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Abstract

Purpose: Genetic testing results are currently obtained approximately | year after referral to a medical genetics team
for autosomal dominant polycystic kidney disease (ADPKD). We evaluated a mainstream genetic testing (MGT) pathway
whereby the nephrology team provided pre-test counseling and selection of patients with suspected ADPKD for genetic
testing prior to direct patient interaction by a medical geneticist.

Sources of information: A multidisciplinary team of nephrologists, genetic counselors, and medical geneticists developed
an MGT pathway for ADPKD using current testing criteria for adult patient with suspected ADPKD and literature from
MGT in oncology.

Methods: An MGT pathway was assessed using a prospective cohort and compared to a retrospective cohort of 56
patients with ADPKD who received genetic testing using the standard, traditional pathway prior to implementing the MGT
for ADPKD. The mainstream pathway was evaluated using time to diagnosis, diagnostic yield, and a patient survey to assess
patient perceptions of the MGT pathway.

Key findings: We assessed 26 patients with ADPKD using the MGT and 18 underwent genetic testing with return of
results. Of them, 52 patients had data available for analysis in the traditional control cohort. The time for return of results
using our MGT pathway was significantly shorter with a median time to results of 6 months compared to 12 months for the
traditional pathway. We identified causative variants in 61% of patients, variants of uncertain significance in 28%, and 10%
had negative testing which is in line with expectations from the literature. The patient surveys showed high satisfaction rates
with the MGT pathway.

Limitations: This report is an evaluation of a new genetic testing pathway restricted to a single, publicly funded health care
center. The MGT pathway involved a prospective collection of a limited number of patients with ADPKD with comparison
to a retrospective cohort of patients with ADPKD evaluated by standard testing.

Implications: A MGT pathway using clearly defined criteria and commercially available gene panels for ADPKD can be
successfully implemented in a publicly funded health care system to reduce the time required to obtain genetic results.

Abrégé

Motif: Actuellement, les résultats du dépistage génétique pour la maladie polykystique rénale autosomique dominante
(ADPKD) sont obtenus environ un an aprés laiguillage en médecine génique. Nous avons évalué un parcours de dépistage
génétique intégré (DGI) ou I'équipe de néphrologie fournit des conseils pré-dépistage et sélectionne les patients soupgonnés
d’ADPKD pour un test génétique avant I'interaction directe du patient avec un généticien médical.

Sources: Une équipe multidisciplinaire constituée de néphrologues, de conseillers en génétique et de généticiens médicaux
a développé un parcours de DGI a partir des critéres existants pour les patients adultes soupgonnés d’ADPKD et de la
littérature portant sur le DGI en oncologie.

Méthodologie: Le parcours de DGI a été évalué dans une cohorte prospective puis comparé a une cohorte rétrospective
de 56 patients atteints ¢’ADPKD ayant subi un dépistage génétique selon le parcours traditionnel, avant la mise en ceuvre
d’un parcours de DGI pour 'ADPKD. Le parcours intégré a été évalué en tenant compte du temps requis pour poser le
diagnostic, du rendement diagnostique et d’un sondage auprés des patients évaluant leurs perceptions a I'égard du parcours
lui-méme.

Principaux résultats: Le parcours de DGI a permis d’évaluer 26 patients atteints ¢’ ADPKD, dont |8 ont subi des tests
génétiques avec retour des résultats. Dans la cohorte témoin (dépistage traditionnel), 52 patients disposaient de données

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and
distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages
(https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/cjk

2 Canadian Journal of Kidney Health and Disease

disponibles pour I'analyse. Le délai médian pour I'obtention des résultats était significativement plus court avec le parcours
de DGI qu’avec le parcours traditionnel (6 mois c. 12 mois). Des variantes causales ont été relevées chez 61 % des patients,
28 % des patients présentaient des variantes de signification incertaine et 10% ont obtenu des résultats négatifs, ce qui est
conforme aux attentes posées par les résultats rapportés dans la littérature. Les sondages menés aupreés des patients ont
montré des taux de satisfaction élevés a I'égard du parcours de DGI.

Limites: Ce rapport constitue I'évaluation d’un nouveau parcours de dépistage génétique limitée a un seul centre de soins de
santé public. Ce parcours de DGl a été évalué dans une cohorte prospective formée d’'un nombre limité de patients atteints
d’ADPKD par rapport a une cohorte rétrospective de patients atteints ¢’ ADPKD évalués par la méthode traditionnelle.
Implications: Un parcours de DGI utilisant des critéres clairement définis et des panels génétiques pour ’ADPKD disponible
commercialement peut étre mis en ceuvre avec succés dans un systéme de santé public et accélérer I'obtention des résultats
génétiques.
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What was known before

Genetic testing for patients with suspected autosomal domi-
nant polycystic kidney disease (ADPKD) in many centers
currently requires an assessment by a medical genetics
expert prior to genetic testing. The time to obtain genetic
test results can take more than 1 year from the time of refer-
ral. A Mainstream Cancer Genetics Initiative successfully
implemented a mainstream gene testing process that pro-
vides cancer patients fast genetic testing at routine cancer
clinic appointments.

What this adds

Our mainstream genetic testing (MGT) pathway for ADPKD
is described in sufficient detail with supplementary resources
that can be adapted to implement mainstream genetic testing
pathways for ADPKD in other center or for other genetic
kidney disorders.

Introduction

Genetic causes of kidney disease are an area of active
research as they hold promise to improve patient outcomes
through improved prognostication, family screening, family
planning, therapeutics, and transplant evaluation.!® While
genetic kidney diseases are individually rare, together they

account for approximately 10% of kidney failure.!7$
Improved understanding of genetic kidney diseases, coupled
with the reduced cost of sequencing, is making genetic test-
ing in nephrology more common.’ Nevertheless, multiple
barriers need to be addressed for genetic testing to be widely
available and maximize its clinical impact. These include
cost and coverage issues, pairing of appropriate patients and
tests, knowledge gaps for non-geneticist providers, and a
limited supply of professionals with genetics expertise.!*!4

The Mainstreaming Cancer Genetics Programme was a
S-year initiative in the United Kingdom that made cancer
gene testing part of routine care with a mainstream pathway
available at a cancer clinic without the involvement of a
medical geneticist.!>!8 The initiative’s major development
was an effective mainstream access model for BRCAI
and BRCA?2 testing in patients with breast and ovarian
cancer. Prior to the mainstream model, BRCA genetic
testing had systematic underuse and inappropriate use
contributing lost opportunities for improved cancer care
and management.'®!°2! These mainstream genetic test-
ing models were developed by multidisciplinary teams
including oncology, medical genetics, and genetic counsel-
ors to create a standardized approach allocating consent
and testing to a trained oncology team with genetics fol-
low-up as required.'>!420:2! Mainstreaming programs for
genetic testing in oncology have been adopted by many
centers with a positive impact on patient care.?!?
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ADPKD is the most common inherited kidney disease,
and although the prevalence of ADPKD in Canada is
unknown, it accounts for 5% of kidney failure in the United
States.?28 ADPKD has well-established Canadian and inter-
national guidelines for genetic testing.®?%?° Ninety percent
of patients with ADPKD have an identified variant, 85% of
which are within the large and difficult to sequence PKD1
gene while 15% are in PKD2, with most of the identified
mutations being private within a specific family.630-3
ADPKD shows genetic heterogeneity as variants in multiple
other genes have been shown to produce a similar phenotype
including GANAB, DNAJBIl, HNFIB, VHL, UMOD,
MUCI, and others.?*3335-38 Patients and providers find the
results of genetic testing in ADPKD beneficial in prognosti-
cation, family and transplant planning, and treatment, and
advocate for access to testing, 22341

Current genetic testing for ADPKD for most centers
requires a referral to medical genetics for evaluation, testing,
and counseling. Due to a limited number of health-care pro-
fessionals with expertise in genetics, there can be significant
delays in accessing to testing. In this report, we evaluate the
implementation of a mainstream genetic testing (MGT) path-
way for nephrologists to provide pre-test consent and coun-
seling for ADPKD prior to a formal referral to a medical
genetics team. We show the feasibility of a mainstream
genetic testing pathway for ADPKD comprising of a clinical
work flow partitioned between a nephrology team and a
medical genetics team to reduce the wait time for genetic
testing.

Purpose of Program

We use an MGT model implemented in oncology as a guide
to create and validate an MGT pathway for genetic testing of
patients with ADPKD. We assess the time to return of results
using our MGT pathway for patients with ADPKD compared
to the traditional testing pathway along with the diagnostic
yield of the developed gene panels, and patient satisfaction
for those who received their testing through the mainstream
pathway.

Methods

Patient Ascertainment

Patients were recruited for the prospectively collected main-
stream pathway at Alberta Health Services, Calgary, Alberta,
Canada from February 2020 to October 2020. All primary
nephrologists in the Division of Nephrology at Alberta
Health Services in Calgary, Alberta were notified of the
MGT for ADPKD by email. Participants were identified and
recruited by their primary outpatient nephrologists, and con-
sented by a subsequent nephrologist to the study including
the patient surveys. Forty-eight patients with ADPKD based
on clinical evaluation and imaging were prospectively
recruited to the mainstream pathway of the study. We

excluded patients who had features consistent with a syn-
dromic disorder as the medical genetics team felt these
patients warranted a pre-testing visit with genetics to deter-
mine the optimal genetic tests. Patients or patients with a
family member(s) who previously received genetic testing
were excluded for cost-effective evaluation by targeted
sequencing of the known familial variant. Due to the COVID-
19 pandemic, recruitment and testing was halted for 95 days
from March 26, 2020 to June 29, 2020. We analyzed a dei-
dentified retrospective cohort of all the patients with ADPKD
(n = 56) assessed by the medical genetics team through the
existing standard of care pathway between January 1, 2015
through to December 30, 2019 to serve as a historic control.
Of these 56 patients, 4 were missing data on the date of return
of results and were excluded leaving, 52 patients with com-
plete data who were included for this study. Both the pro-
spective and retrospective studies received approval by the
University of Calgary Research Ethics Board.

Mainstream Genetic Testing Pathway Design

The MGT pathway was designed by a multidisciplinary team
comprised of nephrologists, medical geneticists and genetic
counselors. The group worked together over multiple ses-
sions to adapt a standardized patient-centered approach from
the oncology literature to work for patients with ADPKD. The
MGT pathway involved multiple iterations with input from
all pathway design team members (M.D.E., L.C.J.,PS.,J.L.,
and J.C.). Resource utilization, test funding, patient flow,
administrative support, and changes to clinical workflows for
both the nephrology and medical genetics teams were taken
into consideration. The final mainstreaming pathway divided
the workflow such that the nephrology team carried out coun-
seling, consent, and arranged the sample collection without
the direct assistance of the medical genetics team; ordering
the test, interpretation and return of results to patients and
their care providers were done by the medical genetics team
similar to the workflow described in the oncology literature
(Figure 1).'320424 Unlike prior studies of genetic testing in
nephrology, our mainstream pathway utilized a split work-
load model, which aimed to free up the limited resources
and time of our medical genetics team by removing their
direct patient involvement during pre-test counseling, while
still ensuring interpretation and return of results consistent
with current best practices in nephrology.**** Study vis-
its for consent and testing discussions were offered virtu-
ally over the telephone or in person based on participant
preference.

A counseling checklist was developed for the nephrology
team that outlined the benefits and limitations of genetic
testing as required for informed consent (Supplementary
Figure 1). Patient information handouts were developed to
explain the testing, and genetic testing reports were developed
for patients, and their health-care providers (Supplementary
Figures 2—4). If patients had further questions prior to test-
ing, the option of speaking with the medical genetics team
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Patient with ADPKD
v
Nephrologist in clinic
1. Discussion of ADPKD gene panel
2. Consent obtained _,| Referral to Medical Genetics
3. Information sheet about genetic testing if further discussion required
4. Given requisition for testing

Classic appearing ADPKD Non-classic appearing ADPKD

* Imaging of patient alone (Unified criteria) * Atypical ADPKD imaging

* Imaging of patient and patient’s parents * Atypical presentation

* Presence of extrarenal manifestations * Suspicion of other cystic kidney disease

* No family history

ORDER LIMITED PKD PANEL OR ORDER EXPANDED PKD PANEL

Results reviewed and interpreted by Medical Genetics

v v v
NEGATIVE POSITIVE VUS
A 4 A\ 4 A\ 4
1. Patient sent results 1. Patient sent results 1. Patient sent results
2. Nephrologist follows- 2. Nephrologist follows- 2. Nephrologist follows-
up with the patient up with the patient up with the patient
3. Medical Genetics for 3. Medical Genetics for 3. Medical Genetics for
PHONE follow-up IN PERSON follow-up IN PERSON follow-up
Indications: Exclusion:
* Confirm the absence of mutation in potential kidney donors « Family member has undergone
» Mutation identification in absence of family history diagnostic genetic testing

» Exclude other cystic diagnoses if atypical imaging
* Unilateral, Segmental, Lopsided, or with Atrophy
* ldentify mutations in early-onset disease

« Offer prenatal and preimplantation diagnosis.

Figure 1. Mainstream genetic testing pathway for autosomal dominant polycystic kidney disease (ADPKD) testing in adult nephrology

patients.
Note. Pathway developed by a team of nephrologists, medical geneticists and genetic counselors to facilitate ordering of a polycystic kidney disease (PKD)
genetic panel by nephrologists prior to assessment patients by the medical genetics team.

was available. Once a patient consented to genetic testing, testing results. Expenses for testing were obtained through
the nephrology team made a referral to the medical genetics existing routine clinical coverage by Alberta’s Genetic
team who ordered testing, then reviewed and returned the Resource Centre.
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To simulate a mainstream model, the primary nephrolo-
gists obtained consent for our research nephrologists to con-
tact their patients. The research nephrologist then phoned or
met patients in-person to obtain full study consent and subse-
quently counseled the patient on genetic testing for ADPKD,
provided information about genetic testing, selected the
appropriate gene panel, and arranged for genetic testing. In
the event that the patient requested further discussion prior to
genetic testing, a referral was sent to the medical genetics
team.

Gene Panel Design

Blueprint Genetics (Helsinki, Finland) was used for the clini-
cal gene panel testing in this study. We offered two panels
based on clinical phenotype that were designed based on a
review of the literature. Patients could collect a sample via
salivary testing or whole blood at their discretion.

A limited polycystic kidney disease (PKD) panel was
used for patients with classic appearing ADPKD where there
was typical Mayo Class 1 imaging, positive family history,
or the presence of typical ADPKD-related extrarenal mani-
festations and tested for both the PKDI and PKDZ2 genes
(Figure 1). This was chosen based on known diagnostic rates
in well characterized patients of approximately 90% in these
two genes, balanced with the lower likelihood of non-PKD1/
PKD?2 variants in these classic appearing cases.’%3%¢ An
extended PKD panel was developed for patients with non-
classic appearing ADPKD defined by atypical kidney imag-
ing (Mayo Class 2), absence of a family history, atypical
clinical presentation for ADPKD, or where there was suspi-
cion for another genetic cystic kidney disease, as non-PKD1/
PKD? variants have been shown to cause atypical imaging
features, less prominent PKD, and are associated with other
extra-kidney manifestations (Figure 1).3*3%%7 The extended
PKD panel consisted of genes known to cause typical and
atypical PKD: PKD1, PKD2, COL4A41, DNAJBI11, GANAB,
HNF'1B, REN, and UMOD. This panel was designed collab-
oratively by the study nephrologists and medical geneticists,
with the intent of capturing those genes where the phenotype
can appear similar to PKD while excluding genes with auto-
somal recessive inheritance, clear non-kidney related symp-
toms, such as Alagille syndrome, where more specific
genetic testing could be employed and genes where ADPKD
was a highly atypical presentation. The results were reviewed
by the medical genetics team to order additional testing for
rare genes not included in the testing panels if there were
concerns.

Patient Survey

Two patient surveys were developed based on surveys used
to assess the mainstreaming genetics pathways within oncol-
ogy with modifications to accommodate the context and
work-flow of this study.'® The surveys consisted of 5-point

Likert questions and free space questions for more general
feedback. The first survey was given to the patient after their
mainstreaming counseling and consent session with the
nephrologist to obtain patient feedback about their interac-
tion with the nephrologist, the developed resources, and
understanding of testing. The survey was done in person or if
the visit occurred virtually via mail. The second survey was
sent to patients after their follow-up visit with the medical
genetics team and aimed to gather patient feedback about
how the counseling with the nephrologist prepared them for
the results, how the medical genetics session was, and the
overall satisfaction with the mainstream pathway. These sur-
veys were sent only to patients within the MGT pathway
with pre-printed and pre-paid postage to maintain anonym-
ity. The questions were categorized into 4 themes based on
the consensus of our group. The 4 categories included the
study interaction, quality of written information, impact of
results, and overall process. Survey question and linked
themes are included in Supplementary Figure 5.

Outcomes

The primary outcome was the time from patient referral to
for ADPKD genetic testing to the return of genetic test results
to the patient. The primary outcome compared a prospec-
tively collected cohort using our MGT pathway with a retro-
spectively collected control cohort subjected to genetic
testing though the traditional, standard-of-care pathway. Our
secondary outcomes included the diagnostic yield of gene
panel testing, specific genetic diagnoses and survey-based
patient outcomes that assessed the patient satisfaction spe-
cific to the MGT pathway.

Statistical Analysis

Descriptive and comparative analysis of the prospective and
retrospective cohorts, and the survey data was done in R
4.0.3. Time to return of results were compared using Kaplan
Meier survival analysis performed in R using the survival
3.0-7 and survminer 0.4.8 packages.*®

Key Findings

Time to Return of Results for ADPKD Genetic
Testing

In total, 48 patients were referred to our study from their pri-
mary nephrologist and 26 consented to genetic testing for the
MGT pathway. Patients underwent counseling and test selec-
tion by the study nephrologists using the MGT pathway dur-
ing the 10-month recruitment phase (Figure 2). Eighteen
patients submitted a sample for genetic testing and had their
results returned with the mainstream pathway. Ten patients
received the limited PKD panel, 8 the extended PKD panel.
For the prospective MGT cohort, the median time from
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48 Patients referred

21 Were excluded
3 Prior testing in family

A 4

18 Unable to contact
1 Withdrew prior to testing

26 Patients consented

A 4

8 Did not provide sample

A 4

18 Underwent testing

|

}

10 Limited PKD panel

8 Extended PKD panel

Figure 2. Referrals and inclusion in the analysis for polycystic kidney disease (PKD) genetic testing.
Note. Patients were referred by their primary nephrologists for PKD genetic testing. In total, 10 patients were tested using the limited PKD panel and 8

with the extended PKD panel.

referral to the study to return of results was 184 days (95%
confidence interval [CI]: 110-307 days), including the 95-day
period of inactivity due to the COVID-19 pandemic that
affected 12 participants with returned results (Figure 3A).
The retrospective control cohort containing 52 patients with
ADPKD who underwent genetic testing using the traditional
pathway had a median time from referral to medical genetics
to return of results of 368 days (95% CI: 327-493 days). The
prospective mainstream cohort was significantly faster than
the traditional control (log-rank test, P < 0.001) (Figure 3A).
The timing to specific clinical visits in the traditional control
and the mainstream pathway are shown in Figure 3B. The
nominal time to the pretest counseling visit and for the
receipt and return of results were shorter in the mainstream
cohort compared to the traditional cohort.

Diagnostic Rates Using the ADPKD Panels

We identified a diagnostic pathogenic or likely pathogenic
variantin 11 of 18 patients (61%); 7 truncating PKD1 variants,
3 non-truncating PKD1 variants, and 1 PKD2 variant. Five
patients (28%) had a variant of uncertain significance (VUS)
which were rare missense changes within PKD1 and 2 patients
(11%) had negative results. Eleven of the identified variants
have not been described in the literature. The specific muta-
tions and American College of Medical Genetics (ACMG)
Classifications are provided in Supplementary Table 1. The
genetic results led to cascade testing of family members in 1
case and segregation analysis in 2 cases to confirm a de novo
variant. All the VUS cases are able to be reclassified if segre-
gation and phasing data becomes available.
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Figure 3. Comparison of turnaround time for results and
diagnostic rates for the mainstream pathway to current
standards. (A) Time to return of genetic results with median
denoted for traditional and mainstream testing pathways. P-value
per log-rank test. (B) Temporal schematic of specific actions that
occur within each pathway with times between steps noted in
weeks.
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Study interaction

Written information

Impact of results

Process 5% 50%

I strongly Agree
|| Agree

Neutral

Disagree
- Strongly Disagree

45%

Respondents: 11

0 20 40

60 80 100

Proportion of Patients (%)

Figure 4. Patient survey results categorized by major theme addressed in each question.
Note. Patient responses to the mainstreaming genetic testing for PKD for the categories of study interaction, written information, impact of results and

process. PKD = polycystic kidney disease.

Patient Survey Results

Altogether, 11 patients responded to the surveys. Survey
results showed patients were satisfied with the MGT path-
way we developed in all 4 major survey themes (Figure 4).
No patient concerns were raised within the free text boxes,
with most saying the information and process left them satis-
fied or very satisfied. Overall the patients felt that the infor-
mation they received based on the developed checklists and
information sheet was appropriate for the setting.

Limitations

Our study had several limitations. The single-center nature
may limit generalizability to other centers and health sys-
tems, especially given that we had access to clinical quality
genetic testing for all included patients that was fully
funded by our universal health care system. The use of a
historic control sample for comparisons introduces the risk
of confounding based on the standard of care at time that
testing was offered compared to the standardized main-
stream cohort. We did not collect significant characteristic
data between the two groups so there could be an unmea-
sured imbalance between the groups hat has led to the dif-
ference in time to return results that we have seen. The
small sample size of patients who underwent testing means
there were fewer genetic results to analyze than we had
planned. Nonetheless, our diagnostic rates are consistent
with the existing literature. The surveys used were not
developed using a Delphi process and did not undergo pilot
testing prior to their use broadly within the study which
limits our ability to generalize their answers beyond those
who returned a survey.

Implications

We have successfully developed and implemented an effi-
cient, mainstream approach to genetic testing in patients with
ADPKD that leverages a collaboration between nephrology
and medical genetics teams that may be suitable for other
publicly funded centers. We developed new resources for
nephrologists to carry out pretest counseling and consent,
selection of the appropriate testing panel, and arrangement
for sample collection. Integration of the medical genetics
team for ordering tests, interpretation of results and follow-
up for the mainstream pathway minimized deviation from
standard practice while educating nephrologists and expedit-
ing return of genetic testing results. One of the main reasons
for the significant time to return results in the traditional
cohort is a limited supply of medical genetics experts, lead-
ing to long wait times and delays (Figure 3B). By eliminating
the wait time associated with the initial clinic visit for assess-
ment by medical genetics, the mainstream pathway returned
results to patients faster and minimized the direct patient
counseling by the genetics team for patients without an iden-
tified variant. The survey data showed patients are comfort-
able with the pathway and in the ability of nephrologists
without specialized genetics training to provide pre-testing
care, which aligns with patient experiences in mainstreaming
in other fields, but our data does not allow the direct com-
parison to the patient experiences in the historic cohort who
received testing through the traditional pathway.!'>!

Our mainstream pathway for ADPKD genetic testing has
a number of features that lend it scalability and generaliz-
ability. The use of commercially available gene panels allows
any center with public funding to implement our main-
stream pathway genetic testing without the need for in-house
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sequencing and interpretation capabilities. Moreover, the
genetic testing has flexibility as new genes can easily be
added to panels as they are validated as causative genes. The
use of general nephrologists for pretest care reduces the bur-
den for the medical genetics team from significant involve-
ment with patients without an identified mutation, allowing
them to focus on patients with positive and VUS results. The
mainstream pathway has the potential to be adapted to other
conditions for which there are known genetic causes as the
educational materials and the gene panels can be modified as
appropriate while the core workflow remains constant.

Specialized clinics focusing on genetic kidney disease
have been previously described but they differ from the
pathway presented here because they have relied heavily
on genetic counselors to do the pre-testing counseling and
consent.#434930 These approaches may limit access to
genetic testing as they rely heavily on professionals with sig-
nificant knowledge in genetics, who are in short supply.
Recent data shows nephrologists are enthusiastic about
genetic testing and are most comfortable with consenting for
genetic testing, ordering testing, and integrating results into
clinical care. Often challenging is selecting the right test,
interpreting the results, and choosing the appropriate patients
to test.!* The pathway we have developed allows nephrolo-
gists to perform the tasks they feel best suited to perform,
while addressing the more challenging aspects through stan-
dardization and direct integration of medical genetics. It
should be noted that mainstreaming approaches for heredi-
tary breast and ovarian cancers have been shown to, at times,
deviate from guideline based standards of care.’! However,
the clinical tools developed for the mainstreaming pathway
in this study directly address many of the cited shortfalls,
including a session for pre-test counseling, discussion of
familial and management implications, discussion of variant
result terminology and the inclusion of a pedigree. These
tools are included in the Supplementary Figures to help oth-
ers implement this mainstream pathway.

Patients with kidney disease have identified genetic test-
ing as an important aspect of their care and recognize the
impact a molecular diagnosis can have on prognosis, man-
agement, transplant, and family planning.® Patients have
advocated for timely and broad access to genetic testing and
the pathway we present allows for both these goals to be
met.*! Our pathway can serve as a flexible and efficient
model to build off of in the future as the utility of genetic
testing grows and is integrated into the care of a broader set
of patients.

The overall positive diagnostic rate in our pathway of
61% was lower than expected, and the VUS rate (28%) was
higher than expected.>*-3* We compared our diagnostic rates
to two contemporary papers that also utilize ACGM consen-
sus definitions for variant interpretation.’*33>? By compari-
son, Schonauer et al had a diagnostic rate of 81% pathogenic
(P) or likely pathogenic (LP) with 9% VUS and 10% nega-
tive cases, while Mantovani et al had a diagnostic rate of
61% P or LP with 13% VUS, 35% negative.>** This shows

the patient selection criteria, gene panels, and the use of
commercially available genetic testing in our mainstream
pathway produce similar diagnostic outcomes when com-
pared to specialized research testing environments which is
important if it is to be applied in other centers and for other
genetic kidney diseases. The VUS identified in our study are
all missense variants within PKD/ where in silico analysis
and population level data suggest pathogenicity. With segre-
gation analysis and phasing data they all have the opportu-
nity to be reclassified to pathogenic or likely pathogenic. A
reclassification toward pathogenicity would align our diag-
nostic rate with the existing literature that has relied heavily
on segregation data for these types of variants.3*** This
shows the importance of the mainstream pathway’s inte-
grated approach to genetic testing as the VUS results will
require follow-up and further testing by the medical genetics
team that is likely beyond the clinical scope of a non-genet-
ics expert.

In summary, we describe a mainstream pathway for
genetic testing of patients with ADPKD that led to signifi-
cantly faster return of results compared to a historic control,
with a reasonable variant identification rate. The pathway is
designed to be scalable and flexible and we hope it can be
adapted to other centers and genetic conditions to improve
the care of patients with kidney disease.
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