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receipt of the most effective treatment. In addi-
tion, testing for other aberrations in DNA dam-
age response genes beyond breast cancer gene
(BRCA), such as PALB2, may also guide treat-
ment decisions, because patients who harbor
these mutations may also be responsive to first-
line platinum-based chemotherapies or PARP
inhibitors. Initial evidence was seen in a phase-2
trial in which olaparib was beneficial in patients
with breast cancer with mutated PALB25; further
studies are warranted to evaluate this in the
PDAC setting. Several recent studies and reviews
support the need for gBRCAm testing and
suggest that testing should be extended beyond
gBRCAm to identify patients with PDAC who
harbor other DNA damage response gene muta-
tions.%1!  Although eligibility criteria for
gBRCAm testing in patients with PDAC have been
broadened,*12 referral for genetic counseling and
testing is still suboptimal and challenging, often
resulting in significant delays to treatment initiation
or missed personalized therapeutic opportunities.
In this review, we outline the rationale for gBR-
CAm testing in patients with PDAC and highlight
some of the obstacles to achieving this in a timely
manner. Using examples from our own experience
of pancreatic and other heritable cancers, we also
discuss potential ways of overcoming these barriers,
with a view to improving testing rates and reducing
turnaround times (TATsSs).

GBRCA testing in PDAC: general

overview and clinical utility

Germline variants in BRCA genes constitute the
most clinically relevant molecular aberrations in
PDAC in terms of therapeutic actionability.!? An
estimated 5—8% of unselected patients with
PDAC carry a gBRCAm,!? although in some
ancestry groups, such as Ashkenazi Jews and
African Americans, the prevalence is significantly
higher.!4+16 ¢gBRCAm are inherited and present
from the time of conception in each cell, as
opposed to somatic BRCA1 or BRCAZ2 mutations
(sBRCAm), which are acquired during life and
arise specifically in tumors. Identification of
gBRCAm and sBRCAm is associated with dis-
tinct clinical pathways and diagnostic workups.
The former can be identified through broad gene
panel testing of tumor tissue using next-genera-
tion sequencing (NGS), the latter by testing blood
or saliva samples (non-tumor). Germline variants
in BRCA genes have relevant therapeutic implica-
tions in patients with PDAC. The BRCAI and
BRCA?2 genes encode critical proteins involved in

repairing double-strand DNA breaks via homolo-
gous recombination. Cancer cells with BRCAm
thus have an impaired ability to repair double-
strand DNA breaks, resulting in increased reliance
on other DNA damage response pathways for sur-
vival,1> making them highly sensitive to blockade
of those pathways.!?!7 In cancer patients with
gBRCAm, both platinum-based chemotherapy,
which causes double-strand breaks,!® and PARP
inhibition, which prevents repair of single-strand
breaks and thereby generates double-strand
breaks,!? increase the likelihood of cancer cell
death (Figure 1). Consequently, platinum-based
chemotherapy is most effective in patients with
PDAC who have a gBRCAm or a tumor that is
homologous recombination repair deficient.19:20
In the POLO study, conducted in patients with
deleterious or suspected deleterious gBRCAm
with metastatic PDAC whose disease did not pro-
gress during first-line platinum-based chemother-
apy, subsequent maintenance therapy with the
PARP inhibitor olaparib significantly improved
PFS wersus placebo.3 These results led to approval
of olaparib in multiple countries as maintenance
therapy in patients with metastatic gBRCAm
PDAC whose disease has not progressed after at
least 16 weeks of first-line platinum-based chemo-
therapy and highlighted the importance of univer-
sal gBRCA testing in identifying those who may
benefit from targeted treatment. Treatment with
PARP inhibitors is only appropriate for patients
with bona fide pathogenic or likely pathogenic
gBRCAm and is not appropriate for patients with
BRCA1 and BRCA?Z2 variants of unknown signifi-
cance, because the majority of these will eventu-
ally be reclassified as non-pathogenic.?!

Data further illustrating the importance of testing
all patients with PDAC come from studies show-
ing that 40-60% of patients with gBRCAm do
not declare a family history of PDAC, emphasiz-
ing that relying on family history alone to guide
genetic testing will result in under-detection of
gBRCAm carriers and supporting a need for uni-
versal genetic testing of patients with PDAC.15:23
In addition, because pre-operative platinum-
based chemotherapy is most effective in patients
with gBRCAm,?425 it is critically important to
identify these patients early at the time of diagno-
sis. Given this evidence, BRCA genetic testing of
all patients with PDAC, regardless of family his-
tory, age, and disease stage, is now recommended
by the National Comprehensive Cancer Network?*
and the American Society for Clinical Oncology!?
(Table 1).
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Figure 1. Rationale for using a PARP inhibitor in patients with gBRCAm.

Source: Adapted from O'Connor MJ. Mol Cell 2015; 60: 547-560"3 and Mota A, et al. EJC Suppl 2020; 15: 16-26.22

BRCA, breast cancer gene; gBRCAm, germline breast cancer gene mutation; PARP, poly(adenosine diphosphate-ribose)
polymerase; PARPi, PARP inhibitor.

Table 1. Guideline recommendations for genetic testing in patients with PDAC.

Organization, year Recommendation

National Comprehensive Perform germline testing in any patient with confirmed pancreatic cancer
Cancer Network® and in those in whom there is a clinical suspicion for inherited susceptibility
(NCCN®], 20234 In patients with locally advanced or metastatic disease who are candidates

for anticancer therapy, test for actionable somatic mutations, including but
not limited to fusions (ALK, NRG1, NTRK, ROS1), mutations (BRAF, BRCA1/2,
HER2, KRAS, PALB2) and MMR deficiency

American Society for Early testing for actionable genomic alterations is recommended for
Clinical Oncology (ASCO], patients who are likely to be potential candidates for additional treatment
2020 after first-line therapy

Both germline and tumor (somatic) testing are recommended. This includes
testing for microsatellite instability/MMR deficiency, BRCA mutations (excluding
variants of unknown significance), and NTRK gene fusions. Results of testing
can lead to therapies, such as PARP inhibitors, programed death 1 checkpoint
inhibitor therapy, TRK fusion inhibitors, and clinical trials of targeted therapies

(Continued)
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Table 1. (Continued)

Organization, year Recommendation

Genomic testing is recommended as part of an initial assessment to ensure
that the results of testing are available at the time of treatment decision
when applicable after first-line therapy

European Society for
Medical Oncology (ESMO],
20202

Not currently recommended to perform tumor multigene NGS in patients
with advanced PDAC in daily practice
However, ESMO recognizes the clinical benefit of using matched therapies

in patients with PDAC who have high levels of microsatellite instability and
NTRK-fusion-positive tumors

ALK, anaplastic lymphoma kinase gene; BRAF, v-raf murine sarcoma viral oncolgene homolog B1; BRCA, breast cancer
gene; BRCAm, breast cancer gene mutation; HER2, human epidermal growth factor receptor 2 gene; KRAS, Ki-ras2 Kirsten
rat sarcoma viral oncogene homolog; MMR, mismatch repair; NGS, next-generation sequencing; NRGT, neuregulin 1 gene;
NTRK, neurotrophic tyrosine receptor kinase gene; PALB2, partner and localizer of BRCA2 gene; PARP, poly(adenosine
diphosphate-ribose) polymerase; PDAC, pancreatic ductal adenocarcinoma; ROST, c-ros oncogene 1; TRK, tyrosine

receptor kinase gene.

Genetic testing of patients with PDAC is also
critical to the strategy of ‘cascade testing’, in
which family members of an affected individual
are tested, in a stepwise manner, until all at-risk
relatives have been screened.?” Healthy individu-
als carrying gBRCAm may be offered tailored
cancer screening or risk-reducing surgery aimed
at early detection of cancerous lesions or preven-
tion of cancer altogether.28:29

Challenges associated with gBRCA

testing in PDAC

Despite the clear advantages of BRCA testing,
many challenges at patient, provider, technical,
and financial level limit its clinical implementa-
tion and utility in patients with PDAC.

Referral

Lack of patient referral is the first barrier to BRCA
testing. In other tumor types, referral rates for
patients eligible for genetic testing are far from
optimal, ranging from 24% in breast cancer to
35% in colorectal cancer.3%3! Although published
data on referral rates in PDAC are limited, these
seem to be even lower owing to the multitude of
symptomatic, endoscopic, and therapeutic
demands inherent to managing the disease3? and
the relatively recent inclusion of genetic testing in
treatment guidelines.

At a single center in the USA from 2015 to 2017,
only 32% of patients with PDAC were referred
for genetic counseling, with 19% completing

germline testing.33 In a 2020 survey of 67 Italian
gastrointestinal oncologists, 28% reported that
they did not perform any kind of gBRCA screen-
ing of patients with PDAC, 27% screened patients
in an unselected manner, and 45% screened
patients based only on family history, age, or eli-
gibility for platinum-based therapies.3*

Owing to the high variability of guidelines on
BRCA testing eligibility and reimbursement pol-
icy, referral rates may vary significantly across
countries. In Israel, gBRCA testing has been cov-
ered by health insurance since 2019 for all patients
with PDAC, suggesting that referral rates may be
much higher in this country, although no objec-
tive data are currently available. Rates may vary
by institution owing to institution-specific initia-
tives and barriers affecting access to testing. For
instance, at the Fox Chase Cancer Center in
Philadelphia, PA, USA, it is estimated that
approximately 80% of patients with PDAC
undergo germline genetic testing, primarily
through matched tumor-normal testing and/or
referral to the Department of Clinical Genetics
for germline genetic testing.

Timing

Even if all eligible patients were referred for
genetic testing, a key challenge is the urgency
with which results are needed. Each patient needs
to be tested promptly, ideally at diagnosis, given
the poor prognosis and urgency to administer the
most effective treatments early and to optimize
outcomes. However, the process of referring
patients for genetic counseling and securing their
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consent to undergo testing can cause significant
delays. Deciding when to broach the topic with
patients may also be challenging. At diagnosis,
patients may be experiencing information ‘over-
load’, and their focus is likely to be on other
issues, such as prognosis, symptom management,
and end-of-life planning.3> Patients may also be
hesitant to talk with their relatives about the
hereditary implications of undergoing genetic
testing. Data from a survey carried out at an aca-
demic medical center in the USA between 2016
and 2017 indicate that patients’ attitudes to
genetic testing in PDAC are similar to those in
breast and ovarian cancer, despite poor prognosis
with PDAC diagnoses.3¢

Turnaround time

Long testing TATS are a further barrier to genetic
testing. Data indicate that TATSs for genetic test-
ing could range between 1.7 and 21weeks,
depending on the test type, whether it was a sin-
gle-gene, small panel, or large multigene panel
analysis, and the region in which the testing labo-
ratory was based.37-38 Promisingly, however, our
own insights suggest that TATSs in non-clinical
trial settings are becoming shorter, with mean
TATSs of 2—4weeks depending on the type of test
used. Another limiting factor may be that, in
some cases, traditional genetic services models
are still set up to determine hereditary risk in indi-
viduals with a strong family history of cancer, for
which results are not needed as urgently as when
tests are required to determine eligibility for tar-
geted treatment.

Uptake

Submaximal uptake of genetic testing is an issue
seen across all cancers, and rates vary markedly
between and within countries, at least in part
because of differences in healthcare systems, both
nationally and locally. In a systematic review of
18 breast cancer studies, mean uptake of BRCA
testing was 59%, but values varied considerably
across populations and settings.?® While similar
rates (58%) were observed in a prospective
Canadian study of patients with PDAC,* uptake
of 98% was reported in a retrospective audit of
New Zealand patients with ovarian cancer.4! Low
uptake has also been reported in family members
of affected individuals. In a Canadian study, only
31% of informed at-risk relatives of individuals
with PDAC and pathogenic germline alterations
underwent genetic testing.*?

Other factors underlying suboptimal uptake can
be broadly split into structural physician-,
insurer-, or patient-related barriers (Table 2). A
lack of biomarker-paired therapies is perhaps the
simplest  structural barrier, with results
from a recent real-world study showing that
gBRCAm testing rates in patients with HER2—
advanced breast cancer increased significantly
from 2015 to 2019/2020, coinciding with the
availability of PARP inhibitors.43 Poor awareness
among physicians about the clinical value and
availability of genetic testing and confidence in
interpreting test results is another major concern,
with a large survey of US physicians finding that,
although the vast majority (97.6%) acknowledged
that genetic variations can influence drug
response, only 10.3% felt adequately informed
about pharmacogenetic testing and interpreta-
tion.** Lack of provider referral is also a common
barrier,*’ as is a shortage of counselors with genet-
ics expertise. A good illustration is in the US state
of Florida, which has a population of 21 million,
yet trains only four genetic counselors per year.
Various insurance restrictions can act as barriers
to uptake, such as in the USA, where the single
largest insurer (Medicare) does not reimburse
genetic counseling visits, and in Italy, where there
are substantial regional differences in reimburse-
ment availability for genetic testing. Some US
insurers also require genetic counseling to be con-
ducted alongside genetic testing because this is an
important practice to protect against patient mis-
interpretation of genetic testing results.

For patients, the main barriers seem to be poor
awareness of the value of testing, concerns about
costs, anxiety/psychosocial issues, and fear of neg-
ative insurance implications.%> Patient preferences
after genetic counseling, technical challenges, and
insurance non-coverage are also limitations. In the
US REACH study, cost barriers were shown to be
a strong negative predictor of uptake of BRCA
testing among breast and ovarian cancer survi-
vors.5!1 Recently, these barriers may have been
largely removed in the USA as a result of competi-
tion between genetic testing laboratories, with
most facilities guaranteeing a maximum out-of-
pocket expense of $250, and the majority of
patients ultimately paying nothing out of pocket.
However, insurance implications remain a con-
cern in other regions. Data from the Victorian
Colorectal Cancer Family Study in Canada
showed that half of individuals who were informed
about potential implications of germline testing
for insurance eligibility decided not to undergo
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Table 2. Potential barriers to uptake of BRCA testing in PDAC and proposed solutions to overcome them.

Potential barrier

Proposed solution

Structural

Limited number and
availability of targeted
therapies

Concerns about the length of
testing TATs

Shortage of genetic
counselors

Physician related

Poor awareness of genetic
testing guidelines

Poor awareness of the
clinical value and availability
of genetic testing and/or
confidence in interpreting test
results444

Insurer related

Insurer requires genetic
counseling to be conducted
alongside genetic testing (USA)

Patient related

Poor awareness of the value
of testing

Raise awareness of available targeted therapies among patients and
physicians - rates of gBRCA testing in breast cancer have been shown
to increase after the introduction of PARP inhibitors*3

Adopt innovative genetic services models, which have been shown to
reduce TATs and/or increase testing uptake3.42.46-49

Adopt innovative genetic services models such as oncologist-led
‘mainstreaming’38.46.47.50

Providing training to mid-level healthcare professionals to enable them
to order and follow up on genetic testing

Raise awareness among physicians of the existence of national/
international guidelines on genetic testing
Make clear to relevant specialties (e.g. oncologists,
gastroenterologists, surgeons, pathologists, genetic counselors) that
the responsibility for testing lies with the healthcare professional in
charge of the patient’s treatment
Educate relevant specialties on the need to distinguish between the
theranostic (i.e. integration of diagnosis and therapy) and diagnostic
urgency of testing
Theranostic/companion diagnostic: most urgent is the need for
genetic testing to be performed not only to diagnose but also to
inform therapeutic choices (responsibility for requesting the test
lies with the treating oncologist)
Diagnostic: less time sensitive is the need to consider familial
implications (responsibility for providing support lies with the
oncogenetics counseling team)

Raise awareness among physicians of the value of genetic testing (see
above), emphasizing the fact that, with so few targetable treatments
available, it is particularly important to ensure that the minority of
patients with actionable mutations are not missed

Ensure that physicians understand the value of cascade testing,
because this could allow the earlier detection of cancer or could result
in preventative interventions to reduce the risk of developing cancer

Ensure that genetic counseling is available to all patients

Provide patient support and educational materials explaining the full
benefits of genetic testing for themselves and their family members
Present the act of undergoing genetic testing as a ‘double opportunity’
that may benefit not only the patient themselves (by allowing additional
targeted treatment) but also family members identified as carriers
(who may be offered tailored cancer screening aimed at detecting

and treating cancer early, or risk-reducing surgery that may prevent
cancer altogether)

(Continued)
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Table 2. (Continued)

Potential barrier

Proposed solution

Concerns about costs4%51

Anxiety/psychosocial issues

Fear of negative insurance
implications for themselves
and their relatives

Patient wants to undergo
gBRCA testing to determine
treatment options but is

not (or less) interested in
being referred for genetic
counseling

Preference for foregoing
testing to begin treatment
sooner

Socioeconomic factors
(e.g. income, education level)
and ethnicity/ancestry53-55

Provide low-cost testing options when possible

Provide patient support and educational materials aimed at addressing
these particular concerns

Provide education regarding insurance implications to reassure
patients

Foster interest in genetic counseling through development of strong
and trusting relationships among the patient, their referring oncologist,
and, when necessary, a psychologist trained in oncogenetics

Deliver the patient’s gBRCA result via a web-based electronic patient
health record. This approach has been shown to be feasible for direct-
to-patient disclosure of results from mismatch repair screening tests
in patients with Lynch syndrome?®?

Initiate patients on a non-platinum-based chemotherapy, then switch
to a platinum-based regimen if they are later found to have a gBRCAm

Set up dedicated clinics/services for specific (underserved) patient
populations - this approach has proved successful in reducing the
health disparities in cancer diagnosis and access to cancer care in
immigrant populations living in Italy®

Raise awareness among physicians of the likely higher prevalence of
BRCA mutations in black populations (as has been reported previously

for breast and prostate cancer) and implications for germline testing
Improve accessibility of gBRCAm testing to non-white populations and
those in lower-income countries

BRCA, breast cancer gene; gBRCA, germline BRCA; gBRCAm, germline BRCA mutation; PARP, poly(adenosine
diphosphate-ribose) polymerase; PDAC, pancreatic ductal adenocarcinoma; TAT, turnaround time.

testing, compared with only one-fifth of those who
did not receive this advice.?” Income, education
level, and race/ethnicity may also affect uptake,>3:54
and, even when traditional barriers are minimized,
non-White patients are less likely than White
patients to receive recommended follow-up for
cancer risk counseling.’® Finally, some patients
may simply opt to forego testing in order to begin
treatment sooner.

In summary, although the value of performing
genetic testing in PDAC is clear, it is not known
how often this service is offered or the proportion
of patients who subsequently undergo testing.
However, from our own insights and experience
in other cancers, we know that this proportion is
not 100%. Studies investigating actual rates of
referral and uptake in PDAC are therefore
needed to determine the extent of the issue and
shed light on potential interventions that may
improve these rates.

Biopsy and assay limitations

Both germline and tumor testing are increasingly
used in PDAC, yet the indications for testing and
the utility of each type of testing differ.>® The cur-
rent standard of care with regard to BRCA testing
for PDAC is germline testing from blood sam-
ples.®12 Paired germline testing of blood with
somatic testing of tumors is an emerging practice
in a few large centers.10

Detection of somatic mutations can inform treat-
ment choice, as well as identify risk factors and
molecular markers for disease monitoring.>%:60
DNA sequencing of PDAC biopsy tissue to iden-
tify somatic mutations is thus becoming increas-
ingly common. However, current tumor
sequencing assays cannot reliably distinguish
between germline or somatic origin.>%-° Thus, if a
BRCAm is detected, the mutation source must be
verified using a germline assay (because targeted
treatments are indicated only for patients with
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gBRCAm, not SBRCAm). This additional testing
further delays results and treatment initiation.
Furthermore, there are concerns that techniques
that can distinguish between somatic and
germline mutations, such as paired tumor—normal
DNA sequencing,®! may miss certain rare or more
complex BRCAm, preventing utilization of tar-
geted therapy. The question remains about
whether a negative BRCAm result from such tests
should be viewed in the same way as a negative
result from a dedicated germline test.

Other challenges associated with tumor testing
include the fact that not all patients with PDAC
have available tissue. However, the situation is
changing, and, increasingly, biopsies are being
recommended for all patients with PDAC except
those with early-stage disease scheduled for
upfront surgery, in whom resected tissue could be
tested instead. On the other hand, in France,
even patients with early-stage PDAC are increas-
ingly being recommended to undergo a biopsy to
enable neoadjuvant treatment to be offered,
including as part of a clinical trial.

Biopsy samples are usually collected during endo-
scopic ultrasound-guided fine needle aspiration
(EUS-FNA),%2 but its accuracy varies widely.
Thus, when PDAC is strongly suspected but the
EUS-FNA result is negative, a second EUS-FNA
is required. However, there are ethical considera-
tions associated with performing repeat biopsies®3
because the process may incur additional risk and
delay the start of chemotherapy, which may affect
prognosis and treatment success. %24 Furthermore,
obtaining samples from the pancreas is anatomi-
cally challenging,%® pancreatic tumors display a
high degree of intratumor cellular heterogeneity,
with multiple mutationally distinct subclones
potentially existing in a primary tumor,® EUS-
FNA samples are relatively small and may not be
suitable for DNA analyses,®® and only a limited

Table 3. Next-generation sequencing approaches for analyzing DNA.16.66.67

number of analyses can be performed.®> Another
major barrier is the lack of specialist tertiary cancer
centers and experts to analyze and interpret the
complex data generated from tumor sequencing.53

Cost and cost effectiveness

The vast majority of laboratories performing
genetic testing use NGS to examine BRCAm.3”
The three main NGS approaches used for somatic
or germline DNA analysis are targeted sequenc-
ing, whole-exome sequencing, and whole-genome
sequencing (WGS) (Table 3).96:67 Targeted
sequencing is the cheapest, most accurate, and
easiest test to interpret and requires the least
amount of sample (important for somatic testing,
when biopsy samples may be limited).%%:67 WGS
is the most expensive and time consuming and
requires large tissue volumes.%%:%7 However, early
results from the observational COMPASS study,
in which WGS of tumor samples from patients
with PDAC was undertaken, have provided use-
ful translational evidence, and the final results are
eagerly anticipated.%® With significant variation in
the price of a gBRCA test, testing cost may act as
a significant barrier in some regions of the world.

Potential solutions

Timing, turnaround, and uptake

Potential solutions are detailed in Table 2 and
Figures 2 and 3. Numerous studies have demon-
strated that innovative genetic services models
can reduce genetic counseling/wait times, increase
the proportion of patients undergoing germline
testing within 7 days of initial oncology evalua-
tion, reduce times to consent, testing, disclosure
of results, and treatment initiation, and improve
uptake levels. Successful approaches include
DVD-assisted genetic counseling,®® embedded
genetic counseling models,*8:50:70:71 models that

Approach Sequencing Sequencing depth/  Interpretation Technical Clinical Cost, US$
region coverage complexity accuracy applicability

Targeted Selected gene or  75- to 100-fold Optimal Optimal Optimal 300-1000

sequencing genes of interest

Whole-exome 2% of the 75- to 100-fold Low Good Good 500-2000

sequencing genome

Whole-genome Entire genome 30- to 60-fold Poor Low Poor 1000-3000

sequencing
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Telephone

genetic counseling

» Counseling is delivered
entirely by telephone

* Resources may be sent
by post to patients ahead
of appointments

Pas

Embedded
genetic counseling

» Genetic counselors are
integrated into oncology
clinics, providing
counseling and
facilitating genetic
testing during patient

Videoconference

genetic counseling

» Counseling is delivered
remotely via
videoconference

« May involve an online
appointment with a
remote geneticist and a
local genetic counselor

.,
(o]

‘New patient visit’

genetic counseling

+ Patients are
automatically offered
genetic counseling and
multigene germline
testing at their initial
oncology consultation

®

Video-assisted
genetic counseling

L

» Counseling is provided
via a DVD or online
presentation

» Face-to-face genetic
counseling is provided
afterwards, but shorter
duration than traditional
face-to-face counseling

Oncology-led
mainstreaming program

oo

» Cancer team or
oncologist orders
genetic tests

» Genetics services team
handles subsequent
referrals and cascade

Group
genetic counseling

» Counseling is provided
in an informative group
session

* Brief one-to-one
counseling may be
provided afterwards

Direct genetic testing

« Patients are offered
genetic testing with
limited or no pre-test
discussion

» Documents/resources
may be provided in

visits

testing of relatives

Figure 2. Examples of alternative genetic services models.3846-50.69-71.73

incorporate an appointment with a genetic coun-
selor at the ‘new patient’ visit,*%72 direct genetic
testing,”® universal genetic testing,*>*8 automatic
referrals,*® and ‘mainstreaming’ programs.38:46:47

Perhaps the most useful, practical, and frequently
adopted approach is ‘mainstreaming’, in which
the testing process is streamlined, with genetic
testing arranged by specialties more closely
involved in patient care than the genetics services
team. Typically, the treating oncologist or cancer
team orders the genetic test, with genetics ser-
vices only becoming involved if a patient tests
positive (and for subsequent cascade testing of at-
risk relatives).38:46:47:50 There are several success-
ful examples in ovarian cancer, in which
‘mainstreaming’ in UK clinics has been able to
reduce the time to disclosure of BRCA test results
by up to fivefold (3—4 weeks with ‘mainstream-
ing’ versus up to 20weeks via a traditional path-
way).?846 ‘Mainstreaming’ also resulted in a

substantial increase in uptake, from 14% at base-
line to 95% after implementation.?® In an Italian
study of women with ovarian cancer, implemen-
tation of gynecologic-oncologist-initiated testing
significantly reduced median time from diagnosis
to disclosure of BRCA test result from 27 weeks
using the traditional model to 8 weeks with ‘main-
streaming’.%” Testing uptake also increased, from
50% with previous methods to 86% with
‘mainstreaming’.4’

An oncology clinic ‘genetic testing station’ initia-
tive at the University of California, San Francisco,
CA, USA, which systematically incorporated an
appointment with a genetic counselor at the ‘new
patient’ visit to the gastrointestinal oncology
department, demonstrated that, compared with a
traditional referral-based genetic counseling path-
way, uptake of germline testing increased from 19
to 71%.72 The rate of germline pathogenic variant
detection increased from 20 to 33%.72 Low

place of counseling
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OVERCOMING BARRIERS TO gBRCA TESTING IN PDAC

BARRIERS

FEW TARGETED
THERAPIES

HIGH ASSAY
COSTS

=

LOW REFERRAL
AND
LOW UPTAKE
RATES

[11]

BIOPSY AND
ASSAY
LIMITATIONS

HEALTHCARE HEALTHCARE PATIENTS
SYSTEMS PROFESSIONALS
e_0
]

31-129%

INCREASE IN gBRCA TESTING
AFTER PARP INHIBITORS
APPROVED FOR BREAST CANCER*

IMPLEMENT

CASCADE
o™y TESTING™-
® & @& AND USE

MULTI-PANEL NGS
TO IMPROVE COST-
EFFECTIVENESS®®83.84

ADOPT INNOVATIVE e I RAISE AWARENESS OF VALUE
GENETIC SERVICES r AND BENEFITS OF TESTING
-

MODELS: -9
s RAISE AWARENESS PROVIDE
OF TESTING MATERIALS
INCREASE IN GUIDELINES THAT ADDRESS
UPTAKE WITH PATIENT
MAINSTREAMING 617 EDUCATE ON ANXIETY AND
INTERPRETING PSYCHOSOCIAL
TEST RESULTS CONCERNS

INITIATE PATIENT ON NON-
PLATINUM CTX AND SWITCH
TO PLATINUM CTX IF LATER
TEST POSITIVE FOR gBRCAm

ADOPT INNOVATIVE
«_ » GENETIC SERVICES MODELS:
- MAINSTREAMING REDUCES TATs BY

= 16-19 weekss3s67.69

USE LIQUID BIOPSY OR EUS-FNB:
36—5 80/ INCREASE IN PROPORTION
0 OF SUITABLE TUMOR

SAMPLES WITH EUS-FNB VS EUS-FNA

s

ADOPT NOVEL TECHNIQUES
THAT DISTINGUISH BETWEEN
sBRCAm AND gBRCAm?®'82

Figure 3. Barriers to gBRCA testing in PDAC and proposed solutions for overcoming them.

CTX, chemotherapy; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; EUS-FNB, endoscopic ultrasound-
guided fine-needle biopsy; gBRCA, germline breast cancer gene; gBRCAm, germline breast cancer gene mutation; HCP,
healthcare professional; NGS, next-generation sequencing; PDAC, pancreatic ductal adenocarcinoma; sBRCAm, somatic

breast cancer gene mutation; TAT, turnaround time.

uptake of genetic testing due to poor access to
genetics services is an issue that especially affects
marginalized populations. Setting up dedicated
testing clinics and services for these populations is

an approach that has proven successful at reduc-
ing health disparities in Italy, resulting in
improved access to cancer diagnoses and cancer
care for historically underserved patients.
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Other innovative approaches that can improve
uptake include the universal genetic testing path-
way implemented by an oncology clinic at McGill
University Health Center, Montreal, Canada.
Here, the in-clinic offer of germline testing to all
patients with PDAC demonstrated improved
testing uptake and TAT, as well as a higher
detection rate of pathogenic germline alterations,
compared with a traditional medical genetics
referral model.#?2 Uptake increased from 59 to
97%, and median testing report TAT reduced
from 42 to 13 days, after implementation of uni-
versal testing.#2 This approach also increased the
pathogenic germline alteration detection rate
from 6.6 to 17.2%.%> At Dana-Farber Cancer
Institute, Boston, MA, USA, implementation of
an automatic referral system for patients with
PDAC also increased uptake of genetic coun-
seling and multigene germline testing compared
with traditional oncologist referral (16.5% versus
38.0%), including uptake rates within 7 days of
initial oncology evaluation (14.7%  wversus
60.3%).49

However, some novel approaches may reduce
testing rates compared with traditional models.
For example, BRCA testing uptake in US patients
with breast or ovarian cancer was 6—10% points
lower in individuals who received telephone
genetic counseling than in those who received tra-
ditional genetic counseling.’+7% Furthermore,
although many patients may be better served by
models that increase access to genetic testing or
genetic counseling (e.g. by reducing the number
of in-person appointments or clinical wait times),
providers should recognize that alternative mod-
els may not be appropriate for all patients or clini-
cal situations, and certain populations may be
better served by traditional models.5? Alternative
models may also not suit certain geographic
regions. The US ‘fee for service’ model of care
does not lend itself to innovative programs such
as telemedicine, artificial intelligence, and some
of the models previously outlined, because payers
do not reimburse for these services. Outside of
subsidized programs at academic medical cent-
ers, each patient would instead need to be seen
and evaluated individually for reimbursement of
the work needed to order the test, track the
results, and return the results. Thus, there is no
‘one size fits all’ counseling model that will be
suitable for adoption in every setting, and when
non-traditional models are used, it will be impor-
tant to ensure that standard counseling is also
available as an alternative.

Additional solutions beyond adoption of novel
genetic services models include providing training
to mid-level healthcare professionals (such as
advanced registered nurse practitioners) to enable
them to order and follow up on genetic testing as
an alternative to the treating oncologist, a practice
that has been initiated in Florida. Providing edu-
cational materials to patients is also another
potential solution. In a study of patients with
ovarian or breast cancer, the main reasons
reported by those who agreed to undergo genetic
counseling were a desire to learn information for
their family members and a desire to aid their
own health, whereas one of the main reasons for
declining was a perceived lack of benefit of test-
ing.”” Initiatives aimed at encouraging the former
and reducing the latter may therefore be helpful.

Biopsy and assay limitations

Targeted treatments in PDAC are indicated only
for patients with gBRCAm. However, in ovarian
and prostate cancer, these therapies are effective
(and indicated) in patients with sSBRCAm. The
same may therefore be true in PDAC, with indi-
cations expanded in future to cover gBRCAm or
sBRCAm. Indeed, a phase-2 study showed that
maintenance rucaparib treatment was efficacious
in patients with platinum-sensitive, advanced
prostate cancer who harbored gBRCAm, as well
as those with gPALB2m and sBRCAm, suggest-
ing that targeted treatments may be beneficial
beyond gBRCAm.”® Another phase-2 clinical trial
evaluating niraparib and the immune checkpoint
inhibitor, dostarlimab, in patients with pancreatic
cancer with germline or somatic mutations in
BRCA, PALB2, BARDI, RAD51C, or RAD51D
is under way.” In addition, other studies are
ongoing to evaluate novel combination therapies
in PDAC patients with gBRCAm, such as the
phase-2 trial of olaparib and pembrolizumab
(NCT04548752), as well as studies in those with
somatic and germline mutations in DNA damage
repair genes, including a phase-2 trial of olaparib
plus durvalumab (NCT05659914).

In lung cancer, the scarcity of biopsy tissue
prompted a broader, less-specific approach to
NGS testing — a lesson that could also be applied
to PDAC. Likewise, it is important to ensure that
molecular profiling can ‘piggyback’ on any tissue
samples obtained during routine clinical care to
avoid the need for repeat biopsies.®* Another con-
sideration is the use of EUS-FNB, which yields
larger tissue cores than EUS-FNA with preserved
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architecture.%* Indeed, studies have shown that,
compared with EUS-FNA, use of EUS-FNB
results in a significantly higher proportion of sam-
ples that are sufficient for genomic testing, both
overall and in samples taken from tumors at least
3 cm in size or from the pancreatic head/neck.8°

Molecular profiling tests of any tumor tissue
should also be optimized for formalin-fixed paraf-
fin-embedded tissues that can be processed using
standard, less-time-sensitive protocols than real-
time tissue processing.%* Alternative tissue sam-
pling techniques, such as liquid biopsy, may also
offer advantages over current methods, being
much quicker, easier, and less invasive to obtain
than other biopsies.8! In PDAC, use of liquid
biopsy has mainly been investigated for diagnos-
tic and prognostic purposes,®? but several studies
have demonstrated its feasibility, accuracy, sensi-
tivity, and utility for targeted NGS analysis.82:83
Adoption of novel techniques that can distinguish
between somatic and germline mutations, with-
out the need for matched ‘normal’ tissue controls,
may also be useful (e.g. the somatic—germline—
zygosity algorithm developed by Foundation
Medicine, Inc.84 and its subsequent ‘afdis’ modi-
fication®). However, these techniques are experi-
mental only and are not recommended in current
clinical guidelines.

Cost effectiveness

Experience in other familial cancers has shown
that NGS is most likely to be cost effective if used
for multigene panels rather than single-gene test-
ing. For example, panel sequencing to detect
mutations in 7-12 genes in patients with meta-
static or advanced non-small-cell lung cancer has
moderate cost effectiveness or is more cost effec-
tive oversus single-marker genetic testing.86-88
Likewise, in Israel, NGS is cost effective in
patients with non-small-cell lung cancer when
screening for multiple mutations at a time. In
PDAC, only three genetic alterations are biologi-
cally targetable: gBRCAm (with olaparib — tumor-
specific approval); neurotrophic tyrosine receptor
kinase gene fusions (entrectinib or larotrectinib —
tumor-agnostic approval); and defective DNA
mismatch repair/high microsatellite instability
(pembrolizumab - tumor-agnostic approval).
Fortunately, the cost of NGS assays is reducing;
therefore, screening for just three alterations may
soon become cost effective in PDAC. The num-
ber of targetable mutations is also likely to

increase, further improving cost effectiveness.
Indeed, although rare in PDAC,8 the KRASG12C
mutation is potentially targetable with the KRAS
inhibitor AMG 510,% and initial results from the
Know Your Tumor program found actionable
genomic alterations in 50% of patients with
PDAC, covering 30 different genetic markers.%1 A
study in the USA (from April 2018 to March
2020), implementing universal testing with an
83-gene NGS panel, also revealed that one in six
patients with PDAC had pathogenic germline
alterations (11% of patients had alterations other
than gBRCAm in 15 different cancer predisposi-
tion genes).? Finally, as previously noted, it is
not yet known whether the PDAC treatments
that are effective in patients with gBRCAm are
also effective in patients with sSBRCAm (approxi-
mately half of whom do not have gBRCA) or in
patients who have mutations in homologous
recombination genes other than BRCAI and
BRCA2. Notably, almost 70% of pathological
germline alterations may be in homologous-
recombination-repair-deficient genes.%2 This is an
important area for future research, and, if the
treatments are found to be effective, multigene
panel testing may be expanded to include these
mutations.

Cost effectiveness of BRCA1/2 testing is also likely
to become more favorable when unaffected carri-
ers are identified through cascade testing,93-95
because they may be offered interventions aimed
at reducing their risk of developing cancer or
detecting cancer earlier, with subsequently
improved outcomes in cases when cancer does
still develop.?3:%¢ Indeed, models have shown that
adopting this type of long-term management
approach in gBRCAm carriers would be cost
effective in Australia, Canada, and the USA.93-95
The growing role of cascade testing in at-risk rela-
tives of patients with PDAC further supports the
rationale of helping patients to understand that
the benefits of BRCA testing extend beyond
improving their own treatment outcomes, also
providing opportunities for cancer prevention and
earlier cancer detection for their family members.

Conclusions

By identifying the subgroup of patients who may
benefit from targeted treatment, the value of per-
forming genetic testing in patients with PDAC is
clear. Notably, genetic testing in patients not only
provides theranostic value, to inform therapeutic
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decisions through identification of actionable bio-
markers, but also diagnostic value, to permit risk
reduction in family members who also carry a
gBRCAm. However, as seen in other heritable
cancers, referral rates and subsequent uptake of
genetic testing remain suboptimal. By broadening
the eligibility criteria for gBRCAm testing and
recommending that genetic testing is performed
in all patients with PDAC, the recent updates to
clinical guidelines will go some way toward
improving uptake rates. However, a range of
structural physician-, insurer-, and patient-related
barriers remain. Fortunately, actionable solutions
are available to address many of these challenges,
helping to increase uptake rates, reduce testing
TATSs, and improve cost effectiveness. Further
research to identify additional barriers and solu-
tions is warranted, along with real-world studies
investigating the extent to which the latest testing
guidelines are being followed.
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