
ORIGINAL ARTICLE

Allocating healthcare resources to genomic testing in Canada: latest
evidence and current challenges

Deirdre Weymann1
& Nick Dragojlovic2 & Samantha Pollard1,3

& Dean A. Regier1,3

Received: 18 December 2018 /Accepted: 14 June 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Precision medicine (PM) informed by next-generation sequencing (NGS) poses challenges for health technology assessment
(HTA). To date, there has been limited reimbursement of genomic testing with NGS in Canada, particularly for whole-genome
and whole-exome sequencing (WGS/WES). Through a structured literature review, we examine Canadian economic evidence
and evidentiary challenges for the adoption of genomic testing. We searched Medline (PubMed) for published Canadian studies
generating economic evidence for PM informed by NGS. Our search focused on studies examining the costs and/or value of
NGS. We reviewed included studies and summarized results according to evaluation type, clinical context, NGS technology, and
test strategy. We then grouped HTA challenges encountered by authors when evaluating NGS. Our review included twenty-five
studies. To determine the economic impacts of NGS-informed PM in Canada, studies applied cost-effectiveness analysis (52%,
n = 13), stated preference analysis (20%, n = 5), cost-consequence analysis (16%, n = 4), and healthcare resource utilization or
costing analysis (12%, n = 3). NGS panels were the most common technology evaluated (n = 13), followed byWGS and/orWES
(n = 8). The included studies highlighted multiple challenges when generating economic evidence, many of which remain
unaddressed. Challenges were broadly related to (1) accounting for all NGS outcomes; (2) addressing uncertainty; and (3)
improving consistency of economic approaches. Canadian studies are beginning to produce estimates of the economic impacts
of NGS-informed PM, yet challenges for HTA remain. While solutions and real-world evidence are generated, lifecycle health
technology management methods can be designed to better support resource allocation decisions for genomic testing in Canada.
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Introduction

Canada has a decentralized healthcare system, with health
services primarily funded, regulated, and provided by the
provinces and territories. Interventions that are being consid-
ered for adoption initially undergo a centralized review pro-
cess (Cheung et al. 2016; Joly and Ramos-Paque 2010). Final
reimbursement is the responsibility of each jurisdiction. For
health technologies, including commercial testing, the review
process begins with a safety and clinical effectiveness assess-
ment by Health Canada. For laboratory services, the process
begins with an assessment at the provincial or territorial level.
If approved, the Canadian Agency for Drugs and
Technologies in Health (CADTH) or the CADTH pan
Canadian OncologyDrug Review (pCODR) formally reviews
health technology assessment (HTA) evidence for clinical ef-
fectiveness, cost-effectiveness, and implementation. CADTH
and CADTH pCODR then issue recommendations, which
provinces and territories are not compelled to follow. Price
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negotiations and reimbursement decisions can vary widely
across jurisdictions.

The HTA process aims to support evidence-informed re-
source allocation decisions for new and existing health tech-
nologies. Evaluations of the economic impacts of these tech-
nologies are a critical component of the HTA evidence base.
In Canada, economic evaluation guidelines recommend
conducting cost-effectiveness analysis (CEA) to evaluate
health technologies, with outcomes measured in terms of
quality-adjusted survival informed by a preference-based in-
strument (CADTH 2017). CEAs explore the trade-offs be-
tween incremental costs and incremental effects of competing
technologies and express results in terms of a single metric,
the incremental cost-effectiveness ratio (ICER). Additional
forms of HTA evidence common in Canada include costing
analyses, which focus only on cost and resource utilization
impacts; stated preference studies, which enumerate stake-
holders’ preference-based values for technology attributes;
and cost-consequence analyses, which report a range of dis-
aggregated costs and outcomes rather than emphasizing a sin-
gle summary ratio (Drummond et al. 2015).

Precision medicine (PM) informed by next-generation se-
quencing (NGS) is challenging current HTA processes in
Canada. There is increasing demand for genomic testing with
costly NGS technologies from both clinicians and patients
(Agyeman and Ofori-Asenso 2015). These technologies are
capable of sequencing either panels of multiple genes, all pro-
tein coding regions of genes (exomes), or the whole genome.
Health systems are pressured to adopt NGS-informed PM
interventions for which there is often insufficient evidence
available to support decision-making. There is concern among
the HTA community that reimbursement decisions will move
towards lower evidentiary standards because of this strong
demand for genomic testing and the limited evidence base
on effectiveness and cost-effectiveness. In response, parallel
HTA processes are being developed in several provinces to
manage NGS-informed PM on-boarding. For example, the
Ontario Personalized Health Network and Quebec Network
for Personalized Health Care are creating separate HTA pro-
cesses for NGS interventions, which are not yet finalized
(Génome Québec 2016; Ontario Personalized Medicine
Network n.d.). Health Quality Ontario has developed unique
recommendations for economic evaluations of medical genet-
ic technologies and these evaluations must be reviewed by a
specialized genetics committee prior to making funding rec-
ommendations (Health Quality Ontario 2018).

To date, there is limited reimbursement and uptake of ge-
nomic testing involving NGS technologies in Canada, partic-
ularly relating to the clinical implementation of whole-
genome and whole-exome sequencing (WGS/WES). The
use of WGS and WES to inform patient care is confined to
research settings and few NGS panels have achieved public
reimbursement. Current funding for NGS panels varies across

jurisdictions, with approved clinical contexts ranging from
disease screening, to hereditary cancer testing, to predicting
risk of recurrence in breast cancer patients (AHS 2017; Centre
for Clinical Genomics n.d.; Newborn Screening Ontario n.d.).
British Columbia is the sole province to implement an NGS
panel as a diagnostic tool for assessing tumor heterogeneity in
newly diagnosed patients and informing treatment planning
across multiple tumor sites (BC Cancer 2016).

In this study, we examine whether current uptake of geno-
mic testing involving NGS in Canada aligns with available
economic evidence and which evidentiary challenges for
HTA remain. Through a structured literature review, we high-
light key methods used when valuing NGS-informed PM ap-
proaches and summarize study findings and challenges. We
then consider whether parallel HTA processes are needed to
guide the appropriate implementation of genomic testing in
Canada.

Methods

Search strategy

We conducted a literature search of full-text peer-reviewed
articles in Medline (PubMed). We restricted our search to
English-language articles published between January 1,
2005, and August 27, 2018. We identified additional records
from citations in key articles and research team suggestions.
Our detailed search strategy is provided in the Appendix. Two
researchers (DW and DAR) independently evaluated the title
and abstract of all publications to identify articles for inclu-
sion. We focused on published Canadian studies generating
economic evidence for PM informed by NGS. Reviewers
compared their results and resolved differences through con-
sensus. After ordering the publications, researchers read full
texts thoroughly to assess relevance and excluded studies that
did not evaluate costs or did not focus on NGS.

Qualitative synthesis

Two researchers (DW and DAR) independently reviewed in-
cluded studies and extracted information on the following
characteristics, as applicable: first author, publication year,
title, journal of publication, province or territory, funding
source, clinical context, NGS technology, test strategy, com-
parator, evaluation type, data and study design, attributes or
cost components, study perspective, model type, study period/
time horizon, reference year, discount rate, outcomemeasures,
final estimates, and willingness-to-pay (WTP) threshold.

Given the differences across included studies, we summa-
rized findings according to evaluation type, clinical context,
NGS technology, and test strategy. We converted all monetary
outcomes, including costs and ICERs, to 2018 Canadian
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dollars using the Canadian Health Care Consumer Price Index
(Statistics Canada 2018). While this conversion helped to en-
sure that monetary outcomes were similarly represented
across studies, the assumptions underlying these outcomes
were heterogeneous and caution must be exercised when
drawing direct comparisons.We identified challenges through
authors’ statements on reasons for estimating economic im-
pacts of NGS and discussions of study limitations.We restrict-
ed quality assessment of the studies to analyzing transparency
through adherence to reporting standards (Bridges et al. 2011;
Husereau et al. 2013).

Results

Search results

Figure 1 presents the acquisition and flow of included stud-
ies. Our literature search identified 86 records. We identified
5 additional records from citations in key articles. After
screening titles and abstracts, we excluded 47 records and
assessed 44 full-text articles for eligibility. Of these, 25 stud-
ies met our inclusion criteria. Detailed study characteristics
and references for included studies are available in
Supplemental Materials. Studies were excluded if they did
not examine NGS (n = 13), use Canadian data (n = 3), or
conduct economic analysis (n = 3).

Study characteristics

The first identified study examining economic impacts of
NGS-informed PM within a Canadian context was published
in 2010 (Tsoi et al. 2010) and the number of published studies
increased over time. Table 1 summarizes the characteristics of
the 25 included studies. Of these, the majority (64%) evaluat-
ed NGS-driven approaches within either Ontario (n = 8) or
British Columbia (n = 8). Over half of included studies (n =
15) focused on oncology. Other clinical contexts included rare
diseases (n = 5) and prenatal screening (n = 2). Three studies

did not either specify a clinical context or evaluated NGS-
informed PM approaches across multiple disease areas.

NGS panels were the most common technology evaluated
(n = 13), followed byWGS and/orWES (n = 8), including cell-
free DNA testing. Four included studies did not specify the
NGS technology being assessed. Primary strategies for geno-
mic testing included prognosticating disease (n = 10), diagnos-
ing patients (n = 9), and guiding treatment (n = 3). Two studies
explored multiple testing strategies and one study focused on
returning secondary genomic findings (SFs). SFs are clinically
relevant genetic findings unrelated to the original indication for

86 records identified through 

PubMed database search

5 additional records identified 

through other sources

91 records screened for 

eligibility
47 records excluded (unrelated 

to NGS, did not evaluate 

costs, not Canadian, reviews)

44 full-text articles read 

thoroughly and assessed for 

eligibility
19 full-text articles excluded: 

13 – not NGS

3 – not Canadian

3 – Review only
25 studies included in 

qualitative synthesis

Fig. 1 Study acquisition flow. NGS, next-generation sequencing. Other
sources included citations in key articles and research team suggestions

Table 1 Characteristics of included studies

Study characteristics n %

Province

Ontario 8 32

British Columbia 8 32

Prairies (Alberta and Manitoba) 4 16

Canada-Wide 2 8

Quebec (alone or with USA) 2 8

Maritimes (Nova Scotia) 1 4

Study funding

Public 19 76

Not stated 3 12

Private 1 4

Public and private 1 4

None 1 4

Year of publication

2016–2018 12 48

2013–2015 9 36

2010–2012 4 16

Clinical context

Oncology 15 60

Rare diseases 5 20

Multiple/not specific 3 12

Prenatal screening 2 8

NGS technology

NGS panels 13 52

Oncotype DX 6 24

WGS/WGTA 5 20

Not specific 4 16

WES and WGS 2 8

WES 1 4

Test strategy

Prognosis 10 40

Diagnosis 9 36

Guide treatment 3 12

Other/multiple 3 12

WES, whole-exome sequencing; WGS/WGTA, whole-genome
sequencing/whole-genome and transcriptome analysis, including cell-
free DNA testing
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undergoing testing. Nearly half (46%, n = 6) of studies that
evaluated NGS panels examined Oncotype DX (Genomic
Health) for predicting breast cancer patients’ risk of recurrence.

Methods and outcomes of included studies

To determine the economic impacts of NGS-informed PM in
Canada, 52% of studies applied cost-effectiveness
analysis (n= 13), 20% conducted stated preference analysis
(n = 5), 16% used cost-consequence analysis (n = 4), and
12% examined healthcare resource utilization or costs (n =
3). Figure 2 summarizes the study designs and methods used
in the included studies.

Resource utilization or costing analysis

When exploring resource utilization or costs, study aims
ranged from estimating the costs of each component of
NGS-informed PM, to forecasting future costs, to analyzing
resource utilization in the 6 months prior to genomic testing,
to calculating cost savings from a centralized center for out-of-
province test referrals. To explore these diverse outcomes,
studies used program data (n = 2), parental reports (n = 1),
and electronic medical records (n = 1). Data was analyzed
using regression modeling (n = 2), non-parametric
bootstrapping (n = 1), and descriptive statistics (n = 2).

After estimating costs of each component of NGS-
informed PM, studies reported that major cost drivers includ-
ed sequencing and bioinformatics. Total costs ranged from
$1,724 to $5,748 per sample when applying single sample
WES or WGS to identify pathogenic variants in patients with
autism spectrum disorder (ASD), and reached $36,336 per
patient when applying WGS and transcriptome analysis to
guide treatment planning for patients with incurable cancers
(Tsiplova et al. 2017; Weymann et al. 2017). Weymann et al.
(2017) forecasted future costs of WGS and transcriptome

analysis and found that total costs were unlikely to reach crit-
ical thresholds in the next 10 years owing to non-decreasing
bioinformatics costs.

In the 6 months prior to genomic testing with NGS,
Dragojlovic et al. (2018b) estimated that children with suspected
genetic disorders experienced an average of 5 outpatient visits
and 10 hospitalizations. When exploring the economic impacts
of a centralized center for out-of-province test referrals, Lilley
et al. (2013) estimated annual cost savings of $119,222.

Cost-consequence analysis

Studies estimated cost-consequences of NGS-informed PM
using published data sources (n = 3), program data (n = 4),
microcosting data (n = 2), and electronic medical records
(n = 1). Data was analyzed using regression modeling (n =
1), Monte Carlo simulation (n = 1), descriptive statistics (n =
2), and unspecified algorithmic approaches (n = 1). While
cost-consequence studies did not conduct full incremental
analyses, authors often reported incremental costs divided by
incremental yield if a comparator strategy was examined.

Studies found that more comprehensive NGS strategies
involving WES or WGS increased both costs and diagnostic
yield of testing. Dragojlovic et al. (2018a) reported that the
costs of applying WES to diagnose children with suspected
genetic disorders ranged from $11,000 per positive diagnosis
for single sample WES to $19,340 per positive diagnosis for
trioWES. Tsiplova et al. (2017) estimated that replacing chro-
mosomal microarray (CMA) with WGS or WES to identify
pathogenic variants in patients with ASD costs more than
$25,000 per additional positive finding. Okun et al. (2014)
estimated that replacing standard testing with primary cell-
free DNA testing for trisomy disorders costs over $470,000
per additional prenatally diagnosed pregnancy.

When examining the downstream impacts of WGS for
identifying a genetic diagnosis in children with developmental
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Fig. 2 Methods overview for included studies. DCE, discrete choice
experiment; BWS, best-worst scaling; CV, contingent valuation;
electronic medical record; RA, regression adjustment; Publ., published;
Desc. Stats, descriptive statistics; Unspec., unspecified; Par. Rep.,

parental reports. All cost-effectiveness studies used published data and
all cost-consequence studies used program data, either alone or in
combination with the data sources listed above.
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delay, Hayeems et al. (2017) concluded that the volume of
healthcare resources used was similar after WGS or CMA,
yet the nature of these resources differed, with CMA leading
to further diagnostic investigations and WGS leading to care
tailored according to genotypic variants.

Stated preference analysis determining benefits
and acceptability

Stated preference analysis was used to value a wide range of
outcomes resulting from genomic testing involving NGS.
Methods included discrete choice experiments (DCE) (n =
3), best-worst scaling (BWS) (n = 1), or a combination of con-
tingent valuation (CV) and probability trade-off testing (n =
1). Studies elicited preferences for NGS outcomes from the
perspectives of the Canadian general public (n = 2), patients
(n = 1), health-care providers (n = 1), or from both the public
and patients (n = 1). All studies included attributes related to
health and non-health outcomes. Non-health outcomes were
captured in process (e.g., turnaround time) and informational
(e.g., risk of future disease) attributes. To explore heterogene-
ity while modeling preference data, studies estimated latent
class (n = 1) or mixed logit models (n = 3). Model findings
were summarized in terms of relative importance of attributes
(n = 4), predicted uptake (n = 2), and/or WTP (n = 2).

All studies concluded that respondents valued both health
and non-health outcomes of NGS. There was also strong ev-
idence of preference heterogeneity, both within and across
respondents. Najafzadeh et al. (2013) found that patients val-
ued NGS attributes differently from the general public.
Patients placed higher importance on test sensitivity whereas
the general public placed higher importance on health
outcomes and testing procedures. Within the general public,
Regier et al. (2015) found that preferences for receiving SFs
depended on the information returned. Some respondents val-
ued SF information on all genetic disorders, regardless of
treatment availability, and others were only willing to pay
for information on disorders with effective medical treatment
available.

Cost-effectiveness analysis

All CEAs compared NGS-informed PM approaches with
standard testing or management and one study directly com-
pared two NGS technologies. To build cost-effectiveness
models, all studies used published data. Additional data
sources included administrative and/or site-specific data (n =
10), new analyses of clinical trial data (n = 3), and input from
expert consultation (n = 1). Cost-effectiveness was estimated
using the Markov modeling (n = 9), microsimulation (n = 2),
semi-Markov decision analytic modeling (n = 1), or an un-
specified decision model (n = 1), and summarized as ICERs.
To determine cost-effectiveness, 84% of studies compared

ICERs to threshold values representing decision-makers’
WTP for an additional one unit gain in effectiveness.

Oncology studies found that when NGS panels were used
to prognosticate disease or diagnose patients (n = 11), mean
ICERs were often cost-effective at WTP thresholds of either
$50,000 or $100,000 per quality-adjusted life year (QALY) or
life-year gained (LYG). This finding held true in all studies
evaluating the use of Oncotype DX, a 21-gene panel, for
predicting risk of recurrence in breast cancer patients and
informing treatment de-escalation (n = 6). After applying
probabilistic analysis, 75% of oncology studies reported fewer
than 80% of sampled ICERs were cost effective at statedWTP
thresholds and 38% reported fewer than 60% of ICERs were
cost-effective. Similarly, high variability was observed in
evaluations of Oncotype DX. This indicates that there exists
substantial decision uncertainty regarding clinical adoption of
NGS panels.

In other disease areas, studies measured effectiveness for
NGS-informed PM approaches using outcomes other than
QALYs or LYG, such as number of additional cases identified.
When WGS or WES was used to identify rare pathogenic
variants within 18 months of patients’ diagnosis with ASD
(n = 1), all sampled ICERs were below $20,000 per additional
child identified (Yuen et al. 2018). Conclusions about cost-
effectiveness were highly sensitive to the choice of WTP
threshold and less than 25% of sampled ICERs were below
$10,000 per child identified.When prenatal testing for trisomy
disorders, replacing first trimester screening with universal
cell-free DNA testing resulted in a mean ICER of $1.63 mil-
lion per additional case detected (Nshimyumukiza et al.
2018). The probability that combined approaches to cell-free
DNA testing were cost-effective varied greatly depending on
the choice of WTP threshold.

Evidentiary challenges

The included studies highlighted multiple challenges when
generating economic evidence to inform the adoption of ge-
nomic testing in Canada, summarized in Table 2. These chal-
lenges can be aggregated into three broad categories that relate
to (1) accounting for all NGS outcomes; (2) addressing uncer-
tainty; and (3) improving consistency of economic
approaches.

Challenge 1—accounting for all NGS outcomes

NGS applications are heterogeneous and range from diagnos-
ing patients, to identifying targeted treatment options, to prog-
nosticating disease. Not all applications of NGS lead to im-
mediate changes in clinical management, creating challenges
for estimation of clinical and cost-effectiveness. Patients may
value NGS information irrespective of its impact on health,
termed personal utility, and the direction (and magnitude) of
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this utility is dependent on the information returned (Regier
et al. 2018). Utility for NGS outcomes can also depend on the
testing process. For example, NGS tests may vary in terms of
costs, accuracy, necessary procedures (e.g., bone marrow bi-
opsy versus blood sample), and wait time for results (Cuffe
et al. 2014; Najafzadeh et al. 2013).

To date, Canadian studies have applied stated preference
methods to estimate preference-based utility for NGS health
and non-health outcomes. By including a patient-informed
range of attributes describing non-health outcomes, studies
found that respondents valued informational and process at-
tributes alongside attributes describing health outcomes
(Marshall et al. 2016; Regier et al. 2015). Despite this, we
did not identify any studies that incorporated utility or WTP
for non-health outcomes into economic evaluations of NGS
technologies. If the Canadian healthcare system aims to max-
imize patients’ preference-based utility, ignoring values for
non-health outcomes when estimating the economic impacts
of NGS-informed PM could lead to over- or under-investment
in these technologies (Regier et al. 2018).

Canadian economic evaluation guidelines currently recom-
mend that all reference case analyses report cost-effectiveness
in terms of costs per QALY (CADTH 2017). QALYs capture
important aspects of clinical benefit, including length of life
and health-related quality of life, and provide a common de-
nominator for comparing health interventions, yet the instru-
ments that support the generation of QALYs do not account
for all benefits of NGS that patients value and may be inap-
propriate in some settings, particularly in context to genomic
testing (Buchanan et al. 2013). Oncology studies included in
this review consistently reported effectiveness gains in terms
of LYG and QALY, despite evidence demonstrating that

stakeholders’ value genomic information beyond its’ impact
on these clinical outcomes. Outside of oncology, no studies
included in this review reported QALYs when evaluating
NGS technologies. When focusing on diagnosing genetic or
chromosome disorders, studies often measured benefits using
diagnostic yield because of insufficient data on long-term
health outcomes for rare or untreatable disorders and ethical
concerns for valuing prenatal testing outcomes involving
pregnancy termination.

In the USA, recommendations for economic evaluation
have recently emerged supporting a reference case that ac-
counts for both health and non-health outcomes (Sanders
et al. 2016). Despite these recommendations, no clear guid-
ance exists on how best to incorporate non-health outcomes
into traditional economic evaluation frameworks, nor on how
decision-makers can best compare economic evaluations that
incorporate non-health outcomes with evaluations that do not.
Additional research is needed to determine whether these new
forms of HTA evidence are acceptable to health system stake-
holders, including decision-makers, patients, providers, and
the general public. If so, information on how much decision-
makers are willing to pay for effectiveness gains not measured
in LYG or QALYs would provide context for these estimates.

Challenge 2—addressing uncertainty in economic analyses

All studies included in this review highlighted the challenges of
managing uncertainty in their approaches for evaluating the
economic impacts of NGS-informed PM. This uncertainty
was largely driven by a lack of available evidence on the clin-
ical effectiveness of NGS-informed care and the variable accu-
racy of NGS information for directing clinical management.

Table 2 Summary of evidentiary challenges when evaluating NGS technologies

Challenges Examples Addressed Gaps

1) Accounting for all
NGS outcomes

- Health outcomes
- Non-health outcomes:
○ Information
○ Process
○ Test characteristics

- Preference studies include
non-health attributes

- Should economic evaluations incorporate
non-health outcomes?

- If so, how?

2) Addressing uncertainty - Limited data available:
○ Accuracy
○ Clinical outcomes
○ Canadian context

- Heterogeneity of NGS
- Future changes in services and

outcomes

- Parameter uncertainty
○ Probabilistic and
deterministic analysis

- Decision uncertainty
○ Value of information

- Model uncertainty
○ Scenario analysis

- Accuracy in economic evaluations
- Uncertainty in stated preference studies

3) Improving consistency - Difficult to capture benefits of NGS:
○ Diagnostic odyssey
○ Comparison strategies
○ Downstream effects (e.g., cascade
testing)

- Study design and methods in the
absence of RCT data

- Transparency around ad hoc
decisions

- Guidance on:
○ Data collection
○ Study designs
○ Statistical methods

NGS, next-generation sequencing; RCT, randomized controlled trial
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Variability in accuracy stems from the probabilistic nature of the
relationship between NGS results and individual response to a
change in management (Laksman and Detsky 2011;
Najafzadeh et al. 2013). To date, the primary focus of NGS
has been on discovery and individualization. Few studies have
assessed clinical and cost-effectiveness through randomized
controlled trials (RCTs), largely because traditional trial designs
are unable to control for genomic-level heterogeneity, which
can shape individual outcomes from NGS-informed PM
(Schork 2015). There has been an amplification of uncertainty
in accuracy and outcomes estimates resulting from this lack of
RCT evidence (Weymann et al. 2018).

Additional sources of uncertainty include variability across
NGS services, potential future changes in NGS outcomes, and
informational uncertainty. The extent to which studies
accounted for other forms of uncertainty in their economic
analyses varied across evaluation frameworks. CEAs ad-
dressed high levels of uncertainty around clinical and cost out-
comes through deterministic sensitivity analysis, probabilistic
analysis, and/or value of information analysis. Few CEAs in-
corporated accuracy of NGS information for directing clinical
management in their evaluations (n=3). To account for varying
assumptions about NGS services and future outcomes, CEAs,
costing studies, and stated preference studies often applied sce-
nario analysis. While stated preference studies frequently in-
cluded attributes related to accuracy and prediction error of
genomic testing in choice tasks, none accounted for uncertainty
in clinical effectiveness outcomes. Designing choice tasks that
present complex information on uncertainty for NGS outcomes
remains an important area for future research.

Informational uncertainty requires consideration when
implementing genomic technologies into practice, although
certain forms may not be relevant for economic evaluation.
Variants of unknown significance (VUS) are one such geno-
mic finding wherein the pathogenicity of a detected variant is
entirely unknown and may never be discovered. To date, the
majority of VUS are reclassified as benign, a process that can
take several years to establish (Macklin et al. 2018). Current
guidelines recommend that VUS should not be used to guide
clinical decisions on the basis that their clinical utility is un-
known and immeasurable (Richards et al. 2015). The potential
downstream consequences of returning VUS to patients in-
clude increased patient anxiety and the potentially unneces-
sary uptake of prophylactic surgical procedures (Pollard et al.
2019). For these reasons, the uncertainty related to VUS is
outside the scope of economic evaluations and, appropriately,
was not considered in the included studies.

Challenge 3—improving consistency of economic
approaches

NGS services vary widely across clinical contexts, as do the
approaches used to evaluate them. In the absence of clear

guidelines for economic evaluations in NGS-informed PM,
studies assessing costs and benefits are often forced to make
ad hoc decisions to address challenges. Variability in these
decisions can reduce the comparability of final outcomes es-
timates across studies. To ensure decision-makers have access
to reliable economic evidence that supports reimbursement
decisions for NGS-informed PM in Canada, consistency of
data collection, study design, and statistical methods must
improve, as must the reporting of economic analyses
(Faulkner et al. 2012; Husereau et al. 2014). Included studies
often did not adhere to common reporting guidelines (Bridges
et al. 2011; Husereau et al. 2013), with seven studies not
stating their study’s perspective, three not disclosing their
study funding, two not providing a reference year for their
estimates, two not stating a time horizon for their analysis,
and two not describing their modeling approach.

There is currently no guidance on the minimum amount of
information genomic studies must record to facilitate health
economic analyses. In diagnostic settings, standardization of
which healthcare utilization data can be attributed to a pa-
tients’ diagnostic odyssey will be critical for accurate estima-
tion of changes following genomic testing. For all NGS-
informed PM strategies, studies require consistent recommen-
dations on which downstream health and non-health conse-
quences are relevant for economic evaluation and which com-
parison strategies are most appropriate.

Given that RCTs are uncommon in NGS-informed PM,
robust study designs are needed to generate reliable counter-
factuals for these approaches. N-of-1 trials are a proposed
solution but their validity strongly depends on the assumption
of clinical stability, which may be violated for certain clinical
contexts (Bedard et al. 2013; Lillie et al. 2011). Quasi-
experimental methods, such as matching, present an opportu-
nity to evaluate NGS outside of controlled trial settings.
Matching methods are increasingly used to mitigate selection
bias and generate counterfactuals for NGS approaches
(Barcenas et al. 2017; Presley et al. 2018). Matching involves
selecting a group of controls most similar to individuals in a
treatment group based on their observable characteristics
(Stuart 2010). To date, no Canadian studies have incorporated
matching into economic analyses of NGS-informed PM.
There remains considerable scope for future research explor-
ing the ability of quasi-experimental methods to adjust for
confounding in observational studies of NGS-informed PM.

Discussion

We conducted a structured literature review of current
Canadian evidence examining the economic impacts of
NGS-informed PM. We found that the majority of available
evidence focuses onNGS panels (52%, n = 13) and nearly half
(46%, n = 6) of these studies evaluated Oncotype DX

473



J Community Genet (2022) 13:467–476

(Genomic Health) for predicting breast cancer patients’ risk of
recurrence. This finding aligns with current implementation of
NGS-informed PM in Canada, which has focused on NGS
panels for disease screening, hereditary cancer testing, and
prognosticating treatment response in breast cancer patients
(AHS 2017; Centre for Clinical Genomics n.d.; Newborn
Screening Ontario n.d.). Studies for adopted technologies re-
ported that mean ICERs for NGS panels were cost-effective at
WTP thresholds of $50,000 or $100,000 per LYG or QALY,
but conclusions were subject to significant uncertainty. This
suggests that decision-makers may have a high tolerance for
decision uncertainty and further evidence of cost-effectiveness
is crucial to ensure health system sustainability.

The majority of studies identified in this review (60%, n =
15) evaluated the economic impacts of genomic testing using
NGS in oncology, which supports Canadian implementation
of NGS to date, yet in international settings, genomic testing is
also being implemented in disease areas outside of oncology
(National Institutes of Health 2018). For example, Genomics
England has implemented WGS for diagnosing rare diseases
as part of the 100,000 Genomes Project, despite a lack of
available economic evidence supporting this application
(Turnbull et al. 2018). The current emphasis on evaluating
NGS-informed PM in oncology has resulted in a relative lack
of economic evidence to guide decision-making for NGS in
other disease areas. Implementation of genomic testing is be-
ginning to surpass the available evidence base outside of
Canada. Research is needed to fill this evidentiary gap and
inform adoption across a broader spectrum, both in Canada
and abroad.

We identified eight studies that examined the economic
impacts of more comprehensive NGS technologies in
Canada. Of these, one study estimated the costs of applying
WGS and transcriptome analysis to inform treatment planning
for advanced cancers. The benefits of this approach remain
unknown. To inform the adoption of WGS and WES in
Canada, decision-makers require evidence of the trade-offs
between costs and benefits of applying comprehensive NGS
technologies to guide treatment planning. Seven studies eval-
uated WGS and/or WES for diagnosing genetic or chromo-
some disorders and reported that these approaches increased
both costs and diagnostic yield of testing compared to existing
testing strategies. Conclusions about cost-effectiveness of
WGS and/or WES for diagnostics were highly sensitive to
the choice of WTP threshold. To provide context for ICER
estimates, Canadian decision-makers must clarify whether
they are willing to pay for effectiveness gains not measured
in LYG or QALYs and if so, how much.

Stated preference analysis revealed that Canadian patients,
the public, and physicians value information on both health
and non-health outcomes from NGS, including those associ-
ated with SFs. Although the Canadian public values informa-
tion on SFs (Regier et al. 2015), the Canadian College of

Medical Geneticists (CCMG) does not currently endorse
returning SFs after NGS testing (Boycott et al. 2015).
Similarly, CADTH guidelines do not recommend including
non-health outcomes in economic evaluations despite evi-
dence of stakeholder value (CADTH 2017). Instead, these
guidelines specify that effectiveness gains should bemeasured
using QALYs. To ensure that the adoption of PM aligns with
stakeholder preferences, future studies will benefit from guid-
ance on how and whether non-health outcomes from NGS
should be included in economic evaluations.

When assessing the economic impacts of NGS-informed
PM in Canada, 52% of studies (n = 13) applied CEA, 20%
conducted stated preference analysis (n = 5), 16% used cost-
consequence analysis (n = 4), and 12% examined healthcare
resource utilization or costs (n = 3). Regardless of the method
applied, studies highlighted multiple challenges when gener-
ating economic evidence for genomic testing with NGS, many
of which remain unaddressed. Challenges were broadly relat-
ed to (1) accounting for all NGS outcomes; (2) addressing
uncertainty in economic analyses; and (3) improving consis-
tency of economic approaches. These challenges have been
previously articulated and partially addressed when evaluating
the economic impacts of microarray technologies (Regier
et al. 2009; Regier et al. 2010; Wordsworth et al. 2007). For
example, past research found evidence of personal utility
when diagnosing genetic causes of idiopathic intellectual dis-
ability in children and incorporated preference-based values
into an economic evaluation of CMAversus cytogenic testing,
yet all evidentiary challenges identified, including valuing
health and non-health outcomes, are exacerbated in context
to NGS technologies, owing to the breadth and complexity
of genomic results (Regier et al. 2018).

While challenges related to NGS do not necessitate new
parallel HTA processes, comprehensive solutions may take
time. Risk-sharing reimbursement and disinvestment policies
present an opportunity to alleviate public pressure on health
systems to invest in unproven NGS technologies while eco-
nomic evidence is being generated (Carlson et al. 2010; Hollis
2016). By providing temporary access to NGS-informed PM,
risk-sharing policies can balance the desire to fund good-value
technologies with the need to provide patients with timely
access to potentially beneficial care, yet transparent disinvest-
ment processes are needed to ensure affordability if real-world
evidence conflicts with initial reimbursement agreements.

This study should be interpreted in light of its limitations.
First, we present a scoping review of published Canadian
studies that generate economic evidence for PM informed by
NGS and do not necessarily report on all investigations into
this research area. Second, the overall quality of the included
studies is not reported. Our quality appraisal is limited to
assessing transparency of reporting and adherence to reporting
guidelines within individual studies. Third, studies included in
this review vary considerably in terms of the applications of
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genomic testing being evaluated, methodological approaches,
and underlying assumptions. As a result, we are unable to
conclude whether specific applications of NGS-informed
PM in Canada provide value-for-money. Despite these limita-
tions, the scoping nature of our review allows us to identify
key evidentiary challenges researchers are facing when eval-
uating NGS technologies as well as highlight gaps in the
Canadian evidence base.

Conclusions

Studies are beginning to produce reliable estimates of the eco-
nomic impacts of NGS-informed PM in Canada but barriers
for HTA remain. Researchers require direction on incorporat-
ing non-health outcomes into economic evaluation, managing
amplified uncertainty around outcomes estimates, and stan-
dardizing data collection, study designs, and statistical
methods. While these challenges are being addressed and
the evidence base for NGS continues to grow, reimbursement
and disinvestment policies that share risk between payers and
manufacturers can support resource allocation decisions for
genomic testing in Canada.
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