
CANCER GENETICS

original
reports

Internet-Based Germline Genetic Testing
for Men With Metastatic Prostate Cancer
Heather H. Cheng, MD, PhD1,2; Alexandra O. Sokolova, MD3; Roman Gulati, MS2; Deborah Bowen, PhD1; Sarah A. Knerr, PhD1;

Nola Klemfuss, MHA1; Petros Grivas, MD, PhD1,2; Andrew Hsieh, MD1,2; John K. Lee, MD, PhD1,2; Michael T. Schweizer, MD1,2;

Todd Yezefski, MD, MS1,2; Alicia Zhou, PhD4; Evan Y. Yu, MD1,2; Peter S. Nelson, MD1,2; and Bruce Montgomery, MD1,2,5

abstract

PURPOSE Germline mutations in DNA repair genes are present in approximately 10% of men with metastatic
prostate cancer (mPC), and guidelines recommend genetic germline testing. Notable barriers exist, including
access to genetic counseling, insurance coverage, and out-of-pocket costs. The GENTleMEN study was
designed to determine the feasibility of an Internet-based, patient-driven germline genetic testing approach for
men with mPC.

PATIENTS AND METHODS In this prospective cohort study, men with mPC provided informed consent via an
Internet-based platform and completed a questionnaire including demographics and family cancer history.
Supporting medical data were also collected. Genetic testing was performed using the Color Genomics 30-gene
targeted panel of cancer predisposition genes on a mailed saliva sample. Men whose test results identified a
germline pathogenic or likely pathogenic variant received results by phone or telehealth genetic counseling;
other participants received results by email with an option for phone-based or telehealth genetic counseling.

RESULTS As of August 18, 2021, 816 eligible men were consented, of whom 68% (551) completed genetic
testing, and 8.7% (48 of 551) were found to carry a pathogenic or likely pathogenic variant in a germline DNA
repair gene: CHEK2 (17), BRCA2 (15), ATM (6), NBN1 (3), BRCA1 (2), PALB2 (2), PMS2 (2), and MSH6 (1).
Participants were more likely to complete the testing process if they were non-Hispanic White, married, highly
educated, or from a higher-income bracket.

CONCLUSION Here, we show the feasibility of delivering germline (inherited) genetic testing by a voluntary,
patient-driven, Internet-based platform to men with mPC. Preliminary results show rates of germline DNA repair
mutations, consistent with other cohorts. Although feasible for some, reduced steps for participation, more
dedicated diverse outreach and participant support, and identification and addressing of additional barriers is
needed to ensure equitable access and optimization.
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INTRODUCTION

Germline DNA repair gene mutations are present in
approximately 10% of patients with metastatic prostate
cancer (mPC).1,2 Identification of germline DNA repair
gene mutations has two important implications for
patients with mPC: potential prostate cancer treatment
planning and potential family cancer risk. Specifically,
olaparib and rucaparib are oral poly adenosine
diphosphate-ribose polymerase inhibitors, now ap-
proved by the Food and Drug Administration for men
with metastatic castration-resistant prostate cancer in
association with germline and/or somatic BRCA1 and
BRCA2 mutations (rucaparib)1 and BRCA1, BRCA2,
ATM, BARD1, BRIP1, CDK12, CHEK1, CHEK2,
FANCL, PALB2, RAD51B, RAD51C, RAD51D, and
RAD54L (olaparib).2 Finally, immune checkpoint in-
hibitor pembrolizumab is Food and Drug

Administration–approved for patients with mPC whose
tumors have evidence of high microsatellite instability,
mismatch repair deficiency, or tumor mutational bur-
den ≥ 10 mut/Mb.1-3 The potential family implications
are also critically important, with opportunities for ge-
netic testing of relatives and, if relatives carry the same
germline genetic variants, options for modified cancer
screening and cancer risk reduction. The National
Comprehensive Cancer Network (NCCN) guidelines
both for Prostate Cancer and for Genetic/Familial High-
Risk Assessment: Breast, Ovarian, and Pancreatic
recommend offering germline testing to all men with
mPC.4,5 Despite the importance of identifying patients
with prostate cancer and germline DNA repair gene
mutations, there are important barriers, including
limited access to genetics services, insurance cover-
age, and high out-of-pocket costs.6,7 At the time of
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study inception, the NCCN guidelines criteria did not yet
include consideration for germline genetic testing (2017) or
the subsequent recommendation for offering germline ge-
netic testing to all patients withmPC (2019). The overarching
goal for the study was in recognition that first, the standard of
care was likely to change and second that there was a need
and opportunity to consider novel genetic education and
testing delivery methods because of the substantial ex-
pansion of the number of patients needing genetic coun-
seling and limited genetic counselors. To address these
challenges, we conducted the Genetic Testing for Men with
Metastatic Prostate Cancer (GENTleMEN) research study to
determine whether an Internet-based, patient-driven, cost-
free genetic testing program would be feasible for interested
patients and could provide clinical genetic testing for pa-
tients with mPC by removing barriers of access and cost.

PATIENTS AND METHODS

Design, Setting, and Participants

Thisprospective,nonpilotfeasibilitycohortstudywasapproved
by the Institutional Review Board of the Fred Hutchinson
Cancer Consortium. Informed consent was provided in ac-
cordance with the precepts established by the Declaration of
Helsinki via a study-specific, Health Insurance Portability
and Accountability Act-compliant web application.8

The study opened on September 16, 2016, with the goal of
testing up to 2,000 participants. This initial analysis in-
cludes participants consenting and completing surveys
through August 18, 2021. Approximately two additional
months were allowed for the maturation of data, including
return of saliva samples, and results reporting. Patients
were recruited through a variety of mechanisms: their
medical provider, patient support group, prostate cancer
newsletters, or social media. Enrollment is patient-driven,
which we define as the self-directed patient-participant
visits Gentlemen Study website9 (currently on pause,
please contact corresponding author for information) or

calls the study telephone line. or calls the study telephone
line. Research coordinators are available for assistance by
phone or email, although participants need to initiate a
request for help by phone and/or email, and the study team
is not able to actively reach out to participants who do not
make requests for help.

The website provides background information about the
study and potential risks and benefits of germline genetic
testing before informed consent and participant survey.
The website was not designed to be interactive with the
participant. Additional optional educational materials and
videos are available to participants after test kit activation
and provide additional review of the rationale and potential
benefits for testing (potential treatment options and family
implications), genetic discrimination risks, and Genetic
Information Nondiscrimination Act laws. Although the
additional materials can be viewed as many times as
needed, they are not required for study participation. All
study materials are in English and tailored to an 8th grade
reading level. An email and telephone number for addi-
tional support is provided. Self-directed electronic informed
consent is provided via a Health Insurance Portability and
Accountability Act-compliant Redcap platform.9 The study
flow diagram is shown in Figure 1.

Inclusion criteria include individuals age older than 18 years
who have documented mPC (as defined by one of the
following: radiographic evidence of distant prostate cancer
involvement, serum prostate-specific antigen. 100 ng/mL,
and/or pathology report indicating prostate cancer); will-
ingness to undergo germline genetic testing; willingness to
provide basic demographic information and family cancer
history; willingness to complete patient survey at enrollment
and at 6-month follow-up; willingness and ability to provide
a saliva sample; residing in the United States with a US
mailing address; and having a personal email address.
Study materials are only available in English, and therefore
study participants need to be able to read and write in

CONTEXT

Key Objective
The GENTleMEN study was designed to determine the feasibility of an Internet-based, patient-driven germline genetic testing

approach for men with metastatic prostate cancer.
Knowledge Generated
Preliminary data demonstrate the feasibility of Internet-based, patient-driven, genetic testing with 68% test completion. We

found that 8.7% of those completing testing carried pathogenic or likely pathogenic variant in germline DNA repair genes, in
the range of other published cohorts. Participants were more likely to complete testing if they were non-Hispanic White,
married, highly educated, or from a higher-income bracket.

Relevance
Internet-based, patient-driven genetic testing is a feasible delivery mechanism for a subset of patients. However, our data

indicate that further efforts to optimize clinical implementation for a wider cross-section of men with metastatic prostate
cancer will be needed, and may include reducing steps for participation, improving educational outreach and further
exploring and addressing barriers.
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English to enroll. Exclusion criteria include inability or
unwillingness to provide necessary information for eligi-
bility, self-reported history of bone marrow transplant, or
hematologic malignancy (because of inability to ensure a
valid test result under these conditions).

Survey Instruments

After providing informed consent, participants were di-
rected to complete a survey that included demographics,
family cancer history, and six validated instruments:
GAD7,10 PHQ9,11 Cancer Distress, Risk Perception, De-
cision Conflict, and Knowledge of and Concern with Ge-
netic Testing.12,13 Supporting medical records were
collected by the research team (with permission from
participants) or uploaded directly by participants.

Two versions of the survey were used. Version 2 (V2) had
the order of questions rearranged for earlier screening of
ineligible individuals. There were 1,423 survey entries in
total (V1, n = 23 and V2, n = 1,400). Although eligibility for
study required a willingness to complete patient survey at
enrollment and at 6-month follow-up, completion of all
survey questions was not required. We included partici-
pants who returned survey responses to at least one of the
six validated instruments.

After filtering out spam and duplicate records, we identified
1,116 unique visitors to the website, of whom 816

participants provided consent and completed theminimum
survey response (defined as having completed at least one
of six validated survey instruments), had medical records
available and reviewed, and were confirmed to be eligible.

After eligibility confirmation, participants were issued a test
kit promotional code to receive a test kit. Participants used
the promotional code to create an account on the Color
Health website14 and to activate their testing kit. After code
activation, participants were mailed a saliva collection kit
with instructions on sample collection. A study-specific
email and phone line are available for questions and/or
technical assistance.

Germline Genetic Testing

Germline genetic testing costs were covered by institutional
research study funds and by foundational grants. Genetic
testing was performed on the saliva sample via the clinical
Color Genomics targeted panel of 30 cancer predisposition
genes: APC, ATM, BAP1, BARD1, BMPR1A, BRCA1,
BRCA2, BRIP1, CDH1, CDK4, CDKN2A(p14ARF), CDKN2A
(p16INK4a), CHEK2, EPCAM,GREM1,MITF,MLH1,MSH2,
MSH6,MUTYH,NBN, PALB2, PMS2, POLD1, POLE, PTEN,
RAD51C, RAD51D, SMAD4, STK11, and TP53.

Statistical Analysis

Patient demographics, decisions to participate, and uni-
variate associations with advancement through stages to

Doctor/clinician
friend/support group
news story/Internet/social media
mailer

1,116 unique 

individuals 

visited website

Participant did not confirm mPC status
No informed consent provided
No survey sections completed

(n = 187)
(n = 74)
(n = 39)

Could not confirm eligibility criteria
(no medical records provided or
authorization for study team to obtain)

(n = 138)

Participant did not activate test code (n = 111)

Unable to return valid test results
(technical issues with test)

(n = 8)

No P/LP variant reported
≥ 1 P/LP variant(s)* reported

(n = 503)
(n = 48)

5. Results received

(n = 551)

4. Test kit returned

(n = 559)

3. Test kit activated

(n = 567)

1. Informed consent
2. Completed survey

(N = 816)

Test kit code issued

(n = 678)

Eligibility confirmation

(medical records reviewed)

Participant cancelled test
No saliva test kit returned

(n = 3)
(n = 5)

FIG 1. Study flow diagram. Numbered, bol-
ded boxes contain active steps that partici-
pant must complete to proceed with study.
*Four genes not specifically associated with
prostate cancer risk were excluded: APC,
CDKN2A, MITF, and MUTYH. mPC, meta-
static prostate cancer; P/LP, pathogenic or
likely pathogenic.
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complete genetic testing were evaluated using Kruskal-
Wallis or Fisher’s exact tests. Post hoc multivariate logis-
tic regression examined odds of completing genetic testing
for non-Hispanic White participants (v combined Asian and
Asian American, African American and Black, Hispanic,
Latino and Spanish origin, and mixed and/or other par-
ticipants) after adjusting for age at diagnosis, marital status,
number of biological children, highest education, em-
ployment, and income level. All calculations were per-
formed using R version 3.6.3.15 A P value , .05 was
considered statistically significant.

RESULTS

Between September 16, 2016, and August 18, 2021, 816
participants were enrolled and included in this analysis.
The demographics of the study participants are summa-
rized in Table 1. Eighty-three percent (678 of 816) of
participants completed the minimum survey requirements,
were confirmed to be eligible after medical records review,
and were issued a test kit promotion code. The remaining
16.9% (138 of 816) of participants either did not upload
their medical records or did not authorize the study team to
do so on their behalf so that eligibility could not be con-
firmed. Among the 99.4% (811 of 816) of participants for
whom the time to complete survey was available, the
median time spent for survey completion was 56 minutes.
Of the participants who were issued a test kit promotion
code, 84% (567 of 678) activated the testing account, of
whom 97% (551 of 567) completed the testing process and
received results (Fig 1).

Pathogenic or likely pathogenic variant (P/LPV) in genes
previously associated with mPC were identified in 8.7% (48
of 551) of participants who completed testing (Fig 2).
Among the 503 participants with no P/LPV in genes not
currently associated with prostate cancer, 2% (10 of 503)
had P/LPV in genes associated with risk of other non-
prostate cancers; 18% (92 of 503) were found to have no
P/LPV, but at least one variant of unknown significance
(VUS). Two percent (10 of 503) had a P/LPV in a gene not
currently associated with prostate cancer and at least one
VUS (Appendix Table A1 and Table A2). All participants
found to have any P/LPV were required to receive their
results through a phone or telehealth genetic counseling
visit. Among the 493 men without P/LPV in any of the genes
tested, 4% (20 of 493) requested follow-up post-test phone
genetic counseling in addition to the results letter, of whom
25% (5 of 20) had a reported VUS.

Advancement through the stages of complete testing was
associated with race and ethnicity (both P , .001), age at
diagnosis (P = .02), marital status (P = .03), number of
biological children (P = .006), education (P , .001), em-
ployment status (P , .001), and annual household income
(P = .01). Most participants completing testing self-
identified as non-Hispanic White, married, and reported
higher education and annual household income. $75,000

US dollars (Table 1). In multivariate analysis, the odds of
completing testing for non-Hispanic White participants was
1.15 times (95% CI, 1.04 to 1.26; P = .005) the odds for
other participants. Despite a smaller proportion of Asian and
Asian American, African American and Black, Hispanic,
Latino and Spanish origin, and mixed or other participants,
the dropoff rate at each step was similar across all of these
groups (Appendix Fig A1).

DISCUSSION

Germline genetic testing is increasingly relevant to the care
of men with mPC and their families, as reflected in various
guidelines, including the NCCN Prostate Cancer as well as
Genetic/Familial High-Risk Assessment: Breast, Ovarian
and Pancreatic guidelines.16,17 When the GENTleMEN
study was conceptualized and initiated, there was a limited
role for germline genetic testing in prostate cancer which
was largely reserved for those with a very strong family
history of cancer rather than for patients with a personal
history of mPC. Thus, the initial study priority in 2016 was to
investigate feasibility of a new method (patient-driven,
Internet-based) of germline genetic test delivery. In this
preliminary report, we observed that the participant follow-
through from eligibility verification and test code issuance
through completion of genetic testing was approximately
two-thirds, demonstrating feasibility of this approach.
Moreover, as the COVID-19 pandemic unfolded, partici-
pants were able to continue to enroll and proceed through
the steps of the study remotely.

The two-thirds completion rate may result from a variety
of factors. For example, reliance on patient-driven ac-
tions and timing may be suboptimal. Patients may be
initiating systemic therapies such as androgen depriva-
tion therapy, oral androgen receptor signaling inhibitors
(eg, abiraterone or enzalutamide) and/or docetaxel
chemotherapy, and overwhelmed by competing priorities
and the participant time burden. The median time to
complete survey instruments was unexpectedly long at
nearly an hour, and some participants may have simply
given up because of time burden. It may also be that in
some cases an incomplete understanding of importance
of genetic testing or confusion about study process and/
or hesitancy or personal decision not to proceed with
genetic testing may also have been barriers. Because of
the self-driven, multifactorial nature of recruitment for
GENTleMEN, we are not able to determine reasons
participants do not follow-through if they do not wish to
share the feedback.

We believe that removing insurance/cost and access
considerations may have helped individuals who were
motivated get testing. The baseline knowledge about
cancer genetics and validated distress measures will be
reported separately and may reveal unique aspects of
communication and decision making around genetics in
individuals with mPC who opted to participate. We found
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that the participants in GENTleMEN who completed
testing were largely non-Hispanic White, married, highly
educated, and from a higher-income bracket. These
demographic characteristics may associate with early
adoption of new methods along with greater comfort and
trust with the Internet and electronic media applications.

It may also be the case that these men were more likely
to hear about the study because of their medical pro-
viders and/or participation in patient support groups
may have had further encouragement by married
partners to follow-through, and the time and means to
complete the survey and testing process. We plan to

TABLE 1. Sociodemographic Characteristics of Study Participants and Association with Stage of Completing Genetic Testing

Characteristic
Did Not Meet

All Criteria (N = 138)
Did Not Activate
Code (N = 111)

Activated
Code (N = 567) P

Age at time of completing survey, median (IQR), years 71 (64, 77) 71 (66, 77) 70 (65, 75) .2

Age at diagnosis of prostate cancer, median (IQR), years 62 (57, 68) 67 (61, 72) 64 (59, 69) .019

Number of biological children, median (range) 2 (0, 7) 2 (0, 8) 2 (0, 10) .006

Race, No. (%) , .001

Asian, Asian Americana 6 (4.3%) 2 (1.8%) 20 (3.5%)

Black, African American 3 (2.2%) 7 (6.3%) 15 (2.6%)

Mixed/otherb 7 (5.1%) 10 (9.0%) 19 (3.4%)

White, Caucasian 101 (73%) 92 (83%) 507 (89%)

Unknownc 21 (15%) 0 (0%) 6 (1.1%)

Hispanic, Latino, or Spanish origin, No. (%) , .001

No 110 (80%) 102 (92%) 542 (96%)

Yesd 6 (4.3%) 5 (4.5%) 14 (2.5%)

Unknown 22 (16%) 4 (3.6%) 11 (1.9%)

Marital status, No. (%) .031

Married 88 (64%) 74 (67%) 413 (73%)

Divorced 10 (7.2%) 15 (14%) 40 (7.1%)

Widowed 4 (2.9%) 4 (3.6%) 27 (4.8%)

Never married 5 (3.6%) 2 (1.8%) 21 (3.7%)

Separated 0 (0%) 1 (0.9%) 5 (0.9%)

Unknowne 31 (22%) 15 (14%) 61 (11%)

Education, No. (%) , .001

No school or kindergarten only 0 (0%) 0 (0%) 0 (0%)

Grades 1 through 8 (elementary/middle) 1 (0.7%) 1 (0.9%) 2 (0.4%)

Grades 9 through 11 (some high school) 2 (1.4%) 2 (1.8%) 11 (1.9%)

Grade 12 or General Educational Development (high school graduate) 11 (8.0%) 25 (23%) 62 (11%)

College 1-3 years (some college) 31 (22%) 39 (35%) 141 (25%)

College 4 years or more (college graduate) 28 (20%) 21 (19%) 129 (23%)

Postgraduate, professional, or advanced degree 46 (33%) 23 (21%) 209 (37%)

Unknown 19 (14%) 0 (0%) 13 (2.3%)

Employment, No. (%) , .001

Retiredf 76 (55%) 76 (68%) 385 (68%)

Employedg 31 (22%) 28 (25%) 138 (24%)

Unable to workh 7 (5.1%) 2 (1.8%) 17 (3.0%)

Out of work for 1 year or morei 2 (1.4%) 3 (2.7%) 14 (2.5%)

Out of work for , 1 yearj 3 (2.2%) 1 (0.9%) 7 (1.2%)

Unknown 19 (14%) 1 (0.9%) 6 (1.1%)

(Continued on following page)
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increase education and outreach to more diverse
members of our community to increase awareness of
genetic testing and the study. An important limitation is
that we are not able to accurately distinguish between
participants who changed their mind after consenting

and decided not to proceed from those who wished to
proceed but ran into technical difficulties and did not
reach out for assistance. We acknowledge this will be
important to understand further, as the approaches to
address each may be different.

TABLE 1. Sociodemographic Characteristics of Study Participants and Association with Stage of Completing Genetic Testing (Continued)

Characteristic
Did Not Meet

All Criteria (N = 138)
Did Not Activate
Code (N = 111)

Activated
Code (N = 567) P

Annual household income in US dollars, No. (%) .010

Less than $10,000 5 (3.6%) 5 (4.5%) 14 (2.5%)

Less than $15,000 ($10,000 to less than $15,000) 2 (1.4%) 2 (1.8%) 11 (1.9%)

Less than $20,000 ($15,000 to less than $20,000) 2 (1.4%) 3 (2.7%) 12 (2.1%)

Less than $25,000 ($20,000 to less than $25,000) 3 (2.2%) 4 (3.6%) 16 (2.8%)

Less than $35,000 ($25,000 to less than $35,000) 10 (7.2%) 13 (12%) 30 (5.3%)

Less than $50,000 ($35,000 to less than $50,000) 10 (7.2%) 15 (14%) 68 (12%)

Less than $75,000 ($50,000 to less than $75,000) 22 (16%) 15 (14%) 86 (15%)

$75,000 or more 56 (41%) 45 (41%) 288 (51%)

Unknown 28 (20%) 9 (8.1%) 42 (7.4%)

Source for finding out about study, No. (%) , .001

Doctor or cliniciank 70 (51%) 94 (85%) 416 (73%)

News, Internet, or social medial 19 (14%) 3 (2.7%) 28 (4.9%)

Friend or support group memberm 11 (8.0%) 3 (2.7%) 22 (3.9%)

Othern 17 (12%) 1 (0.9%) 21 (3.7%)

Unknown 21 (15%) 10 (9.0%) 80 (14%)

Helped decide to participate in study, No. (%) , .001

Doctor or cliniciano 42 (30%) 66 (59%) 321 (57%)

Spouse/significant otherp 33 (24%) 25 (23%) 89 (16%)

Otherq 4 (2.9%) 3 (2.7%) 11 (1.9%)

Unknown 59 (43%) 17 (15%) 146 (26%)

aIncludes Pacific Islander.
bIncludes two or more race categories from the list “Asian, Asian American,” “Black, African American,” “Native American, American Indian or

Alaskan Native,” “Pacific Islander,” “White, Caucasian,” or “other.”
cIncludes race category “Unknown” or two or more race categories one of which was “do not know/not sure” or “Unknown.”
dIncludes “Cuban,” “Mexican, Mexican American, Chicano,” “Puerto Rican,” “Another Hispanic, Latino/a, or Spanish origin,” or “Not sure.”
eIncludes “Unmarried couple/domestic partnership” or two or more marital status categories from the list “Married, ” “Divorced, ” “Widowed, ”

“Never married,” “Separated, ”or “Unmarried couple/domestic partnership.”
fIncludes “Employed for wages” or “Self-employed” or both with or without the employment status category “A student.”
gIncludes “Retired” with or without additional employment status categories from the list “Employed for wages,” “Out of work for , 1 year,”

“Out of work for 1 year or more,” “Self-employed,” or “Unable to work.”
hIncludes the combination “Unable to work” and “Self-employed.”
iIncludes “Out of work for 1 year or more,” “A homemaker,” or “A student”with or without additional employment status categories from the list

“Self-employed” or “Unable to work.”
jIncludes “Out of work for , 1 year”with or without additional employment status categories from the list “Self-employed” or “Unable to work.”
kIncludes “From my doctor or clinician” with or without additional sources from the list “From a friend or support group member,” “From a

news story, Internet search or social media,” “From information sent by mail,” or “Other.”
lIncludes “From a news story or social media” with or without the additional source “Other.”
mIncludes “From a friend or support group member.”
nIncludes “From information sent by mail.”
oIncludes “Doctor/nurse/health care provider” with or without additional persons “Spouse/significant other,” “Other family member,”

“Friend/nonrelative,” or “Do not know/not sure.”
pIncludes “Spouse/significant other” with or without additional persons “Other family member” or “Friend/nonrelative.”
qIncludes “Friend/nonrelative” or “Other family member.”

6 © 2023 by American Society of Clinical Oncology

Cheng et al



The proportion of men with mPC and pathogenic germline
mutations in GENTleMEN reported here (approximately
9%) is similar but slightly lower than reported in previous
studies (approximately 12%-17%).18-20 This could poten-
tially be due to differences in patient populations, for ex-
ample, men with the most striking family histories of cancer
may be more likely to be referred to clinical genetics and
genetic counseling for testing and/or have undergone
cascade genetic testing. Thus, participants of the GEN-
TleMEN study may represent individuals without the most
striking family cancer histories. On the other hand, some
family cancer history may be a motivating factor for par-
ticipation and follow through. Preliminary analysis did not
suggest family history of prostate cancer to be associated
with test completion, but further analysis is planned with
study completion.

Although our findings demonstrate the feasibility of an
Internet-based approach, they also reveal limitations.
Completing study surveys and activating testing kit promo-
tional codes represented barriers for participants with sig-
nificant dropoff at each of these steps. Following these
interim findings, the recruitment strategies and workflow are
being altered (Fig 3). As discussed above, the GENTleMEN
study was not designed to systematically assess reasons

participants did not ultimately follow through, but we ac-
knowledge these reasons are important to understand, es-
pecially as NCCN guidelines now recommend offering
genetic testing, and we anticipate that genetics care access
and insurance coverage will improve. For example, other
studies have been reported and/or are also investigating
novel education and care delivery methods, including
mainstreaming21 video education in the PROGEN study
(NCT03328091),22 and web-based education in the TAR-
GET study (NCT04447703). These models will help extend
and triage genetic counselor services to highest need/impact
care points, such as for individuals with pathogenic or likely
pathogenic variant, with VUS, and/or in cascade genetic
testing. The results from GENTleMEN suggest that a fraction
of men with mPC are likely to be able to successfully engage
in self-directed, Internet-based genetic testing, similar men
in the video-education arm of PROGEN and in the web-
based education arm of TARGET.

In 2022, germline genetic testing is now standard of care for
many individuals with prostate cancer, so insurance cov-
erage may be less of a barrier than in the past. However,
there remains the need to minimize disparities observed in
the study to date. We observed similar dropoff across all
non-White race and ethnicity groups (Asian and Asian

ATM
(n = 6, 12%)

NBN
(n = 3, 6%)

PALB2
(n = 3, 6%)

BRCA1
(n = 2, 4%)

PMS2
(n = 2, 4%)

CHEK2
(n = 17, 34%)

BRCA2
(n = 15, 30%)

MSH6
(n = 1, 2%)BRIP1

(n = 1, 2%)

FIG 2. Distribution of genes as-
sociated with prostate cancer with
pathogenic and likely pathogenic
variants. Fifty L/PV found among
48 unique patients who under-
went genetic testing: One partic-
ipant found to have L/PV in ATM
and PMS2, and one participant
found to have L/PV in BRCA1 and
CHEK2. L/PV, pathogenic and
likely pathogenic variants.
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American, African American and Black, Hispanic, Latino
and Spanish origin, and mixed or other participants). This
has been previously reported and warrants urgent
attention.23,24 Development of tailored and culturally sen-
sitive and tailored genetic counseling education materials
and resources can be codeveloped with appropriate
community leader partnerships.

To address some of these issues, we are planning specific
modifications to the study flow with dedicated education,
active outreach, and engagement within communities that
are underrepresented and also plan to minimize or remove
study steps that are burdensome to participants (Fig 3).
Other steps such as automating and systematizing invita-
tion within a clinic or health care system may also be ef-
fective. We plan to offer paper-based survey options, for
those more comfortable answering in this format. In ad-
dition, more dedicated clinical support resources, through
follow-up phone calls, web and in-person options for help
(with patient preference and ease of scheduling in mind).

Additional clinical and research efforts are needed to un-
derstand and address imbalances that may further exacer-
bate health disparities. In parallel, we are investigating
potential differences observed with recruitment of patients to
a germline testing study using cancer registry ascertainment
of men with mPC (NCT04254133).25 In addition, further
integration with care navigation where possible will also help
reduce disparities and promote equitable access to this

important aspect of care. This and other studies will be
needed to determine whether a patient-driven, Internet-
based approach can be further optimized to be broadly
feasible and applicable to all patients or whether they are
mainly improving convenience to those most likely to be
offered and most likely to be enthusiastic in participating in
genetic testing. On a patient level, continued attention and
clinical partnership with the oncology and genetics teams,
dedicated efforts to ensure patient-tailored education, re-
peated opportunities to engage, and hybrid workflows with
additional education, support, and reminders will likely be
needed and may require different approaches for different
patient needs. From a systems level,multifaceted approaches
with collaborative stakeholder involvement, combined with
ongoing research and re-evaluation, will be needed to further
optimize genetics care access and delivery for all men with
prostate cancer meeting criteria for germline genetic testing.

In conclusion, Internet-based, patient-driven delivery of
genetic testing is feasible for some patients, and the pro-
portion of pathogenic or likely pathogenic variant in DNA
repair genes associated with prostate cancer is consistent
with expected rates. Although our approach addresses
some barriers to meeting the needs of expanded genetic
testing guidelines (access), remaining barriers exist and
need further study and optimization to ensure all men with
mPC have access to genetic testing and counseling
services.

Doctor/clinician
Friend/support
  group
News/Internet/
  social media
Mailer

Paper-based option

Follow-up phone call

Understand concerns,

tailor workflow

If declines because of timing,

offer to reach out in 3-6

months

Follow-up phone call

Active study team help

with completion

Dedicated education

Active outreach to

diverse communities

Automated invitation

Visit website

1. Informed consent

Eligibility confirmation

(medical records reviewed)

Test kit code issued

(test kit activation
automated)

Visit website

1. Informed consent

2. Survey

Eligibility confirmation

(medical records reviewed)

Test kit code issued

5. Results received

4. Test kit returned

3. Test kit activated

2. Test kit returned

3. Results received

Optional: survey

A B

FIG 3. Steps to improve
completion, inclusive-
ness, and diversity. (A)
Initial study flow (left) and
(B) proposed modifica-
tions (right). Numbered
boxes are required steps
for participants. Compared
with (A), (B) illustrates re-
duced participant-required
steps from five to three
and changes the order of
survey instruments. Cir-
cles contain additional
proposed modifications
to support broadened
recruitment and more
active participant support.
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APPENDIX

TABLE A1. Cross-Tabulation of the Number of P/LPV Associated With
Prostate Cancer and the Number of VUS Among Participants Who
Completed Testing

No. of P/LPV

No. of VUS

0 ‡ 1 Total

0 411 92 503a

≥ 1 38 10 48

Total 449 102 551

Abbreviations: P/LPV, pathogenic or likely pathogenic variant; VUS,
variants of unknown significance.

aIncludes 10 participants with P/LPV in genes not specifically
associated with prostate cancer.
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FIG A1. Alluvial plot of stages of completing genetic testing by race category. “Asian, Asian American” includes Pacific Islander;
“Mixed/Other” includes two or more race categories from the list “Asian, Asian American,” “Black, African American,” “Native American,
American Indian or Alaskan Native,” “Pacific Islander,” “White, Caucasian,” or “Other”; “Unknown” includes race category “Unknown” or
two or more race categories one of which was do not know/not sure or “Unknown.”
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TABLE A2. Pathogenic or Likely Pathogenic Variant(s) in Genes Tested, by Participant

Participant Genea Specific Variant
Second

Gene (if identified)a Specific Variant

239_2 ATM c.2921+1G.A

123_2 ATM c.2938del (pTyr980Ilefs*12) PMS2 c.823C.T (p.Gln275*)

352_2 ATM c.3648T.G (p.Tyr1216*)

30_2 ATM c.4111del (p.Asp1371Ilefs*15)

49_2 ATM c.5228C.T MUTYH c.933+3A.G

488_2 ATM c.6403_6404del (p.Leu2135Lysfs*10)

312_2 BRCA1 c.5109T.G (p.Tyr1703*)

817_2 BRCA1 c.68_69del (p.Glu23Valfs*17) CHEK2 c.1100del (p.Thr367Metfs*15)

1083_2 BRCA2 c.1273del (p.Gly425Lysfs*5)

322_2 BRCA2 c.1389_1390delAG (p.Val464Glyfs*3)

459_2 BRCA2 c.2845del (p.Tyr949Metfs*11)

493_2 BRCA2 c.2957dup (p.Asn986Lysfs*2)

78_2 BRCA2 c.3103.T (p.Glu1035*)

18_1 BRCA2 c.3244A.T (p.Lys1082*)

1456_2 BRCA2 c.3847_3848del (p.Val1283Lysfs*2)

614_2 BRCA2 c.5158dup (p.Ser1720Phefs*7)

217_2 BRCA2 c.5217_5223delTTTAAGT (p.Tyr1739*)

552_2 BRCA2 c.5946del (p.Ser1982Argfs*22)

394_2 BRCA2 c.5992C.T (p.Gly1998*)

482_2 BRCA2 c.8575C.T (p.Gln2859*)

1337_2 BRCA2 c.9154C.T (p.Arg3052Trp)

357_2 BRCA2 c.9435_9436delGT (p.Ser3147Cysfs*2)

988_2 BRCA2 c.9666delT (p.Cys3222Trpfs*27)

1034_2 BRIP1 c.2492_2492+5del

277_2 CHEK2 c.1100delC (p.Thr367Metfs*15)

321_2 CHEK2 c.1100delC (p.Thr367Metfs*15)

689_2 CHEK2 c.1100delC (p.Thr367Metfs*15)

1356_2 CHEK2 c.1100delC (p.Thr367Metfs*15)

448_2 CHEK2 c.1100delC (p.Thr367Metfs*15) MUTYH c.1187G.A (p.Gly396Asp)

1363_2 CHEK2 c.1187G.A (p.Gly396Asp) MUTYH c.190G.A (p.Glu64Lys)

88_2 CHEK2 c.1283C.T (p.Ser428Phe)

344_2 CHEK2 c.349A.G (p.Arg117Gly)

74_2 CHEK2 c.470T.C (p.Ile157Thr)

191_2 CHEK2 c.470T.C (p.Ile157Thr)

438_2 CHEK2 c.470T.C (p.Ile157Thr)

474_2 CHEK2 c.470T.C (p.Ile157Thr)

955_2 CHEK2 c.470T.C (p.Ile157Thr)

1126_2 CHEK2 c.470T.C (p.Ile157Thr)

1161_2 CHEK2 c.470T.C (p.Ile157Thr)

1427_2 CHEK2 c.470T.C (p.Ile157Thr)

190_2 MSH6 c.3804dup (p.Cys1269Metfs*6)

278_2 NBN c.657_661delACAAA (p.Lys219Asnfs*16)

175_2 NBN c.698_701delAACA (p.Lys233Serfs*5)

469_2 NBN c.698_701delAACA (p.Lys233Serfs*5)

(Continued on following page)
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TABLE A2. Pathogenic or Likely Pathogenic Variant(s) in Genes Tested, by Participant (Continued)

Participant Genea Specific Variant
Second

Gene (if identified)a Specific Variant

1290_2 PALB2 c.1546delA (p.Arg516fs*45)

1388_2 PALB2 c.3256C.T (p.Arg1086*)

129_2 PALB2 c.697delG (p.Val233Leufs*5)

918_2 PMS2 c.137G.T (p.Ser46Ile)

296_2 APC c.3920T.A (p.Ile1307Lys)

916_2 APC c.3920T.A (p.Ile1307Lys)

1164_2 APC c.3920T.A (p.Ile1307Lys)

938_2 CDKN2A c.334C.G (p.Arg112Gly)

903_2 MITF c.952G.A (p.Glu318Lys)

185_2 MUTYH c.1187G.A (p.Gly396Asp)

420_2 MUTYH c.1187G.A (p.Gly396Asp)

1003_2 MUTYH c.1227_1228dup (p.Glu410Glyfs*43)

873_2 MUTYH c.536A.G (p.Tyr179Cys)

958_2 MUTYH c.536A.G (p.Tyr179Cys)

Abbreviation: mPC, metastatic prostate cancer.
aBolded genes are those previously reported in association with mPC (Pritchard et al10).
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