N Journal of
Onect o Clinical
Epidemiology

12 ’,”
ELSEVIER Journal of Clinical Epidemiology 181 (2025) 111729

ORIGINAL RESEARCH

A scoping review of the assessment reports of genetic or genomic tests
reveals inconsistent consideration of key dimensions of clinical utility
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Abstract

Objectives: Genetic and genomic tests are the cornerstone of personalized preventive approaches. Inconsistency in evaluating their
clinical utility is often cited as a reason for their limited implementation in clinical practice. Previous reviews have primarily focused
on theoretical frameworks used for clinical utility evaluations of genetic tests, rather than actual assessments and examined dimensions,
rather than specific indicators within these dimensions. We aimed to review the dimensions and the specific indicators measured in pub-
lished assessment reports of genetic or genomic tests.

Study Design and Setting: We conducted a scoping review of assessment reports of genetic and genomic tests used for prevention,
searching through PubMed, Web of Science, Scopus, the websites of 20 different organizations, Google, and Google Scholar. From the
included assessments, we extracted the reported indicators of clinical utility, compiling a list of disease-specific indicators that detailed
their numerator, denominator, and calculation methods. We analyzed the extracted indicators by stratifying them according to ten compre-
hensive dimensions of clinical utility, the assessment framework used, and the type of indicator (categorized as quantitative, qualitative,
reference, or no evidence reported). From these indicators, we then distilled a list of general indicators.

Results: We reviewed 3054 unique references and 12,000 results from gray literature searches, ultimately selecting 57 assessment re-
ports. The reference frameworks used were health technology assessment (HTA) (42%), Evaluation of Genomic Applications in Practice
and Prevention (EGAPP) (25%), ACCE (21%), and others (12%). We identified 951 disease-specific indicators. The dimensions most
frequently evaluated (ie, had at least one indicator) were analytic validity (60%), clinical validity (79%), clinical efficacy (79%), and eco-
nomic impact (58%). Only 12 assessments compared health outcomes between tested and untested groups, and fewer than 15% of the as-
sessments addressed equity, acceptability, legitimacy, and personal value.
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Conclusion: Our study illustrates that, although dimensions such as equity and acceptability, are significantly emphasized in traditional
evaluation frameworks, these are often not considered in the assessments. Additionally, our study has underscored a significant dearth of

reported primary evidence concerning the clinical efficacy of these tests.

© 2025 The Author(s). Published by Elsevier Inc. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Plain Language Summary

Genetic and genomic tests analyze a person’s genes to predict health risks and guide healthcare decisions, potentially
identifying who might benefit from certain treatments or check-ups. However, determining whether these tests are
genuinely useful for wide use in health services is complex, because there is no standard way to define “clinical utility”’
of a genetic test. To understand how these tests are evaluated, we reviewed 57 evaluation reports from high-income
countries, most of which focused on cancer-related genetic tests. We found that many evaluations looked mainly at
how well a test predicted a condition (validity) and considered some form of effectiveness, yet often failed to measure
whether the test truly improved patient health outcomes, such as lowering death rates or enhancing the quality of life.
Moreover, factors like patient acceptance, equity, and personal relevance (eg, reducing anxiety) were frequently over-
looked. Without including these broader considerations, evaluations risk missing critical evidence that would indicate
whether a test is helpful, fair, and worth using. From over 900 unique indicators used to measure clinical utility, we
created a simpler list of about 150 general indicators that can guide future evaluations. This consolidated list can help
test developers decide which factors to investigate, evaluators determine what to measure, and policymakers identify
what might be missing before deciding if a test should be adopted in healthcare. By highlighting the gaps—areas that
should be assessed but currently are not—our study encourages a more comprehensive approach to evaluating genetic
tests. If we fail to consider issues like equity, patient preferences, and proven health benefits, we risk investing in tests
that may do little good or even harm patients. Ultimately, recognizing these shortcomings can lead to better-informed
decisions, ensuring that genetic testing is used in ways that truly benefit patients and deliver safer, more personalized,

and fairer healthcare for everyone.

1. Introduction

Genetic risk factors can substantially contribute to the
loss of healthy life years for individuals and populations
[1]. As chronic diseases become a major burden on health
systems and communities worldwide, genomic data can
potentially help identify patient subgroups to prioritize pre-
ventive actions, including tailored screening programs, thus
enabling a personalized prevention approach [2]. This
approach underscores the potential role of genomics in
driving patient-centered, proactive health interventions [3,4].

Several barriers are often highlighted when the slow
translation of genomic medicine into health services is dis-
cussed, including challenges in establishing the necessary
infrastructure for the -omics sciences, difficulties in
engaging stakeholders, and a lack of evidence regarding
clinical utility [5,6]. In general, the term “clinical utility”
refers to the usefulness or value of a health-related practice
or test. It does not have a singular or universally agreed-
upon definition and, given its broad nature, it can be inter-
preted and applied in various ways [7,8]. Since the value of
pursuing a test implementation in practice may be

influenced by many factors, including organizational,
ethical, legal, and societal issues, a judgment of clinical
utility may be viewed as a comprehensive assessment of
all these factors.

Previous studies identified several existing assessment
frameworks for the evaluation of clinical utility, detailing
their methodology and the dimensions evaluated [9,10],
examining the characteristics of those adopted by health
technology assessment (HTA) bodies [11], and reviewing
the indicators used in primary research studies [12]. Mean-
while, a number of formal assessment reports of genetic or
genomic tests that actually used such frameworks were
published, with heterogeneity in the dimensions included
and related indicators [11]. However, none of these previ-
ous studies have attempted to comprehensively extract all
the details of the indicators used in the assessment reports
of genetic or genomic tests. Therefore, our study aims to re-
view the dimensions and the specific indicators measured in
the published assessment reports of genetic or genomic
tests used for primary, secondary, or tertiary prevention,
regardless of their application context.
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What is new?

Key Findings

o This scoping review identified 951 specific indica-
tors used in the assessment of genetic and genomic
tests, from which 156 general indicators were
distilled.

o The study revealed significant variability in assess-
ment methodologies and a lack of consideration of
various dimensions of clinical utility, such as eq-
uity, acceptability, and clinical efficacy, in many
of the assessment reports.

What this adds to what was known?

e Previous studies have reviewed frameworks for
evaluating clinical utility but have not comprehen-
sively extracted detailed indicators used in genetic
and genomic test assessments. This study fills that
gap by showing how a broad range of dimensions,
such as context, acceptability, legitimacy, and per-
sonal value, emphasized in theoretical frameworks,
are practically measured and operationalized.

What is the implication and what should change

now?

e The study underscores the need for more compre-
hensive and evidence-based assessments of genetic
and genomic tests, incorporating underrepresented
dimensions like equity and acceptability. To
achieve this, there is a call for innovative research
methodologies and real-world data collection to
generate robust evidence on clinical utility. The
catalog of indicators provided by this study can
inform evaluators’ and researchers’ efforts across
the translational spectrum, ultimately leading to
more informed decisions regarding the implemen-
tation of personalized preventive interventions.

2. Methods

This scoping review of the literature is reported accord-
ing to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) extension for
scoping review guidelines [13]. The research protocol
was registered on the Open Science Framework platform
(https://osf.io/h3cxn). Subsequent amendments and clarifi-
cations are available in Supplementary Table 1.

2.1. Preliminary research

To inform the search of clinical utility indicators, we
performed preliminary research to collect the available def-
initions and dimensions of clinical utility related to genetic

and genomic testing. This involved an in-depth analysis of
30 frameworks, evaluating genetic tests from the systematic
review published by Pitini et al and its update [9,14].
Detailed methodology is in the Supplementary Materials.

Preliminary research identified the following ten unique
dimensions of clinical utility used in genetic test assess-
ment frameworks: (i) acceptability, (ii) analytical validity,
(iii) clinical validity, (iv) context, (v) economic impact,
(vi) equity, (vii) feasibility, (viii) clinical efficacy, (ix) legit-
imacy, and (x) personal value (Table 1). Detailed results of
the preliminary research are available as Supplementary
Materials (Supplementary Tables 2—4). For two dimen-
sions, we established subcategories for a more accurate
evaluation:

Clinical efficacy:

- Decision impact
- Direct impact
- Indirect impact

Context:

- Disease
- Treatment
- Guidelines.

Definitions for these subcategories are also provided
within Table 1.

2.2. Search strategy

We searched PubMed, Web of Science, and Scopus da-
tabases till 1 March 2023 to identify studies assessing the
clinical utility of genetic or genomic tests. The complete
search string is in Supplementary Table 5. We also used
Google and Google Scholar with ten specific search strings,
analyzing the first 100 results for each and applying them to
22 institutional websites (eg, HTA agencies, international
organizations) (Supplementary Tables 6 and 7). Addition-
ally, we conducted forward citation screening of assessment
frameworks from the preliminary research and backward
citation screening of literature reviews identified during
selection.

2.3. Identification and selection of relevant studies

We included published articles, reports, and documents
describing formal assessments of any genetic or genomic
test and/or personalized preventive program based on ge-
netic or genomic test information. Assessments lacking
an evaluation of clinical utility or at least one of its dimen-
sions, as defined in the preliminary research, were
excluded. Only English documents were included. After
training on a random sample of 50 references, 10 reviewers
screened the scientific and gray literature. Each reference
was independently screened by two reviewers by title, ab-
stract, and full text, with discrepancies resolved by
discussion.
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Table 1. Dimension and subdimension of clinical utility

Dimension Definition

Subdimension Subdimension definition

Acceptability The test’s conformity to the wishes,
desires, and expectations of patients

and their families.

Analytic validity How accurately and reliably the test

measures the genotype of interest.

Clinical validity The ability to detect or predict the
associated disorder.
Context Description of the test use, including the

genetic variability, target condition,
availability of treatment options, and
recommendations

Assessment of the cost and economic
benefits of genetic testing

Economic impact

Equity The test’s conformity to the principle of
just and fair distribution of health

Feasibility Sustainability of the intervention and the
capability to address potential barriers

to using it

Clinical efficacy A measurable change in symptoms,
overall health, ability to function,
quality of life, or survival outcomes of

patients.

Legitimacy The conformity of a test to social
preferences expressed in ethical,
principles, values, norms, mores, laws,

and regulations.

The indirect health-related and other
nonmedical benefits to the individual of
having the information.

Personal value

Disease Description of the target condition

Treatment Availability and efficacy (regardless of the
genetic status) of treatment options

Guidelines Presence of recommendations and

guidelines

Decision-making Impact of the test on clinical decision-
making
Changes in health outcomes that are not
directly confirmed by comparing the
health outcomes of similar patients
who have been tested and those who
have not. Instead, they are inferred
from methods like modeling,
retrospective analysis, and other
reasonable approaches
Direct Changes in health outcomes that are
directly confirmed by comparing the
health outcomes of similar patients
who have been tested and those who
have not

Indirect

A formal assessment was defined as a systematic and stan-
dardized process using health impact assessment (HIA),
HTA, Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) Evidence to Decision frame-
work (EtD), or any other framework developed to evaluate
genetic or genomic tests (eg, ACCE model, and the Evalua-
tion of Genomic Applications in Practice and Prevention
(EGAPP)). The discontinued Clinical Utility Gene Cards
[15,16] and the similar National Center for Biotechnology In-
formation GeneReviews were excluded, as their focus is on
guiding individual clinician decision-making [16,17]. Omics
tests encompass genomics, transcriptomics, proteomics, and

metabolomics. We included assessments of tests whose pro-
vided information can be applied to primary, secondary, or
tertiary prevention settings. Documents without information
on assessment indicators were excluded.

2.4. Data extraction

Data were extracted by six reviewers using a prede-
signed form and revised by a single reviewer. The first sheet
included the following document details: reference, first
author, organization, journal, year of publication, geograph-
ical scope, country, prevention level, disease addressed,
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disease categories, evaluated test, gene or variants, assess-
ment methodology and study quality assessment, and evi-
dence level and recommendation strength evaluation. The
second sheet reported clinical utility indicators, defined as
any quantitative or qualitative measure used to evaluate
the test. Four types of indicators were extracted as follows:
(i) quantitatively measured, (ii) qualitatively measured, (iii)
quantitative without reported measurement but only refer-
enced, and (iv) indicators considered but not measured
due to insufficient data. For example, “‘clinical sensitivity”’
is a quantitative indicator of clinical validity, expressed as
the proportion of positive tests in patients with the disease
or “‘potential stigmatization of carriers,” is a qualitative in-
dicator of legitimacy. Indicators were identified through
preliminary reading of recommendations to determine the
dimension assessed, followed by an extensive search of
the report to collect the indicators used to assess each
dimension. For each indicator, we extracted the name as re-
ported in the assessment, the type of indicator, calculation
methods, numerator, denominator, associated diseases,
and linked genetic test or variant.

2.5. Syntheses of results

The main characteristics of included documents were
tabulated, frequencies were calculated, and graphs were
created with R 4.2.2. We listed all identified indicators,
categorizing them based on assessment methodology and

dimension, as defined in the preliminary research. To
evaluate dimensions assessed by reports, we calculated
the proportion of assessments with at least one indicator
in each dimension, stratified by methodology. Addition-
ally, we calculated frequencies of assessments with at
least one indicator in each of the clinical efficacy subdi-
mensions and counted those relying on the following: (i)
direct quantitative evidence; (ii) indirect quantitative evi-
dence or modeling; (iii) quantitative evidence on clinical
decision-making impact; and (iv) no quantitative evi-
dence. Then, we compared reports containing a direct
quantitative indicator of clinical efficacy with those that
did not. Finally, to explore the types of indicators used
for assessing each dimension, we calculated the propor-
tion of indicators within each dimension, stratified by
type.

After analyzing extracted indicators, duplicates were
removed to generate a list of general indicators. An indica-
tor was considered a duplicate if it shared the same numer-
ator and denominator and the calculation method was either
identical or conceptually similar (eg, risk difference, hazard
ratio, risk ratio, odds ratio) to another indicator. The list of
general indicators was tabulated, detailing the dimension,
subdimension, name, calculation method, numerator, de-
nominator, and the assessment methodologies in which
each was used. We calculated the percentage of documents
using each general indicator, stratified by dimension and
assessment methodology.

" Identification of studies via other methods J

Records excluded
(=11217)

Reports excluded:
Document not in English (n=53)
Duplicate record (n=32)
The document is not a formal
Reports assessed for eligibility | |  assessment (n=548)
(n=783) The document does not assess a
genetic/omics test (n=75)
The test is not in use for
prevention (n=36)
The document does not report
indicators (n=22)

Reports retrieved for citation

| Used for backward citation (n=20)
Used for forward citation (n=25)

Reports assessed for eligibility

( Identification of studies via databases
c
K Fi | Records identified from:
c% Records |dent|fled from: Duplicate records removed Websites (n=12000)
3 Pubmed (n=2000) »| (n=4379)
£ Web of science (n=3090)
& Scopus (n=2343)
i
" i
Records screened »| Records excluded
(n=3054) (n=2942
o Reports excluded:
'E The document is not a formal
2 —_— = 1t (n=65) e
g Re_;ﬂ;s assessed for eligibility > The document does not assess screening:
] (=112) a genetic/omics test (n=5)
The test is not in use for
prevention (n=12)
The document does not report i
indicators (n=11)
(n=2643)
-
— y
Studies included in review:
° Database (n=19) <
3 Website (n=13)
% Citation screening (n=25) <
c
= Total (n=57)

Figure 1. Flowchart of the search and selection process.



6 A.M. Pezzullo et al. / Journal of Clinical Epidemiology 181 (2025) 111729

Table 2. Characteristics of the included assessments

Number of documents (%)

Characteristics (n = 57)
Geographical scope
Local 4 (7%)
National 35 (61%)
Regional 4 (7%)
Global 14 (25%)
Disease categories
Breast cancer 18 (32%)
Colorectal cancer 6 (11%)
Other cancers 7 (12%)
Hereditary conditions 7 (12%)
Cardiovascular diseases 10 (18%)

Other 9 (16%)
Test categories

Germline mutation 28 (49%)
Monogenic or multigenic 26 (46%)
somatic mutation

Polygenic risk score 2 (3%)

mRNA gene expression levels 1 (2%)
Assessment methodology

ACCE Model 12 (21%)

EGAPP 14 (25%)

GRADE EtD 4 (7%)

HTA 24 (42%)

Other 3 (5%)
Quality assessment

Yes 13 (23%)
Level of evidence

Yes 31 (54%)
Strength of recommendation

Yes 20 (35%)

EGAPP Initiative, Evaluation of Genomic Applications in Practice
and Prevention Initiative; EtD, Evidence to Decision; HTA, health
technology assessment of medical devices.

3. Results
3.1. Characteristics of the included assessments

Our search of assessment reports yielded a total of 2694
unique records retrieved from scientific databases, from
which we selected 19 documents. 13 additional documents
were retrieved through the gray literature, and 25 were
identified through the citation screening, resulting in a set
of 57 included reports (Fig 1). All documents were devel-
oped by entities located in high-income countries, with a
nearly equal distribution between North American and Eu-
ropean regions. Tests used in cancer prevention were most
prevalent (31, 54%), followed by cardiovascular health (10,
18%) and hereditary conditions (7, 12%). HTA was the
most common assessment method (24, 42%), followed by
EGAPP (14, 25%) and ACCE reports (12, 21%). Tests

targeting the identification of germline mutations were
the most prevalent (28, 49%), followed by test targeting
monogenic or multigenic disease-related somatic mutations
(26, 46%) (Table 2). Detailed characteristics of each assess-
ment are reported in Supplementary Table 8.

3.2. Clinical utility indicators

We identified a total of 951 indicators, with a median of
14 indicators per report (ranging from 4 to 56). Out of the 57
reports reviewed, 60% contained at least one indicator that
related to analytical validity, 79% to clinical validity, 79%
to clinical efficacy, 12% to acceptability, 58% to context,
14% to equity, 16% to feasibility, 12% to legitimacy, 14%
to personal utility, and 58% to economic impact. Figure 2 il-
lustrates the distribution of indicators across each dimension,
stratified by assessment methodology used. Figure 3 displays
how indicators found within each dimension distribute in
terms of different types of indicators (quantitative, qualita-
tive, reference, or no evidence reported).

Out of the 45 assessments that included clinical efficacy
indicators, 12 documents (27%) reported primary direct
quantitative evidence of clinical efficacy, 12 (27%) relied
on primary quantitative indirect evidence or modeling, 4
(9%) reported only primary quantitative evidence on the
impact on clinical decision-making, and 17 (38%) did not
report any primary quantitative evidence. Assessments with
the consideration of primary direct evidence of clinical ef-
ficacy were more recent, more often conducted at the na-
tional level, used HTA as a reference framework, and
focused on germline mutations (Supplementary Table 9).

From the 951 extracted indicators, we distilled 156 gen-
eral indicators. The absolute frequencies of the indicators
stratified by dimension and assessment methodology are pre-
sented in Table 3. A list of the indicators grouped by dimen-
sion and ranked by relative frequency is presented in Table 4
(first tertile for each dimension), Supplementary Table 10
(complete list) and 11 (stratified by assessment method).
For example, within the clinical validity dimension,
frequently reported indicators were clinical sensitivity and
specificity of the test (ie, the ability of the test to correctly
classify patients with and without the disease).

4. Discussion

In a scoping review of 57 reports, we observed context-
dependent variability in assessment approaches, reflecting
diverse methodologies tailored to specific circumstances.
HTA was the most frequently employed assessment type
and seems to be used increasingly. We identified 951 spe-
cific indicators and distilled a list of 156 general indicators
to aid future evaluations of similar technologies. Most as-
sessments focused on cancer tests and tertiary prevention,
highlighting a potential gap in evaluating genetic or
genomic tests for other diseases and for primary or
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clinical efficacy
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Figure 2. Proportions of the assessments that had at least one indicator in each of the dimensions by assessment methodology.

secondary prevention. Additionally, there was limited pri-
mary direct evidence of clinical efficacy, underscoring the
challenges of collecting robust data for these assessments.

Our findings indicate that many genetic and genomic
tests are evaluated for clinical use based on insufficient
evaluation of various dimensions, notably including clinical
efficacy. Most evidence of clinical efficacy relates to how
they influence decision-making or stems from indirect evi-
dence [12,18,19]. As seen in other areas of clinical medi-
cine, the anticipated benefits of new technologies may not
materialize as expected, and unintended consequences can
arise [20]. Reliance on surrogate outcomes, such as changes
in clinical decision-making rather than direct patient health
outcomes, may overestimate the true clinical utility of these
tests [21]. Moreover, assessments underrepresenting equity,
acceptability, legitimacy, and personal utility can lead to the
implementation of tests that are not aligned with patient
values or that exacerbate existing health disparities
[22—25] and hinder the equitable and effective integration
of genomic medicine into healthcare systems. Generating
evidence on clinical efficacy is particularly challenging

for genetic and genomic tests due to the low prevalence
of certain genetic conditions, rapid technological advance-
ments, extensive variety of gene panel/intervention combi-
nations, and issues related to data sharing [26—28]. In
primary and secondary prevention, this becomes even more
intricate and resource-intensive, given the long interval be-
tween interventions and expected outcomes. Innovative
trial designs like adaptive trials can expedite evidence gen-
eration but may not overcome the inherent time lag in pre-
ventive interventions. Real-world data and modeling can
supplement evidence but also have limitations, including
potential biases and assumptions affecting validity. An
ongoing debate persists regarding the level of evidence
required for the clinical implementation of personalized
preventive technologies [29—35], as it is not always
feasible to require direct empirical evidence of clinical out-
comes. In specific scenarios, a more refined approach may
be warranted, where reliance on surrogate outcomes or
proof-of-principle studies could be appropriate. Such situa-
tions call for careful, case-by-case judgment, as deter-
mining if these alternatives are sufficiently robust is
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personal value
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clinical validity
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clinical efficacy

feasibility
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75
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Figure 3. Distribution of indicator types within each dimension*. * The sum of the four proportions (no evidence reported, qualitative, quantitative,
and reference) for each dimension equals 100%. Reference: quantitative indicators lacking a reported measurement in the assessment but with a
bibliographic reference provided. No evidence reported: indicators that were reported by the authors but were not measured due to insufficient

evidence in the literature.

inherently complex. For this reason, it is crucial to maintain
rigorous and transparent evaluation processes, ensuring that
assumptions made in the absence of direct empirical evi-
dence are clearly articulated to provide accountable guid-
ance for technology adoption [36].

In the early 2000s, with the development of the ACCE
model, the evaluation of genetic tests used specific frame-
works tied to classic dimensions like analytic validity, clin-
ical validity, clinical utility, and ethical, legal, and social
implications (ELSI). However, from 2010 onward, the eval-
uation of genomic tests has become more standardized,
aligning with common assessment methodologies like
HTA, following the European Union’s efforts to establish
it as the primary methodology for assessing healthcare
technologies [37]. Our study highlights significant chal-
lenges in adapting HTA to comprehensively address the
complex dimensions of genetic and genomic test assess-
ments. While HTA assesses key ACCE dimensions, such

as clinical validity and utility, it tends to overlook analytic
validity, assuming that the technical characteristics of the
test are preassessed. Moreover, it prioritizes economic eval-
uations and modeling analyses, while essential aspects like
equity, acceptability, and personal value of information
often receive insufficient attention. This aligns with previ-
ous reviews emphasizing that, although HTA adoption has
led to a more thorough consideration of contextual factors
and economic implications, it tends to overlook vital issues
like privacy, informed consent, data sharing, equitable ac-
cess, and other aspects traditionally categorized under the
ELSI domain in ACCE and EGAPP methodologies
[11,14,38]. Our search also aimed to identify formal assess-
ments of policies and programs but found none, similar to
previous findings [39]. Formal prospective evaluations,
focusing on the impact of personalized prevention policies
or programs in specific geographical contexts rather than
solely on test efficacy, could provide decision-makers with
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Table 3. Number of indicators for each dimension in total from all assessments reviewed by the framework used

Reported indicators® (n = 951)

Dimension ACCE EGAPP GRADE EtD HTA Other Total
Acceptability 1 - 2 6 2 11
Analytical validity 51 47 8 37 - 143
Clinical validity 44 69 5 125 - 243
Context 17 30 6 54 8 115
Economic impac 18 12 5 112 11 158
Equity 8 - 2 2 1 13
Feasibility 7 - 5 11 7 30
Clinical efficacy 22 53 23 114 2 214
Legitimacy 6 - - 6 1 13
Personal value 2 2 2 4 1 11
Total 176 216 58 471 33 951
General indicators” (n = 156)
Dimension ACCE EGAPP GRADE EtD HTA Other Total®
Acceptability 1 - 1 2 2 3
Analytical validity 16 10 4 16 - 27
Clinical validity 11 17 2 13 - 21
Context 12 14 4 17 6 27
Economic impact 12 6 3 16 5 17
Equity 5 - 1 2 1 6
Feasibility 3 - 4 9 4 10
Clinical efficacy 13 14 9 27 2 34
Legitimacy 6 - - 5 1 7
Personal value 1 2 1 2 1 4
Total 80 63 29 109 22 156

EGAPP Initiative, Evaluation of Genomic Applications in Practice and Prevention Initiative; EtD, Evidence to Decision; HTA, health technology

assessment of medical devices.

@ Reported indicators refer to the specific indicators extracted from the assessments, including duplicates and context-specific variations.
b General indicators are unique indicators obtained after consolidating similar indicators and removing duplicates.
¢ Row totals do not sum up because general indicators can be categorized into multiple framework bins simultaneously.

crucial insights into various implementation aspects,
including  organizational, economic, and ethical
considerations.

Our database includes 951 disease- and test-specific in-
dicators and 156 general indicators derived from them,
which can guide future assessments. It contributes to the
existing literature, which focused more on general guidance
on questions to be answered and dimensions to be consid-
ered when evaluating genetic tests [9—11]. Comparable
work identified outcomes used to operationalize and mea-
sure the concept of clinical utility of genetic testing, but
its focus was on primary studies rather than assessment re-
ports [12]. The authors employed the Fryback and Thorn-
bury hierarchical model of efficacy (FT model) as a
conceptual framework to select articles and cluster indica-
tors. Indicators in the dimensions of context, acceptability,
legitimacy, equity, and personal value are less considered in

Walcott’s review compared to ours, probably due to the use
of the FT model and the scarcity of primary evidence for
these dimensions.

This review has limitations. We did not systematically
investigate whether certain dimensions were excluded from
assessments, because they were deemed irrelevant to the
specific comparison being made. For instance, if a report
compares two tests that produce similar organizational im-
pacts, feasibility might be considered noninfluential and
thus omitted. Likewise, if both tests involve the same germ-
line mutation but differ only in their somatic variants, their
ethical profiles may be effectively identical, making that
domain unnecessary for the decision. While we cannot
exclude that some assessments may have intentionally
omitted dimensions for these kinds of reasons, these in-
stances were not commonly reported in the documents we
analyzed. Our analysis did not investigate the reasons
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Table 4. General indicators by dimension (only the first tertile of the most used indicators for each dimension is displayed, for the complete list of
indicators see Supplementary Tables 10 and 11)

Dimension (number of documents that Name of the indicator (percentage of documents that used this indicator among all the documents that
assessed the dimension?) assessed the dimension”)
Acceptability (n = 8) Personal attitude toward genomic testing (38%); proportion of adequately informed patients who

refuse to undergo genetic testing (38%); patient satisfaction with the information provided by
the genetic test (38%).

Analytical validity (n = 34) Analytical sensitivity of the genetic test (59%); analytical specificity of the genetic test (59%);
reproducibility of test results (56%); robustness of test results (38%); failure rate of the test
(35%); overall accuracy of the test in detecting the variant (26%); range of specimens tested
(15%); overall error rate of the test (15%); limit of blank of the assay (9%).

Clinical validity (n = 46) Clinical sensitivity of the test (39%); clinical specificity of the test (39%); association between
genetic risk score and disease-specific health outcome (33%); negative predictive value of the
test (22%); positive predictive value of the test (22%): association between positive test results
and disease-specific health outcome (17%) association between genetic risk score and overall
mortality or survival rate (15%).

Context (n = 32) Disease: cumulative incidence of the disease (31%); prevalence of the disease (25%); mortality
rate of the disease (25%); risk of a disease in patients with a genetic disorder (13%);
prevalence of a mutation in population subgroups (13%).
Treatment: the existence of preventive treatment (25%); potentially avoidable adverse drug
reaction due to treatment (19%); the proportion of patients undergoing a treatment that could
be personalized through the use of a test (13%); the proportion of patients that may be a
candidate for a precision treatment (13%).

Economic impact (n = 33) Incremental cost-effectiveness ratio of the test compared with standard practice (568%); mean
incremental cost comparing personalized approach with standard practice (36%); estimate
quality of life difference of personalized approach compared with standard of care (30%); total
personalized prevention program costs for the healthcare system (27%); overall cost (direct and
indirect) related to a specific disease (21%): direct costs of providing the test or the screening
(15%); per-patient savings to hospital (15%).

Equity (n = 12) Difference in analytical performance of the test by race or ethnicity (33%); ability of a genetic test
in leading to a decrease in existing health disparities (33%).

Feasibility (n = 14) Requirements in terms of qualification and quality assurance processes needed for the use or
maintenance of the technology (50%); availability of tests in a national laboratory (29%);
number of laboratories needed to manage the screening volume (21%); resources required to
implement the test in clinical practice (21%).

Clinical efficacy (n = 45) Decision-making impact of the test on treatment recommendation (42%); the proportion of
patients following the treatment suggested by test results (16%); uptake rate of preventive
intervention in positive patients (13%).

Indirect effect difference in disease-specific health outcomes between patients whose treatment
has been modified based on the information provided by the test and patients treated as usual
(36%); comparison of risk of a specific health outcome in treated patients between genetic
score risk groups (20%); comparison of estimated mortality in patients tested and in patients
not tested (9%); difference in risk of specific health outcome between patients treated with a
therapy and patients not treated among patients positive to a test (9%).

Direct effect adverse events due to the personalized preventive approach (13%); the ability of a
test to reduce the rate of adverse events of treatment (13%); improvement in Quality Adjusted
Life Years due to the use of the test (9%); the psychological impact of receiving a diagnosis of a
newly described condition for which there is limited prognostic data (9%).

Legitimacy (n = 7) Presence and effectiveness of safeguards in place (43%); potential stigmatization of carrier
individuals and couples (29%); impact of the test on ethical implications (29%); laboratory
faced risks associated with the failure to perform screening tests according to current standards
and guidelines (29%); and quality of the informed consent decision (29%).

Personal value (n = 8) Likelihood that genomic data will be of relevance to family members (50%).

@ The number of documents refers to all assessments that included at least one indicator within the specified dimension.
® The percentages in parentheses represent the proportion of documents with the indicator out of the total number of documents that assessed
the dimension.

why certain assessments did not include some of the dimen- more in-depth analysis of each assessment’s methodology,
sions we identified. Understanding the rationale behind the which was beyond the scope of our study. There is potential
inclusion or exclusion of specific domains would require a for publication bias, given the reasonable assumption that a
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significant number of evaluations might not be publicly
available. Furthermore, our review included only evalua-
tions written in English, possibly overlooking national re-
ports published exclusively in their original language.
There was also a degree of subjectivity involved in both
the identification of indicators used for the assessment,
which was often not clearly defined in the documents and
in the merging of reported indicators into general ones.
To mitigate these limitations, we conducted a comprehen-
sive search that spanned three scientific databases, 20 insti-
tutional websites, and extensive searches on Google and
Google Scholar. Each stage of the review was conducted
by at least two researchers independently except for data
extraction, which underwent cross-checks by a second
author to enhance accuracy. We documented every stage
of our review process and made the research protocol, its
subsequent amendments, and the complete database pub-
licly available to ensure transparency and accessibility, in
compliance with open science practices. Lastly, our aim
was not to recommend the use of specific indicators among
the 156 distilled ones, as this should be better addressed in
the context of an expert panel review.

5. Conclusion

Our study has illustrated that, although dimensions, such
as equity, acceptability, and legitimacy, are significantly
emphasized in traditional evaluation frameworks, these
are often not considered in assessments. Additionally, our
study has underscored a significant dearth of reported pri-
mary evidence concerning various dimensions of clinical
utility of these tests, including clinical efficacy. Addressing
these gaps is essential to prevent potential harm, avoid un-
necessary healthcare costs, and ensure that the benefits of
genomic medicine are realized equitably across popula-
tions. The catalog of indicators presented in this study
stands as a valuable resource, poised to guide researchers,
technology developers, and decision-makers in steering
research efforts toward generating the necessary evidence
for the implementation of these tests with the potential to
enable a more coordinated and effective personalized
prevention.
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