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Abstract

Germline genetic testing is recommended for all patients with pancreatic cancer (PC) but uptake rates are low. We imple-
mented a mainstreaming program in oncology clinics to increase testing for PC patients. Genetic counselors trained oncology
providers to offer a standardized multigene panel and obtain informed consent using an educational video. Pre-test genetic
counseling was available upon request. Otherwise, patients with identified pathogenic variants, strong family history, or
questions regarding their results were referred for post-test genetic counseling. We measured rates of testing and genetic
counseling visits. From September 2019 to April 2021, 245 patients with PC underwent genetic testing. This represents a
6.5-fold increase in germline testing volume (95% confidence interval 5.2-8.1) compared to previous years. At least one
pathogenic or likely pathogenic variant (PV/LPV) was found in 34 (13.9%) patients, including 17 (6.9%) PV/LPVs in high or
moderate risk genes and 18 (7.3%) in low risk or recessive genes. Five (2.0%) PVs had implications on treatment selection.
22 of the positive patients (64.7%) and an additional 8 PC patients (1 negative, 3 VUS, and 4 pre-test) underwent genetic
counseling during the study period. Genetic counselors saw 2.0 PC patients/month prior to this project, 1.6 PC patients/
month during this project, and would have seen 2.2 PC patients/month if all patients with pathogenic variants attended post-
test counseling. Conclusions Mainstreaming genetic testing expands access for PC patients without overwhelming
genetic counseling resources.
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Introduction

Germline genetic testing has been recommended for all
patients diagnosed with pancreatic cancer (PC) by the
Mitchell L. Ramsey and Jewel Tomlinson have contributed equally National Comprehensive Cancer Network’s (NCCN)
to this work. guidelines since 2019 [1, 2]. Genetic testing may identify
therapeutic targets, such as the use of immune checkpoint
inhibitors for patients with mismatch repair deficiency or
poly-ADP ribose polymerase (PARP) inhibitors for patients
Division of Gastroenterology, Hepatology and Nutrition, The with variants affecting DNA damage repair [3-5]. There
8}120[?;626 University Wexner Medical Center, Columbus, are also implications for family members, who may require

’ intensive cancer surveillance protocols if a pathogenic vari-
Department gf Internal Medicine, The Ohio State University ant (PV) is discovered. Despite these benefits, only 32% of
Wexner Medical Center, Columbus, OH, USA . . . .

patients with PC undergo germline testing [6].

A dedicated pre-test genetic counseling appointment to

discuss genetic testing presents a barrier to test completion,
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genetic counselor availability may be limited and long wait
times are common [8]. Due to the poor prognosis for patients
with PC, these delays in accessing pre-test genetic coun-
seling can eliminate the opportunity to test the affected indi-
vidual. Novel strategies to improve access to genetic testing
among patients with PC are needed.

One opportunity to increase germline testing among
patients with PC is to shift from genetic counselor-led pre-
test genetic counseling to pre-test informed consent in the
oncology clinic with post-test genetic counseling for those
found to have a pathogenic or likely pathogenic germline
variant (PV/LPV) in a cancer susceptibility gene. This
approach is called “mainstreaming” genetic testing and has
been shown to be acceptable and feasible in a variety of
cancer types, including breast cancer [9] and, very recently,
pancreatic cancer [10-12]. Mainstreaming is particularly
useful when universal testing is recommended, as this elim-
inates the need for providers to apply complex criteria to
identify the patients who are eligible for genetic testing. In
this model, oncology clinicians obtain informed consent and
refer patients to a genetic counselor when an abnormal result
is encountered although the specifics of post-test counseling
can vary by institution. Post-test counseling options range
from a uniform requirement to meet a genetic counselor
regardless of results to a consultant or collaborative model
where the clinician might ask the genetic counselor for risk
assessment and then relay this information to the patient
[13].

Pancreatic cancer is a good candidate for the mainstream-
ing approach given the barriers discussed above. Addition-
ally, the prevalence of PV/LPVs is between 8 and 20%
among PC patients [12, 14—16]. This means that 80-92% of
PC patients will test negative or have a variant of uncertain
significance (VUS) in a cancer gene and may not require
an additional visit for post-test genetic counseling. Of note,
PC patients with negative or VUS results can have post-test
genetic counseling upon request and the oncology clini-
cians are trained to refer those with a strong family history
to Genetics despite their negative or VUS result.

We implemented a mainstreaming project to offer ger-
mline testing in our oncology clinics for patients with PC
followed by post-test genetic counseling for those with a
PV/LPV in a cancer susceptibility gene. We hypothesized
that eliminating the pre-test genetic counseling visit would
increase the rate of germline testing at our institution without
dramatically affecting genetic counseling patient volumes.

Methods

Beginning in September 2019, all patients treated for PC at
our center were offered germline testing in medical oncol-
ogy clinics, and this was expanded to include surgical
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oncology clinics in November 2020. This was a retrospec-
tive cohort study; no power calculation was performed. No
study blinding was performed. Descriptive statistics were
used to summarize the number of tests completed before
and during the mainstreaming program. Genetic counselors
trained non-physician providers (RN, APRN-CNP) to show
an informational video, obtain informed consent, complete
the test requisition, and collect and ship the sample. Training
of non-physician providers consisted of an hour-long edu-
cational session run by GCs that described the importance
of germline testing in PC, the specifics of informed consent,
the process of collecting and shipping samples, and when
to refer patients to Genetics. The session was recorded and
made available to new nurses in medical and surgical oncol-
ogy clinics. The lead genetic counselor (HH) was copied on
all germline testing orders for quality assurance and provided
interpretation of PV/LPV results to clinicians. Testing with
an 86-gene panel (Supplemental Table 1) was performed
through a free sponsored testing program thus eliminating
complex discussions about cost. The test offer and result
disclosure were documented in the electronic medical record
(EMR) by the oncology team using templates developed by
the genetic counselors. The EMR and project spreadsheet
were used to quantify patient volumes throughout the dura-
tion of the study.

Description of mainstreaming approach

The short informational video (approximately 7 min in dura-
tion) described the indications for testing, implications of
potential results, and the availability of genetic counseling
after the test result is known [17]. This video is readily
available online (https://www.invitae.com/en/pretest-video-
cancer/), and the clinic nurse would start the video online
using the computers in the exam rooms after completing the
check-in and rooming process. Once the video was playing,
the clinic nurse left the room to attend to other tasks, and
the patient and their caregivers could watch the video while
waiting for their oncologist. The video could be paused and
restarted as needed, thus it did not interrupt clinic flow. The
next provider to enter the room (either the oncology pro-
vider or clinic nurse) would then obtain informed consent,
and the clinic nurse would collect and ship the sample at
the end of the patient visit. This process places most of the
testing burden on the clinic nurse and may prolong clinic
visits slightly, but it does not require additional providers
or separate patient encounters to complete germline test-
ing. Those involved in implementing this project have not
experienced any negative impact to their clinic workflow or
overall workload.

Patients with PV/LPV in cancer genes were referred for
post-test genetic counseling (Fig. 1). Patients with variants
of uncertain significance (VUS) or negative results were
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Fig. 1 Clinician and genetic
counselor roles during the main-
streaming project
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referred for post-test genetic counseling upon request or if
they had a significant family history of cancer and required
additional follow-up despite the negative result. Genetic
counseling visits occurred in person until March 2020 when
our institution shifted all visits to video conferencing due to
the SARS-CoV-2 pandemic.

Results

From September 2019 until April 2021, 241 patients under-
went genetic testing through this mainstreaming program.
An additional 4 patients received traditional pre-test genetic
counseling and elected to pursue genetic testing for a total
of 245 patients tested during the study period. Median age
was 66 (range 38-88) and 52.5% were male. During the
same time, 369 patients with PC were seen at our institu-
tion so genetic testing was performed on 66.4% of patients.
No information is available for the 124 patients who did
not undergo testing. Prior to this program, our center had
completed genetic testing for 119 PC patients out of 1192
PC patients seen over the previous 5 years (10%). The main-
streaming project, therefore, increased genetic testing among
PC patients 6.5-fold (95% confidence interval 5.2-8.1), from
2.0 patients per month prior to the program implementation
to 12.9 patients per month during the program (Fig. 2).

Of the 245 subjects tested during the study period, 34
(13.9%) patients had a PV/LPV in at least one gene; 17
(6.9%) of which occurred in moderate/high risk genes.
Eight patients were found to have PV/LPV in high-pene-
trance genes (1 BRCAI, 3 BRCA2,1 PALB2,1 FH, 1 PRSSI,
1 RUNXI), 8 in moderate-penetrance genes (4 ATM, 4
CHEK?), and 18 in low-penetrance or recessive genes (3
heterozygous CFTR, 1 MITF, 3 RAD50, 1 BLM, 6 heterozy-
gous MUTYH, 1 RECQL, 1 heterozygous NTHLI, 1 CHEK?2
1157T, 1 NBN). Of the tested population, 5 (2.0%) subjects
were found to have variants with genotype-directed thera-
pies (4 BRCA1/2 and 1 PALB2) and one was treated with
a PARP inhibitor. One subject with BRCA2 and prostato-
megaly underwent a prostate biopsy to assess for comorbid
prostate cancer, but the other subjects did not have additional
cancer surveillance or risk reducing procedures.

Post-test genetic counseling occurred for 22/34 (64.7%)
patients (or a relative if deceased) at a median of 33.5 days
after result receipt (range: 4-196). The remaining 12 patients
did not complete post-test counseling because they declined
the referral or did not schedule the visit (n=7), were not
referred (n= 1, heterozygous for an autosomal recessive con-
dition), or died prior to completing counseling (n=4). In
addition to the PV/LPV patients who attended counseling,
4 patients were seen for pre-test counseling, 3 patients
with VUS were seen for post-test genetic counseling, and
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Fig.2 Number of patients with pancreatic ductal adenocarcinoma who underwent germline testing. *6 month period

1 patient with negative results but a strong family history of
PC was seen for post-test genetic counseling. Prior to this
mainstreaming project, genetic counselors were counseling
2.0 PC patients/month. During the study, 1.6 patients/month
were counseled. If all of the PC patients with a PV/LPV
in a cancer gene had attended post-test genetic counseling,
genetic counselors would be seeing 2.2 PC patients/month.

Discussion

Mainstreaming germline genetic testing for patients with
PC facilitated a 6.5-fold increase in the number of patients
undergoing testing compared to the traditional pre-test
genetic counseling model. The increase in testing was pro-
portional to the rate of positive results, such that the number
of genetic counseling visits for PC would remain relatively
stable if all of the individuals with PV/LPV variants in can-
cer genes followed through with their post-test genetic coun-
seling. However, the content of the visit shifted from pre-test
education to PV-specific post-test genetic counseling with
a focus on cascade testing in at-risk relatives and intensive
surveillance recommendations for PV-positive family mem-
bers. This suggests that mainstreaming of genetic testing
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for PC increases detection of PV/LPV without significantly
impacting genetic counselor visit volumes.

The primary goal of this mainstreaming project was to
increase the proportion of PC patients undergoing germline
genetic testing, while still providing thorough genetic coun-
seling to those who would have the greatest benefit. We
achieved this by educating oncology providers to order ger-
mline testing from their clinics. Similar strategies have been
implemented in more common malignancies, such as breast
and colorectal cancer, and have increased the rates of ger-
mline testing in those conditions as well [9, 18]. However,
differences in the quality of pre-test counseling provided by
oncology staff compared to genetic counselors have been
detected [19]. In our study, an educational video was utilized
to address this gap, as automation of components of pre-test
counseling has been previously shown to improve patient
knowledge of germline testing and feelings of empowerment
[20]. While the patients did not receive full pre-test genetic
counseling, they did receive the information necessary to
provide informed consent for testing. This reserves limited
genetic counseling resources for those with hereditary can-
cer syndromes or concerning family histories who need it
most.

In a mainstreaming model, genetic counselors are
involved on a consultation basis after genetic test results
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are available. In our study, genetic counselors informed
clinicians to refer PC patients with PV/LPVs to Genetics,
reviewed all results, and provided post-test genetic coun-
seling to the PC patients with PV/LPVS and to PC patients
with negative results or variants of unknown significance
that had concerning family histories or questions about
their results. This model of post-test counseling is most
closely aligned with the “post-test counseling—complex”
model described by Trepanier, et al. [13]. This model is
appropriate for scenarios where pre-test risk assessment is
straightforward, which would include cancers with recom-
mendations for universal genetic testing, including ovarian
and pancreatic [2, 21]. In our study, all subjects with PC
underwent the same 86-gene pan-cancer panel as determined
by the sponsored program, so there was no need for addi-
tional individual risk assessment prior to test selection. In
contrast, scenarios where pre-test risk assessment is more
complex should employ either a traditional or collaborative
model, engaging a genetic counselor for assistance with
pre-test risk assessment and post-test counseling [13]. In
these scenarios, involvement of a genetic counselor at the
outset improves adherence to testing recommendations and
improves the quality of pre-test education and counseling
[22]. As indications for universal genetic testing expand, col-
laboration between genetic counselors and clinicians to cre-
ate appropriate referral patterns will need to be established.
Universal genetic testing guidelines are ideal for implement-
ing mainstreaming models as they reduce or eliminate the
need for providers to apply complex criteria to identify the
patients who are eligible for genetic testing. Cost of testing is
another component of pre-test counseling, and a systematic
way of handling this aspect of germline testing is necessary
to implement mainstreaming. In our case, the testing was
free through a sponsored testing program at the commercial
laboratory. However, if such a program was not available,
costs of testing could be included in the pre-test educational
video, or by creating a fact sheet with information about
the billing policies of the laboratory and maximum out-of-
pocket costs (e.g. “The laboratory will contact you if you are
expected to owe > $100 out of pocket for the testing. At that
time, you can choose to stop the test, apply for the financial
assistance program at the laboratory, pay the out-of-pocket
maximum of $250, or proceed with testing knowing your
estimated out of pocket expense.”). We suggest that genetic
counselors and clinicians collaborate to create local clinical
practice guidelines according to each indication for testing,
followed by automation of eligible components in order to
maximize access and throughput.

Our results are similar to those of other groups who have
recently applied the mainstreaming approach to PC. Some
recent publications describe the mainstreaming approach
among subjects with PC, and report germline test comple-
tion in 65-71% of patients with PC [12, 23]. In contrast,

during this same period another group systematized the
traditional genetic counseling and testing approach and
only tested 38% of eligible subjects, [16] highlighting the
strength of mainstreaming approaches. Importantly, Hamil-
ton, et al. report that patient satisfaction was high with the
mainstreaming approach [23] and Bokkers et al. report that
pre-test counseling by a non-genetic counselor does not nec-
essarily lead to a large time investment [24]. Mainstreaming
was accomplished in one group by implementing a Genetic
Testing Station in the oncology clinic, which was staffed by
genetic counseling assistants who guided patients through
a pre-recorded video and brochure [12]. While effective,
this required additional personnel and added an additional
component to the patient’s visit (i.e., visit to the kiosk after
other components of the oncology visit are complete). Our
approach involved additional training of existing personnel
who are already interacting with the patient, and the educa-
tion components were built into existing downtime during
the visit (i.e., while waiting in room for provider). Further-
more, our post-test counseling method of reserving coun-
seling only for those with PV/LPV or with strong family
history further reduces the resources required to complete
the germline testing process.

Interestingly, the volume of patients with PC seen by
genetic counselors during our study decreased slightly since
not all of the patients with PV/LPV pursued post-test genetic
counseling. If all patients with PV/LPV had attended post-
test counseling, then the volume would have increased by
10%. The rate of PV/LPV in our study (13.9%) is similar to
previous reports [12, 14, 15]. For more prevalent cancers,
like colorectal cancer, mainstreaming might lead to a dra-
matic increase in uptake of germline testing, which could
increase genetic counseling visit volumes. One recent study
automated the risk assessment and pre-test counseling and
completed testing on 129 subjects attending colonoscopy
who might have otherwise never been tested, 9% of which
had a germline PV [25]. Efficient post-test counseling strate-
gies, such as group or telemedicine visits, may need to be
developed to accommodate any increase in post-test visits
[13].

We recognize several limitations to our study. Genetic
testing in our study was performed at no cost to participants,
which may have increased completion of genetic testing
regardless of the genetic counseling approach. However, this
is unlikely to increase test completion to the extent observed
in our study as low- or no-cost testing is now widely avail-
able and all of the patients met NCCN guidelines for genetic
testing which generally leads to good insurance coverage.
Additionally, our study period coincided with a change in
NCCN guidelines to offer universal testing, which certainly
increased the number of patients eligible for testing and pre-
sents a confounding variable for measuring the efficacy of
mainstreaming. However, recommendations for universal
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testing in PC were issued in July 2018—14 months prior to
the implementation of our mainstreaming program, which
began in September of 2019. During the period from Sep-
tember 2018 to August 2019, 44 out of 269 PC subjects
were tested (16.4%), representing an increase of 76% com-
pared to the previous year. However, once the mainstream-
ing project was implemented, 166 out of 240 (69.1%) PC
subjects completed testing, representing a 377% increase in
the rate of test completions. This high rate of test comple-
tion persisted throughout the study period, which indicates
that the initial increase was not entirely attributed to legacy
patients obtaining testing under the new NCCN recommen-
dations. Lastly, the SARS-CoV-2 pandemic occurred during
the study period and affected healthcare delivery in many
ways. Switching from in-person to telehealth visits is one
potential confounding variable, although this is unlikely to
have altered the rate of germline test uptake. Finally, this
reports a single center experience and the findings may not
be replicable in other centers or countries.

Despite these limitations, our study has many strengths.
This project was conducted for over 18 months and encom-
passes a great number of patients seen in both medical and
surgical oncology clinics. We measure the impact of this
change compared to 5 years of historical control data. Addi-
tionally, we completed germline testing for a majority of PC
patients seen at our institution, which minimizes selection
bias and improves internal validity.

Conclusions

Mainstreaming germline genetic testing increases test com-
pletion 6.5-fold among patients with PC, without increasing
genetic counselor visit volumes. This represents an oppor-
tunity to increase identification of hereditary cancer syn-
dromes without overwhelming genetic counseling service
lines. Genetic counselors should be involved in establish-
ing appropriate pre-test education and should be available
to provide post-test counseling for those with PV/LPV and
those with negative or VUS results who have a strong family
history or are concerned about their result. Assessment of
patient and family satisfaction with the post-testing approach
should be performed prior to widespread adoption in pan-
creatic cancer and other cancer types.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10689-022-00300-5.
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