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Vers l'utilisation systématique des tests génomiques dans les plus grandes régions du
Canada:

Rapport d'avancement sur l'etat de préparation

Pourquoi des tests basés sur le génome ?

Les soins de haute qualité qui profitent le plus aux patients requiérent des
informations provenant des tests. De plus en plus, les biomarqueurs de
laboratoire qui mesurent I'expression, la fonction et la régulation des genes et
de leurs produits sont utilisés a cette fin. Ces tests basés sur le génome sont
déja devenus monnaie courante en oncologie et I'on s'attend & une croissance
exponentielle des nouveaux tests et approches de tests dans un certain nombre
de domaines thérapeutiques dans les années a venir - une ére de médecine
génomique.

L'augmentation rapide des innovations et des plates-formes technologiques
disponibles entrainera également une augmentation de la complexité de la
mise en ceuvre de la politique de I'UE en matiere d'innovation.

Etant donné que les systemes de soins de santé (et les fonctions de
laboratoire au sein de ces systémes) varient, il n'y aura probablement
pas de solution unique ; toutefois, certaines conditions seront
nécessaires pour gérer ces teclmologies d'une maniere qui soit
bénéfique pour les patients et durable.

Contrairement aux technologies de santé traditionnelles, les tests
basés sur le génome offrent également des possibilités de recherche
au-dela de la prise de décision en matiere de soins de santé et peuvent
conduire a des découvertes sur la nature de la maladie ou l'efficacité
des thérapies actuelles et futures. Ils sont aussi utilisés comme un
élément important de la mise en ceuvre des futures thérapies
cellulaires et génétiques et de l'amélioration de la qualité de la vie.

Quel est l'impact de l'état de préparation du systeme ?

La médecine génomique a déja amélioré 1'état de santé des patients en prédisant qui peut bénéficier (ou non) d'une thérapie et en
facilitant les décisions cliniques grace 2 un meilleur pronostic et a un meilleur diagnostic des maladies.

Cependant, la médecine génomique présente un certain nombre d'avantages supplémentaires, notamment:

* Amélioration de l'expérience des patients et des prestataires de soins - ©

Réduction du besoin d'orientation et d'autres tests de diagnostic, et
amélioration du délai de diagnostic. L'amélioration de 'état de
préparation dans 'ensemble du Canada permettra d'offrir des soins
et un acces équitables.

* Amélioration de la science et de la croissance économique -
Favoriser la découverte scientifique et l'inscription aux essais
cliniques, créer des opportunités commerciales et d'investissement
et préparer l'avenir du personnel de santé canadien.

Résumeé

Efficacité des soins de santé -

La médecine génomique permet de réduire les cofits
des soins de santé tout en créant l'infrastructure
nécessaire a la fourniture des soins du 21e siecle.

Acces équitable aux soins —

L'état de préparation au niveau provincial garantit un acces équitable
aux soins dans l'ensemble du Canada et au sein des provinces, y
compris entre les milieux universitaires et communautaires. Les
normes de préparation créent également des opportunités de
collaboration entre les provinces.

e La médecine génomique recéle un réel potentiel d'amélioration de la santé et du parcours de soins des patients, de I'expérience des
prestataires de soins et de 'efficacité du systeme de santé, voire de réduction des cofits des soins de santé. Dans les années a venir, on s'attend
a une croissance exponentielle des nouveaux tests basés sur le génome et des approches de test médicalement nécessaires.

* Contrairement aux technologies traditionnelles de soins de santé, les tests basés sur le génome peuvent également créer des opportunités de
recherche scientifique et commerciale au-dela de la prise de décision en matiere de soins de santé.

* Le rapport d'avancement sur I'état de préparation s'appuie sur un échantillon raisonné de cing régions de soins de santé au Canada : Ontario, Québec,
Colombie-Britannique, Alberta et Nouvelle-Ecosse, soit plus de 85 % de la population canadienne.

¢ Bien que le Canada ait fait quelques progres, il est loin d'étre prét. Il reste des lacunes importantes a combler. Ces lacunes varient d'une
province a l'autre et comprennent : de meilleurs systemes informatiques/de données liées ; des processus d'évaluation des tests opportuns,
justes et équitables ; des aides a la navigation et a I'éducation pour les prestataires de soins ; un financement opportun et adéquat des
services de test ; et la création de meilleures opportunités d'innovation par le biais de la médecine génomique

* Pour combler ces lacunes, la recherche devrait impliquer les patients, les prestataires de soins et les systemes de santé.

o Les principales priorités comprennent la recherche sur la mise en ceuvre pour soutenir les innovateurs, I'établissement d'un lien entre les
données de la recherche et les données sur la santé, et I'étude des implications éthiques, juridiques et sociales des tests, en particulier pour les

maladies hautement prioritaires telles que les maladies rares.

e 1l faut également poursuivre les efforts pour améliorer le parcours des patients, depuis le diagnostic de la maladie jusqu'a I'obtention de soins de
qualité en temps opportun, qui peuvent profiter a leurs familles tout en faisant progresser notre compréhension scientifique de la santé humaine ; la
création de meilleures opportunités pour I'innovation génomique est un moyen évident d'améliorer la santé et le bien-étre des Canadiens.
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Que signifie l'état de préparation pour
les patients ?

e Améliorer la santé. Les tests basés sur le génome permettent un
diagnostic plus précis et plus rapide ou l'utilisation de traitements ciblés
qui peuvent étre plus efficaces et moins nocifs pour les patients. Elle
peut également aider les patients et les prestataires de soins & mieux
comprendre l'avenir de leur maladie, et aider les patients et leurs familles
a prendre des décisions plus éclairées.

¢ Améliorer les expériences de soins pour les patients et leurs familles.
Connaitre les mutations génétiques responsables de la maladie de leur
proche peut potentiellement sauver la vie des patients et des membres de
leur famille et pourrait également permettre des interventions plus
précoces (et moins cofiteuses).

Le Canada est-il prét?

Pour mieux comprendre l'état de préparation du Canada, un
ensemble de conditions nécessaires a été élaboré en consultation
avec des experts régionaux et nationaux. Ces conditions se
répartissent en trois catégories :

1) Infrastructure - Infrastructure de santé et de ressources
humaines comprenant des communautés de pratique, une
planification des ressources et une infrastructure numérique
(informatique).

2) Opérations - la capacité d'évaluer, de coordonner et de mettre
en ceuvre des essais au niveau du systeme de santé, y compris un
point d'entrée pour l'innovation, une fonction d'évaluation, un
modele de coordination des services et des aides 2 la sensibilisation
des prestataires de soins et a la navigation des patients.

3) Environnement des soins de santé - 1'ensemble des soutiens
nécessaires aux soins de santé, y compris les approches nécessaires
au financement, a I'intégration de l'innovation, a I'éducation et a la
formation des patients et des prestataires, ainsi qu'a la
réglementation des tests pour garantir la qualité des soins.

Onze conditions essentielles ont ensuite été cartographiées dans les
quatre plus grandes provinces du Canada ainsi qu'en Nouvelle-
Ecosse, la plus grande province de la région atlantique du Canada.
L'évaluation de I'état d'avancement de chacune de ces régions a
révélé des états de préparation différents a la médecine génomique.
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Traitement équitable. Les patients craignent que 'acces a des tests
utiles ne soit déterminé par leur lieu de résidence ou par la
connaissance qu'ont les prestataires de soins de la disponibilité des
tests ou de leurs effets sur la santé. Le fait d'étre prét pour les tests
signifie que les patients peuvent recevoir les meilleurs soins
possibles, quel que soit leur lieu de résidence.

e Tempsetaide. Les patients, en particulier ceux qui souffrent de
amaladies rares et dont le pronostic est sombre, n'ont pas de temps a
perdre. La médecine génomique peut accélérer leur diagnostic et
leur traitement. Un systeme de santé prét a I'emploi peut également
offrir aux patients et a leurs proches les conseils et le soutien
psychosocial dont ils ont besoin pour mieux comprendre leur

maladie.

Les lacunes importantes qui devront étre comblées dans
l'avenir du Canada sont les suivantes :

* Amélioration de l'informatique — Elle est essentielle pour le
développement des tests, I'inter- prétation et I'aide a la décision
clinique. L'intégration adéquate des résultats des tests dans les
dossiers médicaux électroniques constituera également une
ressource essentielle pour le suivi en situation réelle, la gestion des
maladies, I'évaluation et I'assurance de la qualité, ainsi que le
financement. La plupart des provinces ne disposent toujours pas
d'une intégration suffisante des données.

Evaluation/évaluation des technologies de la santé (ETS) — Une ETS
adaptée a I'objectif visé sera nécessaire pour identifier les tests de
grande valeur. La plupart des provinces ne disposent pas de
processus d'évaluation conformes aux principes de I'ETS en matiere
de rapidité, de transparence et d'engagement.

Outils de navigation - Pour que les tests génétiques soient efficaces,
il faut mettre a la disposition des patients et du public des outils de
navigation, notamment des lignes directrices en matieére
d'orientation, un répertoire des tests, des criteres d'admissibilité, des
outils/une formation pour la commande de tests génétiques et un
répertoire des centres de soins. Certaines provinces travaillent sur
ces ressources de navigation.

Approche financiere - La plupart des provinces ne disposent pas
d'un financement spécifique pour faciliter l'intégration rapide ou
d'une formule de financement qui soutienne le développement des
tests et les essais d'aptitude. La dépendance actuelle a1'égard du
secteur privé pour le financement de la mise au point des tests peut
étre contre—productive, car les priorités sont influencées par qui
paie, plutdt que par les besoins non satisfaits, I'équité ou l'efficacité.

Engagement - Les systemes de santé trés performants exigent un
large engagement de la part des personnes concernées par les tests.
11 s'é\gi\t\ notamment des patients, des administrateurs, des
professionnels de I'informatique, des spécialistes de la mise en

lu génome, des innovateurs des secteurs public et privé et
onnes (scientifiques, experts juridiques et éthiques,
\Q\fessionnelles, bioéthiciens, régulateurs).

Les progres par province sont décrits

Réglement dans les pages suivantes.



Ou en sont les provinces ?

L'Alberta et le Québec ont créé davantage de conditions nécessaires a
la préparation, en grande partie grace 4 la mise en place plus précoce
d'organisations et de programmes uniques de services de laboratoire
qui fournissent I'infrastructure nécessaire a la coordination et a la
planification, ainsi que les conditions opérationnelles nécessaires. En
Nouvelle-Ecosse, le niveau de coordination et de planification est
plus élevé en raison d'une demande de services moins importante et
de la capacité du gouvernement a travailler directement avec
l'individu.

Colombie-Britannique

Points Forts :

Organisation de service unique (Pathology and Laboratory
Medicine Program) qui établit une communauté de pratique et
soutient la planification des ressources.

Un point d'entrée unique avec des délais explicites pour
I'évaluation et la coordination entre les prestataires de services.
Une certaine intégration des tests innovants.
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Alberta

Points forts:

Organisation de service unique (Alberta Precision Laboratories)
qui assure la supervision et la planification des ressources.
Intégration des informations relatives aux laboratoires dans
l'ensemble de la province est établie

Intégration et échange avec les innovateurs par le biais de
programmes de recherche translationnelle dédiés, de processus de
demande ouverts et d'une utilisation généralisée des essais
expérimentaux. des processus de demande ouverts et l'utilisation
généralisée des essais expérimentaux.
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les hopitaux universitaires qui effectuent des tests a I'échelle de la
province. Cependant, de nombreux processus opérationnels et
d'évaluation sont informels et ne sont pas accessibles au public.
L'inverse est vrai en Ontario, qui doit faire face a des niveaux de
demande de services beaucoup plus élevés, a un réseau complexe de
processus d'évaluation formels et, jusqu'a récemment, & un systeme de
santé tres décentralisé.

Points faibles :

* Manque d'intégration des systémes d'information des
laboratoires.

Engagement et participation limités de la communauté
élargie des parties prenantes.

Des possibilités considérables d'améliorer la navigation
dans les soins.re navigation.

Mesures Prioritaires :

e Créer un systeme d'information de laboratoire intégré
interrégional et un plan d'intégration dans les dossiers
médicaux électroniques.

Elargir les réseaux pour inclure des membres plus larges
de la communauté de l'innovation.

Améliorer les processus de navigation pour les prestataires
de soins et les patients et élaborer des normes pour
I'éducation et la formation.

Réglement

Son état de préparation actuel lui a valu

La Colombie-Britannique obtient la note C

Points faibles :
o Le processus d'examen des tests, les délais et les criteres ne
sont pas rendus publics.

1l existe encore des possibilités d'améliorer les normes en
matiere de navigation et d'éducation pour les patients et les
prestataires de soins.

Mesures Prioritaires :
o Développer les possibilités d'engagement avec des membres plus

larges de la communauté de l'innovation afin d'améliorer la
planification des soins de santé et de favoriser l'innovation.

Améliorer le processus de délibération qui entoure I'examen et
l'adoption des tests.

o Améliorer I'approche financiére afin d'inclure le financement de la
. mise au point des essais et de tenir compte des cofits associés aux
essais.

Son état de préparation actuel lui a valu
' L'Alberta obtient la note B+

Réglement

O O O Amélioration Nécessaire

Partiellement Etabli
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Points faibles :
Ontario * Le financement n'est ni opportun ni transparent ; il n'y a pas de
financement pour le développement des tests ou les ressources

Points forts : humai
umaines.
* Organisme de service unique récemment créé (Provincial s . . . .
genetics Program) * Pas d'intégration des informations de laboratoire.
. N . *  Des cadres d'évaluation multiples.

* Des normes claires en matiere d'accréditation et de compétence. es cadres d'é a_luaF 0 .1 t P e.s ) o
* Engagement et participation limités de la communauté élargie
. d .
environt < des parties prenantes.

Approche Education et
financiére formation

Mesures Prioritaires :
* S'éloigner du role de décideur du ministére pour le financement
des tests individuels et s'orienter vers un systéme ot le ministere
: joue un role de gestionnaire.
"¢ Consolider les processus d'évaluation et adopter une approche a
" entrée unique, soutenue par une analyse de I'horizon.
¢ Créer un systeme d'information de laboratoire intégré aux dossiers

Fonction Modéles de
d'évaluation services
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’ O.rgan.lsatlcin A service umque (e S Sl oAl S DL . %)ntégration limitée de l'innovation et de la prestation de soins
biologie médicale, DBBM). h p
de santé.
* Engagement et participation limités de la communauté de
l'innovation au sens large.

* Point d'entrée unique et évaluation quelque peu transparente.
e Approche de financement souple avec des fonds disponibles pour
le développement d'essais.

nt des Soins de s,

~ Mesures Prioritaires :

e O \ * Le DBBM devrait envisager la création d'un conseil

financiere formation consultatif distinct pour les innovateurs commerciaux.

) e Améliorer les processus de navigation pour les prestataires de
soins et les patients ; élaborer des normes pour I'éducation et
la formation.

* Intégrer davantage les essais innovants dans la prestation

— ‘ ‘ \ générale des soins, conformément aux objectifs du Québec au
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Son état de préparation actuel lui a valu
Le Québec obtient la note B -

Nouvelle-Ecosse ﬂ Points faibles :

Points forts : e Il n'y apas de point d'entrée unique, de processus d'examen
explicite, de délais ou de criteres utilisés pour examiner les
nouveaux tests.

Manque d'intégration des informations de laboratoire entre
les centres

* Engagement et participation limités de la communauté
élargie des parties prenantes.

* Organisation de service unique (PLMP) qui assure la supervision
et la planification des ressources par l'intermédiaire des principaux
hf)pitaux universitaires.

* Niveau élevé de coordination des services.

¢ Intégration de tests innovants.

En\[\vo{‘[‘

Mesures Prioritaires:

* Créer un processus d'évaluation transparent et une approche
a entrée unique, soutenue par une analyse de I'horizon.

* Intégrer les systtmes d'information clinique et de
laboratoire.

e Développer l'engagement avec des membres plus larges de
la communauté des soins de santé et de 'innovation, en
particulier les innovateurs commerciaux.
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Plus d'informations sur le rapport d'étape sur I'état de préparation au test génomique: TBD . . . Etabli 6
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Executive Summary

Towards-the routine use of genome-based testing in Canada’s largest regions:

A State of.Readiness Progress Report

Why genome-based testing?

High quality care that most benefits patients requires information of healthcare systems (and the laboratory functions within them)
from testing. Increasingly, laboratory-based biomarkers that measure vary, there are likely to be no one-size-fits-all solution; however ,
the expression, function and regulation of genes and gene products some necessary conditions will be required to manage these

are being used for this purpose. These genome-based tests have already ~ technologies in a way that benefits patients and is sustainable.

become commonplace in oncology and there is expected to be an

exponential growth in new tests and test approaches across a number of ~ Unlike traditional healthcare technologies, genome-based testing

therapeutic areas in coming years — an era of genomic medicine. also provides research opportunities beyond healthcare decision
making, and can lead to discoveries about the nature of disease or

A rapid increase in available innovation and technologic platforms will  effectiveness of current and future therapies. They will also serve as

also lead to an increase in the complexity of implementing an important part of implementing future cell and gene therapies and

genome-based tests and how testing services can be delivered effectively in the diagnosis and monitoring of genetic and rare disease.

and efficiently. As the structure, remit and organization

What is the impact of system readiness?

Genomic medicine has already improved patient health outcomes through predicting who may benefit (or not be harmed) from therapy,
and helping clinical decisions through better prognosis and diagnosis of disease.

However, genomic medicine harbors a number of additional benefits including:

* Better patient and care provider experiences — Reducing the ~ © Healthcare efficiency — Genomic medicine creates opportunities

need for referrals and other diagnostic tests, and improving time to to reduce healthcare costs while creating the necessary
diagnosis. Improving the state of readiness across Canada will lead infrastructure for delivering 21st century care.
to equitable care and access. . . o
q * Equitable access to care — Readiness at a provincial level ensures
* Better science and economic growth — Aiding scientific equitable access to care across Canada and within provinces,
discovery and clinical trial enrollment, creating commercial and including between academic and community settings. Standards for
investment opportunities as well as future-proofing Canada’s readiness also create opportunities for collaboration across
healthcare workforce. provinces.
Summary

¢ Genomic medicine harbors the real potential to improve the health and healthcare journey of patients, care provider experiences, and improve
health system efficiency — even reducing health care costs. There is expected to be an exponential growth in medically necessary new genome-
based tests and test approaches in coming years.

¢ Unlike traditional healthcare technology, genome-based testing can also create scientific research and commercial opportunities beyond
healthcare decision-making.

e The State of Readiness Progress Report uses a purposive sample of 5 healthcare regions in Canada: Ontario, Quebec, British Columbia, Alberta,
and Nova Scotia, representing >85% of the Canadian population.

¢ While Canada has made some progress, it is far from ready. There are still significant gaps that need to be addressed. These gaps vary by
province and include: better informatics/linked data systems; timely, fair and equitable test review processes; navigational and educational
supports for care providers; timely and adequate financing for test services; and creating better opportunities for innovation through
genomic medicine.

e Further research to fill these gaps should engage patients, care providers, and health systems.

o Key priorities include implementation research to support innovators, linking research data to health data, and exploring the ethical
legal and social implications of testing, particularly in high priorities such as rare disease.

e Further work must also be done to improve patient journeys from diagnosis of disease to receiving timely and high quality care that can benefit
their families while advancing our scientific understanding of human health; creating better opportunities for genomic innovation is a clear
means of improving the health and welfare of Canadians.



What Does Readiness Mean for Patients?

e Improving health. Genome-based testing enables more accurate

and timely diagnosis or the use of targeted treatments which can be

more effective and less harmful to patients. It may also help
patients and care providers better understand the future of their
disease, and help patients and their families make more informed
decisions.

¢ Improving care experiences for patients and their families.
Knowing what genetic mutations are responsible for their loved one’s

disease may be potentially lifesaving for both patients and family mem-

bers and could also allow for earlier (and less costly) interventions.

Is Canada Ready?

To better understand Canada’s state of readiness, a set of necessary
conditions was developed in consultation with regional and national
experts. These conditions fell into three categories:

1) Infrastructure - Health and human resource infrastructure that
includes communities of practice, resource planning and a digital
infrastructure (informatics).

2) Operations - the ability to evaluate and , coordinate, and imple-
ment testing at a health system level including an entry point for
innovation, an evaluative function, a model for coordinating service,
and supports for care provider awareness and patient navigation.

3) Healthcare environment — the larger healthcare supports
required including necessary approaches to financing, integrating
innovation, education and training patients and providers, and regu-
lating testing to ensure quality care.

Eleven essential conditions were then mapped to Canada’s 4 largest
provinces as well as Nova Scotia, the largest province in Canada’s
Atlantic region. Assessing the state of progress for each of these
regions revealed varying states of readiness for genomic medicine.

e Fair treatment. Patients are concerned that access to valuable
testing may be determined by where they live or how well-in-
formed care providers are about the availability or health impacts
of testing. Readiness for testing means patients can receive the best
possible care, regardless of where they live.

e Time and support. Patients, especially those with rare conditions
and poor prognoses, don’t have time to waste. Genomic medicine
can expedite their time to diagnosis and treatment. A ready health
system can also offer necessary counselling and psychosocial support
for patients and their loved ones to better understand their illness.

Important gaps that will need to be addressed in Canada’s
future include:

e Improving Informatics — Is essential for test development, inter-
pretation, and clinical decision support. Ensuring adequate integra-
tion of test results into electronic health records will also provide a
key resource for real-world monitoring, disease management, qual-
ity assessment and assurance, and financing. Most provinces still
lack sufficient data integration.

¢ Evaluation/Health Technology Assessment (HTA) — Fit for
purpose HTA will be needed to identify high-value testing. Most
provinces lack evaluative processes that adhere to HTA principles
of timeliness, transparency, and engagement.

e Navigational Tools — Effective delivery of genetic testing requires
navigation tools for patients and the public including referral
guidelines, a test directory, eligibility criteria, tools/ education for
ordering genetic testing, and a care clinic directory. Some of the
provinces are working on these navigational resources.

¢ Financing Approach — Most provinces lack dedicated funding to
facilitate rapid onboarding or a funding formula that supports test
development and proficiency testing. The current reliance on the
private sector to fund test development may be counterproductive
as priorities are influenced by who is paying, rather than unmet
need, equity, or efficiency.

¢ Engagement — High performing health systems require broad
engagement of those impacted by testing. These include the
patients, administrators, IT professionals, implementation and
genome scientists, public and private sector innovators and others
(scientists, legal and ethics experts, professional organizations,
bioethicists, regulators).

Progress by province is described in

the following pages.



Where do the Provinces Stand?

Alberta and Quebec have created more of the necessary conditions
for readiness, largely in part to the earlier establishment of single,
laboratory service organizations and programs that provide the neces-
sary infrastructure for coordination and planning as well as necessary
operational conditions. In Nova Scotia, a higher level of coordination
and planning is achieved due to lower levels of service demand and
the ability of the government to work directly with the individual

British Columbia
Strengths:

e Single service organization (Provincial Laboratory
Medicine Services) that establishes a community of
practice and supports resource planning.

e Single point of entry with explicit timelines for
evaluation and coordination across service providers.

e Some integration of innovative testing.

Alberta
Strengths:

* Single service organization (Alberta Precision Laboratories)
that provides oversight and resource planning,
e Integration of laboratory information across province

is established.

* Integration and exchange with innovators through dedicated
translational research programs, open application processes
and mainstream use of investigational testing.

teaching hospitals who provide province-wide testing. However, many
of the operational and evaluative processes are informal, and not
public facing. The opposite is true in Ontario, which is challenged
with much higher levels of demand for service, a complex web of
formal evaluative processes, and until recently, a highly decentralized
health system.

Weaknesses:
e Lack of integration of laboratory information systems.

* Limited engagement and involvement of broader
stakeholder community.

e Substantial opportunities to improve care navigation.

Priority Actions
e Create a cross-regional integrated laboratory information system
and a plan for integration into electronic health records.

e Expand networks to include broader members of the
innovation community,

* Improving the processes of navigation for care providers and
patients and develop standards for education and training.

Its current state of readiness has earned
British Columbia a grade of C

Weaknesses:
* The test review process, timelines and criteria are not

publicly available.

e There are still opportunities to improve care navigation and
education standards for patients and providers.

Priority Actions

e Expand opportunities for engagement with broader members of
the innovation community to improve healthcare planning and
foster innovation.

¢ Improve the process of deliberation that surrounds the
consideration and adoption of tests.

¢ Improving the financing approach to include funding for test
development and to account for capital infrastructure, human
resources, and other associated costs of testing.

Its current state of readiness has earned
Alberta a grade of B+

O O O Needs Improvement

Partially Established
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Ontario

Strengths:

* Recently created single service organization
(Provincial Genetics Program).

* Clear standards for accreditation and proficiency.

Quebec
Strengths:

e Single service organization (Direction de la biovigilance et de la

biologie médicale).

e Single point of entry and somewhat transparent evaluation.

e Nimble financing approach with funding available for test
development.

Nova Scotia

Strengths:

e Dedicated program (Pathology and Laboratory Medicine
Program) that provides oversight and resource planning
through key teaching hospitals.

e High level of service coordination.

e Integration of innovative testing.

More information about the State of Readiness Progress Report for Genomic Testing in Canada can be found here: TBD . . . Established

Weaknesses:

e Funding not timely or transparent; no funding for test development
or human resources .

* No integration of laboratory information.
* Multiple evaluative frameworks.
* Limited engagement and involvement of broader
stakeholder community.
Priority Actions
e Shift away from the Ministry acting as a decision-maker for the

funding of individual tests, and toward a system of Ministry as
a steward.

e Consolidate evaluation processes and adopt a single-entry
approach, supported by horizon scanning.
e Create a laboratory information system integrated with clinical

health records.

Its current state of readiness has earned
Ontario a grade of D

Weaknesses:

e Navigation and education for care providers and patients limited.
e Limited integration of innovation and healthcare delivery.

* Limited engagement and involvement of broader
innovation community.

Priority Actions

e The DBBM should consider a separate advisory council for
commercial innovators.

e Improve the processes of navigation for care providers and patients;

develop standards for education and training.

e Further integrate innovative testing into the mainstream delivery
of care, consistent with Quebec’s goals within its Bureau
of Innovation.

Its current state of readiness has earned
Quebec a grade of B -

Weaknesses:

* No single entry point, explicit review process, timelines or criteria
used to consider new tests.

e Lack of integration of laboratory information across centres.

* Limited engagement and involvement of broader
stakeholder community.

Priority Actions

e Create a a transparent evaluation process and a single-entry
approach, supported by horizon scanning.

e Integrate laboratory and clinical information systems.

* Expand engagement with broader members of the healthcare /
innovation community, particularly commercial innovators.

Its current state of readiness has earned
Nova Scotia a grade of C -

O O O Needs Improvement

Partially Established



Chapter 1.
Background

CHAPTER SUMMARY

Genomic medicine plays an important role in scientific discovery as well as diagnosing
disease, predicting and monitoring response to therapy, and understanding disease
prognosis.

In the immediate future, genome-based testing will play a heightened role in prenatal and
neonatal care, oncology, rare diseases and diseases amenable to cell and gene therapy.

Fully integrating testing into healthcare service delivery has the potential to reduce overall
health system costs, while reducing harm or improving health benefits for patients.




Why Genome-Based Testing?

Effective patient care requires information about the nature of
underlying disease (etiology/pathophysiology), what condition a
patient has (diagnosis), what outcomes can be expected (prognosis),
and how likely a patient may respond to any given inter-vention
(prediction/monitoring). [1] Increasingly, laboratory-based
biomarkers that measure the expression, function and regulation of
genes directly (through cytogenetics or various genomic tools), or
their protein products (for example by immunohistochemistry) are
being used for this purpose. These genome-based tests have already
become a hallmark of decision-making in oncology, given cancer is a
genetic disease and may be amenable to targeted therapy. They are
also increasingly used to detect hereditary conditions or to establish
risk of future disease. In Canada, in addition to its use in oncology,
genetic testing is used extensively in newborn screening and within
hereditary disease programs.

The rapidly developing field of genomic medicine and genome-based
testing has led to an increasing number of administrative decisions
regarding the implementation of new testing. These include deci-
sions about different technical platforms (e.g., single-gene,

multi- gene, whole-exome, and whole-genome sequencing and
expression analysis); modalities (tissue, saliva, blood, or urine-based
sampling); location (laboratory-based or delivered at point-of-care);
provenance (commercially available in vitro diagnostic tests and
services versus in-house/ laboratory developed tests); and timing
and sequencing of tests. All of these factors affect how patients

and health systems may benefit (‘clinical utility’), including cost

and patient outcomes, and broader health system goals such as
caregiver and patient experiences. They will also influence how care
is delivered.

Unlike traditional healthcare technologies, genetic and genomic
(‘genome-based’) biomarker testing also provides research opportu-
nities beyond healthcare decision making, and can lead to discover-
ies about the nature of disease or effectiveness of current and future
therapies. These opportunities are being developed in ‘real time’,

Use of test Example in cancer

Why test?

DEFINING TERMS:

Personalized/precision medicine — an approach to tailoring
disease prevention and treatment that takes into account
differences in people’s genes, environments, and lifestyles”

Genomic medicine —the use of laboratory-based biomarkers that
measure the expression, function and regulation of genes and
gene products to aid healthcare decision making and scientific
discovery.

Genomic medicine, advanced testing, genetic testing, and
genome-based testing may be used interchangeably throughout
this report.

side by side with established clinical utility— blurring the boundar-
ies between research and standard practice. For example, tests may
qualify patients for clinical trials, which has important clinical, scien-
tific and economic benefits.[2] The value of integrating research in
clinical practice was forcibly clear during the COVID-19 pandemic,
where rapid research-led development and implementation of test-
ing capacity was essential for both monitoring the pandemic, and the
development of preventive and therapeutic strategies. Yet the value
of research and discovery when adopting new healthcare technology
is typically not considered by health technology assessment pro-
cesses in most single payer systems.[3]

Given the potential for exponential growth of new tests and test
approaches, and the complexity of introducing them, health system
planners preparing for a future of genomic medicine need to grapple
with how these services can be delivered effectively and efficiently .
As the structure, remit and organization of healthcare systems (and
the laboratory functions within them) vary, there are likely to be no
one-size-fits-all solution; however , some necessary conditions will be
required to manage these technologies in a way that benefits patient
and is sustainable.

Outcome

Test performed

33-year-old female presented with
2-month history of kidney stones

Genetic mutation leads

Immunohistochemistry | Confirmed diagnosis of

(CLL) and TP53.

development and disease.

Diagnosis ) AT to protein expression that | test revealed positivity | diffuse large B-cell lymphoma
?:\i?%%ﬁlﬁggldpiiiizzlght No indicates disease. for CD20 and Ki67. (DLBCL).
Confirmed mutation predicts
55-year-old male with diagnosis | Lack of gene leads to Molecular senetic test | POOT disease prognosis and
Prognosis of chronic lymphocytic leukemia | more unstable blood cell for TP53 n%utation ; response to conventional

therapy. Patient will receive
specialty drug, ibrutinib.

Prediction and

A 67-year-old female previously
diagnosed with (stage IV) meta-

Normal (wild-type) gene
ensures drug binding

Molecular testing for

Confirmed lack of mutation
predicts improved response
and lower costs from use of

cinoma, which spread to liver.
Received two courses of therapy
with no response.

patient for investigational
drug trials or research.

BICC1 fusion, MYC
amplification, and NF2
inactivation.

monitoring static colorectal cancer (mCRC). to EGFR protel.n WIH. (wild type) K-ras gene. specialty anti-EGFR drugs
reduce cell proliferation. . .
(cetuximab or panitumumab).
A 41-year-old male abdominal Mol.ecular diagnostic Alterat}ons that activate .
. . . ) testing was performed, | FGFR2 may confer sensi-
pain consistent with gallstones There may be genes which revealed tivity to FGFR inhibitors
Research has scan revealing cholangiocar- | expressed that will qualify positivity for FGFR2- such as investigational drugs

pazopanib and ponatinib.
Patient was enrolled in
ongoing trial.




Anticipating Future Needs

Since the first human genome was sequenced, there has been a lot of
enthusiasm about the potential for genome-based medicine. This has
led to a rate of technological innovation that has outpaced the avail-
able evidence required to estimate its future impact.

A 2020 survey of 84 Canadian genetic professionals with leadership
roles in all publicly funded genetic clinics in Canada, a majority of
respondents felt that the use of genome-based testing would be
expanded to 2030 across 4 key areas.[4] Some of the relevant findings
of the survey:

Prenatal and newborn screening

* 95% of survey respondents felt there would be a move toward cerebral
fluid DNA non-invasive prenatal screening as a first-line test for
determining whether there are missing or extra chromosomes.

* 66% believed cerebral fluid DNA non-invasive prenatal screening would

be routinely offered in preconception settings to all couples planning
pregnancies.

Oncology

* 72% believed guidelines for considering who is eligible for germline

genetic testing based on family history will be expanded to include
all types of cancer.

* 61% believed tumor testing will be performed using genome-wide
screening instead of single- or multi-gene panel testing.

Neonatal care

* 100% of respondents believe genome-wide screening will be
routinely offered for patients with suspected genetic disease in
the neonatal and pediatric intensive care setting.

* 94% believe individuals who currently undergo chromosomal
microarray analysis for a neurodevelopmental disorder will receive
whole-genome sequencing instead.

* 88% believe individuals who currently receive a gene panel for a
neurodevelopmental disorder will receive genome-wide
sequencing instead.

Service delivery

* 53% believed post-test genetic counselling will be fully
automated in most cases when the genetic test results are negative
or uninformative.

* 53% believed regulatory changes will lead to genetic counseling
being offered independently in Canadian provinces for patients
who do not require physician-protected tasks.

The survey results highlight the potential impact on models of service
delivery as well as potential impacts on wait times, costs, and length
and quality of life. Other areas of medicine likely to drive the need for
genome-based testing include:

Rare Diseases

Many rare diseases are characterized by inborn errors of metabolism
which leads to defects of single genes, which code for enzymes that
aid normal metabolism. Symptoms of these rare diseases may appear
when a child has an accumulation of toxins or deficiency of essential
metabolites from the defect. While biochemical, functional and other
testing can be used to aid diagnosis of these rare conditions, genetic
testing is recognized as a means of obtaining an accurate diagnosis in
a timelier manner.[5]

Many rare diseases of this type have traditionally used lifestyle (diet
and supportive therapy), as an intervention (in many cases, not suc-
cessfully). There are, however, a growing number of treatment options,
including enzyme replacement therapy or other interventions that

aid metabolism and removal of toxins; advances in cell and organ
transplantation, and upcoming gene therapies to address these
recognized defects.

e There are estimates of between 5000-8000 rare diseases with 95%
of these currently without regulatory approved treatments.

e Access to testing for rare disease widely varies by province and is
heavily reliant on out-of-province providers.

e In the US in 2019, there were 838 orphan indications granted to
564 drugs since the US Orphan Drug Act ; the number of drugs
having more than one indication is increasing. (Figure 2)



Figure 2: Number of drugs and indications approved with an orphan drug designation in the US up to 2019
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As a genetic disease where prevalence will increase with an
aging population, oncology will continue to drive the need for
genome-based testing. Some examples:
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e Recent worldwide efforts across thousands of scientists to
understand the role of genetics such as the Pan-Cancer Analysis
of Whole Genomes Consortium[6] have given unprecedented

view of the genetic changes that can contribute to cancer:
* Single biomarkers are now relevant across multiple tumour types,
and within single tumour types, genomic biomarkers are
increasingly required to qualify patients for therapies.

+ It is now known that almost all (95%) tumours have
identifiable mutations that are responsible for
(i.e., driver mutations) the growth of cancerous tissue.
* While the number of new drugs requiring testing is increasing
(Figure 3), the number of new genes that will be required for
testing outside of companion diagnostics could outpace the
introduction of drugs.

¢ Driver mutations can occur years before cancer is
diagnosed, which has implications for early detection
and biomarker development.

Figure 3: U.S. oncology medicines that recommend or require pharmacogenomic testing on their prescribing labels prior to use
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Source: IQVIA Institute, Supporting Precision Oncology: Targeted Therapies, Immuno-oncology, And Predictive Biomarker-based Medicines, Aug 2020

Notes: U.S. oncology medicines that recommend or require pharmacogenomic testing on their prescribing labels prior to use. The list includes oncology therapies that gained
approval for indications outside of the initial regulatory approval that subsequently recommended or required a biomarker test prior to use.



Cell and Gene Therapies

There were 804 cell and gene therapies registered in Phase 1 studies
in 2021, with more than 40% of these being investigated in cancer.
Almost 100 of these therapies were chimeric antigen receptor T
(CAR-T) and natural killer (NK) cell therapies. Genome-based testing,
including more high-throughput comprehensive genomic profiling,
will play an essential role in the appropriate use and implementation
of these new therapies, many of which promise to cure disease.

Figure 4: Cell and gene therapies registered in regulatory filings, 2011 to 2021[7]
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Other Therapeutic Areas

Genome-based testing is expected to anticipate other therapeutic
areas that significantly affect patients and patient care. This includes
autoimmune diseases (such as rheumatoid arthritis[8], multiple scle-
rosis[9], systemic lupus erythematous[10], and Crohn’s disease[11]),
ophthalmologic conditions[12], lung diseases (asthma[13], chronic
obstructive lung diseases[14], interstitial lung diseases[15]), infectious
disease[16], and neurological conditions[17]. Many of these represent
considerable healthcare expenditure today.

1



Addressing an Unmet Need in Canada

Improving Health and Care
Experiences for Patients and
Care Providers

The most compelling need to act sooner rather than later is to
improve patient experiences, reduce patient harm, increase
patient benefit, improve equity of access and reduce delays in
uptake of valuable tests:

Creating Opportunities for Improving
Health and Experiences for Patients
and Providers

Lung cancer is the leading cause of cancer-related death in
Canada leading to 1 in 4 of all cancer-related deaths. Patients
with non-small cell lung cancer (85% of all lung cancer) have a
poor prognosis for survival, with 1 in 4 patients surviving past 5
years. Newly diagnosed patients may undergo a tumour biopsy so
that tumour tissue can be tested for genetic mutation. The biopsy
procedure can result in excessive waiting for patients (for
procedure related resources such as recovery beds), or direct
harm to patients[18] or may be more difficult to perform
depending on the location of the tumour.

In addition, up to 10% of patients geting biopsy procedures have
insufficient tissue for traditional approaches to testing (e.g. single-
gene or multigene testing). More than 25% of those with adequate
tissue may still lack sufficient detectable DNA in their samples or
see their tissue samples exhausted after one or two tests. While this
means the patient will require an additional biopsy, it may not be
possible to then take additional samples because of time or
resource constraints.

Newer testing modalities have now been developed that can spare
lung tissue.[19] There are also emerging tissue- and blood-based
point-of-care tests for single genes, that can be administered by an
oncologist and yield within 3 hours.[20] The availability of these
new tests means the ability to identify many more patients (and
more quickly) who would benefit from less-toxic, targeted
therapies. A Canada-specific analysis projected an additional 346
patients with lung cancer in Canada could benefit from this
approach in the next 3 years, resulting in a additional 1.6 years of
life (on average) for each patient.

Reducing Healthcare Costs

Unlike traditional testing, genome-based testing requires
specialized personnel dedicated to bioinformatics, enhanced
laboratory procedures, and genetic counselling. However, it can
greatly reduce the need for other specialty personnel, including
genetic subspecialists, radiologists, pathologists, and others. In
some cases, this may increase diagnostic yield, reduce time and
patient appointments.

The impact of providing whole-exome sequencing (WES) as an
early, routine clinical test for infants with suspected monogenic
disorders, based on real-world experience in Australia, provides a
telling example. While testing and the need for additional health
human resources (genetic counsellors) introduces additional costs,
there are also a number of services not required. These changes
not only result in more effective disease diagnoses (25 versus 7
diagnoses) and a patient journey that involves fewer appointments
and referrals, they also reduce average per-patient costs.

Costs for 40 patients, $AUD

Standard Whole-exome
Assessments diagnostic sequencing first
and tests g GREi g
care line
Genetics
appointments $22,239.24
Subspecialist $0.00
appointments $9,187.83 .
Pathology

= Anatomic pathology

$ 14,409.32

= Basic biochemistry $ 4,289.12
* Complex biochemistry | ¢ 9,437.04
= Serology/immunology | ¢1,520.72

= Other

Diagnostic imaging

$ 50,165.45

Electrophysiology

$ 22,027.97

Genetic testing

= SNP microarray

$ 23,880.00

$ 23,880.00

= Other genetic tests

$ 25,151.79

Other

= Medical photography

$ 809.62

= DNA extraction
and shipping

$ 2,541.00

OT/anaesthesia costs

$ 3,693.53

Geneticist
appointment
(new or review)

$ 18,303.60

Geneticist
appointment review

$14,642.80

Genetic counselor
appointment

$ 7,358.40

Genetic counselor
appointment review

$ 5,886.80

WES (sequencing,
analysis, reporting)

$ 80,000.00

diagnosis (95% ClI)

TOTAL costs $ 189,352.53 $ 150,071.60
TOTAL number of - 25
diagnoses per 40 patients
Incremental cost per -2,182.27

(-5,855.02,129.92)

Table 1 Cost savings (avoidance) associated with whole-exome sequencing as an

early routine test for infants with suspected genetic disease, adapted from [21]
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Cost Savings from Test Procurement or
Provision

Testing within Canada can also significantly lower costs per test, and
represent significant cost savings to the healthcare system. An analysis
of whole exome sequencing used as a second-tier test (after chromo-
somal testing fails to produce a diagnosis) in Ontario was projected to
have an annual budget impact (savings) of $CAD -3.45 million, in part
due to the avoidance of other testing, but largely due to a 23% price
reduction in the cost of providing the test ($3,444 vs. $4,589) through

Creating Opportunities for Innovation

Many provinces continue with a legacy scheme of not funding tests if
they are not clinically actionable, i.e., there are no currently funded
targeted treatments that strictly rely on the results of the test.
However, patients who have exhausted all of their options are
regularly enrolled into research programs including clinical trials. In
some cases, they require testing information to qualify them for their
enrollment.

Equity of Access to Testing

While the introduction of tests is regulated by Health Canada, not all
provinces and territories have the same capacity for delivering genetic
testing or reimburse the same types of tests:

e There is no service coordination across provinces, and each
province has different test availability. Each province has different
processes for considering what types of tests to fund and different
performance and quality standards.

¢ Larger provinces (ON, QC, AB, BC) often have more than one
facility that can deliver testing. The level of coordination and
standardization varies by province. This has created a need to
establish dedicated programs to coordinate the implementation
of testing. Some larger provinces lack regional analytic
standards, so test performance (and its ability to benefit
patients) varies across institutions within the province.

* Smaller provinces typically rely on an individual institution to
make decisions in consultation with government. This reduces
variation in test performance within the province and, in some
cases, makes providing access more straightforward.

a centralized provider within Ontario.[22] Similar analyses of cost
savings from test “repatriation” have been conducted in Quebec. For
example, the estimated 3-year cost savings from conducting all tests for
hereditary cardiovascular disease using massive parallel (i.e., ‘next-gen-
eration’) sequencing approaches in Quebec is projected to be $1.2
million, with a plausible range between $750,000 and $1.8 million.[23]

While patients may pay out-of-pocket for unfunded tests, this will

not be an option for many. Patients who are able to pay for testing
may receive the benefits of future innovation through clinical trials or
compassionate access programs. However, the healthcare system may
not be able to further learn from their testing information if it is sold
privately to patients. Despite this disconnect, increasing enrollment in
clinical trials and encouraging innovation through genetic testing are
active policy priorities in Canada.

¢ However, unlike programs in larger provinces, processes
governing testing are less transparent to the public.

e All provinces additionally pay for out-of-province testing, either
due to capacity constraints or when the quality of testing is
dependent on an adequate number of referrals. They may use
different out-of-province providers, and in some cases refer to
other provinces.

e There are no test directories, or standards for coding and tracking
the use of tests country-wide. Most provinces use different
approaches to tracking for internal use. The lack of publicly
accessible test lists and varying levels of capacity and ability to
track what tests are being performed , creates challenges for
patient and provider care navigation as well as innovators of new
tests.

These factors together have resulted in testing availability according
to postal code, and with a limited understanding of their use, costs
or real-world performance.

New Policy Approaches and Models of Service Delivery are Emerging

A significant challenge with integrating genome-based testing into the
healthcare environment is the need for revisiting the role of traditional
laboratory services and care pathways. Delivering effective and efficient
testing also requires system-wide coordination that considers the
potential value of new tests, coupled with appropriate coordination of
care, quality assurance standards, and a system that recognizes clinical
and translational research opportunities outside of regular care. All of
these challenges combined speak to a need to revisit historical models
of technology management, including the governance, administration,
and financing of laboratory services.

Some countries, such as Australia and the United Kingdom, are

moving toward more comprehensive approaches for biomarker testing
including whole-genome sequencing for every cancer patient’s tumor to
guide treatment. These are being supported by large programs, such as
the NHS England Genomic Medicine Service, which have been built
on a commitment of consistent and equitable care, common national
standards, a single national test directory, giving patients opportunities
to participate in research, and building a genomic knowledge base to
inform innovation.[24]
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Patients, policymakers and care providers that benefit from genomic
medicine, are interested in developing a comprehensive understanding of
barriers to its broader dissemination in Canada and potential solutions to
remedy these.

As a starting point, and recognizing that readiness does not happen
overnight and requires concerted strategic efforts over time by healthcare
systems, a “State of Readiness” Progress Report has been developed for
advanced diagnostic testing as a way of objectively communicating the state
of readiness of Canadian jurisdictions to appropriately deliver advanced
testing services.
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Chapter 2.
Overview of the
Progress Report

CHAPTER SUMMARY

The National State of Readiness Progress Report was developed by first creating a list of
conditions required for delivering state-of-the-art genomic medicine in any jurisdiction

through literature review and consultation and peer-review by national and International
subject experts. (Section 3)

The Progress Report (Section 4) has been validated with regional experts; is intended to
provide a snapshot of the current state of readiness, and to inform further discussion on
opportunities to provide equitable access to genomic medicine across Canada.

The potential humanistic, economic and broader societal impact of improving Canada’s
state of readiness for genomic medicine is described in Section 5.




A schematic depicting the approach to this research is seen in Figure 6

Information Gathering

The key steps to developing the National State of Readiness Progress
Report follow a mixed methods approach. First, a steering committee
consisting of sponsor representatives was created to inform the scope
and validate findings from the report. All sponsors contributed equally
to the project.

Second, a narrative literature review was conducted based on a
purposive sample of commercially published and grey literature.
Replicable searches (Appendix A) were performed by a medical
librarian specialist and relevant information was identified by a single
reviewer (DH), and a background document describing conditions
necessary for testing and good practices was prepared.

In parallel, three international experts were identified as well as two
to four key informants (from each of Canada’s five regions (Ontario,
Quebec, British Columbia, Alberta, and Nova Scotia). The five
regions chosen in this report were informed by population,
geographic size and regional representativeness.

A semi-structured interview guide was developed (Appendix B). The
stated purpose of the interview was to: 1) identify current challenges
with the uptake and routine delivery of advanced diagnostic testing;
and 2) explore what conditions are necessary and desirable for
creating robust systems of advanced diagnostic testing (region-specific
for Canadian informants, or generally, for international experts). Key
informants, sponsors and sponsor delegates consulted are listed in the
Acknowledgements section of the report.

Create and Validate List of Conditions and Good Practices

A preliminary list describing key enabling conditions and good
practices was then developed and pared down through subsequent
interview and consultation with expert informants. The list and good

Develop Progress Report

Good practice items were then compared to current practice in
Canadian jurisdictions and validated by original and additional key
informants to create the Progress Report (Section 4). The draft report
combined Sections 3 and 4 with additional sections on the unmet
need (Section 1) and impact (Section 5) of genome-based testing
within the Canadian healthcare and innovation ecosystem based on a

Figure 6 Schematic of approach taken to develop Progress Report

Information Gathering

Validate List of Conditions

practices were then subject to peer-review (in an academic journal).
These conditions appear in Section 3.

narrative review. This draft report was then provided to the steering
committee and regional informants for a merit review (i.e., to discuss
the usefulness of how the findings were communicated) prior to
finalizing the report. None of the sponsors or key informants played
role in drafting, revising or approving the content of this research.

Develop Progress Report

and Good Practices

Literature Review / Interviews

Alberta
British
Columbia

Current State Future State

Regional
Experts

Project
Authority
Discussion

International
Experts

International
Experts

Project Authority Discussion

Organization of this Report

The report is organized as follows:
e Section 1 is background information to help readers understand
the purpose of this report

* Section 2 describes the approach taken to develop the state of
readiness Progress Report

e Section 3 describes current best practices with examples from
other major jurisdictions

—_—— —_
Alberta
Regional
British
Necessary Columbia Experts
Conditions Progress Report
for Labs

N~/

(White Paper /
Peer-Reviewed

(Peer-Reviewed
Paper)

Paper)
Quebec International

Experts

Nova Scotia

~—

Project Authority Discussion

e Section 4 describes the current Canadian environment and state
of readiness (The Progress Report) for Canada

e Section 5 describes the humanistic, economic and other broader
societal impacts of testing

e Section 6 provides policy implications and concluding remarks.
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Chapter 3.
Best Practices

CHAPTER SUMMARY

Policy conditions for testing have been characterized as being part of three focus area:
infrastructure; operations; or health care environment, in general.

There are good practices within each of the focus areas that reflect the need for regional
standards and connectivity; transparent and efficient processes for implementing new

technology in a coordinated and equitable fashion with a focus on care navigation.

Best practices may also require a different approach to the health technology
management of new diagnostics including integration of investigational and more

established technology; more nimble finance approaches; and regional standards for
quality (education, test performance, lab service quality) and data privacy and security.




Introduction

Given the potential for exponential growth of new tests and test
approaches, and the complexity of introducing them, health system
planners preparing for a future of genomic-based biomarker testing
need to grapple with how these services can be delivered effectively
and efficiently. As the structure, remit and organization of healthcare
systems (and the laboratory functions within them) vary, there are
likely to be no one-size-fits-all solution; however , some necessary
conditions will be required to manage these technologies in a way that
benefits patients and is sustainable

The purpose of this Section is to describe the conditions necessary for
policymakers and health system planners to enable a state-of-the-art
testing service that includes genome-based testing for acquired and
heritable diseases. The list of conditions we propose was developed
with an emphasis on describing conditions that would be applicable to
any healthcare system, regardless of capacity, organizational structure,
financing, population characteristics, standardization of care processes,
or underlying culture.[4]

Materials and Methods

The conditions identified in this report were developed throug

a mixed methods approach. A narrative literature review was
conducted based on a purposive sample of commercially published
and grey literature. Searches (See Supplementary Appendix A for
search strategy) were performed by a medical librarian specialist

and relevant information was identified by a single reviewer (DH) In
parallel, conditions were identified using a conventional content
approach and based on semi-structured interviews (n = 18; 30-60
min) with key informants and performed from a constructivist point
of view. All interviews were conducted by DH with a purposive
sample of experts including several of the authors (VM, DMT, DSS,
CI, MM, BSS) as well as representatives from pharmaceutical (n = 6)
and diagnostic (n = 1) companies. Informants were chosen based on
differing expertise and geographic location with some (n = 4) having
previously worked with the author.

Table 1. Interviewee characteristics.

Participants (n = 18) N, (%)
Female 6 (33)
Primary role
Physician/lab leader 4(22)
Health care administrator 2 (11)
Health services expert/health 4(22)
economist
Patient representative 1(6)
Private sector representative 7 (39) Work
environment
Work Environment
Public sector 11(61)
Private sector 7(39)
Location
Canada 14 (78)
United States 2 (11)
Europe 1(6)
Other 1(6)

Interviews were conducted via a recorded video conference call
using an interview guide, and all participants approached agreed to
be interviewed. Summary notes fErJom transcripts were shared back
with participants for verification (member checking). An informal
identification of concepts was conducted by one author (DH), and
categorized into themes/conditions.

A preliminary list of conditions identified through interview and the
literature review was then circulated back to all authors for feedback
and a moderated face-to-face discussion. “Effective and efficient”
delivery of genome-based diagnostics from testing was defined as one
that would most satisfy the “quadruple aim” of reducing per capita
costs while improving population health outcomes, patient and care-
giver experiences, and provider experiences [6]. These conditions are
explained, and groupe(F according to these aims, and with examples in
the next section.

Results

Interviewees (Table 1) described a number of challenges in achiev-
ing the quadruple aim of healthcare within current approached to the
implementation and management of genomic testing. These largely
related to care interruptions or wait times due to a number of under-
lying factors (resources and finance planning; education; informa -
ics; and an unclear process for onboarding tests). Other challenges
included inappropriate identification of patients and family members;
inequitable care delivery; uncoordinated, inconsistent, inappropriate
or duplicative care; and inefficient, low-value care. These are grouped
by theme in Table 2.
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Table 2. Thematic analysis of challenges identified along with corresponding enabling conditions.

Quadruple Aim
Domain *

Challenge/Theme

Identified

Key Informant Quote

Potential Solution/Condition(s)
to Help Address

“It is a challenge to connect different streams of
planning. A nimble lab service is highly depen-
dent on integrated lab systems and capital
planning. Workforce planning and education is

¢ Resource planning
e Financing approach

duplicative care

Work life of care Care interruptions also critival ¢ Education and training
providers and wait times o ) e Informatics
. aluati uncti
“There is a need to triage the urgency based R Evi]u;m‘f fu.ncttlfon . At
on the test application and clarity about the niry/exit pomt for mnovation
prerequisite level of evidence to apply.”
“There is a need for standards around gover-
. nance, security and patient consent, what we
Inappropriate
. o can use the data for etc. Rule around commer- .
identification of . ) . e Service models
. L cial interests in data need to be in place [as -
patients and family I iderati fi ino in th * Awareness and care navigation
. members well as] some consideration o investing in the
P atler}t and laboratory function independently of therapeu-
caregiver tic application”
experiences
. “Legislation plays an important role as well. The
Inequitable care . ive diff ces diff levels of lati
delivery Acts give different provinces different levels o ® Regulation
/ influence over care coordination
Uncoordinated . . e Integration of innovation and
. et ’ “There is a need to have clear understanding & .
Health of inconsistent, . . healthcare delivery
. . . of what the care pathway is and an aligned . - .
> ¢ ‘ommuniti ac
populatlons inappropriate or . Creatlng communities of practice

community of practice”

and healthcare system networks

Per capita costs
of healthcare

Inefficient
low-value care

“So then we invest in standards, outcome
measures, quality measures etc. along with a
process. You can’t be too prescriptive because
of the wide utility of testing”

“Information is also valuable and must be valued.
Currently information is generated for medi-
co-legal purposes and yet it could be generated
to generate revenue and lower care costs”

e Integration of innovation and
healthcare delivery

From the challenges identified, an initial list of 14 conditions were
identified and pared down to 12. These conditions for testing have
been characterized as being part of infrastructure and planning; oper-
ations; or the general, health care environment. The sections below
provide further elaboration of these, with examples. A summary of
conditions, along with a description of issues they are intended to
address, and the goals and description of good practice are in Table 3.
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Table 3. Enabling conditions for state-of-the-art delivery of genome-based testing.

Creating
Communities of
Practice and
Healthcare
System Networks

Inequitable care

delivery

Description of good
practice

Infrastructure

¢ Broad stakeholder
agreement on
appropriate use

e Equitable care

Engagement across
all stakeholders

Policy Example

The Australian Genomics Health
Alliance, for example, is an attempt to
accelerate and evaluate the application
of genomic testing in healthcare. It is a
“collaborative research partnership across
more than 80 diagnostic laboratories,
clinical genetics services, and research
and academic institutions.”[11]

evaluation function

Open application and

e Frequent
4 The US Government Accountability
X ) (e.g., 1-3 years) . .
Care interruptions, ) Office conducted a study forecasting a
Resource L e Sustainable care reassessment : . . -
. wait times or ) . future shortfall of genetic counsellors
Planning , delivery e Available to all . >,
unsustainable care and medical geneticists in general, and
healthcare by geographic region.[12]
stakeholders Y geograp &
e Care .
. - ® Across-region The UK Department of Health &
Uncoordinated or coordination . . . . « o,
. e integration Social Care committed “£4 billion over
duplicative care, e Scientific insight X . . 2
. , . . e Lab information a five-year period (2016-21) in digital
. inconsistent test —clinical discovery . . .
Informatics integrated with technology, systems and infrastructure,
development, poor and health . .
information for ¢ electronic health to provide the health and care system
) system record and healthcare | with the digital capability and capacity it
evaluation performance

needs ....”[13]

The NHS England, has announced
its decision to revisit tests annually,
and considering “the co-ordinated
replacement of older tests with new

Technology creep o Appropriate evaluation process and emerging approaches, including
Entry/Exit point and poorly-per- hg‘ithptechnolo e Proposals accepted considering where evidence still needs
for Innovation forming legacy ¢ &y from all stakeholders to be collected to validate the benefit o

technology managemen e Explicit timelines moving to [whole-genome sequencing],

e Reassessment process | and identifying where alternative
genomic diagnostics, such as gene panels
or microarrays, will continue to be
needed.[13]

e Adherence to

ki inciples i
€y principles m An evaluative framework for genetic
. . health technology -
e Legitimacy in o . . testing developed for the US
. . assessment including )
. , decision-making Department of Defense recognized
Evaluative Avoid low . transparency,
Function value care e Clear signal for timeliness n’ a1 the practical need to triage adoption
innovators lt ke ;1 el(sis & decisions based level on urgency through
sta ‘e 0 ert[ 14] the use of rapid review and real-world
engagemen . evaluation of new tests.[15]
¢ Consistent evaluative
framework
NHS England Genomic Laboratory
Service Models Inequitable and e Care * Across-region Hubs[16] and US Department of Veteran’s
inefficient care coordination coordination Affairs dedicated service centres for testing.

[17]

Awareness and
Care navigation

Confusion or lack
of information
regarding test
availability

e Access to care

Available, up-to-date
information of test
availability and how
to access

Additional supports
for care navigation

In France, where testing is more variable
across regions, lists of different laboratory
sites with contact information are provided.

(18]
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Table 3. Cont.

Goal

Description of good
practice

Healthcare Environment

Private public sector

Policy Example

UK and Australian private-public-sector

additional human
resource costs
considered

Ttz fenal? Care laggmg behind partnerships, and/or partnershl.ps. [19-20] In Qntano, Canada,
. pace of care inno- o . reflex testing for newly diagnosed
Innovation and ) * Maximize care e Integration of .
vation . N cases of NSCLC (adenocarcinoma/
Healthcare d scienti value investigational ! .
Delive and scientific and established non-squamous) uses a panel consisting
ry advances technol of established and investigational
echnology biomarkers[21]
e Funds available once
adoption decision
made
- The US Centers for Medicare and
e Maximize care e Clear value-based, o .
value funding formula Medicaid Services (CMS) have
Financing Care interruptions, ’ attempted to incentivize molecular
Y e Access to care amenable to . . . .
Approach wait times or « Sustainable care Feassessment diagnostic innovation by enabling
unsustainable care .y o manufacturer-set free pricing for FDA-
delivery * Funding for test .
cleared or approved tests under certain
development,

conditions.[22]

Education and

Inappropriate care;
medical error; care

High quality

workforce and

Training that
addresses continuing
professional
development,
knowledge transfer

The Genomics Education Programme
(GEP) in England. plans to

develop “genomic competencies for
specialty training”, human resource

family members

and families from
testing

Across-region privacy
standards

Training lagging .hehmd pace care delivery :and quality planning, and providing supports for
of care innovation improvement « . .
) curricula development and medical
* Across-region revalidation.”[13]
educational standards
* Regulation
that addresses
human resource Regulation is typically addressed through
o Minimize qualifications and accreditation processes that conform
training, with the International Organization for
Substandard care, preventable harm a ion of . ) .
Resulation negligence and legal to individuals ocumentation o Standardization (ISO) including ISO
g liabilit p ¢ ‘t records, quality 15189 Medical Laboratories. Examples
Y I'O;]l. poor tes control processes, include regulation of clinical genetic
quatity and proficiency testing through CLIA in the US and
testing.[23-25] Canada
* Across-region
analytic standards
o Minimize e Framework that
Inappropriate eventable harm addresses privacy and | The Global Alliance for Genomics &
Data privacy identification of fo individuals security concerns Health, has created a Framework and
and Security patients and from genetic testing | “Core Elements for Responsible Data

Sharing”.[26]
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Infrastructure and Planning

Creating Communities of Practice and Healthcare System Networks

A well-established network can serve as a basis for deliberation about
what tests must have priority, how tests may be valued, what care
standards should be in place, what resources will be necessary, how
care can be monitored, and other necessary collective judgements
that may vary geographically and over time. There will also need to be
broad agreement on the use of shared resources, such as biobanks and
reporting standards. In regions with more dispersed delivery of care,
efforts to create networks may require tiering; first, there is a need

to establish across-region consortia to establish wider care standards,
shared informational resources, educational standards, and ensure the
equitable delivery of services [23]; secondly, there is a need to create
strong intraregional consortia for fully integrated delivery of services

(i.e., local communities of practice or “collaborative communities” [24]).

Testing is a complex intervention [25] that relies on the timing, expertise,
and behaviour across multiple stakeholders for its effective delivery. At
its core is a community of practice that includes laboratory leaders and
healthcare providers who will have the greatest impact on multidisci-
plinary decisions in regards to testing, including how and under what
conditions a test should be delivered [26]. Broader members of the
community are those who will be impacted by the consideration and
implementation of new testing. These include the patients, administra-
tors, IT professionals, implementation and genome scientists, public and
private sector innovators and others (scientists, legal and ethics experts,
professional organizations, bioethicists, regulators). As these groups may
not be connected through an organizational structure, strong networks
with clear communication between individuals and programs are
required for effective implementation and good decision-making [24].

Many international jurisdictions have already established networks
through translational research initiatives [27]. In pluralistic or federated
health systems such as Sweden and Canada there has been an emphasis
on “bottom-up” approaches to creating regional capacity that foster

the building up of self-selected organizations aligned with a core set

of goals. Some federated jurisdictions, such as Australia, have taken

a further “top-down” approach to creating networks after mapping
jurisdiction-wide capacity. The Australian Genomics Health Alliance,
for example, is an attempt to accelerate and evaluate the application of
genomic testing in healthcare. It is a “collaborative research partnership
across more than 80 diagnostic laboratories, clinical genetics services,
and research and academic institutions” [7].

In more centralized healthcare systems such as England’s National
Health Service (NHS England), where higher leve%coordjnation
already exists, the emphasis has been on regional care coordination.
Collaboration in England has been facilitated by creating the NHS
England Genomic Medicine Service Alliance, an effort to bring
together Genomic Laboratory Hubs together with “clinical genetic
services inclusive of genomic counsellors, provider organisations across
the care continiuum [sic] and with Primary Care Networks, Cancer
Alliances, research and academia and patients and public representa-
tives” [28]. In parallel, a consortium oFacademic researchers (a com-
munity of approved researchers with access to the Genomics England
Research Environment) was also created as a mechanism of reaping
benefits from scientific spillovers from genomic information.

Resource Planning

Resource management and planning for expected impacts on time,
people, facilities, equipment, supplies, and information technology is
an essential activity in any health system. However, the rapid rate of
change of underlying technology and the need for specialized human
resources including those involved in tissue sampling (e.g., biopsy),
analysis (laboratory technologists/technicians, bioinformatic) and post-
test counselling (counsellors and other specialized training) necessitates
long-term capital and human resource planning. Workforce planning
will need to consider the training and credentialling of highly spe-
cialized resources involved with testing. It may also need to consider

a plausible range of scenarios of what services are required and the
roles and responsibilities of those involved [29,30]. For example, the US
Government Accountability Office conducted a study forecasting

a future shortfall of genetic counsellors and medical geneticists in
general, and by geographic region [8]. Advances in searchable genomic
databases to support clinical management, alternative models of service
delivery, and centralized delivery of services could greatly reduce the
need for these highly specialized human resource requirements in
coming years [23,31,32].

Resource planning for the coming era of genomic medicine will
require health system planners to revisit traditional funding formulas.
Laboratory funding based on volume or a “per-test” approach may
not incent its use as it ignores efficiencies that could be realized with
changes in approach to testing type (e.g., multigene assay versus
single gene approaches [33]), modality (e.g., reflex testing or upfront
testing versus ordered testing or sequential testing [34]) or test
timing [35,36]. Additional bioinformatics and technologist/technician
resources also require consideration. In the UK, for example, the
Department of Health & Social Care committed “£4 billion over

a five-year period (2016-21) in digital technolog , systems and
infrastructure, to provide the health and care system with the digital
capability and capacity it needs” [9].
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Informatics

Traditionally, laboratory information management emphasizes infor-
matics as a tool for sample tracking and communicating results. For
genome-based testing, informatics is also essential for test develop-
ment, interpretation, and clinical decision support [37,38]. Ensuring
adequate integration of test results into electronic health records

will also provide a key resource for real-world monitoring, disease
management, quality assessment and assurance, and financing [39].
Integration of laboratory information systems with electronic health
record systems is also needed to reduce duplication of testing and as a
basis for care coordination across health professionals or organizations.
An increasingly important aspect of genome-based testing is the
ability not only to share information within a healthcare system,

Operations

Entry/Exit Point for Innovation

The rate of proposals for new tests and testing modalities necessitates
a clear process for the managed adoption and obsolescence of tests
[41]. A single point of entry for considering new tests using an appli-
cation procedure coupled with an evaluation process and formulary
is one increasingly used approach that allows multiple stakeholders
to engage with the healthcare system [42]. It can also reduce unnec-
essary testing while providing a strong signal to public and private
sector innovators regarding when and under what conditions tests
will be adopted [43]. This approach is used in the Canadian provinces
of Alberta and Quebec, where an intake form requesting a new test
(councils, strategic clinical networks, physicians, patients, innovators
or the public) will lead to an evidence-assessment and recommenda-
tion before a test is placed on a public formulary.

Given the rate of technological development, healthcare systems will
also need to grapple with timeliness, i.e., how long to adopt tests and
when tests should be reassessed. New test adoption is a healthcare
challenge, as many tests must be considered in the context of other
interventions, such as their use as companion diagnostics for new

Evaluative Function

Many health systems worldwide have adopted evaluation frameworks
for testing based on the analytic validity, clinical validity, clinical
utility, and ethical, legal, and social implications (ACCE) approach
[44]. While this can be seen as a starting point for evaluation of tests
from a clinical standpoint, the ACCE approach does not consider
“context-related evaluation dimensions (delivery models, economic
evaluation, and organizational aspects)” that will be of interest to
policymaking and are a standard part of health technology assessment
(HTA) processes [45]. Even using the ACCE framework, it has been
argued that ‘clinical utility’ is poorly defined; definitions “may focus on
a test’s ability to produce a diagnosis, broader definitions of clinical
utility consider health and non-health related, familial and societal
outcomes”. Expanded notions of utility, that consider the wider
impact of a test result on not only the individual patient, but their
families and broader society, may be required to capture benefits to
society [46,47].

Many issues related to testing, including availability of evidence and
context-driven performance are part of a broader suite of limitations
faced by administrators when evaluating diagnostic tests and medical
devices [48]. As such, the timing and complexity of traditional
approaches to HTA must be balanced against patient need, in an
environment where test utility and cost is dynamic. Literature-based

but also to share and access data from other informational sources,
including external databases, peer-reviewed literature and other
healthcare systems.

Histopathology represents a major portion of laboratory medicine
and involves images interpreted by human physicians. This area has
existed for over a century as an unquantifiable practice within med-
icine. In the current digital era, digitization of stained images rep-
resents a major advance in the practice of personalized medicine. As
informatics capability continues to expand, health systems may plan
for the integration of digital histomorphologic data and its ongoing
analysis into genomics and personalized medicine [40].

drugs. Any decision to replace or revise an existing test, such as
expanding a multigene panel, must consider the balance between
patient and healthcare provider unmet need with the inevitable
disruption to care protocols, and the speed at which new tests can be
replaced. NHS England, for example, has announced its decision to
revisit tests annually, and considering the coordinated replacement of
older tests with new and emerging approaches, including considering
where evidence still needs to be collected to validate the benefit of

 The rate of proposals for new tests and testing modalities
necessitates a clear process for the managed adoption
and obsolescence of tests. *

moving to [whole-genome sequencing], and identifying where alter-
native genomic diagnostics, such as gene panels or microarrays, will
continue to be needed [9].

approaches to estimating test utility may be limited by enhancements
to technology, learning curves [49] or implementation characteristics
that affect performance [50]. This strongly suggests the recommended
use of both pre-market and post-market data to capture impact of
learning curve on outcomes [4] as well as a consideration of costs

of implementation when assessing value [51]. Furthermore, and in
keeping with key principles for HTA [10], decisions regarding access
to testing must be made in a timely manner. Both of these issues are
addressed in an evaluative framework for genetic testing developed for
the US Department of Defense which recognized the practical need
to triage adoption decisions based level on urgency through the use of
rapid review and real-world evaluation of new tests [11].

Traditional assumptions and approaches underlying the economic
evaluation of decisions for drugs are also challenging to apply [52].
These include the constancy of marginal benefits and costs, and the
divisibility of tests provided [53,54]. Payers should expect the mar-
ginal costs of adding new tests to a panel or going to a whole exome
or genome approach to be quite small relative to other factors such
as patient selection, level and type of implementation (education of
providers, equipment, geographic distribution) as well as downstream
costs (e.g., use of targeted therapies) [55].
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Service Models

Like many other forms of production, good practices in organizing
health services needs to consider the degree to which the config -
ration of delivery is concentrated or dispersed. Dispersed arrange-
ments are more attractive when unit costs do not benefit from eco -
omies of scale—such as with primary care and community pharmacy
services— and coupled with the need for geographic reach [30,32].
In contrast, economies of scale from advanced testing, coupled with
the need for a high degree of standardization and accountability
suggest genome-based testing will benefit from a more concentrated
model of service delivery.

A further consideration will be to what degree a more concentrated
model can be delivered. Service models must first consider care
pathways and requisition authority for testing. Models include requi-
sitions by geneticists, primary care practitioners, medical specialists,
program-based (such as newborn screening) or direct-to-patient

and will depend on the purpose of testing [56]. Genetic testing may
be required by independent healthcare programs that are uniquely
organized, such as prenatal, pediatric, infectious disease, psychiatry,
primary care, and oncology. In some cases, a single test (e.g., BRCA)
may be used to assess future risk of disease, prognosis of disease, or
predict response to treatment could have different clinical applica-
tions, referral pathways, and healthcare system value. Point-of-care
testing (POC) technology is also increasingly available, which can
expedite decision-making but also challenges a more centralized
model of care, and the standardization and accountability that comes
with it. POC devices do not negate the need for quality control, exter-
nal quality assessment, provider training, and data sharing associated
with testing. POC tests also further highlight the need for technology

adoption decisions that consider an entire community of practice
— differences in speed of test results and analytic characteristics
will have a downstream impact on patient and healthcare provider
experiences.

Care coordination may be greatly facilitated by already-centralized
healthcare environments. The NHS England was able to reorganize
its existing capacity in 2018, creating a Genomic Medicine Service
through its Genomic Laboratory Hubs, each hosted by an acute
NHS trust and designated a geographic region for coverage [12].
Similarly, the US Department of Veteran’s Affairs has leveraged

its existing capacity to deliver genetic testing through its oncology
program and dedicated service centres across the US toward
non-oncologic indications for testing [13].

In pluralistic or market-based healthcare systems, coordination

of care across disparate organizations is facilitated through the

use of care standards linked to incentives. Israel, for example, has
decided to create regional capacity to deliver comprehensive
genomic profiling for non-small cell lung cancer by allowing it
separate health management organizations (Kupot Holim) to use
their own validated testing approaches, in accordance with specific
conditions. Spain, has similarly provided overarching guidance to
its autonomous health regions regarding the principles that underly
the delivery of genetic tests [57]. Even when designed with best
intentions, these approaches may still lead to regional variation

and concerns regarding inequity of access. The Spanish Minister of
Health has recently announced further efforts will be made to make
country-wide access to testing more consistent [58].

Awareness and Care Navigation

Even with necessary test infrastructure and accessibility, health-
care systems must consider how to communicate to patients and
healthcare providers what tests are available and to who and how
these are paid for. Published test formularies are a starting point
for communicating what tests are available and how they can be
accessed. In the Canadian province of Alberta, the addition of
tests to a formulary had a stated goal of “streamlining processes
by reducing variation in testing and improving healthcare provider
and patient access to appropriate, equitable and sustainable labora-
tory test information [59]”. In countries with pluralistic healthcare
systems and lacking a common directory, other information can
be provided to help care navigation. In France, where testing is
more variable across regions, lists of different laboratory sites

with contact information are provided [14]. Similarly, the US NIH
has developed a test registry, which “contains information about
laboratories and the tests they offer but does not contain or gather
information on genetic test results” [60].
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Healthcare Environment

Integration of Innovation and Healthcare Delivery Functions

Given the rapid future pace of the introduction of new tests, coupled with
the potential research benefits associated with testing, healthcare systems
will need to consider how the delivery of testing or [/and] scientific
discovery alongside testing for healthcare decision-making will be
coordinated. This is an inherent challenge with exome- or genome-wide
sequencing, which will invariably reveal genetic variants of strong
therapeutic, prognostic, or diagnostic significance alongside those lacking
evidence [61]. Investigational tests can play an important role in patient
care: qualifying patients for clinical trial enrollment, as well as other
research endeavors that further understanding of disease. European
guidelines have addressed this by suggesting the distinction is clear when
reporting results [26]. In Ontario, Canada, for example, reflex testing for
newly diagnosed cases of NSCLC (adenocarcinoma/non-squamous) is
performed using a panel consisting of more well- established biomarkers.
Targeted treatments are currently available for some of the genes tested
(e.g., EGFR, ALK, KRAS), but not for others (e.g., FGFR1, SMARCA4,
PIK3CA) [17].

Funding tests for “targetable” and “non-targetable” genes together is

a pragmatic solution, and is also facilitated by massive parallel
(“next-generation”) sequencing where additional tests can be added to an
assay at negligible cost. It can also allow health systems to revisit testing
regimes with less frequency, and avoid significant change management
costs. In practice, however, funding both “medically necessary” and
“investigational” testing can create a significant conflict for existing insur-
ance frameworks that use evidence and clinical consensus to determine

what biomarkers should be funded [62,63]. This challenge led one

Financing Approach

The anticipated rate of entry of new tests also requires a nimble financ-
ing approach, allowing funds to be released for new tests once decisions
to reimburse are made. This may require a shift in thinking for many
insurers, who have historically allocated funding for laboratory services
on an annual basis based on test volumes [64]. Unlike traditional tests,
funding formulas for genetic testing must consider the need for addi-
tional human resources associated with development and proficiency
testing [67]. Payment models for care may, in turn, drive laboratory
utilization and require re-thinking [64,68].

In the US, the Centers for Medicare and Medicaid Services (CMS) have
attempted to incentivize molecular diagnostic innovation by enabling
manufacturer-set free pricing on the Medicare fee schedule for tests that
meet specific Advanced Diagnostic Laboratory est (ADLT) criteria.
Qualifying tests must be covered under Medicare, provided by a single
laboratory, and either (1) be FDA-cleared or approved, and/or (2) meet
three specific criteria ensuring molecular diagnostic innovation [18] Some
insurers have also established funding for genetic biomarkers predicated
on a “companion” diagnostic paradigm, releasing funds only when
companion drugs are approved. Genome-based biomarkers, however, are
increasingly used for multiple drugs or therapeutic decisions, including
decisions not to use older drugs, and to shorten diagnostic odysseys for
conditions with no specific drug therapies [69-72]. In some cases, juris-
dictions have additionally relied on pharmaceutical companies or public
sector research grants to fund these one-drug, one-test dyads. For public
insurers, this inevitably creates a situation where public sector actors are
dependent on the private sector (or others) for the delivery of public
services, and yet public actors remain accountable to the public at large.
This “private finance initiative” type of problem means testing health
system priorities are dictated by who is paying, rather than unmet need,
equity, or efficiency [73]. In addition to creating structural inefficiency,
these arrangements may be disruptive if funds are quickly withdrawn:
research grant funding may cease or move away with an investigator; or, a
drug company may change its external funding policies. The same com-
pany may also reasonably not want to pay for tests that aid competition.

commentator to ask: “do we redefine [testing] to fit the coverage a
evidence framework, or do we redefine the coverage and evidence
framework to fit [testing] [63]?

Proposals to change coverage frameworks have been well described and
are intended to address payer risk through performance-based payment
or coverage with evidence development [63,64]. While a step forward,
these solutions may still be difficult to implement in practice, given the
inherent limitations of using real-world data to establish the clinical utility
of testing [65]. Approaches to circumventing evidence challenges include
the use of standardized outcome measures, cascade testing and data
sharing through international consortia [66].

A separate solution is to create translational research programs that work
in parallel with health systems, or ideally are fully embedded within
learning healthcare systems [66]. Many of these already exist today, often
facilitated through public-private sector partner- ships, the majority
intended to investigate normal genomic variation by sequencing healthy
participants (i.e., biobanking) [27]. Some also have stated aims of drug
discovery and integrating well-established and emerging tests into regular
healthcare system delivery. The Australian government, for example,

has created unique partnerships between government, industry, and
academia to conduct clinical trials to establish the clinical utility of com-
prehensive genomic profiling in lung cancer [15], as well as a more recent
announcement for rare disease [16].
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Education and Training

Genetic testing through interprofessional teams distributed across
centres and programs introduces new challenges for educating
healthcare professionals when creating system-wide changes.
Implementation [of] new genome-based tests will change workflow, and
necessitates training at the intersection of continuing professional
development, knowledge transfer and quality improvement [32,49,74].
This in turn may require new approaches to teaching including work-
place-based assessment and in situ simulation that address the many
contextual requirements of testing that can ultimately affect test
performance, including “coordination of care, tissue procurement and
handover, requisition and report design, clear workflow within and
between services, automatic information exchange between electronic
health systems, and improved communication, with fast feedback loops
between health care practitioners [75]”.

Regulation

While some health product regulators, such as the FDA, have

begun to test claims of clinical validity for commercially available
tests, these do not address the multitude of factors that ultimately
contribute to test utility and cost-effectiveness. This has heightened
the need for effective systems of regulation to address the numerous
factors that contribute to test quality, including human resource
qualifications and training, documentation of records, quality control
processes, and proficiency testing [19-21]. Additional consideration
must be given to the training, licensure, registration, and
certification of genetic counsellors [77].

Data Privacy and Security

The proper interpretation of disease-gene relationships, particularly
for rare variants, require significant amounts of information including
family histories and shared information across laboratories, both
locally and internationally. The availability of partial or complete
genomic information, however, may allow individuals to be identified.
Testing also raises ethical issues, such as the duty to warn first-degree
relatives who may have a high chance of carrying a disease-causing
gene [61]. As such, data requirements associated with genetic testing
raise privacy and security concerns that may require revisiting of
historical legislation or policies.

The need for a significant level of education caused by a significant
disruption to organization of services is reflected in the approach
proposed by the Genomics Education Programme (GEP) in England.
The Programme “routinely engages with the Medical Royal Colleges
and actively participates in the NHS England and Academy of
Medical Royal Colleges (AoMRC) Genomic Champions Group”.
Among other areas of focus, the GEP plans to develop “genomic
competencies for specialty training”, human resource planning, and
providing supports for “curricula development and medical revali-
dation [9]”. Funding for each of the Genome Laboratory Hubs also
considers the need for education and training. Some jurisdictions
have even funded programs aimed at improving genomic knowledge
in school-aged children [76].

Most jurisdictions recognize that advancing the quality of testing
requires regulatory standards that involve multiple stakeholders, as it
is widely recognized unwanted variation in test performance is largely
driven by steps taken before and after analysis [20]. Regulation is typi-
cally addressed through accreditation processes that conform with the
International Organization for Standardization (ISO) including ISO
15,189 Medical Laboratories. Examples include regulation of clinical
genetic testing through CLIA in the US and Canada, and through the
National Association of Testing Authorities and the Royal College of
Pathologists of Australia (NATA/RCPA) in Australia. In Europe, the
CF Network, ERNDIM, GenQA (formally CEQA) and EMQN have
more recently harmonized accreditation standards.

Some of these challenges may be overcome through the adoption of
technical solutions and data standards. Technical solutions include
privacy-preserving solutions used in information systems, such as
blockchain, to help avoid de-identification. Data sharing to com-
munity resources, such as the US National Library of Medicine’s
ClinVar, is also strongly encouraged in international guidelines.
Frameworks for data sharing have been bolstered by international
efforts, such as the Global Alliance for Genomics & Health, which
has created a Framework and “Core Elements for Responsible Data
Sharing” [22]. The framework emphasizes maximizing data accessi-
bility of data while minimizing harm to patients and others through
a transparent and accountable system.

Data privacy and security concerns may also be addressed through
education and training (see Section 3.3.3). A core competency
framework developed by NHS Health Education England, for
example, identified six areas of proficiency for those responsible
for communicating test results. A part of the framework addresses
appropriate communication of genomic results, including under-
standing “the implications of genomic testing for insurance, includ-
ing the UK Code on Genetic Testing and Insurance” [9].

Some genetic tests may also require outsourcing, due to rarity or
health system capacity. Genetic testing opens up the possibility of an
output of unprocessed genetic data that requires interpretation from
out-of-country providers. In these situations, health system admin-
istrators will also need to consider what information can or should
lawfully be shared across borders.
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Discussion

Our effort to capture necessary conditions for state-of-the-art
genome-based diagnostics service is intended to aid those who

must design policies and processes intended to capture the value of
genome-based testing. While there is much focus on health technol-
ogy assessment (HTA) and economic evaluation as a policy response
to new technology, we would suggest appropriate management of
health technology goes much further than HTA [78]. The conditions
listed here reflect broader conditions of high performing health
systems that have been previously described [79-82]; these include
the need to consider accreditation, regulation, provider training, care
coordination, health information technology, evidence-based policy,
and financing as a means to reduce inequit , improve care recipient
and provider satisfaction, while moderating the rate of expenditure.

Conclusions

We have identified 12 necessary conditions required for policymakers
and health care system planners to achieve optimal experiences

for care providers, patients and caregiver while achieving better
outcomes and minimizing per capita health care costs in the coming
era of genomic medicine. As these conditions have been identified
through a comprehensive literature review and key informant inter-
views with international experts, they should be applicable to any
healthcare system, regardless of capacity, organizational structure,
financing, population characteristics, standardization of care processes,
or underlying culture.

While many of the conditions for optimal delivery of care could be
applied to other disruptive technologies, the key findings of our
review suggest there are some conditions and good practices that will
be strongly emphasized in a high-performing genome-based testing
service. These include across-region informatics associated with test-
ing, a framework that addresses privacy and security concerns from
genetic testing, as well as integration of an innovation and healthcare
delivery function through private public sector partnerships or the
sanctioned use of investigational technology in mainstream healthcare.
Improvements in these areas are significant challenges but necessary
ones for a future of learning health systems [83].

These conditions also reflect the multifaceted nature of laboratory
technology management as well as the need for additional consider-
ations beyond traditional laboratory technology. As genome-based
testing becomes more prevalent in coming years, we hope these
conditions and accompanying examples of good practice internation-
ally provide some initial guidance for those who will need to redesign
healthcare systems to optimize care.
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Chapter 4.

Current Canadian Environment
& State of Readiness

in Canada

CHAPTER SUMMARY

Canada’s State of Readiness Progress Report for genome-based testing examines
the state of readiness for testing across 5 healthcare regions in Canada: Ontario,
Quebec, British Columbia, Alberta, and Nova Scotia.

The Progress Report was developed by comparing optimal conditions for a

genome-based service (Section 3) with current practice in each province.

Overall, Canada is partially ready for a future of genomic medicine but making
progress. Canada’s largest healthcare regions are in varying states of readiness
for genomic testing; Alberta and Quebec appear to be most established but each
province has identifiable needs for improvement.




The State of Readiness Progress Report uses a purposive sample of 5 healthcare regions in Canada: Ontario, Quebec,
British Columbia, Alberta, and Nova Scotia. The first four regions were chosen as they are the most populous regions in
Canada, and represent ~75% of the Canadian population. While Nova Scotia is Canada’s 7th most populous region, it was
chosen as it has the largest population in Eastern Canada. Each province is compared against the enabling conditions
presented in Chapter 3, with the exception of data privacy conditions.
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Overall, Canada is partially ready for a future of genomic medicine but
making progress. The Canadian provinces in a better state of readiness
for genomic medicine are Alberta, Quebec and British Columbia. This
is largely in part to the earlier establishment of single, laboratory service
organizations and programs that provide the necessary infrastructure for
coordination and planning as well as necessary operational conditions.

In Nova Scotia, a higher level of coordination and planning is achieved
due to lower levels of service demand and the ability of the

government to work directly with the individual teaching hospitals
which provide province-wide testing. However, many of the
operational and evaluative processes are informal, and not public
facing. The opposite is true in Ontario, which is challenged with much
higher levels of demand for service, a complex web of formal
evaluative processes, and until recently, a highly decentralized health
system. Ontario has established a program dedicated to genetic testing
in 2021, much later than Alberta and Quebec.

Patient
Access

A further breakdown of conditions appears in the next section.

34



SUMMARY

Infrastructure for testing is supported by Alberta Precision Labs (APL)
which provides oversight for resource planning. APL engages with

all clinical stakeholders as well as patients, government, and industry.
Integration of laboratory information across the province is established.

Operationally, APL acts as the entry point and coordinates an evaluative
process for new test proposals from all stakeholders although specific details
are not published. A high level of coordination exists for test delivery. There
are public test lists with support although some tests are not listed.

Alberta has a program dedicated to innovation in testing; Some
investigational testing has also been integrated into mainstream care
delivery; Alberta has a nimble finance framework but no clear funding
formula. There are no province-wide educational standards for new tests.
Province-wide accreditation and proficiency standards, as well as analytic
standards exist across individual labs.




Alberta is Canada’s fourth largest province by size and by population (approx. 4.2 million). Responsibility

for testing is provided by a single organization, Alberta Precision Laboratories (APL), which is a wholly-owned
subsidiary of Alberta’s single health authority, Alberta Health Services (AHS). Highly specialized genomic/genetic testing
is delivered as a provincial program within APL directly reporting to executive medical and operational leadership. APL
develops a provincial test menu and delegates testing to hospitals within Alberta’s largest centres (Edmonton Zone and
Calgary Zone) depending on program of care, including the University of Alberta, Alberta Children’s Hospital, Stollery
Children’s Hospital, and University of Calgary, Foothills Medical Centre. Testing is also referred by APL to out-of-
province providers for rarer conditions.

Infrastructure

APL provides an oversight function for the implementation of new tests on behalf of the AHS, through
established networks across care providers. Resource planning is conducted/coordinated by APL.
Alberta has worked toward substantial integration of its electronic medical record systems across the
province, creating a single integrated laboratory information system for testing.

Operations

APL hosts a single-entry point for new testing. An intake form can be filled out by anyone

(physicians, patients, innovators or the public). The review process results in recommendations and
advice to AHS regarding funding. The test review process, timelines and criteria used are not publicly
available. The review process may also look at decommissioning of tests. A new review process is under
development. APL works with the AHS to provide provinical coordination (e.g., for referral and
sampling) for testing. A test directory including navigational and supportive information is publicly
available although it does not provide information on all available testing (e.g., such as rare, genetic
testing).

Environment

Alberta hosts a unique translational research program, called the Health Innovation Platform

5 Partnerships, aimed at small to medium sized enterprises. This has, in turn, led to the development of the

O Alberta Diagnostic Ecosystem Platform for Translation (ADEPT) hosted at the University of Alberta, to

allow innovators access to clinical samples and related data to test, validate and scale their technologies.
Alberta does also fund both well-established and investigational genetic tests for some conditions. Funds
can be released by AHS/APL for tests once an adoption decision is made, although tests with a large bud-
getary impact will require further consideration by the AHS. The funding formula for tests is not publicly
available, but is made after examining the costs associated with testing. Analytic standards are developed
by discipline councils that work with individual hospitals and laboratories who are given responsibility for
testing through APL. Alberta uses its own province-wide accreditation and proficiency standards based on
1SO 15189 standards.
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Alberta’s Strengths

Infrastructure for coordination and planning - Alberta’s single service organization,

Alberta Precision Laboratories, provides oversight and resource planning and is able to

leverage its position within Alberta Health Services to provide intraregional care coordination.

It additionally acts as a single point of entry for proposals for new innovation, including proposals
from innovators outside the health system.

Advanced informatics — Integration of laboratory information systems across the province is
established. There are also projects underway to fully integrate this with other electronic health data
to give care providers a comprehensive picture of each patient.

Innovative testing —Alberta hosts dedicated translational research programs for public and private
sector innovators and incorporates investigational testing into mainstream healthcare. This practice
makes Alberta prepared for the rapid future pace of the introduction of new tests, coupled with the
potential research benefits associated with testing.

Alberta’s Weaknesses

Creating opportunities for innovation — the process and timelines for managing and deciding test
priorities is not publicly available . There are also limited opportunities for exchange with innovators
from outside of the healthcare system. This makes it difficult for innovators to plan their own
development portfolios, understand the value of innovation to the Alberta health care system, or
provide useful information that might benefit healthcare planning and priority setting

Finance approach - Unlike traditional tests, funding formulas for genetic testing must consider the
need for additional human resources associated with development and proficiency testing. It is not
clear whether these resource requirements are adequately considered. Alberta’s reliance on research
funding to develop new tests means testing health system priorities are dictated by who is paying,
rather than societal need, equity, or efficiency .

Education and training — While there is education and training of care providers in the use of
genetic testing, Alberta may benefit from province wide standards, to ensure consistency in the
quality of testing service.

Takeaway: Alberta has many of the necessary conditions and is currently leading Canada in
its state of readiness for genomic medicine. It requires a more transparent approach to create
opportunities for innovation.

Its current state of readiness has earned Alberta a grade of B+

O O O Needs Improvement

Partially Established

. ‘ . Established
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British Columbia

SUMMARY

e Infrastructure for testing is supported by BC Provincial Laboratory Medicine
Services (PLMS) which provides oversight for resource planning. Integration
of laboratory information is lacking but currently under development.

 Operationally, BC has an entry point for new test proposals with a consistent
evaluative framework although process details and stakeholder engagement are
lacking. A high level of coordination exists for test delivery although some intra-
regional coordination is limited. There are no public test lists and limited
navigational support.

* Some investigational testing has been integrated into mainstream care delivery;
BC lacks a nimble or flexible finance framework or province-wide educational
standards for new tests. Province-wide accreditation and proficiency standards
exist and province-wide analytic standards are developed by individual labs.
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Canada’s second largest province by size and third largest by population (approx. 5 million) has leveraged its
single health authority dedicated to highly specialized services (the Provincial Health Services Authority, PHSA) to coordi-
nate the delivery of genetic testing. Highly specialized testing is delegated to larger teaching hospitals (Vancouver General
Hospital; St. Paul’s Hospital; Royal Columbian Hospital; BC Children’s Hospital) depending on type of test or therapeutic
program. Testing is also referred to out-of-province providers for rarer conditions. The BC Provincial Laboratory
Medicine Services (PLMS, formerly the BC Agency for Pathology and Laboratory Medicine, BCAPLM) is the Provincial
Program under the PHSA which is responsible for the administration and provision of insured laboratory benefits to
British Columbians.

Infrastructure

The PHSA/PLMS provides an oversight function for the implementation of new tests on behalf of the
BC Ministry of Health. The PLMS has established networks on its own and through the PHSA needed
to understand testing priorities and logistics of implementation. Resource planning is conducted/coordi-
nated by the PLMS along with the PHSA. A unique challenge in BC is that individual regions

and hospitals have separate governance structures and do not have a single, integrated laboratory
information system.

Operations

A single-entry point for new testing is provided through the PLMS test review process. The process is
open only to employees and/or authorized agent of a laboratory provider, a health authority, the BC's
Agency for Pathology and Laboratory Medicine or Ministry of Health and can have support from a
co-applying physician. The review process results in recommendations / advice to the Ministry of Health
regarding funding. While criteria for the test review process have been made available, the review
process and rationale for test recommendations are not. Service coordination for testing is provided by
the PLMS although regional coordination (e.g., for referral and sampling) is carried out by individual
health authorities. There is currently no published test lists or protocols for care providers and navigation
for access to testing is limited to private communication to specialist providers/centres and the use of
health care navigators for some care programs.

Environment

BC has a strong translational research environment with BC Michael Smith Genome Science Centre

5 (GSC) receiving funding for sequencers and acting as a research arm of PHSA through its accredited
laboratory. BC does fund both well-established and investigational genetic tests for some conditions. Funds

O can be released for tests once an adoption decision is made; for companion diagnostics in cancer, funding

is provided through the systemic chemotherapy budget. The funding formula for tests is based on tradi-
tional community-based testing and requires revision. Additional funding for more complex testing can
be released at the Ministry’s discretion. There are no province-wide standards for education and training
related to testing. Accreditation and proficiency is governed through a province-wide accreditation
standard similar to CAP (the Diagnostic Accreditation Program [DAP] ISO 15189) Analytic standards are
developed by individual hospitals and laboratories who are given responsibility for testing through the
PLMS.
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British Columbia’s Strengths

e Infrastructure for coordination and planning — British Columbia’s single service organization,
British Columbia (BC) Provincial Laboratory Medicine Services (PLMS), supports resource planning
and has been able to create a community of practice to facilitate service coordination. The PLMS
also acts as a single point of entry for proposals for new innovation.

Advanced informatics — BC has incorporated some investigational testing into mainstream
healthcare. They have also developed translational research programs through Genome BC.

British Columbia’s Weaknesses

e Informatics — The integration of laboratory information systems needed to fully support the coming
era of genomic medicine is lacking in BC. While there are projects underway to create a federated
data commons, its current information structure could create barriers to implementing advanced
testing.

* Creating opportunities for innovation — while BC has created communities of practice
(intra-regional networks) to inform health system priorities, it lacks opportunities for exchange with
private sector innovators external to the healthcare system. Its single point-of-entry for proposing
valuable innovation is similarly closed to the private sector. This makes it difficult for innovators to
plan their own development portfolios, understand the value of innovation to the BC health care
system, or provide useful information that might benefit healthcare planning and priority setting.

e Navigation and tools to support patient care — Although the BC Ministry has adopted health
service navigators which can support patient and care provider access to genome-based testing, it
lacks test directories or protocols which may further support timely and effective care. There are
similarly no province-wide standards for education and training of care providers that exist or are

being developed.

e Finance approach — Although the BC Ministry has flexibility to release funds for testing on a
case-by-case basis, it has used a volume-based formula for financing tests historically designed for
community-based testing. Unlike traditional tests, funding formulas for genetic testing must consider
the need for additional human resources associated with development and proficiency testing. BCs
reliance on research funding to develop new tests means testing health system priorities are dictated
by who is paying, rather than societal need, equity, or efficiency .

Takeaway: British Columbia is taking the necessary steps to advance its system readiness
for genomic medicine. Some challenges relate to its decentralized health system structure
(informatics, navigation, province-wide standards) while others may be more easily remedied.

Its current state of readiness has earned British Columbia a grade of C
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SUMMARY

Infrastructure for testing is supported by the Nova Scotia health
Authority (NSHA) which provides oversight for resource planning
although does not broadly engage stakeholders. Integration of laboratory
information is lacking.

Operationally, NS does not have an entry point for new test proposals or
a consistent evaluative framework. A high level of coordination exists for
test delivery. While NS has a test directory it is not comprehensive. Nova
Scotia does communicate about available tests regularly with care
providers.

Investigational testing has been integrated into mainstream care delivery;
NS has a flexible finance framework but the funding formula for testing is
not clear. There are no or province-wide educational standards. There are
similarly no analytic standards although tests are typically delivered by a
single laboratory.
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While Nova Scotia has a population of less than 1 million (less than 3% of Canada’s population), it is the most
populous province in Canada’s Atlantic region. Testing occurs within two major hospitals (Queen Elizabeth II Health
Sciences Centre and IWK Health Centre) that deliver specialized care programs. Nova Scotia also uses out-of-province
providers. Oversight for these programs is provided by the Nova Scotia Health Authority (NSHA) through its Pathology
and Laboratory Medicine Program (PLMP).

Infrastructure

The small population size of Nova Scotia has likely negated the need for large-scale healthcare
networks. Communities of practice are established within specialized care programs as well as the
Pathology and Laboratory Medicine Program. The oversight function for the implementation of new
tests is the responsibility of the individual hospitals, who are in turn given a budget to deliver specialized
programs of care. Analytic standards are developed by these individual hospitals as well as resource
planning. A single, integrated laboratory information system for testing does not exist.

Operations

There is no single-entry point for new testing. Test review is done through a provincial advisory
committee but the process, timelines and criteria used are not publicly available. A Laboratory Test
Catalogue including navigational and supportive information is publicly available.

Environment
o)

@) Nova Scotia provides access to both well-established and investigational genetic tests for some conditions.
Funding mechanisms are hindered by reliance on hospital budgets and annual budget cycles. The funding
formula for tests is not clear. There are no province-wide standards for education and training related to
testing. Nova Scotia uses Canadian Counsel on Health Service Accreditation (CCHSA) province-wide
accreditation standards based on ISO 15189 standards. Proficiency testing is voluntary .
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Nova Scotia’s Strengths

e Infrastructure for coordination and planning — Oversight, resource planning, and service
coordination for testing is facilitated by Nova Scotia’s single health care system, the Nova Scotia
Health Authority through its through its Pathology and Laboratory Medicine Program (PLMP). Its
smaller size relative to other provinces has allowed it to have a nimbler approach to the adoption and
coordination for new testing.

e Innovative Testing — Nova Scotia has incorporated investigational testing into mainstream
healthcare and was one of the first to do so in Canada. This in turn led to the earlier adoption of
necessary tests that qualify patients for targeted cancer therapies.

Nova Scotia’s Weaknesses

¢ Creating opportunities for innovation — Nova Scotia still lacks a single point of entry for
onboarding new tests. Proposals for new testing are restricted to NHSA personnel through an
undefined process of priority setting. Coupled with limited opportunities for engagement with
innovators outside of the health system, these conditions make Nova Scotia less receptive to
innovation.

e Informatics — Nova Scotia lacks geographic integration of laboratory information across its key
service delivery centres.

* Navigation and tools to support patient care — Although Nova Scotia has developed some tools
to support patient and care provider navigation, there are no province-wide standards for education
and training of care providers that exist or are being developed.

Takeaway: Nova Scotia state of readiness for genomic medicine is aided by its size and
established teaching hospitals. However, many of its processes are unclear. Nova Scotia would
benefit from further integration and engagement with the broader innovation community.

Its current state of readiness has earned Nova Scotia a grade of C-
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communication to providers
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oncology) listed

¢ Funding formula not clear

e No province-wide standards
for education and training in
development

® No province-wide analytic
standards although tests
often delivered through a
single lab

e Proficiency testing
voluntary

46



SUMMARY

* Ontario’s infrastructure for testing is still in early development. A new
Ontario Health Provincial Genetics Program (PGP) was created in 2021 which
will develop necessary conditions related to operations and infrastructure.

Ontario’s does not have a clear and consistent entry point or evaluative
framework for considering new tests. It also does not engage innovation
stakeholders outside of its healthcare environment. Some level of
coordination and navigational support exists.

Ontario has some integration of investigational and established testing; it
lacks a nimble finance framework or province-wide analytic and education
standards for new tests. Province-wide accreditation standards exist.




Ontario is the largest of Canada’s 13 provinces and territories by population (approx. 14.8 million[1], with

the vast majority of the province’s inhabitants located in its southernmost regions) and third-largest by size. Capacity

for genetic testing largely resides in its hospitals with testing for hereditary disease largely occurring in Ontario’s two
children’s hospitals. Some testing is commissioned to out-of-province providers as well. Somatic testing is conducted across
11 centres of varying sizes.

Infrastructure

Networks of genetic testing providers were originally established through the Regional Genetics
Program, the Ontario Molecular Pathology Research Network, Tumour Site groups and other Clinical
Programs, such as the Pathology & Laboratory Medicine Program (PLMP). Overarching coordination
has now become the responsibility of the newly (2021) established Ontario Health Provincial Genetics
Program (PGP) which may utilize these networks or create new ones. Resource planning for genetics

is still conducted on a hospital- or regional level through regional bodies of Ontario Health as Ontario
moves toward a more centralized model of care delivery. Working Groups were established in 2017 to
examine the health human resources required for clinical genetic services, and this, along with data and
digital systems is now a focus of the newly established Provincial Genetics Program.

Operations

There is no single entry point for new testing. The current Ontario Health (Quality) process allows
manufacturers of commercial innovation and translational researchers to apply for assessment, however
priorities for what ultimately gets assessed is assigned to OHQ. Beyond this, proposals for new testing
rely on practicing clinicians and other internal stakeholders (such as Pharmacy Services). Tests may
be evaluated through several routes including the Program in Evidence-Based Care / Tumor Site
Groups, Ontario (Quality) / Ontario Genetics Advisory Committee, Ontario Public Drug Programs /
The Ontario Steering Committee for Cancer Drugs (OSCCD), and Newborn Screening Ontario / The
Newborn Screening Ontario Advisory Council (NSO-AC) which use different evaluative frameworks.
Coordination across institutions is done through the PGP for hereditary and somatic testing. There

is a defined test list for both hereditary and somatic testing; navigation is largely provided by genetic
testing centres, specialty clinics or patient organizations and the PGP is planning to consolidate these
navigational resources for patients and providers.

5 Environment

O In May 2021, Ontario committed to implementing comprehensive cancer testing including genetic panels
that include both established and investigational tests. There are also implementation pilot projects such
as the Genome-wide Sequencing Ontario (GSO) aimed at providing genome-wide sequencing to 2000
Ontario families. Ontario still largely relies on annual budget cycles and Minstry decisions to release
funding for new tests. Accreditation and proficiency is based on the ISO15189
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Ontario’s Strengths

e Infrastructure for coordination and planning — Ontario has recently created a single-service
organization, the Provincial Genetics Program (PGP), which is intended to coordinate service
delivery, support resource planning, and develop awareness and navigational tools.

* Quality assurance — Ontario has adopted clear standards for accreditation of laboratories and
proficiency testing, although there are as yet no province-wide analytic validation standards.

Ontario’s Weaknesses

e Finance approach — The current finance approach for new testing in Ontario lacks the ability to
release funds at the pace of genomic innovation. This has led to delays which have impacted patient
care. In turn, Ontario has relied on private and public research funding to develop new tests. This
means testing priorities are dictated by who is paying, rather than societal need, equity, or efficiency .
Similarly, Ontario’s funding formula for new tests does not consider the need for additional human
resources associated with development and proficiency testing, which may make it unsustainable.

e Informatics — Ontario is still a highly decentralized healthcare environment, and this has led to
a lack of integration of laboratory information systems needed to fully support the coming era of
genomic medicine. Integration of laboratory information along with health information has become a
recent area of focus for development.

¢ Creating opportunities for innovation — Ontario relies on a number of existing and overlapping
communities of practice but has limited exchange with private and public sector innovators external to
the healthcare system. There is no single point-of-entry or single evaluative framework for proposing
valuable innovation. Only one entry point is open to commercial innovators (OHQ) and it has a limited
capacity to evaluate proposals. This makes it difficult for innovators to plan their own development
portfolios, understand the value of innovation to the Ontario health care system, or provide useful
information that might benefit healthcare planning and priority setting. Similarly, Ontario’s program to
attract investment in clinical trials is not linked to improving its testing function.

* Navigation and tools to support patient care- Ontario has recently published an updated test list
for cancer and has plans to create a consolidated resource centre for care providers for all testing.
There are currently no province-wide standards for education and training of care providers.

Takeaway: Ontario has only recently taken necessary steps to improve its state of readiness
for genomic medicine. It currently lacks many of the necessary conditions to be prepared.

Its current state of readiness has earned Ontario a grade of D

O O O Needs Improvement

Partially Established

® QO O :ivished

49



Infrastructure

=

Established Partially Established

e Laboratories work

Need for Improvement

e Processes for engagement
with commercial innovators

lacking

Creating. ) independently coordination
communities through PGP/PLMP
;)lf pll‘filICtlce and o Networks being developed
n:;:():;:e system through PLMP and PGP-led
clinical leadership forum
e Working group report
Personnel, published in 2018

e New PGP area of focus
— completed for cancer
genetics

equipment, and
resource planning

* Some integration of EHR
with laboratory information

[72]
[=
.g
-
«
=
[}
o
(@)
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a
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¢ Funds available on annual
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not available at time of
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e Funding formula not clear

e No funding for test development,
additional human resource
costs

Education and
Training

e No province-wide standards
for education and training in
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Regulation

* No province-wide analytic
validation standards
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SUMMARY

° Planning, development and funding falls under the Direction de la
biovigilance et de la biologie médicale (DBBM) which is part of the
Direction générale des affaires universitaires, médicales, infirmiéres
et pharmaceutiques (DGAUMIP) within Quebec’s Ministry of Health.
The Réseau Québécois de Diagnostic Moléculaire (RQDM) acts as the
supporting network for genetic testing.

* Operationally, Quebec offers a single point of entry for testing although
this is closed to industry. It has a well-defined and consistent evaluation
function for testing with limited stakeholder engagement. There is
some service coordination for testing although more is in development.
Navigational supports are lacking and a current development priority.

* Quebec has limited integration of investigational and established testing.
It has a nimble financing approach and offers resources to support test
validation. Province-wide standards for education are being developed.
Province-wide accreditation and proficiency standards exist although there
are province-wide analytic standards.




Canada’s largest province by size and second largest by population (approx. 8.5 million) began reform on

its system of laboratory governance in 2011. Molecular diagnostics including low- to medium-throughput sequencing

is delivered across five “clusters” operating seven supra-regional laboratories (Capitale-Nationale [CHU de Québec —
Université Laval]; Estrie [CHUS — Hopital Fleurimont]; Montréal — CHUM [CHUM and Hépital Maisonneuve-Rosemont];
Montréal — CUSM [CUSM and Hépital général Juif]; Montréal — CHU Sainte-Justine [CHU Sainte-Justine]) as well as the
Montreal Heart Institute (MHI). The Centre québécois de génomique clinique (CQGC) in 2018, physically situated at the
Centre hospitalier universitaire Sainte-Justine (CHU Sainte-Justine), was established to conduct high-throughput (exome,
transcriptome or whole-genome) sequencing. Testing is also referred to out-of-province providers for rarer conditions.

The Direction de la Biovigilance et de la Biologie Médicale (DBBM) is the Ministry Program that has been tasked with
coordinating the implementation of molecular diagnostic testing across all of these centres/clusters.

Infrastructure

Under the DBBM, the Réseau Québécois de Diagnostic Moléculaire RQDM acts as the supra-regional
network and advisory function for the DBBM on behalf of the Quebec Ministry of Health. Resource
planning for genetics is conducted by the seven centres/clusters (five regions, MHI and CQGC) and is
coordinated by the DBBM. Further coordination across oncology centres (through the Quebec cancer
program [PQC]) is now underway, given a recognized lack of coordination in cancer. A laboratory
information system is being established across this network.

Operations

The DBBM acts as an entry point for new testing. The DBBM works with Institut national d’excellence
en santé et en services sociaux (INESSS) to provide advice to the Ministry of Health regarding
funding. Only public laboratories can submit requests to DBBM for evaluation by INESSS. In the

case of companion diagnostic tests, drug manufacturers must submit the diagnostic test evaluation
request with the drug evaluation request. Tests are evaluated through a single evaluative framework
and recommendations to the Ministry are made public, although there is limited engagement with
stakeholders with this evaluation process. While there is a test formulary (the Répertoire québécois et
systéme de mesure des procédures de biologie médicale), it may not always be clear how and where a
test can be made available to patients. The RQDM is currently working on additional navigational
support.

Environment

Quebec has continued with a policy of only funding medically necessary tests and will not pursue the

5 reporting of investigational tests that are associated with unfunded targeted therapies. Translational research
projects are conducted through the CQGC and Genome Quebec is asked to participate in the development

O and valida-tion of standard operating procedures for high-throughput testing. Funds can be released by the

Ministry once an adoption decision is made, and funding for test development, and additional human
resource costs has more recently (2021) been provided. It is unclear whether the funding formula is value-
based or amenable to reassessment. The DBBM/RQDM has committed to developing province-wide
standards for education and training. Accreditation and proficiency are regulated through a province-wide
accreditatio  standard (ISO 15189). There are no province-wide analytic standards.
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Quebec’s Strengths

e Infrastructure for coordination and planning — Systematic oversight and resource planning for
testing in Quebec is provided through its Ministry-led Direction de la Biovigilance et de la Biologie
Médicale (DBBM), which in turn has created a single supraregional network (Réseau Québécois de
Diagnostic Moléculaire (RQDM)). It additionally acts as a single point of entry for proposals for new
innovation from within the health system.

* Evaluative approach — The DBBM utilizes the already established health technology assessment
function (INESSS), which has a transparent, well-defined and consistent process for evaluation.

Finance approach — Quebec has a unique finance approach among Canadian provinces, and
provides funding for test development and additional human resources associated with development
and proficiency testing. Funds can be made available quickly at the time of adoption — conditions
needed for readiness. Quebec’s unique approach means it is able to more comprehensively manage
its testing service.

Advanced informatics — Integration of laboratory information systems across the province is
established. There are also projects underway to fully integrate this with other electronic health data
to give care providers a comprehensive picture of each patient.

Quebec’s Weaknesses

e Tools to support timely and appropriate use — While Quebec does publish a test list (‘repertoire’),
it still lacks information and other supportive tools regarding available tests or access to tests.
Province-wide standards for education and training in development.

e Creating opportunities for innovation — Quebec has limited its opportunities for innovation to a
translational research program through the CQGCG; it still does not engage private sector innovators
more broadly or accept applications for proposals of innovation. Quebec has also limited the use or
reporting of investigational tests (for which there are no immediate healthcare decisions to be made)
in mainstream healthcare which reduces opportunities for wider clinical research and attracting
clinical trials. In sum, these policies make it difficult for innovators to plan their own development
portfolios, understand the value of innovation to the Quebec health care system, or provide useful
information that might benefit healthcare planning and priority setting.

Takeaway: Quebec began taking necessary steps to reform its approach to genome-based testing
over a decade ago. There are still opportunities to improve the optimal use of testing in Quebec.

Its current state of readiness has earned Quebec a grade of B -

O O O Needs Improvement

Partially Established

. ‘ . Established

53



=

Infrastructure

Creating
communities

of practice and
healthcare system
networks

Personnel,
equipment, and
resource planning

Informatics

0
c
lg
®
£
Q
Q.
o

Entry/exit point for
innovation

Evaluative Function

Service models

Awareness and care
navigation

Environment

O

Integration of
innovation and

healthcare delivery

Financing approach

Education and
Training

Regulation

Established

Partially Established

Need for Improvement

e Processes for broader
stakeholder engagement

lacking

e Closed application process
e No reassessment process

e Navigation for care
providers and patients
lacking

e Translational research
through Genome Quebec
and the CQGC

e Investigational testing
not funded

¢ Province-wide standards
for education and training
in development

54



Chapter 5.
Impact of System
Readiness in Canada

CHAPTER SUMMARY

Healthcare system readiness for genome-based testing can be expected to yield positive

impacts on important patient health outcomes, including alleviating symptoms, reducing
harm from therapy, and improving survival and quality of life.

Beyond these immediate benefits, readiness can also have a positive impact on patient and
caregiver experiences, reducing the need for referrals and other diagnostic tests, and
improving time to diagnosis and treatment..

Unlike many conventional health technologies, testing can play a critical role in future

scientific discovery and clinical trial enrollment, creating commercial and investment
opportunities as well as future-proofing Canada’s healthcare workforce.

Taken together, readiness for genomic medicine represents an opportunity to reduce
healthcare costs while creating the necessary infrastructure for delivering 21st century care.




Creating the necessary conditions for efficient and
effective genomic medicine is a current and ongoing
challenge for policymakers and healthcare administrators.
A fundamental question is what impacts can be anticipated to

the healthcare system and society, more broadly. Healthcare
system impact can be thought of in terms of the “quadruple

aim” of reducing per capita costs while improving population
health outcomes, patient and caregiver experiences, and provider
experiences. The broader impacts of innovation include providing
an infrastructure for scientific discovery including clinical trials
and the associated benefits of attracting and establishing a strong
clinical workforce.

Healthcare Impact

Patient Health Outcomes

Improving the state of readiness for genomic medicine can have
a wide range of positive impacts on population health. These
impacts will ultimately depend on how and in whom the test is
used. Genome-based tests evaluated for use in Canada and abroad
over the last 7 years have described the following benefits on
patient health which have been accepted by health technology
assessment bodies: increasing diagnostic yield (number of cases
detected)[1-5]; preventing future disease diagnosis in patients
and genetic relatives[3]; reducing severe toxicities from drug
therapy or the need for drug therapy[6-8]; preventing or
delaying complications and symptoms from disease;
improvement in health-related quality of life[9]; avoiding
invasive procedures[8,10]; improving response to
medication[11]; and increasing disease survivability[12].

While improving population health through genomic medicine

is encouraging, there may also be harmful effects to patients or
genetic relatives, particularly when genetic variants are discovered
but without enough information to understand potential conse-
quences (i.e., variants of unknown significance, or VUS).[13-15
Response to uncertainty from test results varies by therapeutic
context and can be mitigated by counselling and other supports,
including improved testing protocols, better VUS classification, and
routine family-based assessment of variants. There may also be
secondary or incidental findings (i.e., not related to the initial reason
for testing) related to more comprehensive genomic analyses that
can be mitigated through technical procedures and more-nuanced
informed consent procedures. Canadian guidance has been
developed to mitigate unintentional harm to patients and family
members from these unintended effects.[16]

Patient and Healthcare Provider Experiences

Appropriate testing may create additional benefits for patients and
their healthcare providers beyond health outcomes. When used for
screening or diagnosis, this includes reducing the need for additional
diagnostic tests (including invasive biopsy)[2,8,10]; improving time to
diagnosis[4]; reducing unnecessary surgeries[17]; reducing the
number of specialist referrals and follow-up visits[10,18]; reducing
medication burden[11]; and improving equity of access to testing and
utilization of testing[18].

Cost Impact

Although genomics-enabled precision medicine has been described as
a “game changer” by some[19], accumulating evidence provides a more
nuanced and compelling picture—the potential impact of genomic
medicine on offsetting or reducing healthcare costs can vary widely.
[20-22] Economic evaluations on the use of genetic services in health-
care, including prenatal care, screening and diagnosis, and the use of
genome-based testing to guide therapeutic decision-making consis-
tently show a wide range of impacts, from significant cost savings to
expenditure that might be seen as unaffordable.

Fortunately for policymakers, this is not the same as the adoption of a
new drug or new medical procedure with a wide possible range

of impacts. Establishing a state-of-the-art genomic medicine service
along with appropriate mechanisms for evaluation allows any jurisdic-
tion to select those interventions or programs of care that can poten-
tially deliver cost savings or benefits at reasonable/tolerable levels o
additional expenditure. A purposive sample of evaluations relevant

to Canada, in Table 2, illustrates the wide range of cost impacts from
testing, and the potential policy response to this.
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Research Impact

Scientific Discovery

Improving the state of readiness for genomic medicine is a necessary
starting point for furthering our understanding the origin and natural
history of disease. Scientific discovery in the realm of rare disease is
already being bolstered by translational research funding programs,
such as the Genome Canada-led “All for One” precision health
partnership . The need to be ready for diagnostics has also been seen
during the COVID-19 pandemic. Diagnostic technology played a
critical role in monitoring and planning responses to the pandemic.
Canadian research programs such as the University of Toronto’s
PRiME precision medicine initiative are working toward advancing
genome-based solutions to improve Canada’s response to monitoring
and mitigating the impact of the pandemic.

While creating system readiness for genomic medicine can improve
healthcare effectiveness and efficiency, Canadian healthcare systems
are not positioned to “learn” from adopting commercially-driven
applications of genomic medicine that do not further explore
underlying theories of disease.[23,24] Advancing knowledge while
creating opportunities for commercialization and economic growth
requires a coordinated approach to scientific discovery that benefits
from a nimble and flexible genomic medicine service as a basis for
accelerating the translation of genomic data into patient care.[23]

As one commentator noted[25]:

In our current environment of accelerating

health care spending, investing in discovering

the causes of disease has become the most
important and necessary task. A precise
discovery of causes requires effective diagnostics,
where we must make significant investments. If
we focus on solutions before we can define the

problem, it will take even more time, much longer
than we can imagine, to solve the same problem.




Table 2 Estimated impact of genome-based testing in Canada (2015-2022)

Type of Intervention Health Patient &_prowder Expend_lture1 Value for Reference
Intervention experience (Reductions) Money
c School-based Reasonabl
~ © screening for e 22 more $AUD casonable Warren,
(L g (cost neutral)
‘0 8 'S_ Tay-Sachs and /1000 screened - 670M?2 v 2005[1]
8 © 8 Cystic Fibrosis
o S =
o9 5 . .
= Non-invasive vs. e 2.1 more L
a oo - . * 75% reduction in Questionable | Ontario,
. tradltl(.)nal prenatal trisomy / l 0000 diagnostic tests $35M ($411K/case) | 2019[2]
o screening pregnancies
. Questionable
Lynch Syndrome * 8 more / 1000 e Family member $10.2M° ($651K/ CADTH,
(all new CRC) screened status ' QALY) 2016[3]
Lynch Syndrome e 5 more / 1000 e Family member 2. 1M Reasonable CADTH,
(select pop*.) screened status ’ ($6K/QALY) 2016[3]
pop
:Z;%lztsgfgx i):l ¢ e Faster time to Excellent British
1 * 10% greater yield ) . ($500K) 1 Columbia,
Early-Onset diagnosis (lower costs) 2019[4]
Epilepsy
Testing for familial | e Redl.lced Excellent Ontario,
hypercholesterol- cardiovascular - ($60M) (lower costs) 2022[26]
emia disease ) -
Long QT e Improved Reasonable
Syndrome quality of life ) $135M ($50K/QALY) Perez, 2011{9]
Cascade testing ) i
o with risk reducing * 5? /vzi(t)o lc ases ($194K) Excellent Hoskins,
= surgery in BRCA prevemted B (lower costs) | 2019[27]
5 carriers e 925 deaths avoided
=
4= . N e
o s Lo | quote [0
a - 3 . ’
g 8 cytology surgeries by 50% (300K/QALY) | 2022{17]
oW =
s © DPYD Genotyping . .
a '?:D in Patients with E)e('lgte(flro » ($520K) Excellent Ontario,
‘S planned cancer hXI ! yh ! - ' (lower costs) 2021[6]
)] treatment chemotherapy
]
s
(3} Gene expression . .
o e Fewer referrals Questionable | Ontario,
=~ ::iztl:::or;l: out - e Fewer biopsies $1.8M (not estimable) | 2021 [10]
Noninvasive o Avoid
Fetal RhD Blood developmental $7TM Reasonable Ontario,
Group Genotyping N &OP e } : ($154/QALY) | 2020 [28]
(nonalloimmunized) probiems
Noninvasive . Avoid
Fetal RhD Blood devel tal ($10.2M) Excellent Ontario,
Group Genotyping evle 10[) n']en a - ' (lower costs) 2020 [28]
(alloimmunized) problems
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Developmental
Drls;[bllliit“;s ® 20% increased ® More treatment $8.7M %?TE?}?a}ile Ontario,
or Miwitipie diagnostic yield modification o cat 2020 [5]
Congenital s e ment change)
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(controlled access)

'Based on budget impact estimates. If specific to a Canadian province,

then pro-rated to Canada
2Based on 500,000 grade 11-age children in Canada and $1339
additional costs per child

SAdditional $382 per 26900 newly diagnosed cases

‘Patients with MLHI promoter hypermethylation, roughly 20%

of all new cases
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©
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(S medications
5
K Multigene panels * Reduced harm ($278K) Excellent Quebec,
for muscle disease from biopsy - (lower costs) 2022 [32]
. e Improved disease | © Less referral Excellent Quebec,
Stool analysis management e Improved equi ($440K) (lower costs) 2021 [18]
& P quity
Premalignant e Improved * Reduced Excellent British .
. s . NR Columbia,
Oral Dysplasia survivability clinic visits (lower costs) 2016 [12]
Primary tumour
in patients with * Improved disease $35.9M Reasonable Manitoba,
cancer of unknown management - e ($44K/QALY) | 2016 [7]
primary
EGFR t790 Tests * Improved * Avoid biopsy Questionable )
tance mutation response to . . Ontario,
.. L e Improve equity of | $3.3M ($175K/
liquid based . p quity ¢
(liquid based, medication, access to testin QALY) 2020 [8]
t triage) less toxicity &
()
£ EGFR t790 resis- * Improved 11
IS X * Avoid biopsy .
B tance mutation response to « Improve equity of | ($9.3M) Excellent Ontario,
o (liquid based, medication, } P ¢ tq " Y ' (lower costs) | 2020 [8]
= alone) less toxicity access to testing
f;r}y-flt:j%{ez’ _ER+7 e Reduction in $4M Reasonable Ontario,
> chemothera - ($20K/QALY) | 2020 [33]
Breast Cancer 194
 Improved . .
. . Questionable | Ontario,
Major Depression ;itzgci):;eizotr? - $27.3M (S60K/QALY) | 2021 [11]
Policy response A: Adopt only cost reducing interventions Cost reductions: $29.2M
Policy response B: Annual cost impact from implementation of cost reducing
AND cost-effective (i.e., < $50K/QALY) interventions Annual costs: $17.6M

Clinical Trials

Improving Canada’s state of readiness for genome-based testing

will also be a pre-requisite for conducting clinical trials or quickly
translating benefits from trials. In 2016 in Canada, there were an
estimated 394 industry-sponsored trials providing care to ~6000
Canadian oncology patients.[34] At around the same time, worldwide,
it was estimated that more than 90% of oncology trials involved
targeted therapies.[19] In cancer, investigational treatment is often
offered when other established options have been exhausted, even as

part of provincial care protocols. Increasingly, in oncology, investiga-
tional trials are yielding substantive benefits for patients — a recent
analysis of phasel studies revealed targeted show median response
rates across 58 biomarker-driven trials were 30% more on average
(95%CI: 18.6-41.2) compared to 293 trials using a non-personalized
strategy (0% [95%CI: 0-1.08])[35]. In this sense, readiness for
genome-based medicine and clinical trials can offer potentially
meaningful benefits for patients, beyond hope.
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Future-Proofing a Healthcare Workforce

The era of genomic medicine and its potential to change medical
decision making is already being reflected in the training of future
healthcare professionals. Many countries have begun to make
investments in workforce education.[36] For example, Health
Education England (HEE launched a four-year £20 million
Genomics Education Programme (GEPin 2014 to ensure their

“1.2 million-strong NHS workforce has the knowledge, skills and
experience to keep the UK at the heart of the genomics revolution in
healthcare.”[37] Australia similarly made creating a “skilled workforce
that is literate in genomics” as part of their National strategic priori-
ties.[38] These are initiatives are intended to ensure high quality care
from the increasing integration of genomic medicine into mainstream
medicine, an attempt to “future proof” a healthcare workforce.

The Business Case for Change

Systemic readiness for genomic medicine holds the potential for
obvious impacts for patients and broader society. While it cannot

be predicted with a high level of accuracy to what extent these
impacts will occur, it is clear that there are already gains to be made
by more fully integrating genomic medicine into current processes
governing care delivery and discovery. More certainly, any economic
benefits will further increase as the operational costs of delivering
tests decreases, and the costs of expensive care or resources avoided
through testing increases. Investments in appropriate operational,
infrastructure and broader healthcare conditions will also reduce
ongoing change management costs from adapting to genome-based
testing approaches on a one-off basis, or the costs of relying on out-of-
country providers.

In healthcare, it is rare that investments in medical technology realize
reductions in overall costs. However, when considering analyses
applicable to the Canadian healthcare environment, it can quickly

be seen that cost reductions are possible. The sample of analyses by
independent researchers and HTA bodies identified (Table 2) suggest
roughly $30M dollars of cost reductions could be achieved through
the adoption of genome-based biomarker approaches of proven
effectiveness and that have been identified as “cost-saving”. If
healthcare systems further adopted cost-effective interventions (i.e.,
those that are effective but incur overall additional costs then annual
costs increase further by to a $17.6M annual increase.

While these expenditures and reductions are small relative to overall
Canadian expenditure on healthcare, they are remarkable in an envi-
ronment where almost all investments in healthcare technology lead
to additional expenditure, and few healthcare innovations (other than
reorganiza-tion of care organization and improving information
communications infrastructure) actually lead to the routine avoidance
of costs. The cost to establish most of the conditions of testing
highlighted in Chapter 3 are also quite small, relative to annual
healthcare expenditure. None of these immediate savings also capture
longer-term benefits of scientific discovery , commercializing
opportunities and future-proofing Canada’s workforce.

In Canada, there is some indication that education at an undergrad-
uate level is evolving.[39,40] This change of focus may have more
immediate relevance in some medical specialties, such as pediatrics,
internal medicine/oncology and obstetrics/gynecology. The lack of
system readiness to meet the demands of a future workforce may be
an issue, however, particularly in regions where workforce retention
is an issue.
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Chapter 6.
Implications for policy,
patients and research.

CHAPTER SUMMARY

Canada and its healthcare regions are in varying states of readiness for genomic
medicine; given the future demand for testing we will likely see an increase in inequities
across Canada due to inconsistent management and implementation of testing.

Each province has different policy priorities in regards to creating an optimal environment
for genomic medicine. Larger barriers to overcome include integration of laboratory
information systems and changing financing approaches.

While some provinces have created evaluative approaches for testing, these processes
would better benefit by working more closely with commercial innovators and having
transparent timelines, and evaluative criteria .

There may be opportunities for larger scale provincial collaboration, however this will still
require better developed provincial processes.




This Canada “State of Readiness” Progress Report high-
lights how ready Canada, through its provincial healthcare
systems, is doing with regards to genome-based testing.
More importantly, it suggests that provinces are in varying
stages of evolution and that potential benefits to patients
from genomic medicine will vary based on where they live.
Currently, patients in Alberta will be more likely to benefit from a
future of genomic medicine, while those in Ontario have a more
uncertain future—even so, current efforts in Ontario are promising.
Progress in jurisdictions such as Alberta and Quebec, however,
suggest efforts to consolidate and improve testing infrastructure is
a long, multi-year journey.

A key strength of some Canadian jurisdictions is the establishment of
single service organizations dedicated to testing. These organizations
allow for many of the necessary conditions required for testing,
including establishment of necessary communities of practice,
standards and resources required, oversight and resource planning,
evaluation, and coordination of testing. While the creation of these
organizations is a certain sign of progress, not all organizations in
Canada have the same remit and some are still limited by conditions
beyond their own control.

The British Columbia Provincial Laboratory Medicine Services
(PLMS) organization, for example, while supported by legislation
commencing in 2015, must still work within a BC governance model
that allows individual health regions significant autonomy in decisions
regarding information sharing and care delivery. The same is true

in Ontario which must contend with a legacy of regionalization and
hospital-level autonomy. In contrast, programs in Quebec and Alberta
have benefitted from a higher level of centralized decision-making
authority. Change in these provinces has been facilitated by vertical
organizational integration and their ability to more readily influence
care provision and the sharing of information.

One promising area for development in most provinces is the appli-
cation of health technology assessment (HTA) to carefully consider
the introduction (and obsolescence) of tests(1). HTA can serve as

an excellent policy tool to support the management of health tech-
nologies where there are many new technologies to consider, a large
potential for expenditure growth coupled with important potential
impacts on patients, and considerable uncertainty regarding the
value of technology. The growth of HTA provincially can be seen in
the realm of formulary management, where provincial jurisdictions
have created drug formularies informed by more sophisticated
review processes, which have ultimately coalesced into a coordinated
reimbursement review hosted by the Canadian Agency for Drugs and
Technologies in Health.

While the emergence of HTA to address test decisions in each prov-
ince is promising, HTA processes for testing in Canada are still gen-
erally lacking in key HTA principles(1,2) and good HTA practices(3).
This includes processes that are consistent, timely, transparent, and
responsive to and engaged with stakeholders(1,2). A more open and
engaged approach to technology management may be foreign to
laboratory leaders and Canadian health administrators who have, until
now, managed laboratory technology using smaller internal processes.
However, the interplay of social values reflected in genome-based
testing, including the need for equitable healthcare and the potential
for a large number of technology proposals and unmanageable expen-
diture growth necessitates a 21st century approach to HTA.

Robust HTA may be less feasible for smaller service organizations
such as in Nova Scotia, who have fewer resources to commit to
outward-facing evaluative processes. As with drugs, smaller provinces
may benefit from a collective HTA approach. Quebec (so far) is

the only service provider with a more transparent and timely HTA
process, as it relies on INESSS, a long-established HTA organization
recognized internationally(4).

Another feasible area for development across provinces is the devel-
opment of navigational tools for patients and the public including
referral guidelines, a test directory, eligibility criteria, tools/education
for ordering genetic testing, and a care clinic directory. The lack of
navigational tools was highlighted as a key gap (and policy priority

in care delivery in Quebec, where processes to consider, onboard
and coordinate the delivery of tests have been established through
its Ministry-led Réseau Québécois de Diagnostic Moléculaire.

The Ontario Provincial Genetics Program has similarly identified
resources for care navigation as a priority work area. While many
provinces, including Ontario, currently offer public test lists, genetic
tests are often excluded or are have been inventoried separately.
Navigational tools coupled with province-wide educational standards
will be needed to effectively deliver genomic medicine into the future.

Some challenges identified across provinces may take more time to
resolve. One key feature of any technology management process is
the ability to quickly release funds or finance necessary technology
once decisions to adopt have been made. This is particularly true
when decisions to adopt (or change a testing paradigm have import-
ant consequences in terms of patient health and healthcare
experience. While the vast majority of testing in provinces is deliv-
ered through contractual arrangements with community-based
(private, for-profitlaboratories), the responsibility for genetic an
other specialized forms of testing has fallen to hospital laboratories,
that are in turn funded through provincial block funding arrange-
ments and annual budget cycles, along with public and private
research grants, and private fundraising. These annual funding

“ This State of Readiness Progress Report ... suggests that
potential benefits to patients from genomic medicine will
vary based on where they live.

envelopes give hospitals the ability to quickly adopt and deliver new
technology when they are seen as medically necessary and afford-
able. However, when the human resource, capital and operational
costs of genetic testing are seen as too costly, laboratory leaders
must rely on additional provincial funding, which can be slower than
the speed of innovation.

To date, many provinces have used research funding, often from
drug companies with targeted therapies requiring testing to make
up for a shortfall in funding the development and delivery of tests.
The problem with this approach is a variation of what has been
called a Private Finance Initiative problem, where a “public sector
party (e.g., a government department or a hospital trustinvites
private contractors in a tendering procedure to design, build,
finance and operate public infrastructure according to the output
specifications set out by the public authorities.”(5) This can lead to
substantive problems with governance and fiscal management where
public sector actors are highly dependent on the private sector for
the delivery of public services, and yet public actors remain account-
able to the public at large. Health service delivery can be easily
disrupted when the funding entity decides to cease funding.

Adding to this challenge is a need to change the funding formula for
genetic testing. Charges for community-based testing have traditionally
been operationalized through test schedules and based on historical

costs of labour consumables and caps to limit excessive expenditure.
Current per-test price constrained to test type, approach and patient type
also does not consider efficiencies that could be realized with

64



changes in approach to testing type (e.g., multigene assay versus single gene
approaches), approach (e.g., reflex testing or upfront testing versus ordered
testing or sequential testing) or patient type (first line versus second line).
Genetic tests are much more costly in terms of consumables and labour and
require considerable upfront investment to implement, challenging these
traditional per-test costing assumptions. While the funding formula for new
tests was not publicized in most provinces, it appears only Quebec has made
changes to its financing approach to account for some of this shortfall.

Ensuring a supply of testing that is responsive to patient and provider
demand requires a sustainable funding solution that addresses both of these

challenges. For provinces in Canada, this means reducing

Specific policy priorities for each province are highlighted below:

Alberta

Alberta has established many of the necessary conditions (6) required to
deliver genome-based testing to best benefit patients. It is leading
Canada in its readiness for the coming era of genomic medicine.
Alberta’s key strengths are the use of a single service organization

(APL) that provides oversight and resource planning coupled with

an integrated laboratory information across province and some level

of integration and exchange with commercial and public sector
innovators. However, there are still opportunities to improve system
readiness. Three key priorities are highlighted in Table 3.

A starting point is to create a 21st century process of evaluation and
stakeholder engagement that is in line with good practices(1).Given the
increasing demand for new tests and testing platforms, and the
increasing impact on testing (and therapeutic innovators, there is a need
for better processes of communication and engagement with

the innovation community to understand potential demands for the
future of testing as well as being part of a much more transparent
process of accepting test proposals and conducting test reviews.

Better engagement with stakeholders has the potential to improve

their reliance on the budgets of individual hospitals that provide these
tests and, instead, directly providing operational funding through

a dedicated provincial program or service organization. This funding
must, in turn, consider the unique cost structure associated with genetic
tests. In Canada, Alberta has adopted this approach— providing funding
based on appropriate forecasting to a single service organization, Alberta
Precision Laboratories. Quebec has similarly created a Ministry-led
program which allocates funds to individual hospitals, and is able to
release funds when making decision to adopt new tests. Despite this
nimbler financing arrangement in Alberta, they have continued to rely
on private financing for new tests, when negotiating the adoption of new
drugs through product listing agreements.

understanding about what tests will be needed today and into the
future. It will also give commercial innovators an opportunity to
discuss the impact of testing decisions and policies and potentially
create opportunities for partnerships or research investments that will
lead to better outcomes and experiences in patient care.

While the APL has leveraged large scale communities of practice
within the healthcare system such as the strategic clinical networks,
there is still a hesitancy to engage with industry and other external
stakeholders. Combined with an opaque evaluative process and fund-
ing formula, the result is a set of policies and practices in Alberta that
do not fully support innovation as commercial and public innovators
are left with little understanding of what types of testing technology
are valued in Alberta, how they are valued, and ultimately what
innovation is ultimately needed. A starting point for Alberta might be
to involve industry and other stakeholders in its HTA process (as is
done in Ontario and the UK) and additionally create networks or
communities for engagement that involve non-clinical actors for the

purposes of planning,

Table 3 Key policy priorities to optimize genome-based testing in Alberta

Evidence

High performing health systems require broad engagement
of those impacted by testing. These include the patients,
administrators, IT professionals, implementation and genome
scientists, public and private sector innovators and others
(scientists, legal and ethics experts, professional organizations,
bioethicists, regulators)(7).

Priority Action

Expand opportunities for engagement with broader members of
the healthcare / innovation community. This may be of particular
use for healthcare planning.

More transparency around the test review process, timelines and
criteria, will benefit a broader group of stakeholders. In doing so,
it will also more closely adhere to current principles of technology
assessment and deliberation (2,8) and improve perceptions of
legitimacy for test adoption and create more opportunities for
valuable innovation.

Improving the process of deliberation that surrounds the
consideration and adoption of tests. Alberta’s “one-test-at-a-time”
approach will ultimately be unsustainable as more tests

are introduced.

Unlike traditional tests, funding formulas for genetic testing must
consider the need for additional human resources associated
with development and profi-ciency testing (9) The current
reliance on the private sector to fund test development may be
counterproductive as priorities are influenced by who is paying,
rather than unmet need, equity, or efficiency (10).

Improving the financing approach to include funding for test
development and to account for capital infrastructure, human
resources, and other associated costs of testing




British Columbia

British Columbia is leading necessary health system transformation
through its development of a single Provincial program, the BC
Provincial Laboratory Medicine Services (PLMS), which is creating
many of the necessary operational conditions and underlying
infrastructure required to optimize genetic testing (6). BC also has

a single point of entry with explicit timelines for evaluation and
coordination across service providers, a (somewhat) nimble financing
approach and some integration of innovative testing. However, there
are still some key opportunities for improvement. These are listed in

Table 4.

One key priority for British Columbia is the integration of laboratory
information systems, which will be a key for test development,
interpretation, and clinical decision support (11,12) and for providing
patients with equitable access to testing regardless of where they
live in the province. BC’s current care environment relies on a
decentralized governance model which makes necessary integration
of informatics systems (and necessary integration with other labo-
ratory and clinical information) more difficult. This will invariably
lead to challenges with the efficient and effective delivery of care,
duplication of test ordering and the need for ongoing and high-level
service coordination.

Decentralization creates additional challenges including difficulty
creating resources for province-wide navigation and standards for
education and training of care providers. Ultimately, the Provincial
Health Services Authority has been mandated to “work collaboratively
with the Ministry and regional health authorities to implement a
cross-provincial plan and service coordination for pathology and
laboratory medicine”(13) as well as some aspects of information
technology and infrastructure and is expected to work on initiatives
related to this in the coming years. Work to integrate laboratory
information systems and care navigation in BC will likely need to be
part of current efforts to create a province-wide shared clinical
information system (called CST Cerner). Currently, three health
regions (Vancouver Coastal; PHSA, and Providence Healthcare)
are working together to establish the orders and results criteria for
laboratory tests.

A second key challenge is to extend opportunities for engagement with
the health system to a broader community. While the PLMS currently
relies on consultation with clinical representatives through a committee
structure, it could also consider inviting commercial innovators into its
evaluative processes or striking a separate committee (i.e., such as an
innovation committee) to represent stakeholders currently external to
the healthcare system but whose involvement could potentially improve
care delivery, consistent with best practices (1).

Table 4 Key policy priorities to optimize genome-based testing in British Columbia

Evidence

Informatics is essential for test development, interpretation, and
clinical decision support (11,12). Ensuring adequate integration
of test results into electronic health records will also provide a key
resource for real-world monitoring, disease management, quality
assessment and assurance, and financing (14)

Priority Action

Create a cross-regional integrated laboratory information system
and a plan for integration into electronic health records.

High performing health systems require broad engagement
of those impacted by testing. These include the patients,
administrators, IT professionals, implementation and genome
scientists, public and private sector innovators and others
(scientists, legal and ethics experts, professional organizations,
bioethicists, regulators)(7).

Expand opportunities for engagement with broader members
of the healthcare / innovation community. This could include
expanding discipline committee membership or creating new
committees.

Effective delivery of genetic testing requires navigation tools

for patients and the public including referral guidelines, a test
directory, eligibility criteria, tools/education for ordering genetic
testing, and a care clinic directory.(15)

Improving the processes of navigation for care providers and
patients and develop standards for education and training.




Nova Scotia

Much of the infrastructure for Nova Scotia has been established
through a dedicated program and coordination through its key teach-
ing hospitals. Nova Scotia’s smaller size relative to other Canadian
provinces has also allowed it to have a nimbler financing approach and
be an early adopter of investigational testing. Other key strengths in
Nova Scotia include a dedicated program (Pathology and Laboratory
Medicine Program - PLMP) that provides oversight and resource
planning , high level of service coordination and the willingness to
integrate innovative testing into its test lists. However, Nova Scotia
still lacks an explicit onboarding process and evaluative evaluative
approach — conditions (6) that will be required to best benefit
patients in the future.

Some key actions for Nova Scotia are listed in Table 5. These gaps are
similar to those seen in British Columbia and Alberta. However, given
its population size, there may also be opportunities and incentives to
coordinate evaluative processes and care with other Atlantic provinces.
A current cross-Atlantic research initiative (called the Atlantic Cancer
Consortium) is spearheading efforts to improve genetic testing in

lung cancer across the region through a demonstration project. These
types of initiatives may lead to opportunities to further coordinate
other necessary services and reduce individual provinces’ reliance on
out-of-province testing.

Table 5 Key policy priorities to optimize genome-based testing in Nova Scotia

Evidence

Evaluation and adoption of testing must be responsive to
innovation, transparent (8), timely and well connected to current
investments in translational and discovery research as well as a
community of care.(2)

Priority Action

Nova Scotia would benefit from a transparent evaluation process
and a single-entry approach, supported by horizon scanning.

Informatics is essential for test development, interpretation, and
clinical decision support (11,12). Ensuring adequate integration
of test results into electronic health records will also provide a key
resource for real-world monitoring, disease management, quality
assessment and assurance, and financing (14)

A fully integrated laboratory information system connected to
clinical health records would provide more benefit to patients and
care providers and avoid unnecessary duplication and delay.

High performing health systems require broad engagement
of those impacted by testing. These include the patients,

administrators, IT professionals, implementation and genome
scientists, public and private sector innovators and others
(scientists, legal and ethics experts, professional organizations,
bioethicists, regulators)(7).

There are opportunities to expand engagement with broader
members of the healthcare / innovation community, particularly
commercial innovators.




Ontario

In 2021, Ontario made the establishment of many of the necessary
conditions (6) to deliver genome-based testing a health system
priority. These efforts have come about quite late compared to other
provinces but are timely, as Ontario is now able to capitalize on recent
centralized health system reform which have created opportunities
for improved coordination. It is early days for Ontario, and there are
many significant opportunities based on evidence of best practices to
improve readiness for genome-based testing.

Key priorities for Ontario are listed in Table 6. A feasible first step for
Ontario is the consolidating the current patchwork of HTA processes
and committees into a single process (16). The current framework
means there is a lack of clarity for innovators who want to introduce
new tests. Another potential option for change in Ontario may be

to more clearly defining the terms of reference for individual HTA
processes to have them work in lockstep. This is the approach taken
in the UK, where diagnostics may be assessed through one of two
HTA programs (Medical Technologies Evaluation Programme or

the Diagnostics Assessment Programme) depending on whether
additional costs are involved and other factors relating to complexity
of testing.

Given the need test implementation that is responsive to clinical
needs and healthcare quality, Ontario will also need to consider

a more flexible funding model that allows for carry forward
expenditures or the release of funds as needed (such as with the
drug program) or simply a shift away from Ministry as decision-maker
for individual tests and towards Ministry as steward over a genetic
program that provides a service planning and oversight function for
all testing along with a budget to allow for cross-healthcare system
flexibilit . Like Quebec, it will also need to consider how to provide
reliable funding for test development and the additional human
resource needs associated with genetic testing.

Table 6 Key policy priorities to optimize genome-based testing in Ontario

Evidence

High functioning health systems must act as stewards, rather than
decision-makers for individual purchasing.(17)

Priority Action

Ontario must shift away from the Ministry acting as a decision-
maker for the funding of individual tests, and toward a system
of Ministry as a steward. This will ensure expenditure, and care
quality are driven by needs of the clinical community and avoid
unnecessary patient delay.

Evaluation and adoption of testing must be responsive to
innovation, transparent(8), timely and well connected to current
investments in translational and discovery research as well as a
community of care.(2)

Ontario has numerous, loosely connected systems of evaluation
of testing. It must consolidate evaluation processes and adopt a
single-entry approach, supported by horizon scanning.

Informatics is essential for test development, interpretation, and
clinical decision support (11,12). Ensuring adequate integration
of test results into electronic health records will also provide a key
resource for real-world monitoring, disease management, quality
assessment and assurance, and financing (14)

Ontario must create an integrated laboratory information system
integrated with clinical health records to provide genetic testing
that will most benefit patients and care providers while reducing
unnecessary expenditure.




Quebec

Quebec has been a pioneer in laboratory governance reform and the
use of a transparent and principled test evaluation process. It has
established many of the necessary conditions (6) required to deliver
genome-based testing to best benefit patients through its single
service organization, the Direction de la Biovigilance et de la Biologie
médicale (DBBM) The DBBM continues to provide oversight and
resource planning across an integrated testing environment and hosts
a single point of entry, along with INESSS, providing a transparent
evaluation process for new tests. Another of Quebec’s key strengths is
its finance approach, with a more value-based funding approach that
recognizes test development, along with the ability to release funds
quickly after decisions are made.

Quebec has also more recently added a Bureau of Innovation (the
Bureau de I'innovation en santé et en services sociaux) stemming from
Quebec’s 2017-2027 Life Sciences Strategy. Part of the Bureau’s man-
date is to accelerate innovation into the health sector. Coupled with
the goal of fostering business that focuses on personalized medicine,
Quebec may be prepared to improve its readiness for genome-based
testing in the near future.

Some key opportunities to improve readiness are listed in Table 7.

Table 7 Key policy priorities to optimize genome-based testing in Quebec

Evidence

High performing health systems require broad engagement
of those impacted by testing. These include the patients,
administrators, IT professionals, implementation and genome
scientists, public and private sector innovators and others
(scientists, legal and ethics experts, professional organizations,
bioethicists, regulators)(7).

Priority Action

Expand opportunities for engagement with broader members
of the healthcare / innovation community. The DBBM should
consider a separate advisory council for commercial innovators.

Effective delivery of genetic testing requires navigation tools

for patients and the public including referral guidelines, a test
directory, eligibility criteria, tools/education for ordering genetic
testing, and a care clinic directory.(15)

Improving the processes of navigation for care providers and
patients and develop standards for education and training.

While a translation research program exists, offering investigational
tests to patients can play an important role in patient care:
qualifying patients for clinical trial enrollment, as well as other
research endeavors that further understanding of disease that will
be increasingly relevant in the future.(18)

Quebec could benefit from further integrating innovative testing
into the mainstream delivery of care. Creating opportunities for

innovation may also be consistent with Quebec’s goals within it’s

Bureau of Innovation.




Concluding Remarks

General remarks

This progress report suggests that Canada's major healthcare regions are moving toward a state of readiness
for genomic medicine, although using different approaches and at different rates. It highlights the many
challenges that health systems face when they are required to quickly respond to a disruptive technology.

Even more so, this report highlights the differences in access to care that Canadian may face when they are
served by individual health regions with different priorities and health care structures. Simply knowing a
technology will promote the health and welfare of Canadians is not enough; we need to have responsive and
resilient healthcare systems that are able to quickly shift priorities and be able to recognize and enable value
innovation (19).

Implications for Canadian research

While this report is intended to motivate necessary change within healthcare systems, it also recognized
policymakers may require further evidence to inform change. Given current gaps in Canada's genetic
services infrastructure, there may be several areas of opportunity for future research funding. These
include:

1. Research that supports the movement of innovation to practice including the alignment of genomic test
development with the requirements for genomic test implementation. This research will likely require
a high level of engagement from to patients, physicians and health systems to ensure its acceptance.

2. Development of an approach to data sharing — linking research data sharing with health system data
sharing for genomic tests which will ultimately benefit patients.

3. Co-development of the ethical, legal, and social implications of new genomic testing — with a particular
focus on providing the framework for developing navigational tools for those using the tests in the
policy, health system and public/patient spheres.

4. Research that will build on current investments in rare-disease; as in cancer, genomic testing will
increasingly play a role in rare disease and may provide helpful insights into how genomic testing should
be implemented across other therapeutic areas.

Implications for Canadian patients

Genomic medicine has already demonstrated its incredible potential for enabling better and more timely
care, and improving improved patient prognosis and quality of life. Already, patients have received more
timely diagnosis for themselves. In cancer, genome-based testing has enabled access to more effective and
less toxic therapies. For families, knowing what genetic or genomic mutations are responsible for their loved
one’s disease may also be potentially lifesaving and also allow for earlier (and less costly) interventions with
better prognosis.

Although the pace of progress in Canada has been slow, patients, especially those with rare conditions and
with poor prognosis, don’t have time to spare. Making progress toward a state of readiness is not only a policy
priority, it will affect the survival and quality of life of many Canadians.

The progress report also reveals some Canadians may currently benefit more based on where they live and
who there care providers are. A recurring theme across patients with lived experience suggests patients in
Canada worry that access to genetic services is determined not only by postal code, but by clinicians and how
well they are informed about updates to the available tests.

The state of progress also reveals varying states of awareness about testing across the country. In addition to
education standards, patients will require more access to genetic counselors who can help patients
understand what test results mean and provide necessary psychosocial support. In some cases, test results are
not immediately actionable. In others, actions may be taken through through clinical trials, special access
programs, or patient support programs. Testing reveals that benefits to patients may fall outside of publicly
funded healthcare services. It suggests the need for changing traditional models of care.
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Appendix A: Lab Organization Search

Conducted: February 25, 2022
Database(s): Ovid MEDLINE(R) ALL 1946 to February 25, 2022
Search Strategy:

# Searches Results
1 | “diagnostic services/ or “clinical laboratory services/ or “genetic testing/ or *Molecular Diagnostic Techniques/ 29363
2 | exp *"Organization and Administration”/ 768370
3 | “"delivery of health care™ or *”delivery of health care, integrated™/ 74744
4 20r3 829847
5 land 4 1436

((laboratory or laboratories or ((genetic or molecular) adj (testing or diagnostic*))) adj2 (best practice” or plan® or service®
6 or manag® or infrastructure or (deliver® adj2 (care or service*)) or organiz® or organis® or integrat® or administ® or 1715
harmonis® or harmoniz* or structur® or restructur®)).ti.

7 | 50r6 3131
8 | Diagnostic Services/og, st [Organization & Administration, Standards] 537
9 | Clinical Laboratory Services/og, st [Organization & Administration, Standards] 464
10 | *Genetic Testing/og, st [Organization & Administration, Standards] 1035
11 | ®Laboratories/og, sd 1703
12 | or/8-11 3720
13 | 7orl2 6426
14 | (Animals/ or Models, Animal/ or Disease Models, Animal/) not Humans/ 4930268

((animal or animals or canine” or dog or dogs or feline or hamster® or lamb or lambs or mice or monkey or monkeys or
15 | mouse or murine or pig or pigs or piglet® or porcine or primate® or rabbit® or rats or rat or rodent® or sheep® or 2447417
veterinar®) not (human® or patient®)).ti,kf,jw.

16 | 14or 15 5361308
17 | 13 not 16 6205
18 | limit 17 to yr="2012 - Current” 2278

Google Advanced Scholar and Google Advanced:
Laboratory or lab organization OR integration OR planning OR services OR trends OR infrastructure “genetics” filetype:pd
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Appendix B: Semi-Structured Interview Guide

Background

I have been asked by a consortium of companies (Amgen Canada Inc., AstraZeneca Canada, Eli Lilly
Inc., GlaxoSmithKline Inc. (GSK Canada), Janssen Inc./J&], Pfizer Canada Inc., Thermo Fisher
Scientific Inc., and Roche Canada) to investigate what the current and future state of readiness for
advanced (genome-based) diagnostic testing in Canada is and might become.

By advanced diagnostic testing we mean molecular testing (DNA testing such as sequencing, PCR and
DNA microarray), cytogenetics (chromosome testing such as karyotyping and FISH) , and testing for
metabolic products (protein testing through immunoassay or immunohistochemistry).

This work is to help all involved in advanced diagnostic testing in Canada to identify what can be done to
make sure that Canadian health systems are prepared for the future of testing.

You have been identified as someone with expert knowledge in the area who could provide significant
value to understanding the present and future of advanced diagnostic systems either nationally and
internationally. As such, we would like to discuss the subject with you by phone for 45 to 60 minutes in a
semi-structured interview.

This interview would cover your specific areas of expertise and the content developed through this
interview would help inform the creation of a report that will be made available publicly.

Your contribution to this report will be acknowledged as a key informant, but there will be no comments
specifically attributed to you. Notes from the interview will be shared with you after the call to ensure
accuracy and to identify any areas of clarification required

Semi-structured interview guide

The interview begins with the interviewer stating the purpose of the interview, the topics that he wants
to explore and the depth of response expected!

Purpose:

Interviewer: The purpose of today’s interview is two-fold:
1. Tt will help identify current challenges with the uptake and routine delivery of advanced
diagnostic testing

2. To explore what conditions are necessary and desirable for creating robust systems of advanced
diagnostic testing (either in your region or generally)

Interviewer: I would like to cover a few topics today that will help answer the question concerning how
advanced testing is being conducted today and what changes may be necessary to ensure its continued and
effective delivery.

In particular I would like to explore your views on what approaches to the introduction and evaluation of
tests, their development and validation, and financing of tests are needed as well as human resource and
infrastructure required.

In each case, I will try to describe how much feedback is needed. However, I want to encourage you to
speak freely in response to each question, even if you feel it doesn’t directly address the question. We will
have [time] for discussion.

Questions
1. Do you feel the current testing services offered are sufficient to keep up with the current and future
demand for advanced testing?
2. What are the current challenges with the uptake and routine delivery of advanced diagnostic testing?
* Do you have any cases that exemplify these challenges?

* Do these challenges differ depending on whether testing is intended for diagnosis, therapeutic
decisions, or hereditary testing?
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3. What do you feel needs to change in order to keep up with current/future demand and address
these challenges?

*  Who are the key decision makers, organizers and administrators of advanced testing that are
currently involved?

*  Who else needs to be involved?

* Are there any proposed changes currently?

4. Do you have any further thoughts on what needs to change to support a more nimble approach to
the awareness, acceptance, and adoption of advanced testing?

5. Permission to Use Name, Interviewee demographics
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