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Abstract

Standardized approaches to measuring clinical utility will enable more robust evaluations of genetic tests. To characterize
how clinical utility has been measured, this scoping review examined outcomes used to operationalize this concept in the
context of genetic testing, spanning relevant literature (2015-2017). The search strategy and analysis were guided by the
Fryback and Thornbury hierarchical model of efficacy (FT Model). Through searches in Ovid MEDLINE, EMBASE and
Web of Science, 194 publications were identified for inclusion. Two coders reviewed titles, abstracts, and full texts to
determine eligibility. Results were analyzed using thematic and frequency analyses. This review generated a catalog of
outcomes mapped to the efficacy domains of the FT Model. The degree of representation observed in each domain varied by
the clinical purpose and clinical indication of genetic testing. Diagnostic accuracy (68%), technical (28.4%), and patient
outcome (28.4%) efficacy studies were represented at the highest rate. Findings suggest that the FT Model is suitable for the
genetics context however domain refinements may be warranted. More diverse clinical settings, robust study designs, and
novel strategies for measuring clinical utility are needed.

Introduction

Advances in genomic medicine have generated much enthu-
siasm for early disease detection, individualized treatment,
and optimized health outcomes [1, 2]. While evidence is
compelling related to the analytic performance of emerging
genomic technologies, pressures from evidentiary review
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bodies, policymakers, and payors to define and measure the
clinical and economic value of genetic testing are increasing
[3, 4]. Frameworks for evaluating genetic tests such as those
used by the Evaluation of Genomic Applications in Practice
and Prevention (EGAPP™) Working Group and the United
States Preventive Services Task Force have been in use for
many years and have guided test implementation decisions
and clinical practice [5]. Within these evaluative frameworks,
the value or ‘clinical utility’ parameter has been defined
in various ways. For example, the much-endorsed ACCE
framework for evaluating genetic tests (i.e., Analytic validity,
Clinical validity, Clinical utility, Ethical, legal, and social
implications), defines clinical utility with respect to whether
genetic testing improves patient outcomes and/or adds value
to the clinical decision-making process [6—8]. Recently, the
American College of Medical Genetics and Genomics
(ACMG) and other organizations have called for an even
more expansive definition of this concept [9], arguing that
assessments of clinical utility should attend to the effect of
genetic testing on diagnosis, prognosis, therapeutic manage-
ment, the health and psychological well-being of patients and
their relatives, and health care system costs [6, 8—11].

Lack of consensus on how to operationalize the notion of
clinical utility can result in inadequate or inconsistent
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determinations of value across laboratories, hospitals, pro-
fessional societies, and payors, in turn leading to variations
in test quality, coverage, and access [12]. In part, this lack
of consensus relates to the challenge of capturing the
indirect relationship between a test result and a specific
clinical outcome [13]. In contrast with therapeutics that are
hypothesized to act directly on health outcomes, a diag-
nostic test result may inform clinical decision making which
may in turn, impact outcomes related to disease burden and
patient experience over time [14, 15]. As such, it has been
argued that a “chain of evidence” must be applied to mea-
suring the value of genetic testing; intermediate links in a
chain of evidence, consisting of surrogate outcomes (i.e.,
measures that impact or correlate with clinical outcomes)
are essential to characterizing a more expansive notion of
clinical utility [7, 13-16].

Given the current emphasis on defining and measuring
the notion of value in the context of genomic medicine and
the rate at which new test applications are entering clinical
practice, a comprehensive understanding of the body of
empiric work that reflects on clinical utility as a core
component of genetic service delivery can serve as an
important step towards more consistently defining and
measuring this concept [8, 12]. The FT Model is widely
used for the evaluation of medical tests and the suitability of
the FT Model for use in the genetic testing context has been
explored previously [5, 8]. The hierarchical nature of the
framework is well-suited to the context of genetics because
the components of efficacy are specific, well defined, and
linked as a chain of evidence [8, 16, 17]. Given these
characteristics, the FT Model provides a useful structure for
organizing literature related to the clinical utility of genetic
testing [8, 16]. This was illustrated in the modified FT
Model developed by the National Academies of Sciences,
Engineering, and Medicine (NAS) in which genetic test
assessment methods were integrated with relevant health
outcomes previously identified by the EGAPP working
group [8]. Using the Fryback and Thornbury hierarchical
model of efficacy (FT Model) as a conceptual framework,
the objective of this scoping review was to explore the
range of outcomes used, in peer-reviewed literature, to
measure the clinical utility of genetic testing in a range of
clinical settings.

Materials and methods

Search Strategy Aligned with Arksey and O’Malley’s
methodology [17] and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR), a review of empiric lit-
erature that assesses the clinical utility of genetic testing
was conducted. The FT Model was used to guide the search

strategy. It consists of six domains of efficacy: technical
efficacy (i.e., laboratory performance), diagnostic accuracy
efficacy (i.e., clinical sensitivity and specificity), diagnostic
thinking efficacy (i.e., impact on clinician’s diagnostic
process), therapeutic efficacy (i.e., impact on clinical man-
agement), patient outcome efficacy (i.e., patient benefit) and
societal outcome efficacy (i.e., cost-benefit, cost-effective-
ness, societal acceptability) [8, 16]. For the purpose of this
review, clinical utility was defined to include diagnostic
thinking efficacy, therapeutic efficacy and patient outcome
efficacy. MeSH and search terms related to these concepts
included but were not limited to clinical decision-making,
clinical management, diagnostic value, treatment outcome,
patient outcome, mortality rate, morbidity, and quality of
life. Studies were identified through searches in Ovid
MEDLINE, EMBASE, and Web of Science. Given the
importance of the broad definition of clinical utility that was
articulated by the ACMG in 2015 [9], we decided to focus
on studies published from January 2015 to May 2017 to
gauge the alignment of ACMG’s conception of clinical
utility with empiric work reported around the same time-
point. The Medline search strategy is described in Table S1.

Article selection

Eligibility criteria were established through an iterative
process of article review and consultation with co-authors.
Included studies were English, peer-reviewed, and experi-
mental or observational in design. Since the health tech-
nology assessment process largely relies on the peer-
reviewed literature as its evidence base, this data source was
deemed the most relevant for the purposes of our review.
While the search strategy focused on specific domains of
clinical utility (i.e., diagnostic thinking efficacy, therapeutic
efficacy, and patient outcome efficacy), articles identified in
the search that also reflected on the utility of genetic testing
from a laboratory perspective (i.e., technical and diagnostic
accuracy efficacy domains) were also included. In addition,
articles that reflected on the societal perspective (i.e., soci-
etal efficacy domain) in the form of economic evaluations
were retained to reflect a full representation of the measures
used to assess the value of genetic testing. Conference
materials, editorials, consensus statements, literature
reviews, practice guidelines, case reports, case series, and
descriptions of disease phenotype, genotype or new disease
genes were excluded. Exclusions were identified using both
EndNote X7-7.1 filters and manual review. Abstracts and
full-text articles were reviewed for inclusion by two inde-
pendent reviewers. To develop consensus and improve
consistency, the reviewers met early in the selection phase
to compare results and refine selection criteria. To monitor
consistency with inclusion decisions, a comparison of the
first 1000 abstracts showed that independent reviewers
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agreed 85.3% of the time. Reviewers agreed 83.6% of the
time during the full article review phase. Discrepancies
were discussed until consensus was achieved. If consensus
proved challenging, a third reviewer was consulted. Results
were tracked and managed using EndNote X7-7.1, RED-
Cap, and Microsoft Excel.

Data extraction

The following data elements were extracted from each
included article: author(s), publication year, study title,
clinical indication for testing (e.g., cancer, cardiovascular
disease), genetic test purpose (e.g., diagnosis, screening,
clinical management), population type (i.e., adult, pediatric,
both), data collection method (i.e., retrospective, pro-
spective, both), study design (i.e., experimental, observa-
tional, other), outcome measure(s) used and additional
comments. Clinical indication for testing was characterized
using the International Statistical Classification of Diseases
and Related Health Problems as a guide [18]. Each outcome
measure was assigned to an FT Model efficacy domain; this
was facilitated by using a modified version of the model [8]
that includes analytic questions and suggested measures for
each domain. Where an outcome could be assigned to more
than one domain, based on the concepts outlined in the FT
Model, decision rules were established to navigate domain
boundaries. This occurred in three instances: (i) Sensitivity
and specificity measures can apply to both the technical
efficacy and diagnostic accuracy domains. As such, these
measures were assigned to the technical efficacy domain if
they were reported in a laboratory setting that focused on
the test’s ability to identify a target variant and were
assigned to the diagnostic accuracy efficacy domain if they
were reported in a clinical context that focused on the test’s
ability to identify patients with or without a target disease.
(i1) Measures that relate to prognosis can apply to both the
diagnostic accuracy and diagnostic thinking efficacy
domains. In this review, prognostic outcomes were assigned
to the diagnostic thinking efficacy domain because they
more closely relate to helping clinicians come to a diag-
nosis. (iii) Actionable variant detection rate is an outcome
measure that can apply to both the diagnostic accuracy and
therapeutic efficacy domains. This measure was assigned to
the therapeutic efficacy domain because the reviewers
determined that it most closely related to medical manage-
ment. While these decision rules were required for the
purpose of data classification, we acknowledge that this
classification scheme may not align with how all clinicians
would define or use these concepts in clinical practice set-
tings. Outcome measures that did not align with an efficacy
domain were categorized as ‘other’. As above, two
reviewers extracted data from each included citation and a
third reviewer was consulted to resolve discrepancies.
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Before finalizing the data extraction form, it was pilot tested
by the co-authors using a random sample of 50 articles and
revised accordingly. The reviewers also met regularly to
compare results and ensure a uniform approach to data
extraction.

Analysis

Study characteristics were categorized and summarized
using frequency tabulations. We tabulated the percentage of
studies with outcomes in each efficacy domain for each test
purpose and for a subset of the three most common clinical
indications for testing. The analysis then focused on char-
acterizing the nature of the outcome measures used in the
literature to operationalize the concept of clinical utility.
After assigning each measure to an appropriate efficacy
domain, thematic categories were established within each
domain in order to group related measures together. New
thematic categories were added to each efficacy domain
until thematic saturation was achieved. For example, within
the diagnostic accuracy efficacy domain, the ‘family
screening’ category includes cascade testing rate, family
member diagnosis rate, and family-member carrier detec-
tion rate. Importantly, some of the outcomes listed within
each thematic category reflected true validated measures
(e.g., State Trait Anxiety Index) and some reflected
indicators of specific constructs (e.g., family screening).
Finally, we reflected on the suitability of the FT Model as
an organizing structure for characterizing this body of
evidence.

Results

A summary of the scoping review search results is dis-
played in Fig. 1. A total of 1954 records published between
2015 and 2017 were identified. A total of 1205 abstracts
were reviewed following the removal of duplicates and
exclusions; 451 studies were selected for full-text review
and transferred to a REDCap database. Following full-text
review, 194 studies were identified for inclusion.

Study characteristics

Studies related to measuring the clinical utility of genetic
testing for cancer were the most common (32.0%), followed
by studies related to congenital anomalies (12.4%) and
cardiovascular disease (10.8%). The remaining studies were
widely distributed across various clinical indications
including the nervous system, mental health, and metabo-
lism. Of the studies reviewed, 50.5% involved only adult
populations, 21.1% involved adult and pediatric popula-
tions, and 17.5% involved only pediatric populations. Most
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Records identified through database searching

Records screened and
excluded (n = 679):

(n =1954)
- 337 Conference Abstracts

- 300 Lit. Reviews

Records after duplicates removed

- 15 Conference Papers
- 12 Discussion Papers

(n =1884) - 6 Editorials

- 6 Practice Guidelines

- 3 Conference Reviews

A4

Records excluded (n =754):
”| - 191 Characterizing Disease
- 169 Review Article

Abstracts screened
(n =1205)

- 156 Not focused on measuring
the value of genetic testing

- 141 Case report

- 19 Commentary

- 6 Consensus Statements

v

- 9 Other
- 5 Position Statements

Full-text articles
assessed for eligibility
(n=451)

Full-text articles excluded, with
primary reason (n =257):
- 186 Characterizing Disease

v
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extraction (n = 194)

of the included studies used an observational study design
(88.7%); randomized (6.7%) and non-randomized (4.6%)
experimental designs were used in a minority. Data were
collected retrospectively for 50.0%, prospectively for
42.3%, and both prospectively and retrospectively for 8.2%.
Diagnosis was the stated clinical purpose for genetic testing
in 42.3% followed by clinical management (25.8%),
screening (16.5%), and a combination of diagnosis and
clinical management (15.5%; Table 1).

Outcomes considered by test purpose and clinical
indication

Of the 194 studies reviewed, 28.4% had outcomes that
mapped to technical efficacy, 68.0% to diagnostic accuracy
efficacy, 1.0% to diagnostic thinking efficacy, 18.6% to
therapeutic efficacy, 28.4% to patient outcome efficacy, and
16.5% to societal efficacy (see Supplementary Appendix).
Figure 2a presents the proportion of outcome measures
assigned to each efficacy domain, by stated test purpose.
Outcomes that mapped to the technical and diagnostic accu-
racy efficacy domains were most common in tests used for

- 2 Commentary

diagnosis and/or clinical management. Therapeutic efficacy
outcomes were most common in tests with a clinical man-
agement purpose. Patient outcome efficacy and societal effi-
cacy outcomes were most common in tests with a clinical
management or screening purpose. To explore whether the
domains represented in the reviewed literature varied by
clinical indication, Fig. 2b presents the proportion of outcome
measures assigned to each efficacy domain for the three most
common clinical indications for testing: cancer, cardiovas-
cular disease, and congenital anomalies. Across indications,
outcomes related to diagnostic accuracy were represented
most often while outcomes related to diagnostic thinking were
represented least often. In addition, cancer studies used a
higher proportion of therapeutic outcomes compared to car-
diovascular disease and congenital anomaly studies.

Operationalizing the concept of clinical utility
Table 2 presents a sample of the outcome measures iden-
tified in each efficacy domain, grouped by thematic cate-

gory. The percentage of studies within each domain that
used measures from the identified thematic categories are
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Table 1 Characteristics of included studies (n = 194).

Characteristic n %

Clinical indication

Cancer 62 32.0
Congenital malformations, deformations and/or 24 124
chromosomal abnormalities
Cardiovascular disease 21 108
Disease of the nervous system 15 77
Endocrine, nutritional and metabolic disease 13 6.7
Mental and/or behavioral disorder 12 62
Other(s)* 47 242
Population
Adult only 98 50.5
Pediatric and adult 41 21.1
Pediatric only 34 175
Unreported 21 108
Study designs
Observational 172 88.7
Randomized experimental 13 6.7
Non-randomized experimental 9 46

Data collection method

Retrospective 95 50.0
Prospective 82 423
Prospective and retrospective 16 82
Unreported 1 05
Genetic testing purpose
Diagnosis 82 423
Clinical management 50 258
Screening 32 165
Diagnosis and clinical management 30 155

%0ther clinical indication categories with <10 studies represented
including diseases of the musculoskeletal system, genitourinary
system, respiratory system and digestive system.

reported. For technical efficacy, all of the outcome measures
fit within the analytic test performance category, including
analytic sensitivity and specificity, sequencing coverage
depth, and sequence amplification rate. Within the diag-
nostic accuracy efficacy domain, we identified four main
categories; variant detection rate (e.g., detection rate for
variant that affects function, and actionable variant detec-
tion rate), clinical diagnosis rate (e.g., diagnosis rate,
diagnostic yield/probable-molecular diagnosis rate), clinic
test performance (e.g., clinical sensitivity and specificity,
positive/negative predictive values) and family screening
(e.g., cascade testing rate, family member diagnosis rate).
In the diagnostic thinking efficacy domain, impact on
diagnostic process was identified as the only thematic
category and it included two outcome measures, clinician
reported usefulness of testing and the frequency of changed
diagnosis/prognosis based on genetic test results. Two
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categories were identified in the therapeutic efficacy
domain. The first category included measures of genetic test
impact on clinical recommendations and/or clinical inter-
ventions (e.g., percentage of patients that received a revised
clinical recommendation following genetic testing) and the
second category related to treatment optimization outcomes
(e.g., estimated reduction in unnecessary follow-up proce-
dures). Measures in the patient outcome efficacy domain
were organized into two categories; health-related indicators
(e.g., disease-free interval, disease recurrence rate, quality
of life) and behavior indicators (e.g., self-reported changes
in health behavior following diabetes genetic testing).
Societal outcome efficacy measures were organized into
three categories, including cost of testing (e.g., cost per
patient, cost per diagnosis, cost per test pathway), cost-
effectiveness (e.g., QALYs, ICERs) and cost savings (e.g.,
mean annualized savings rate associated with test use,
incremental cost saving per year). Table S2 presents all
measure types identified. Of the 194 studies, 5.2% used
outcome measures that could not be mapped to any of the
FT Model efficacy domains. These ‘other outcomes’ were
organised into four thematic categories; estimated pre-
valence of disease, parent outcomes, time to diagnosis and
genetic test utilization in different clinical settings (see
Table S3).

Discussion

The size of the final dataset (n = 194) and the presence of
outcome measures in each of the efficacy domains are
strong indicators of the breadth of clinical utility-oriented
research underway. Capturing this breadth enabled the
creation of an empirically grounded and thematically
organized catalog of outcome measures that align with the
FT Model, a robust framework for evaluating genetic tests.
In the studies reviewed, the types of outcome measures used
to assess clinical utility were highly variable with measures
spanning each domain of the FT Model. Despite the pre-
sence of outcome measures in each of the efficacy domains,
the largest proportion of outcome measures was assigned to
the diagnostic accuracy domain. This pattern emerged
despite our emphasis on clinical (and not diagnostic) utility-
oriented search terms. This may reflect the field’s long-
standing emphasis on laboratory performance as a core
measure of utility. While strategies for measuring outcomes
that extend beyond laboratory performance are now being
articulated [7, 13—15, 19] and health technology assessment
and reimbursement review bodies are beginning to require
attention to an extended definition of utility [20, 21], it
remains challenging to identify and measure meaningful
health and non-health related outcomes attributable to
genetic testing, to conduct robust studies in a manner that
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Fig. 2 Outcome measures by
FT model efficacy domain. To
examine whether the FT model
efficacy domains represented in
the reviewed literature varied by
test purpose or clinical context,
study outcomes were organized
into thematic groups. a Shows
study outcomes organized by
efficacy domain and stated test
purpose. b Shows study
outcomes organized by efficacy
domain and the clinical
condition under investigation.
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keeps pace with rapidly evolving technology platforms, and
to incentivize this type of research when it is not uniformly
required by regulatory or reimbursement bodies.

In addition, despite the broad range of outcomes identi-
fied, we were able to group the measures into a reduced set
of thematic categories that map well to the FT Model. While
narrow definitions of clinical utility 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 as proposed by the ACMG [9]. Outcome
categories such as those identified in this review can be
useful in consensus building efforts that aim to establish
explicit and uniform strategies for measuring clinical utility,
defined broadly. In addition to these outcomes, researchers
may draw from the utility-related indices that have been
identified in the literature [22] or other data elements that
map onto specific utility-related categories. With respect to
clinical indication for testing, oncology was most common
(32.0%). This is likely the result of the growing role that
genetic testing has in guiding cancer treatment selection and

8l =

-] e BB 2
Diagnosis Clinical Management Combined Diagnosis Screening
and Clinical
Management

FT Model Efficacy Domain

s Diagnostic Accuracy s Diagnostic Thinking
= Other

Therapeutic Efficacy
Societal Outcomes

Cancer Cardiovascular Disease Congenital Malformations

FT Model Efficacy Domain

& Diagnostic Accuracy
m Patient Outcomes

® Diagnostic Thinking
Societal Outcomes

surveillance [23]. Consistent with the oncology emphasis in
the literature, studies were also more likely to reflect on
adult populations compared to pediatric rare disease popu-
lations where therapeutic options—and health outcomes
research—are more limited. In addition, the majority of
papers used an observational study design (88.7%), illus-
trating the relative absence of experimental approaches. In
part, this may be related to the practical challenges asso-
ciated with experimental study design in the context of rare
disease and in part this may be related to the absence of
regulatory requirements to conduct comparative effective-
ness research for genome diagnostics [24, 25]. More robust
study designs (i.e., prospective, comparative) and/or prior-
itizing genetic test evaluation research in a wider range of
clinical settings (i.e., beyond cancer) may enable progress
towards a richer evidentiary base for genetic testing, in turn
guiding and substantiating efforts to adopt these technolo-
gies into health care systems. It is noteworthy that the
diagnostic thinking efficacy domain (i.e., the test’s ability to
help a clinician come to a diagnosis) had a limited presence
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Table 2 Measures identified by FT Model Efficacy Domain and thematic category.

*Qutcome Categories Sample Measure/Indicator **9% of FT Domain

Level 1: Technical Efficacy (n =55 Studies)

Coverage depth, sequence amplification rate, sequencing success rate and/or
error rate, analytic sensitivity and/ or specificity

Analytic Test Performance Outcomes 100.0

*Level 2: Diagnostic Accuracy Efficacy (n = 132 Studies)

Variant Detection Outcomes Detection rates: variant affecting function, benign variant, copy number variant  80.3

Clinical Diagnosis Outcomes Diagnosis rate/yield, modified diagnosis rate, probable-molecular diagnosis rate  39.4

Clinical Test Performance Outcomes Clinical sensitivity and specificity, positive/negative predictive values and 13.6
positive likelihood ratio, true/false positive rate

Family Screening Indicator(s) Cascade testing rate, family member diagnosis rate 3.0

Other(s) # of required diagnostic procedures per screening strategy 0.08

Level 3: Diagnostic Thinking Efficacy (n =2 Studies)
Impact on Diagnostic Process % patients in which testing was identified as useful, % patients that received a 100.0

modified diagnosis or prognostic assessment based on genetic test results

*Level 4: Therapeutic Efficacy (n = 36 Studies)

Triggered by genetic testing: change in clinical recommendations and/or 83.3
intervention, presence/absence of clinical recommendation and/or intervention

Impact on Clinical Recommendation(s)
and/or Intervention(s)***

Prevention and Treatment Optimization Estimated reduction in unnecessary biopsies, net % reduction in unnecessary 11.1
Outcomes adjuvant chemotherapy usage, age at surgical intervention in non-index patients

*Level 5: Patient Outcome Efficacy (55 Studies)

Health-related General: clinical response rate, life years gained, adverse event rate 92.7
Cancer-related: disease-free interval, disease recurrence rate, remission rate
Reproductive medicine-related: clinical pregnancy rate, miscarriage rate
QOL-related: Quality of life years (QALY), Pediatric Quality of Life (PedsQL)

Psychological: Cancer Worry Scale, Decisional Conflict Scale

Behavioral Self-reported changes in health behavior after receiving genetic testing results 7.3

*Level 6: Societal Outcome Efficacy (n =32 Studies)

Cost of Testing Cost per patient, drug cost per patient, cost per patient/progression free survival 87.1

week, cost per cardiac event avoided, cost per live birth

Cost-Effectiveness Cost per QALY gained, incremental cost effectiveness ratio (ICER), willingness 51.6

to pay per QALY gained, PPV needed to achieve cost-effectiveness

Cost Savings Mean annualized savings rate, net savings rate, average cost savings per patient 19.4

*Categories are not mutually exclusive.
**The percentage of studies within each domain that used measures from the identified thematic categories are represented.

***Clinical intervention refers to clinical management (e.g., surveillance/follow-up) and/or treatment (i.e., drug treatment or surgery) based on
genetic test results. Clinical recommendations include treatment strategies, specialist consults, medical imaging, lab tests, surveillance, family

member screening.

in the reviewed literature; outcomes relevant to this domain
were identified in only two studies We speculate the relative
absence of this domain is tied to its close relationship with
diagnostic accuracy efficacy; where diagnostic accuracy
efficacy is achieved, diagnostic thinking efficacy may be
assumed. This assumption may be unwarranted, however,
because diagnostic accuracy measures do not capture the
extent to which a test result helps a clinician come to a
diagnosis and/or how the test results compare to a clin-
ician’s pretest estimate of the probability of disease. Since
diagnostic thinking refers to the subtle idea of how ‘helpful’
a variant is in contributing to a diagnosis or in planning
subsequent steps in a diagnostic work up, it is challenging
to measure. Moving downstream on the chain of evidence,
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diagnostic thinking efficacy may be implied where ther-
apeutic efficacy has been demonstrated. Alternatively, evi-
dence relevant to this efficacy domain may be addressed
more commonly in literature that was deemed to be out of
scope for this review. Future work to explore strategies for
operationalizing measures of diagnostic thinking efficacy
may be warranted.

This review also explored the ways in which genetic test
purpose and clinical indication mapped onto the efficacy
domains. In both cases, diagnostic accuracy outcomes were
dominant. However, compared to the other test applications,
the studies that evaluated tests with a diagnostic purpose
had relatively low representation of downstream efficacy
domains (i.e., beyond diagnostic accuracy). This suggests
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that value beyond the ability to establish a diagnosis was not
well represented. For cancer, cardiac, and congenital
anomalies indications, diagnostic accuracy outcomes were
represented most frequently. However, the frequency of the
other efficacy domains varied by clinical indication. This
finding is consistent with the expectation that the clinical
utility of genetic tests is context-dependent (i.e., test pur-
pose and clinical indication). As such, the relevance of each
efficacy domain may vary accordingly (Fig. 2).

Findings herein enable reflection on the suitability of the
FT Model as an organizing framework for studies that
evaluate genetic testing. First, the selected literature iden-
tified components of utility that may warrant inclusion in
the FT Model, when applied to genetic testing. Additional
measures included the impact of genetic testing on the
estimated prevalence of disease, time to diagnosis, parent
health outcomes, and genetic test utilization in different
clinical settings. Additionally, the data extraction process
revealed that clarifying the meaning of the term “therapeutic
efficacy” may be warranted. While commonly used in
epidemiology to describe the ability of a drug or a device to
treat a disease, its use in the FT Model refers to a test’s
impact on treatment planning. Taking this into considera-
tion, a revised title for this domain (e.g., therapeutic
thinking efficacy) may improve the clarity and applicability
of the FT Model to the genetic testing context. Moreover,
our data suggest that time to diagnosis be added to the
diagnostic thinking efficacy domain and that parent or
family-related outcomes warrant categorization. Arguably,
parent and family-related outcomes sit at the boundary
between patient outcome and societal efficacy domains as
they represent a step beyond the index patient but a step shy
of broad social considerations. Lastly, a permeable bound-
ary between diagnostic accuracy and diagnostic thinking
efficacy may be warranted to reflect the relatedness of these
levels of utility. Table S4 presents suggested refinements to
the FT Model.

This scoping review was limited by its relatively short
time horizon (2015-2017), the inclusion of only English
language studies, and a search strategy focused on only
three domains of test efficacy. Although the catalog of
measures produced from this review is not a comprehensive
list of all possible outcome measures relevant to each
domain of efficacy, the catalog may serve as a resource for
the research and decision-making communities interested in
advancing work in this area. Additionally, it should be
acknowledged that the strategy used to identify articles for
exclusion was limited by the EndNote X7-7.1 filters used
and/or the reviewer’s interpretation of the information pre-
sented in the abstract or full-text article. For example, it is
possible that case series that were not described as such in
the article were included in the category of observational
studies. Limitations notwithstanding, the results provide a

rich description of the multi-dimensional nature of clinical
utility and the current research activity that reflects its
measurement [17].

In conclusion, findings herein serve to generate a better
understanding of the range of strategies used to capture the
concept of clinical utility in genetic medicine. Specifically,
this review generated a thematically organized catalog of
outcome measures that aim to capture the clinical utility of
genetic testing: a catalog that can be used as a resource by
researchers, clinicians, and decision makers in the field.
Furthermore, having applied the FT Model as an organi-
zational tool, thematic categories of clinical utility were also
identified within the FT Model efficacy domains. As such,
findings herein contribute to the community’s ongoing
thinking about the ways in which the construct of clinical
utility can be defined and operationalized. We also offer
possible refinements to the FT Model based on our findings.
These refinements to the framework and efforts to improve
strategies for measuring value in genome medicine warrant
further consideration.
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