 (4.3%) 5 (8.6%) 18 (31.0%)

Age at diagnosis <50 116 (8.6%) 17 (14.7%) 0.21 30 (25.9%) 0.40

50−59 452 (33.5%) 68 (15.0%) 83 (18.4%)

60−69 573 (42.4%) 66 (11.5%) 125 (21.2%)

70−79 186 (13.8%) 29 (15.6%) 41 (22.0%)

80+ 20 (1.5%) 5 (25.0%) 5 (25.0%)

Family history of

prostate cancerb
Father 241 (17.8%) 45 (18.7%) 0.49 43 (17.8%) 0.06

Brother 143 (10.6%) 24 (16.8%) 39 (27.3%)

Grandparent 71 (5.3%) 12 (16.9%) 10 (14.1%)

Children 10 (0.7%) 0 3 (30.0%)

Personal history of

other cancerb
Melanoma 57 (4.2%) 7 (12.3%) 0.49 14 (24.6%) 0.03

Colorectal 28 (2.1%) 3 (10.7%) 13 (46.4%)

Pancreatic 11 (0.8%) 3 (27.3%) 7 (63.6%)

Gastric 4 (0.3%) 0 1 (25.0%)

Breast 4 (0.3%) 0 0

Onset age of second

cancer <50
Melanoma 15 (1.1%) 0 N/A 5 (33.3%) N/A

Colorectal 5 (0.4%) 0 2 (40.0%)

Pancreatic 2 (0.1%) 1 (50%) 1 (50.0%)

Gastric 0 N/A 0

Breast 0 N/A N/A

Bolded values represent P <0.05.
a Chi-squared testing was used.
b Categories not mutually exclusive.
c Other includes 45 multiple, 9 unknown, and 4 Native-American men.
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Two-hundred forty-one (17.8%) men had a father with a

history of prostate cancer, 143 (10.6%) brother, 71 (5.3%)

grandfather, and 10 (0.7%) son. Among men with a P/LP

variant, there were similar rates of prostate cancer in the

father, brother, and grandfather (Table 2). Type of second

cancer was not associated with risk of a P/LP variant, but

frequency of VUS was highest among men with an addi-

tional history of pancreatic cancer (64%) or colorectal can-

cer (46%) (P < 0.01, Table 2).

4. Discussion

The 13.8% germline P/LP variant prevalence found in

this study was slightly higher than the 11.8% prevalence of

pathogenic germline mutations found in 692 men with met-

astatic prostate cancer described by Pritchard et al. who

used a 20-gene panel [11]. The higher prevalence observed

in this series may be due to the inclusion of variants for

genes such as APC and MUTYH, which have not been

shown to increase prostate cancer risk in particular [21].

The frequencies of germline P/LP variants when restricting

genes to those tested in both Pritchard et al. and this study

were similar (11.1% vs. 11.3% in Pritchard et al). In
contrast, Nicolosi et al., who obtained a cross-sectional

sample of 3,607 men with prostate cancer unselected for

stage, found a much higher 17.2% prevalence of pathogenic

germline mutations [15]. This difference may be due to the

inclusion of additional genes in Nicolosi et al. (80 vs. 30),

as well as potential selection bias resulting from the order-

ing clinician’s ability to decide which genes should tested.

When comparing only genes tested in both Nicolosi et al.

and this study, the difference in frequency of positive variant

per requisition remained (18.8% vs. 13.2%, respectively).

Lastly, Giri et al., who also obtained a cross-sectional sample

of 1,328 men with prostate cancer unselected for stage,

reported a similar frequency of pathogenic variants (15.6%)

based on a 25-gene panel [16]. A comparison of P/LP variant

frequencies among these studies is described in Supplemental

Table 1. Of note, the distribution of individual P/LP variants

in this cohort was similar to these studies, with the highest

prevalence of variants in genes involved in DNA repair

[11,15,16].

The low proportion of AAC, Hispanic, or API men in

this sample is an important finding. Although the slightly

lower representation of these ethnicities in this cohort (7%)

than what has been previously reported (9%−11%)[11,15]



Fig. 1. Frequency of individual pathogenic or likely pathogenic variants among men with prostate cancer, stratified by ethnicity. Note: Hispanic ethnicity not

displayed as there was only 1 Hispanic man. He carried a P/LP MUTYH mutation. *Other includes 3 of MSH6, PMS2, BRIP1, and NBN; 2 of MSH2, TP53,

CDH1, and BARD1; and 1 of CDKN2A.
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may partially be due to selection biases, all numbers from

these studies are significantly lower than the 25% of new

cancer cases of prostate cancer in the United States repre-

sented by these populations [22]. Giri et al. did not report

ethnicity [16]. This finding highlights a critical cancer dis-

parities dilemma, specifically, the need for improved access

to and dedicated research in germline testing among racial/

ethnic minorities. Men who do not participate in germline

testing may have differential access to healthcare for early

detection, cancer risk modification, and clinical trial partici-

pation [23], which may subsequently amplify disparities in

their clinical outcomes. Reasons for such disparities in

germline testing are not well understood, but may be related

to competing life and health priorities, and a lack of insur-

ance or underinsurance; the reimbursement rate for genetic

testing has been reported to be as low as 10% [20].

This study leverages data collected through a hybrid lab-

oratory, an emerging model of genetic testing described

above that has only recently been defined [18]. It is thought

to improve access to genetic testing by various means,

including removing barriers such as lack of insurance/

underinsurance, travel and appointment time, and scarcity

of genetic counselors. However, it is unknown whether

removal of the insurer is leading to higher out-of-pocket

costs overall and differential access to testing. The net
effect of hybrid laboratories on improving access to genetic

testing has not been evaluated and warrants further investi-

gation.

The differences in rates of P/LP variants across ethnici-

ties are difficult to evaluate given the small sample size and

low frequency of P/LP variants, but it is unsurprising that

Ashkenazi Jewish men have a higher prevalence of P/LP

BRCA2 variants than Caucasian men given higher baseline

prevalence in the general population [24].

Importantly, this study is the first to describe a higher

prevalence of VUS among AAC and API men with prostate

cancer than among Caucasian and Ashkenazi Jewish men.

Previous studies have found higher rates of VUS among

individuals of non-European ancestry [25,26], but these

cohorts included few if any men with prostate cancer. For

example, in Ricker et al., among 475 patients with or with-

out cancer seen in a genetics practice, 63% Black, 41.8%

Asian, and 38.6% White, non-Hispanic individuals carried

a VUS [25]. In Susswein et al., among 10,030 patients with

or without cancer (none with known prostate cancer)

referred for a next-generation sequencing hereditary cancer

panel, 39.7% African-American, 37.3% Asian, and 22.7%

Caucasian individuals carried a VUS, similar to our cohort

of men with prostate cancer [26]. As described above, these

differences are likely due to the under-representation of
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these groups in studies of germline variants. These results

are worth noting in light of the association of VUS disclo-

sure with psychological distress among women with breast

cancer [27]. Though the psychological consequences of

VUS disclosure have not been studied in men with prostate

cancer, these men may similarly experience distress or

uncertainty upon receipt of a VUS result.

In addition, the high observed overall prevalence of VUS

underscores the need for clear communication to patients.

Management should be based on personal and family his-

tory, and include recommendations for follow-up since a

VUS may be reclassified to a pathogenic or benign variant

[28]. Overall VUS prevalence in this cohort is lower than

others perhaps due to the lower proportion of AAC and API

men and higher proportion of Ashkenazi Jewish men

[11,15,16].

This study’s strengths include the large sample size and

use of a publicly available online database from a “hybrid

laboratory” genomics platform. Limitations include the ret-

rospective design, potential selection bias, absence of clini-

cal data such as Gleason grade and stage, and under-

representation of certain ethnic groups. In addition, clinical

and demographic data such as prostate cancer diagnosis and

ethnicity were self-reported and not verified by medical

records or genetic testing.

5. Conclusions

P/LP germline variants are common among men with

prostate cancer. AAC, Hispanic, and API men with prostate

cancer are under-represented in studies of germline testing,
potentially contributing to higher rates of VUS relative to

Caucasian and Ashkenazi Jewish men. Further studies in

these groups will facilitate reclassification of VUS, which

will in turn better define opportunities for early cancer detec-

tion, cancer risk modification, and targeted therapeutics.

Acknowledgments

We thank Color Genomics for providing data.

Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

urolonc.2019.09.010.

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J

Clin 2019;69:7–34.

[2] Mucci LA, Hjelmborg JB, Harris JR, Czene K, Havelick DJ, Scheike

T, et al. Familial risk and heritability of cancer among twins in Nor-

dic countries. JAMA 2016;315:68–76.

[3] Eeles R, Goh C, Castro E, Bancroft E, Guy M, Al Olama AA, et al.

The genetic epidemiology of prostate cancer and its clinical implica-

tions. Nat Rev Urol 2014;11:18–31.

[4] Schumacher FR, Al Olama AA, Berndt SI, Benlloch S, Ahmed M,

Saunders EJ, et al. Association analyses of more than 140,000 men

identify 63 new prostate cancer susceptibility loci. Nat Genet

2018;50:928–36.

[5] Farash S, Kryza T, Clements J, Batra J. Post-GWAS in prostate can-

cer: from genetic association to biological contribution. Nat Rev Can-

cer 2019;19:46–59.

https://doi.org/10.1016/j.urolonc.2019.09.010
https://doi.org/10.1016/j.urolonc.2019.09.010
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0005


ARTICLE IN PRESS

D.H.-M. Kwon et al. / Urologic Oncology: Seminars and Original Investigations 00 (2019) 1−7 7
[6] Leongamornlert D, Mahmud N, Tymrakiewicz M, Saunders E,

Dadaey T, Castro E, et al. Germline BRCA1 mutations increase pros-

tate cancer risk. Br J Cancer 2012;106:1697–701.

[7] Dong X, Wang L, Taniguchi K, Wang X, Cunningham JM, McDon-

nell SK, et al. Mutations in CHEK2 associated with prostate cancer

risk. Am J Hum Genet 2003;72:270–80.

[8] Ang�ele S, Falconer A, Edwards SM, D€ork T, Bremer M, Moullan N,

et al. ATM polymorphisms as risk factors for prostate cancer devel-

opment. Br J Cancer 2004;91:783–7.

[9] Southey MC, Goldgar DE, Winqvist R, Pylk€as K, Couch F, Tischko-

witz M, et al. PALB2, CHEK2 and ATM rare variants and cancer

risk: data from COGS. J Med Genet 2016;53:800–11.

[10] Ewing CM, Ray AM, Lange EM, Zuhlke KA, Robbins CM, Tembe

WD, et al. Germline mutations in HOXB13 and prostate-cancer risk.

N Engl J Med 2012;366:141–9.

[11] Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H,

et al. Inherited DNA-repair gene mutations in men with metastatic

prostate cancer. N Engl J Med 2016;375:443–53.

[12] Mohler JL, Antonarakis ES, Armstrong AJ, D’Amico AV, Davis BJ,

Dorff T, et al. NCCN Clinical Practice Guidelines in Oncology

(NCCN Guidelines) Prostate Cancer Version 2.2019. 2019.

[13] Giri VN, Knudsen KE, Kelly WK, Abida W, Andriole GL, Bangma

CH, et al. Role of genetic testing for inherited prostate cancer risk:

Philadelphia Prostate Cancer Consensus Conference 2017. J Clin

Oncol 2018;36:414-4.

[14] Carlo MI, Giri VN, Paller CJ, Abida W, Alumkal JJ, Beer TM, et al.

Evolving intersection between inherited cancer genetics and therapeutic

clinical trials in prostate cancer: a white paper from the germline

genetics working group of the Prostate Cancer Clinical Trials Consor-

tium. JCO Precis Oncol 2018;2:1–14.

[15] Nicolosi P, Ledet E, Yang S, Michalski S, Freschi B, O’Leary E, et al.

Prevalence of germline variants in prostate cancer and implications

for current genetic testing guidelines. JAMA Oncol 2019;5:523–8.

[16] Giri VN, Hegarty SE, Hyatt C, O’Leary E, Garcia J, Knudsen KE,

et al. Germline genetic testing for inherited prostate cancer in prac-

tice: implications for genetic testing, precision therapy, and cascade

testing. Prostate 2019;79:333–9.

[17] Barrett R, Neben CL, Zimmer AD, Mishne G, McKennon W, Zhou

AY, et al. A scalable, aggregated genotypic-phenotypic database for

human disease variation. Database 2019;17:275–82.
[18] Phillips KA, Trosman JR, Douglas MP. Emergence of hybrid models

of genetic testing beyond direct-to-consumer or traditional labs.

JAMA 2019. https://doi:10.1001/jama.2019.5670.

[19] Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al.

Standards and guidelines for the interpretation of sequence variants:

a joint consensus recommendation of the American College of Medi-

cal Genetics and Genomics and the Association for Molecular Pathol-

ogy. Genet Med 2015;17:405–24.

[20] Hsiao SJ, Sirecy A, Pendrick D, Freeman C, Yang J, Schwartz GK.

Clinical utility and reimbursement for expanded genomic panel test-

ing in adult oncology. J Clin Oncol 2019;37:(suppl; abstr 6593).

[21] Yanus GA, Akhapkina TA, Ivantsov AO, Preobrazhenskaya EV,

Aleksakhina SN, Bizin IV, et al. Spectrum of APC and MUTYH

germ-line mutations in Russian patients with colorectal malignancies.

Clin Genet 2018;93:1015–21.

[22] U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data

Visualizations Tool, based on November 2017 submission data

(1999-2015): U.S. Department of Health and Human Services. Cen-

ters for Disease Control and Prevention and National Cancer Insti-

tute; June 2018. www.cdc.gov/cancer/dataviz.

[23] Saulsberry K, Terry SF. The need to build trust: a perspective on

disparities in genetic testing. Genet Test Mol Biomarkers 2013;17:

647–8.

[24] Roa BB, Boyd AA, Volcik K, Richards CS. Ashkenazi Jewish popu-

lation frequencies for common mutations in BRCA1 and BRCA2.

Nat Genet 1996;14:185–7.

[25] Ricker C, Culver JO, Lowstuter K, Sturgeon D, Sturgeon JD, Cha-

nock CR, et al. Increased yield of actionable mutations using multi-

gene panels to assess hereditary cancer susceptibility in an ethnically

diverse clinical cohort. Cancer Genet 2016;209:130–7.

[26] Susswein LR, Marshall ML, Nusbaum R, Vogel Postula KJ, Weiss-

man SM, Yackowski L, et al. Pathogenic and likely pathogenic vari-

ant prevalence among the first 10,000 patients referred for next-

generation cancer panel testing. Genet Med 2016;18:823–32.

[27] O’Neill SC, Rini C, Goldsmith R, Valdimarsdottir H, Cohen LH,

Schwartz MD. Distress among women receiving uninformative BRCA1/2

Results: 12-month outcomes. Psychooncology 2012;18:1088–96.

[28] Mersch J, Brown N, Pirzadeh-Miller S, Mundt E, Cox HC, Brown K,

et al. Prevalence of variant reclassification following hereditary can-

cer genetic testing. JAMA 2018;320:1266–74.

http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0017
https://doi:10.1001/jama.2019.5670
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0021
http://www.cdc.gov/cancer/dataviz
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30361-8/sbref0028

	Ethnic disparities among men with prostate cancer undergoing germline testing
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgments
	Supplementary materials
	References



