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ABSTRACT

PURPOSE Telegenetics services can expand access to guideline-recommended cancer
genetic testing. However, access is often not distributed equitably to all races
and ethnicities.We evaluated the impact of an on-site nurse-led cancer genetics
service in a diverse Veterans Affairs Medical Center (VAMC) oncology clinic on
likelihood of germline testing (GT) completion.

METHODS We conducted an observational retrospective cohort study of patients who were
referred for cancer genetics services at the Philadelphia VAMC between October
1, 2020, and February 28, 2022. We evaluated the association between genetics
service (on-site v telegenetics) and likelihood of GT completion in a subcohort
of new consults, excluding patients with prior consults and those referred for
known history of germline mutations.

RESULTS A total of 238 Veterans, including 108 (45%) seen on site, were identified for
cancer genetics services during the study period, with themajority referred for
a personal (65%) or family (26%) history of cancer. In the subcohort of new
consults, 121 Veterans (54% self-identified race/ethnicity [SIRE]-Black),
including 60 (50%) seen on site, were included in the analysis of germline
genetic testing completion. In a univariate analysis, patients whowere seen by
the on-site genetics service had 3.2-fold higher likelihood of completing GT
(relative risk, 3.22; 95% CI, 1.89 to 5.48) compared with the telegenetics
service. In multivariable regression analysis, the on-site genetics service was
associated with higher likelihood of GT completion, but this association was
only statistically significant in SIRE-Black compared with SIRE-White Vet-
erans (adjusted RR, 4.78; 95% CI, 1.53 to 14.96; P < .001; P-interaction of
race 3 genetics service 5 .016).

CONCLUSION An on-site nurse-led cancer genetics service embedded in a VAMC Oncology
practice was associated with higher likelihood of germline genetic testing
completion than a telegenetics service among self-identified Black Veterans.

INTRODUCTION

The detection of hereditary syndromes plays a large role in
the screening and management of several cancer subtypes,
including breast, ovarian, prostate, pancreatic, colon, and
others.1,2 Although there are a growing number of indications
for germline genetic testing among patientswith cancer or at
risk for hereditary cancer syndromes, there are several
multilevel barriers to germline testing (GT) completion.
Barriers to testing include operational barriers, such as clinic
workflow, time constraints, and lack of access to traditional
medical or cancer genetic services.3-8 Additionally, there is a
critical shortage of genetics service providers, both in and

outside the Veterans Affairs Health System (VHA).7,9 GT
completion barriers have been magnified among racial
minorities, even in cases for which there is a clear indication
for testing, or if the testing is provided free of cost.10,11 As a
result, there are missed opportunities to identify patients
with hereditary cancer syndromes, provide appropriate
surveillance and risk reduction, diagnose cancer earlier,
identify at risk familymembers, and offer precision oncology
treatments.

VHA provides health care to over nine million Veterans and is
the largest integrated health system in the United States.
Genetics care is provided in the VHA by either referral to
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a centralized team providing nationwide telegenetics care,
traditional site- or region-specific teams, or referral to
community non-VA care.7,12 Although telehealth is an
emerging and important tool in expanding access to ge-
netic services overall,13 there is also evidence that tele-
health can widen racial and ethnic disparities with respect
to genetic testing and evaluation, including within the
VHA.12 Additionally, there is evidence that older individuals
and some subgroups of individuals experiencing barriers
such as homelessness—populations over-represented
among Veterans—face greater challenges in using tele-
health services.14,15

Genetics services are defined as a part of basic nursing
practice in the published Scope and Standards of Clinical
Genetics Nursing Practice, first published in 1998 by the
American Nurses Association and the International Society
of Nurses in Genetics (ISONG, updated in 2016).16 The es-
sentials for graduate degree nurses outlines the role of
advanced practice registered nurses and includes genetic
risk assessment, counseling, testing, results interpreta-
tion, clinical management, as well as ethical, legal, and
social implications. The success of APRN-led genetics
clinics has previously been documented in the literature,
including in the Veterans Health Administration5-7,17-21;
however, it is unknown the effect of these services on non-
White patients.

In cancer genetics, acuity for consults can be high, partic-
ularly in the context of treatment-related decisions formany
cancers with (US) Food and Drug Administration–approved
therapeutic options that target specific germline carriers.We
hypothesized that an on-site nurse-led genetics program
could ameliorate challenges with telegenetics to improve
cancer genetic testing and genetic care needs in a racially
diverse, urban, academic-affiliated oncology practice.

METHODS

Cancer Genetics Service

Before October 1, 2020, genetics services were provided at
the Corporal Michael J. Crescenz Veterans Affairs Medical
Center (CMCVAMC) by a centralized telegenetics service
located in Salt Lake City, UT. Veterans who receive tele-
genetics consults do so in the setting that ismost convenient
to them—typically their home—and there is no specifically
designated space within the Veterans Affairs Medical Center
for telemedicine appointments. On October 1, 2020, we
initiated a cancer genetics service staffed with an experi-
enced advanced practice nurse geneticist (L.B.A.) and cancer
genetics–trained medical oncologist (K.N.M.) at the
CMCVAMC (on-site genetics service). The nurse provided
on-site genetic services and point-of-care testing, as well as
telegenetics, as needed, because of COVID-19 pandemic
restrictions and geographical distance of Veterans.

L.B.A. identified Veterans who would benefit from a genetic
evaluation on the basis of diagnoses, age at diagnoses, and
family history (Appendix Fig A1, online only). This was
achieved via provider referral, tumor board referral, and re-
view of prior genetic consults that were not completed.
Veterans with prior identification of a hereditary cancer
syndrome were also referred to the program for long-term
follow-up and surveillance. Once identified, the nurse reached
out to the Veteran, either by phone or face-to-face, to set up a
genetic consultation. Consultation included intake of current
medical and family history, review of the pros and cons of
testing, discussion of Veteran values and preferences, and
ascertainment of service history and potential exposures.
After approval with experienced pathologists (J.P., D.J.), ge-
netic testing was ordered on the basis of National Cancer Care
Network (NCCN) guidelines.

CONTEXT

Key Objective
We sought to determine if an on-site cancer genetics service was associated with increased completion of germline genetic
testing when compared with the standard centralized telegenetics service, and if this effect varied by self-identified race/
ethnicity (SIRE). Although prospective randomized trials have shown that completion rates are similar between in-person
and telegenetics, our study asks this question in real-world population at an urban Veteran Affairs Medical Center, and
specifically evaluates whether there is a differential effect of the on-site genetics service by SIRE.

Knowledge Generated
We found that patients whowere seen by an embedded on-site cancer genetics service in a Veterans’ Affairs oncology clinic
increased genetic testing rates compared with those who received centralized telegenetics referrals. The impact of the on-
site cancer genetics service was seen in non-Hispanic African American Veterans but not in non-Hispanic White Veterans.

Relevance
An oncology clinic embedded, nurse-led genetic testing service increases genetic testing rates among self-identified Black
Veterans compared to a centralized telegenetics service.
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Retrospective Cohort Study Design

This study was performed after approval by VA central and
local human investigations committees and in accordance
with an assurance filed with and approved by the Department
ofHealth andHumanServices (CMCVAMC IRB#1607692).We
conducted an observational, retrospective cohort study of
Veterans who were referred for genetics services between
October 1, 2020, through data cutoff of February 28, 2022, to
evaluate the association between genetics service (on-site v
telegenetics) on the likelihood of GT completion. Patients
were followed from the index date (time of consult) until the
completion of GT, death before testing, or the data cutoff.

All patients were included in the descriptive analysis of the
data (Figs 1A and 1D). Patients were included in the logistic
regression analysis evaluating the association between ge-
netics service and GT completion if they met the following
inclusion criteria: (1) new active consult for genetics service
during the study period with no prior consults placed within
VHA; (2) no prior genetic testing; (3) consult indication of
personal/family history of cancer or colonic polyposis; and
(4) self-identified race/ethnicity (SIRE) non-Hispanic Black
or SIRE non-Hispanic White, as only 5.5% of patients
identified as Hispanic ethnicity, and each of the other racial
groups consisted of no more than six patients (Table 1).

Data Collection

Data for all patients, regardless of genetic service, were
collected via manual chart abstraction (L.B.A./K.N.M.).
Baseline patient characteristics and potential confounders
included sex assigned at birth, age at the time of consult,
SIRE, indication for genetic testing, referring clinician, and
cancer diagnosis (if active cancerwas the reason for consult).
The primary outcome of the study was germline genetic
testing completion, also determined bymanual chart review.
Genetic testing outcome for patients was defined in cate-
gories as (1) genetic testing completed, (2) genetic testing
not indicated by NCCN/American College ofMedical Genetics
guidelines, (3) patient declined testing, (4) genetic testing of
family member advised, (5) patient had preference for non-
VA care, or (6) patient was deceased before testing. All other
patients for whom a genetic testing outcome could not be
categorized as such were classified as lost to follow-up.

Statistical Analysis

All statistical analyses were performed using Stata 17.0
(StataCorp LLC., College Station, TX, 2021). Descriptive sta-
tistics were used to examine and compare baseline patient
characteristics between the two groups. Continuous variables
were assessed for normality using the Shapiro-Wilk test and
visual inspection of the distribution of the data. Differences in
baseline continuous variables were tested between the two
groups using the t-test for normally distributed variables
and Wilcoxon rank-sum test for non-normally distributed
variables. We used the Pearson’s chi-squared test—or

Fisher’s exact test in cases when expected cell values
were <5—to compare baseline categorical variables between
the two groups.

We performed a regression analysis using a generalized linear
model to obtain relative risk (RR) for the variables included in
the model and to measure the effect of the on-site genetics
service on the likelihood of completion of germline genetic
testing.22 Because of failure of the generalized linear model to
converge with a binary outcome distribution, a normal dis-
tributionwas specified for the generalized linearmodel, as has
been previously described.22 To address confounding, we
included the following variables in the regression model that
were deemed to be potential confounders a priori: age
(continuous), biological sex (binary), SIRE (binary), and in-
dication for consult (personal history of cancer v family
history of cancer v polyposis). Referral service was not in-
cluded because of overlap with indication for consult. We
assessed for an interaction between SIRE and the type of
genetics service (telegenetics v on-site) and evaluated for
statistical significance of the interaction using the likelihood-
ratio test as part of our primary model. We included this
interaction term because we hypothesized that the relation-
ship between genetics service and GT outcome may vary on
the basis of SIRE.12 We performed a sensitivity analysis—also
known as the E-value—to determine the degree of unmea-
sured confounding that would be necessary to move the point
estimate of our observed findings to the null.23-25 We also
performed an exploratory analysis comparing the results of
GT between SIRE-non-Hispanic White and non-Hispanic-
Black individuals.

RESULTS

Descriptive Analysis of Cancer Genetics Referrals

Between October 1, 2020, and February 28, 2021, 238 total
consults were placed from CMCVAMC for cancer genetic
testing, 130 to the centralized telegenetics service and 108 to
the on-site genetics service. Baseline patient characteristics
are shown in Table 1. Veterans who were seen by the on-site
genetics service were older (median age 71 v 57 years) and
were more likely to be male (92% v 58%), have a personal
history of cancer as the indication for consult (94% v 42%),
and be referred by the oncology service (93% v 34%) when
compared with those referred to the telegenetics service.
Among Veterans with a personal history of cancer, those
seen by the on-site genetics service were more likely to have
prostate cancer (55% v 33%) and were less likely to have a
history of breast cancer (11% v 26%). Over 50% of the
consults were for patients with self-identified non-Hispanic
Black race/ethnicity (SIRE-Black).

In the overall descriptive cohort, Veterans who were seen
by the on-site genetics had higher rates of genetic testing
completion and lower rates of being lost to follow-up
(Figs 1A-1D). This was true among all Veterans with any
active cancer genetics related consult during the study period
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(Fig 1A), among those with a personal cancer history and an
active consult during the study period (Fig 1B), and for both
SIRE-White and SIRE-Black patients (Figs 1C and 1D).

Spectrum of Genetic Testing Results

Of the full descriptive cohort of 238 Veterans, a total of 117
underwent GT after consultation with genetics services,
and one Veteran had sample failure. Fourteen Veterans

tested positive for a pathogenic variant (PV; 12%; 95% CI,
6.7 to 19.3), and 27 Veterans were found to have a variant of
uncertain significance (VUS; 23%; 95% CI, 15.8 to 31.8). The
most prevalent PV was ATM (N 5 4), followed by MSH2
(N 5 3). The most prevalent VUS was MSH6 (N 5 6). There
was not enough evidence to conclude a difference in PV rate
(18.4% v 7.8%; P 5 .091) or VUS rate (20.4% v 25.0%;
P 5 .57) between SIRE non-Hispanic White Veterans and
non-Hispanic Black Veterans.
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FIG 1. (A) Outcomes of genetics services consults among all patients with an active consult during the study period. (B) Outcomes of genetics
services consults among all patients with cancer. Outcomes of all genetics services consults among all (C) SIRE-Black and (D) SIRE-White
patients. (E) Flowchart depicting the analysis of predictors of germline testing completion. GT, germline testing; Pref, preferred; PV, pathogenic
variant; Rec, recommended; SIRE, self-identified race/ethnicity; VUS, variant of uncertain significance.
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Predictors of Genetic Testing Completion

To study the association between type of genetics service
(telegenetics v on-site) with genetic testing completion, a
multivariable logistic regression analysis was performed in a
restricted cohort. Patients were excluded if they were
reconsulted after a prior failed consult, consulted for a
known PV, or were not of non-Hispanic White or non-
Hispanic Black SIRE. One hundred twenty-one patients
were included in final analysis (Fig 1E, Table 1). Patients who
were seen by the on-site genetics consult service had higher

age, were more likely to be male, were more likely to be
referred because of a personal cancer history, and weremore
likely to be referred by an oncology service (medical or ra-
diation oncology; Table 1).

In an unadjusted analysis, patients whowere seen by the on-
site genetics service had 3.22-fold higher likelihood of
completing GT compared with those who were seen by a
centralized genetics service (unadjusted RR, 3.22; 95% CI,
1.89 to 5.48). After adjusting for covariates in a multivariable
model (Table 2), there remained an association between the

TABLE 1. Baseline Patient Characteristics

Patient Characteristic

Descriptive Analysis Multivariable Analysis

Telegenetics
(n 5 130)

On-Site
(n 5 108) P

Telegenetics
(n 5 59) On-Site (n 5 62) P

Age, years, median (IQR) 57.0 (42.0-67.0) 71.0 (61.0-74.0) <.001 55.0 (40.0-66.0) 71.5 (64.0-75.0) <.001

Sex, No. (%) <.001 <.001

Male 75 (57.7) 99 (91.7) 29 (49.2) 59 (95.2)

Female 55 (42.3) 9 (8.3) 30 (50.8) 3 (4.8)

Race, No. (%) .76 .18

White 54 (41.5) 46 (42.6) 31 (52.5) 25 (40.3)

Black 67 (51.5) 59 (54.6) 28 (47.5) 37 (59.7)

Asian 1 (0.8) 0 (0.0) NA NA

Hawaiian, Pacific Islander, Native American/Alaskan
Native

5 (3.8) 1 (0.9) NA NA

Mixed race 2 (1.5) 1 (0.9) NA NA

Declined 1 (0.8) 1 (0.9) NA NA

Ethnicity, No. (%) .20 NA

Hispanic 10 (7.7) 3 (2.8) NA NA

Non-Hispanic 119 (91.5) 104 (96.3) 59 (100) 62 (100)

Declined/unknown 1 (0.8) 1 (0.9) NA NA

Consult indication, No. (%) <.001 <.001

Personal cancer history 54 (41.5) 101 (93.5) 19 (32.2) 59 (95.2)

Family cancer history 56 (43.1) 3 (2.8) 34 (57.6) 2 (3.2)

Family mutation history 2 (1.5) 1 (0.9) 0 (0.0) 1 (1.6)

Personal history VUS/PV 8 (6.2) 3 (2.8) NA NA

Polyposis 10 (7.7) 0 (0.0) 6 (10.2) 0 (0.0)

Cancer, No. (%) .006 .004

Prostate 19 (33.3) 57 (55.3) 7 (36.8) 35 (59.3)

Breast 15 (26.3) 11 (10.7) 6 (31.6) 3 (5.1)

Pancreatic 6 (10.5) 15 (14.6) 0 (0.0) 10 (16.9)

Colorectal 9 (15.8) 7 (6.8) 4 (21.1) 4 (6.8)

Noncolorectal GI 1 (1.8) 7 (6.8) 1 (5.3) 3 (5.1)

Other 7 (12.3) 6 (5.8) 1 (5.3) 4 (6.8)

Referring service, No. (%) <.001 <.001

Oncology 43 (34.4) 100 (92.6) 12 (20.7) 58 (93.5)

Women’s health 39 (31.2) 2 (1.9) 22 (37.9) 0 (0.0)

Gastroenterology 14 (11.2) 0 (0.0) 7 (12.1) 0 (0.0)

Primary care 29 (23.2) 6 (5.6) 17 (29.3) 4 (6.5)

Germline test completed, No. (%) 39 (30.0) 78 (72.2) <.001 13 (22.0) 44 (71.0) <.001

Abbreviations: PV, pathogenic variant; VUS, germline variant of uncertain significance.
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on-site genetics service and likelihood of GT (adjusted RR
[aRR], 2.58; 95% CI, 1.32 to 5.07; P 5 .006). We assessed for
an interaction between SIRE and genetics service on the
outcome of GT completion, which was significant (P5 .016).
Being seen by the on-site genetics service was associated
with 1.46-fold higher likelihood of genetic testing com-
pletion when compared with the centralized genetics service
among non-Hispanic White Veterans (aRR, 1.46; 95% CI,
0.74 to 2.88; P 5 .276). For non-Hispanic Black Veterans,
being seen by the on-site genetics service was associated
with a 4.78-fold higher likelihood of GT completion when
compared with Veterans who were seen by the centralized
telegenetics service (aRR, 4.78; 95% CI, 1.53 to 14.96;
P 5 .007).

The results from our sensitivity analysis demonstrated that
an unmeasured confounder—beyond the adjustments made
for measured confounders included in the multivariable
model—would have to have a strong and equal association
(RR 9.03) with both the exposure and outcome to explain
away our results in the non-Hispanic Black group (Appendix
Fig A2, online only). Using the more conservative lower 95%
confidence level of 1.53, the unmeasured confounder would
have to have an equal associationwith both the exposure and
outcome by risk ratios of 2.43 to explain away our findings in
the non-Hispanic Black group.

DISCUSSION

In a single-center retrospective cohort study, we found that
Veterans who were seen by an on-site nurse-led genetics
service embedded in an oncology clinic had 3.2-fold higher
likelihood of completing germline cancer genetic testing
than Veterans who were seen by the centralized tele-
genetics service. After adjusting for potential confounders
in a multivariable analysis, this association remained
statistically significant in SIRE-Black Veterans only, who

had 4.8-fold higher likelihood of completing cancer genetic
GT if they were seen by the on-site genetics service
(P-interaction race 5 .016). Prior evidence has demon-
strated that racial disparities in genetics care persist in the
telehealth setting within the VA.12 Importantly, ourfindings
suggest that the presence of an on-site genetics service can
potentially mitigate these disparities, while effectively
increasing the proportion of completed GT for patients
regardless of racial or ethnic background.

There are multiple possible explanations for differences in
germline genetics completion on the basis of the type of ge-
netics service used by Veterans. The embedded on-site ge-
netics nurse has flexibility to see patients in the same physical
space as their oncology follow-up or treatment visits. This
facilitated better attendance at genetics appointments, as
demonstrated by the decreased loss to follow-up with the on-
site genetics nurse, even when restricted to oncology patients.
Similarly, the availability of point-of-care testing in the on-
site genetics program may also facilitate increased testing. In
the on-site nurse-led genetics program, point-of-care testing
is completed at the time of consultation, whereas in the tel-
egenetics model, testing kits are mailed to the Veteran’s
mailing address, where the testing is to be completed later.
This time delay allows for multiple intervening factors that
could affect the completion of genetic testing. Thus, the dif-
ference in the timing of testing may represent a significant
barrier, particularly for Veterans with unstable housing. Fi-
nally, another important explanation is that patients and
Veterans want to hear about genetic testing from providers
they trust,26 and this may be affected by the type of genetics
service delivery. Although prospective randomized trials have
demonstrated that outcomes related to patient satisfaction,
distress, and decision conflict are similar between patients
who receive telegenetics and in-person counseling, these
studies were limited to those who consented for prospective
trials andwere amenable to randomassignment to eitherusual

TABLE 2. Predictors of Germline Testing Completion

Covariate

Model with Interaction Terma Model without Interaction Term

aRR 95% CI P aRR 95% CI P

On-site genetics (among NHW)a 1.46 0.74 to 2.88 .28 NA NA NA

On-site genetics (among NHB)a 4.78 1.53 to 14.96 .007 NA NA NA

NHB (among telegenetics)a 0.42 0.13 to 1.34 .14 NA NA NA
aNHB (among on-site)a 1.37 0.97 to 1.92 .07 NA NA NA

On-site genetics (telegenetics ref.) NA NA NA 2.58 1.32 to 5.07 .006

NHB (NHW ref.) NA NA NA 1.20 0.88 to 1.04 .25

Indication for consult (personal cancer history ref.)

Family history of cancer 0.73 0.14 to 3.72 .51 0.85 0.33 to 2.21 .74

Polyposis 1.22 0.43 to 3.47 .90 1.28 0.36 to 4.57 .70

Female sex (male ref.) 1.66 0.98 to 2.80 .06 1.53 0.86 to 2.73 .146

Age (per every 1 year increase) 1.02 1.00 to 1.04 .02 1.02 1.00 to 1.04 .03

Abbreviations: aRR, adjusted relative risk; NHB, non-Hispanic Black; NHW, non-Hispanic White; ref., reference.
aInteraction between genetics service and SIRE (P 5 .016).
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care or telegenetics.27,28 In a real-world setting, telemedicine
may affect the provider-patient interaction when discussing
topics with the psychosocial complexity of genetic testing.

There are several limitations and potential sources of bias in
this study. One potential source of bias is misclassification of
outcome, as genetic testing completed outside of the VA
would be classified as genetic testing noncompletion, which
could bias toward or away from the null. Given that the
majority of these patients were receiving either primary care
or primary oncologic care within the VA, it is unlikely that
non-VA genetic testing was prevalent among this population,
and additionally, Veterans are less likely to complete genetic
consultations outside of the VA.12 Since this is a retrospective
analysis, there is the risk of unmeasured confounding, which
is evidenced by the differences in patient populations between
the two cohorts. This could bias toward or away from the null.
Finally, our findings may not be generalizable to other health
caremodelswithin the United States, as the VAdoes eliminate
some barriers to GT, notably out-of-pocket cost, that might
persist despite on-site genetics services.

Our study has several strengths. The cohort included in the
study is a contemporary cohort during a relatively short
study period, so there is less external influence from
changing clinical guidelines or the COVID-19 pandemic. The
use of self-identified race and ethnicity is another strength
that greatly decreases the risk of misclassification of race in
the study.

Genetics consults for patients with cancer or for patients at
risk for hereditary cancer syndromes can be complex

encounters, and for patients with active cancer, they occur
during a stressful period of their care. Factors that should be
considered and discussed with patients before testing include
the benefits and limitations of testing, different types of test
results, and the risk of psychological impact of test results.29

Although telegenetics has greatly expanded access to genetics
evaluations, it is possible that a face-to-face interaction with
a provider on site may be a better method for delivery of
genetics consultations, given the inherent complexity in these
encounters, particularly in the Veteran population. It is im-
perative to optimize these interactions and facilitate genetics
services follow-up, as the ultimate results from testing—if
indicated—have profound implications on matters that are
important to patients: standard-of-care treatment and
clinical trial options for patients as well as screening practices
for family members.26 Therefore, while the findings in this
study are not definitive and are only hypothesis-generating,
they should be confirmed in a cluster randomized trial to
increase applicability to the real world.

The indications for referral for cancer susceptibility genetic
testing have increased exponentially in recent years because
of advancement in understanding of the benefits cancer
screening for at-risk individuals and the development of
therapies for precision treatment of inherited cancers. As
such, health care systems must adapt to increased cancer
genetic testing needs without widening existing racial dis-
parities in genetic testing. We have shown that an on-site
nurse-led cancer genetics program in a racially diverse VA
oncology clinic significantly increases genetic testing
completion rates compared with telegenetics, especially
among Veterans of self-identified Black race.
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APPENDIX
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FIG A1. Flowchart illustrating the workflow of an on-site, nurse-led genetics service. MD, medical doctor;
NCCN, National Cancer Care Network.
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FIG A2. On-site, nurse-led genetics service process. Graph of the E-value sensitivity analysis,
which illustrates how an unmeasured confounder would have to be strongly associatedwith the
exposure (type of genetics service) and outcome (germline testing completion) among Black
Veterans, given the observed adjusted RR to explain away the observed association (RR 4.78).
The upper right portion of the graph represents all combinations of exposure-confounder re-
lationships and confounder-outcome relationships that would be necessary for an unmeasured
confounder to move the point estimate of the RR (4.78) or the lower 95% CI (1.53) to 1.0. The
inflection points represent the points at which the unmeasured confounder is equally asso-
ciated with both the exposure and outcome. RR, relative risk.
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