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Abstract
Objective  To identify how value is defined in studies that focus on the value of molecular testing in cancer and the extent to 
which broadening the conceptualisation of value in healthcare has been applied in the molecular testing literature.
Methods  A scoping review was undertaken using Joanna Briggs Institute (JBI) guidance. Medline, Embase, EconLit and 
Cochrane Library were searched in August 2023. Articles were eligible if they reported costs relative to outcomes, novel 
costs, or novel outcomes of molecular testing in cancer. Results were synthesised and qualitative content analysis was per-
formed with deductive and inductive frameworks.
Results  Ninety-one articles were included in the review. The majority (75/91) were conventional economic analyses (com-
parative economic evaluations and budget impact assessments) and undertaken from a healthcare system perspective (38/91). 
Clinical outcomes dominate the assessment of value (61/91), with quality-adjusted life-years (QALYs) the most common 
outcome measure (45/91). Other definitions of value were diverse (e.g. psychological impact, access to trials), inconsistent, 
and largely not in keeping with evolving guidance.
Conclusions  Broader concepts of value were not commonly described in the molecular testing literature focusing on cancer. 
Conventional approaches to measuring the health costs and outcomes of molecular testing in cancer prevail with little focus 
on non-clinical elements of value. There are emerging reports of non-clinical outcomes of testing information, particularly 
psychological consequences. Intrinsic attributes of the testing process and preferences of those who receive testing informa-
tion may determine the realised societal value of molecular testing and highlight challenges to implementing such a value 
framework.

1  Introduction

Molecular testing has a growing role in modern cancer 
care for diagnosing cancer, predicting responses to genet-
ically targeted drugs, and estimating prognosis. With 
rapid advancement in the field of precision oncology, the 
presence of molecular testing in clinical guidelines and 
demand for molecular testing continues to rise [1, 2]. As is 
the case for all technological advances in health, it is vital 
to understand how, where, when and to whom molecular 
tests provide value for money (i.e., in the economic sense, 
the necessary evidence base for the quantification of the 
incremental costs relative to the incremental outcomes). 

Health technology assessment (HTA) across the technol-
ogy life cycle [3]—from molecular testing research and 
development, regulatory approval, pricing and reimburse-
ment, to optimal clinical implementation—requires robust, 
readily communicated evidence on value to ensure optimal 
and equitable patient care.

However, existing evidence available to decision-mak-
ers on the costs and outcomes of molecular testing in can-
cer is limited by methodological challenges, including the 
lack of an agreed definition for value [4] and inconsistent 
approaches to quantifying value [5–12]. Terkola's editorial 
[4] summarised the key challenge in economic evaluation 
in precision medicine: A lack of high-quality data on costs 
and health outcomes underscored by the lack of a consen-
sus definition of value.

Conventional approaches to measuring incremental 
costs and incremental benefits (e.g., the commonly used 
cost-utility analysis (CUA) with quality-adjusted life-year 
(QALY) [13, 14]) have been criticised as not fit for pur-
pose. This is especially the case in fields like precision 
oncology where diverse short- and long-term outcomes 

 *	 Alice Minhinnick 
	 alice.minhinnick@auckland.ac.nz

 *	 Paula Lorgelly 
	 Paula.Lorgelly@auckland.ac.nz

1	 University of Auckland, Auckland, New Zealand
2	 University of Melbourne, Melbourne, VIC, Australia

http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-024-00901-4&domain=pdf
http://orcid.org/0000-0002-6032-1469


410	 A. Minhinnick et al.

Key Points for Decision Makers 

Evidence on the value-for-money of molecular testing in 
cancer is limited. A clear definition of value in this set-
ting is lacking and necessary to inform decision-makers' 
choices.

Consideration of broader concepts of value (e.g., beyond 
health) rarely feature in studies focusing on the value of 
molecular testing in cancer.

Greater attention to the psychological consequences, the 
testing process as a whole, and preferences of those peo-
ple who receive testing information may influence the 
value society gets from these modern cancer diagnostic 
technologies.

from cancer genomics information can benefit diverse 
stakeholders and resource utilisation subsequent and con-
sequent to testing influence cost-effectiveness [10, 15].

Recognition of a healthcare intervention's non-health 
benefits (beyond what can be presented by a QALY) hall-
marks the contemporary broadening conceptualisation of 
value in healthcare [16] and the consequent attention to 
societal perspectives of value. For healthcare decision-
making to represent preferences of society, requisite evi-
dence generation must capture views on health and non-
health outcomes [17, 18] from a broad stakeholder group 
[16]. Actively involved in this discussion, the International 
Society for Pharmacoeconomics and Outcomes Research 
(ISPOR) published their 2018 “value flower” [17], which 
summarises ordinarily underappreciated elements of value. 
The same narrative has extended to precision medicine and 
diagnostics, where recent health economics literature has 
invited a shift towards a more comprehensive definition 
of value [7]. For example, the Office of Health Econom-
ics (OHE) White Paper 'Improving the HTA of Comple-
mentary Diagnostics' called for "a more comprehensive 
perspective to include the less tangible benefits [of com-
plementary diagnostics] [19]. Similarly, the Institute for 
Clinical and Economic Review’s (ICER) 2020–2023 Value 
Assessment Framework report suggested that "important 
modifications" to the evaluation of diagnostic tests are 
required to account for the distinct uses of diagnostic infor-
mation, including explicit consideration of "other benefits, 
disadvantages and contextual considerations” [20]. For 
molecular testing in cancer, where assessment has previ-
ously focused heavily on analytical validity, clinical valid-
ity and clinical utility [21], this means a shift towards the 

generation of evidence that includes non-health benefits 
such as personal utility [22, 23] and process outcomes 
[15]. These more ‘novel’ elements of value [17, 18] are 
not yet well integrated into healthcare decision-making 
(e.g., in Australia or the UK [24, 25]), likely biasing pre-
vious resource allocation decisions. Similarly, investment 
in innovation may not have been well aligned with future 
societal value for money [26]. A recent systematic review 
on the cost-effectiveness of companion diagnostics for 
targeted cancer therapies [27] concluded that studies fail 
to observe factors that influence value beyond costs and 
sensitivity/specificity.

To what extent studies that focus on costs and outcomes 
of molecular testing in cancer reflect this shift toward a 
broader conceptualisation of value and the representation 
of value from a range of perspectives is unclear. Issues 
relating to social and health equity are pertinent, especially 
in Aotearoa New Zealand where there are stark and unjust 
existing inequities in health outcomes for indigenous 
Māori and Pacific peoples (e.g., Māori are 20% more likely 
to develop cancer than non-Māori and twice as likely to 
die from cancer [28]), and germane to molecular testing 
in cancer where access is notoriously variable. As such, 
incorporation of equity or viewpoints of indigenous com-
munities in value definitions warrant attention.

This scoping review aims to identify how value is 
defined in studies that focus on the value of molecular 
testing in cancer with a key objective to map use of the 
more ‘novel’ elements of value.

The review sought to answer the following questions:

1.	 How is value defined in studies that focus on the value 
of molecular testing in cancer?

2.	 What elements (particularly novel elements) are consid-
ered?

3.	 What is the range of evidence that focuses on value (par-
ticularly novel elements) of molecular testing in cancer?

2 � Methods

2.1 � Choice of Review Methodology

Since the main purpose of the review was to identify and 
map definitions from within the available evidence, a scop-
ing review was selected as the most appropriate approach 
[29, 30]. The methods were informed by JBI guidance 
[30] and documented in an a priori protocol (review topic 
registered to the Open Science Framework;1 the protocol 

1  OSF Registries | Definitions and elements of value used in the 
assessments of value in molecular testing in cancer: A scoping 
review.
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is available through the corresponding author). Changes 
to the protocol, in line with the iterative nature of scoping 
reviews described in JBI’s population, concept and context 
framework guidelines [30], are described in Sects. 2.2.2, 
2.3 and 2.4. The review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) 
checklist [31].

2.2 � Scope and Eligibility Criteria

The Participant, Concept, Context approach for developing 
eligibility criteria was adopted.

2.2.1 � Participant

There were no eligibility criteria relating to participants.

2.2.2 � Concept

The concept being explored was the definitions of value 
used in studies focusing on the value of molecular test-
ing in cancer. Value is a ubiquitous but inconsistently 
used term across healthcare and takes different meanings 
within clinical and economic domains. Common to most 
definitions of value are a comparison of resources used 
(costs) relative to outcomes (consequences or benefits) 
with respect to perspective and decision-making context. 
As such, ‘focusing on value’ was defined as the attention 
given to estimating costs, outcomes, or contextual con-
siderations (referred to collectively as the determinants 
or elements of value). This was regardless of whether an 
explicit definition of value is given or implicitly inferred 
by reporting specific elements.

Consistent with reference to molecular testing across 
disciplines researching precision oncology (e.g., clinical, 
health economic, biosciences), the definition for molecu-
lar testing was kept broad to include its categorisation 
by clinical use (e.g., pharmacogenomics test, companion 
diagnostic), economic properties (e.g., complementary 
diagnostic), and technology type (e.g., immunohisto-
chemistry, DNA sequencing, whole genome sequencing 
(WGS)). It is considered a process (as opposed to an event 
discrete in time or place), so a range of diagnostic or 
care pathways (e.g., cancer screening, risk stratification, 
treatment selection), including a molecular testing com-
ponent, were considered relevant, provided there was suf-
ficient focus on reporting the value of molecular testing. 
‘Cancer’ was defined as solid organ or haematological 
malignancy in humans and not limited by tumour type, 
morphology or stage. Animal studies, in silico studies, 
and studies focused on pre-implantation diagnosis were 
excluded.

2.2.3 � Context

Articles from any country and research discipline were 
eligible.

2.3 � Sources of Evidence

The review sought to identify primary research studies, 
including experimental, observational and economic mod-
elling studies published in the past 5 years. This aligned 
with the publication of the ISPOR’s Special Task Force’s 
recommendations on value frameworks [16].

Economic evaluation studies (comparative economic 
evaluations and budget impact assessments) were included, 
as well as qualitative, quantitative or mixed methods pref-
erence research, which a preliminary review [see Online 
Supplementary Materials (OSM)] had signposted as key 
evidence reporting information on personal utility.

Given the interest in identifying novel elements, the 
review sought to include studies estimating costs relative to 
outcomes, or costs or outcomes provided that at least one of 
these was non-clinical. Exclusion criteria were developed 
to avoid the large body of established literature reporting on 
molecular testing diagnostic accuracy, predictive or prog-
nostic value, usually without comparison to costs. Although 
within scope, these types of studies were not included 
because the preliminary review demonstrated that diagnos-
tic accuracy is an already well-recognised determinant of 
value for molecular testing in cancer, and inclusion would 
detract from mapping broader references to value. Similarly, 
we excluded the literature on microcosting of molecular test-
ing in cancer covered in a recent systematic review [32].

Reports from health technology organisations in grey lit-
erature were considered for inclusion. Editorials, perspec-
tive pieces, reviews, abstracts, conference proceedings and 
protocols were excluded. The review was limited to full text 
articles published in English.

2.4 � Search Strategy

The search strategy followed JBI’s three-step approach [33], 
starting with a limited search (Appendix I) in Embase. The 
preliminary review identified search terms to support the 
exclusion of diagnostic accuracy studies (e.g., ‘analytical 
utility’ and ‘positive predictive value’) and to increase the 
chance of including studies with a focus on non-clinical ele-
ments. Informed by analysis of relevant index terms and 
descriptors in the titles and abstracts of studies identified 
through the initial search (OSM), a detailed search strat-
egy was developed with the assistance of a University of 
Auckland research librarian (Appendix II). One reviewer 
(AM) translated the search strategy of keywords, MeSH 
and Embase subject headings to undertake searches across 
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Medline, Embase, EconLit and Cochrane Library on 15 
August 2023. Grey literature was searched on websites from 
organisations listed by the International Network of Agen-
cies for HTA. The reference lists of the most relevant articles 
were manually searched for additional potentially eligible 
studies [34].

2.5 � Study Selection

Articles were imported into Covidence (Veritas Health 
Innovation, Melbourne, VIC, Australia) via EndNote X9.3.3 
(Clarivate Analytics, PA, USA). Duplicates were removed 
before entering two-phased screening. Two reviewers (AM 
and FSG) independently screened titles and abstracts of 
articles identified through database searching for relevance 
to the inclusion criteria, and then the full-texts of articles 
deemed relevant were retrieved and examined for evidence 
pertaining to the review questions and outcomes of interest. 
During the two-phased screening, iterative eligibility criteria 
refinement was made through reviewers' discussions. These 
iterations aimed to increase the identification of novel value 
elements and respond to the ambiguity in determining the 
degree of focus on value of molecular testing (as opposed to 
the value of a molecularly informed intervention), i.e., the 
initial definition of ‘focus on value’ proved insufficiently 
detailed for the attention of this review to identify more 
novel value elements. Key eligibility criteria refinements 
were:

–	 Include studies with focus on how testing procedures are 
implemented, acknowledging that these represent value 
elements influencing the realised value of molecular test-
ing in cancer.

–	 Include studies even if unclear whether the molecular 
testing or the molecularly informed intervention has the 
greater focus, provided there is a clear description of a 
molecular testing component within a studied interven-
tion.

–	 Exclude studies that primarily aim to estimate the impact 
of changing a testing eligibility criterion (e.g., expanding 
the eligible population for population screening where 
the screening intervention includes molecular testing).

Conflicts arose in the title and abstract and full-text 
screening processes, as the central concept of focus on value 
of molecular testing in cancer is not well defined or articu-
lated in the literature. Reasons for excluding full-texts were 
documented and discrepancies resolved through discussion 
with two other authors (PL and MW) if necessary, with a 
return to the definition of value outlined in this article’s 
introduction.

2.6 � Data Extraction

One reviewer (AM) extracted study characteristics and 
information relating to review questions from the included 
articles using a pre-defined standard data extraction table 
developed in Microsoft Word (Appendix III) and translated 
into Covidence. The extracted information included data 
pertaining to bibliographic data, information relating to the 
molecular test, analysis methodology, and value definitions. 
For value definitions, explicit or implicit definitions were 
extracted in textual form, with implicit definitions consid-
ered the mention of a cost, outcome or contextual considera-
tion from outside article discussions. Value outcome meas-
ures (e.g., QALYs) were extracted.

Value elements were first mapped to a binary yes/no for 
the inclusion of non-clinical outcomes. Non-clinical out-
comes were mapped against the ‘non-core’ elements of 
value of health technologies as depicted in ISPOR Special 
Task Force’s Elements of Value [17] (the earliest and most 
well-known value framework), and the Office of Health 
Economics (OHE) ‘non-traditional’ elements of value for 
complementary diagnostics [19] (Fig. 1). ISPOR’s Elements 
of Value is the earliest and most well-known of the value 
frameworks. The OHE framework was selected because it 
was developed in a different country (UK) and specifically 
for diagnostics. Textual information of novel costs, benefits 
or contextual considerations was also recorded. Two review-
ers (AM and FSG) piloted the extraction form and modified 
iteratively to ensure consistency and accuracy. Alterations 
included clarifying extracted date as the earliest date of pub-
lication and country of publication as country of ‘focus’. 
Some extraction fields proved too subjective (e.g., decision-
making context and clinical application) and not suitable 
for descriptive frequency counts. Similarly, molecular test 
technology was not clearly defined within studies and so 
could not be sub-categorised for analysis. Ambiguity of 
interpretation of study reference to ISPOR or OHE value 
elements was resolved through discussion and returning to 
the Special Task Force paper and related references [16, 35, 
36]. For example, in the context of cascade screening of 
relatives it was agreed that outcomes for modelled relatives 
did not fulfil the definition of family spillover, which relates 
to the impact that illness can have on informal/unpaid car-
egivers/family members [35]. Value of knowing and value 
of reduction in uncertainty were considered mutually inclu-
sive [19, 37, 38]. The second reviewer (FSG) cross-checked 
completeness and accuracy of the extracted data of 10% of 
the articles where clinical outcomes only were identified and 
10% of the articles where novel elements were identified (to 
weight the cross-checking onto articles of greater focus for 
analysis).
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2.7 � Data Synthesis

Descriptive statistics using frequency counts were conducted 
for study characteristics information to address the mapping 
of available evidence that focuses on value of molecular test-
ing in cancer objective. Value outcome measures were catego-
rised as ‘conventional economic’ (QALYs, life-years (LYs), 
disability-adjusted life-years (DALYs), other natural units or a 
monetary measure (e.g., $)), or ‘non-economic’ and presented 
with descriptive statistics. A descriptive qualitative context 
analysis approach was used to collate the extracted value defi-
nitions textual data [33]. The degree to which the available 
literature has addressed previously proposed novel value ele-
ments was made deductively using frequency counts of refer-
ences (excluding cites in the Discussion section) to value ele-
ments from the selected OHE and ISPOR model frameworks. 
Collaborative and iterative development of an inductive frame-
work to further synthesise the evidence pertaining to novel 
value definitions was required for those outcomes not readily 
mapped to the OHE and ISPOR frameworks. The reviewer 
who had performed the main extraction (AM) undertook 
open-coding using NVivo (v 14.23.2, QSR International). AM 
shared these thoughts with the other authors and incorporated 

their reflections into developing initial categories to describe 
the extracted data [33]. After re-presentation of these catego-
ries and further iterative modification, a coding framework for 
organising the data was agreed.

Data are summarised according to review questions using 
tables, figures and narrative synthesis.

3 � Results

3.1 � Search Results

The four database searches returned a total of 1629 results 
and five articles were identified through grey literature. After 
removing 556 duplicates, titles and abstracts of the remain-
ing 1086 articles were screened for relevance to the inclusion 
criteria. Screening resulted in the exclusion of 923 irrel-
evant articles, and the remaining 163 progressed to full-text 
review. Of these, 72 were excluded for reasons documented 
in the PRISMA diagram (Fig. 2). Eight relevant articles were 
identified through hand-searching. In total 91 articles met 
eligibility criteria for this review.

Fig. 1   Selected frameworks for mapping of non-clinical outcomes. 
Left: ‘Non-core’ elements of value of health technologies as depicted 
in International Society for Pharmacoeconomics and Outcomes 
Research (ISPOR) Special Task Force’s Elements of Value [17]. 
Note: Green circles: core elements of value; light blue circles: com-
mon but inconsistently used elements of value; dark blue circles: 
potential novel elements of value; blue line: value element included 
in traditional payer or health plan perspective; red line: value element 

also included in societal perspective. Right: Office of Health Eco-
nomics ‘non-traditional’ elements of value for complementary diag-
nostics [19]. Note: Light grey circle: traditional elements of value as 
considered by health technology assessment (HTA); dark grey circle: 
expanded value framework (elements not traditionally considered/
measured); green line: value from health system perspective; red line: 
value also included in societal perspective
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3.2 � Characteristics of Included Articles

The main article characteristics are depicted in Table 1. 
These comprised 75/91 (82.42%) conventional economic 
analyses (with the majority cost-effectiveness (CEA) or 
CUA) and 16/91 (17.58%) other study types (e.g., mixed 
methods or qualitative studies).

Most molecular testing scenarios considered within arti-
cles were based in the USA, followed by Australia, Canada, 
the UK, Spain, then China (Fig. 3). The most examined 
perspective was the healthcare system, followed by third-
party payer. When accounting for studies that considered 
multiple perspectives, the 91 articles included 102 perspec-
tives, including 12 patient, nine societal, and five public 
perspectives.

There were no observed changes over time in study char-
acteristics (not presented).

3.3 � How is Value Defined?

3.3.1 � Inclusion of Non‑clinical Outcomes

A minority (30/91, 33.0%) of articles considered non-clini-
cal outcomes. Two-thirds of articles mentioned clinical out-
comes alone. Of the conventional economic analyses, the 
proportion of studies considering non-clinical outcomes was 
even less (61/75, 81.3% vs. 14/75, 18.7%). There has been 
a recent observed increase in the inclusion of non-clinical 
outcomes within conventional economic analyses (Fig. 4).

3.3.2 � Outcome Measures

Most studies used conventional economic outcome meas-
ures to define value; in these economic evaluations cost per 
QALY was the sole outcome measure in half (45/91) of 

Fig. 2   Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
flowchart of included studies
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included articles. Several studies (17/91) used combinations 
of conventional economic outcome measures to report value, 
predominantly QALYs or LYs with a natural unit. Five arti-
cles presented LYs, and one study presented DALYs alone.

In the 16 articles that were not conventional economic 
analyses (e.g., qualitative studies, discrete choice experi-
ments (DCEs)), the most common sole outcome was willing-
ness to pay (WTP) (5/16, 31.3%). Other outcomes included 
attitudes towards, experiences of, interest in, knowledge and 
understanding of, and preferences for implementation strate-
gies of molecular testing in cancer.

3.3.3 � Mapping of Value Outcomes to ISPOR Non‑core 
Value Elements and Office of Health Economics (OHE) 
Non‑traditional Value Elements

Value of knowing (ISPOR) and reduction in uncertainty 
(OHE) were commonly identified novel elements, identified 
22 times within included articles. Other ISPOR non-core 
value elements were also identified: equity (n = 10 articles), 
productivity (n = 9), value of hope (n = 6), family spillover 
(n = 6), severity of illness (n = 5), scientific spillover (n = 
3), insurance value (n = 2) and real option value (n = 2). 
The OHE non-traditional value elements were identified less 
often: value of hope (n = 6 articles), cost-savings outside 
of the health system (n = 3), scientific spillover (n = 3), 
insurance value (n = 2) and real option value (n = 2). This 
mapping of value outcomes is shown in Fig. 5.

3.3.4 � Non‑clinical Elements of Value

Numerous novel (not conventionally reported clinically 
related) elements were identified through this review (a 
proportion of which could be mapped to OHE and ISPOR 
frameworks). It became evident, through the inductive 
approach, that these could be grouped into: (1) attributes 
of tests highly relevant to molecular testing in cancer and 
not ordinarily considered in conventional economic analyses 
(herein referred to as ‘novel test attributes’); (2) attributes 
of the clinical testing indication; (3) intrinsic attributes of 
people involved with testing (stakeholders) (herein referred 
to as ‘people attributes’); (4) non-clinical outcomes of test-
ing; and (5) clinical outcomes of testing highly relevant to 
molecular testing and not ordinarily considered in conven-
tional economic analyses (herein referred to as ‘novel clini-
cal outcomes’). These five categories are presented within 
an overall framework (Fig. 6). While some elements may fit 
more than one category, each element was placed into one 
category determined to be the ‘best-fit’ for the purposes of 
presenting these data.

3.3.4.1  Novel Test Attributes  Many articles sought to exam-
ine attributes intrinsic to properties of the molecular testing. 
These included reference to the clinical purpose for the test 
(e.g., screening, companion diagnostic) [39] with sugges-
tion—especially from the patient perspective—that tests 
informing of treatment choice are of greater importance than 
others. For example, in one article “Finding a new treatment 
was the overriding motivation…[authors comment that]…
identification of a germline variant were generally seen as 
ancillary” [39]. While breadth of test result information was 
considered in another study that examined patient and cli-
nician preference for receiving test results with or without 
germline information [40].

Table 1   Characteristics of included studies

a Cost-utility analysis (CUA) (45), cost-effectiveness (CEA) (14), 
multiple (12), budget impact analysis (2), cost-benefit analysis (CBA) 
(1), other (1)
b Norway (2), Germany (2), Switzerland(2), Netherlands (2), Japan 
(2), France (1), multiple (2), Greece (1), Turkey (1), Iran (1), Portugal 
(1), Malaysia (1), Israel (1), Italy (1)
c Comprising healthcare system (7), third-party payer (4), patient (5), 
societal (6), general public (2), healthcare professional (2)

Study characteristic No. of studies %

Year of publication
2017 18 19.78%
2018 16 17.58%
2019 18 19.78%
2020 14 15.38%
2021 10 10.99%
2022 15 16.48%
Study type
Conventional economic analysesa 75 82.42%
Other 16 17.58%
Country
USA 29 31.87%
Australia 11 12.09%
Canada 10 10.99%
Spain 5 5.49%
UK 5 5.49%
China 5 5.49%
Otherb 26 28.57%
Perspective
Healthcare system 38 41.76%
Third-party payer perspective 23 25.27%
Multiple perspectivesc 15 16.48%
Patient 7 7.69%
General public 3 3.30%
Societal 3 3.30%
Healthcare professional 1 1.10%
Not given 1 1.10%
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Others examined more operational attributes relating to 
the test process, such as biopsy requirements (e.g., number 
[41], ability to use historical tissue [42] or nature/invasive-
ness [40] and the related issue of tissue preservation [40]), 
role/extent of healthcare professional (HCP) involvement 
for pre-test counselling or return of results [43], format for 
return of results (e.g., patient-mediated vs. provider-medi-
ated [43]), and geographic location of tissue acquisition or 
tissue processing, data interpretation, storage or return of 
results [40, 42]. A frequently recognised element was the 
turn-around time (linked to the patient-centred wait-time for 
results) [40, 41, 44–46]. Related to this, one article men-
tioned that batching tests for processing can directly, but 
not necessarily predictably, influence turn-around and wait-
times [45].

3.3.4.2  Indication Attributes  Another category evident 
from the included articles related to attributes of the clinical 
indication for testing. These included clinical seriousness 
or urgency for decision-making. For example, [study par-
ticipant comments] “Why did I have to wait until treatment 
options were exhausted before being eligible?” and [authors 
comment that] “A subgroup of participants reported…they 
were running out of…options…a ‘ticking time-bomb’ with 
death increasingly close” [39]. One paper considered the 
rarity of a clinical condition [47].2

Fig. 3   Map showing geographi-
cal distribution of article count 
by country of focus

Fig. 4   Inclusion of non-clinical 
outcomes within conventional 
economic analyses over time. 
Note: Conventional economic 
analyses included compara-
tive economic evaluations and 
budget impact assessments

2  (Perceived) severity of condition has been allocated to people 
attributes because it was largely documented as a perception rather 
than an objective clinical descriptor.
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3.3.4.3  People Attributes  Many articles brought atten-
tion to attributes that are intrinsic to persons, often pre-
sented as heterogeneity of preferences for molecular test-
ing. These most related to the person(s) undergoing testing 
and included socioeconomic (e.g., ethnicity, rurality, social 
isolation, income) and clinical (e.g., current health status, 
reproductive characteristics, competing health priorities, 
family history [48]) factors. For example, one study reported 
a participant’s perception of gene testing as “unnecessary 
because of current healthiness” [42].

Numerous intrinsic factors can be grouped as psycho-
logical preferences, perceptions, and behavioural traits. 
This included sense of desperation [39], optimism [48], 
hopefulness [44, 47], degree of trust in oncologists or sci-
ence[39], and aversion or tolerance to uncertainty [44, 
47, 49]. Regier et al.’s DCE estimated public preferences 
and demand for molecular testing that informs treatment 
choice by outcomes in context of uncertainty and found 

that “respondents identified uncertainty as among the most 
important considerations when providing precision medi-
cine that is valued by patients” [49]. Five studies looked 
at individual’s perceived risk for, or severity of, the cancer 
type of interest [39, 43, 47, 50, 51]. High health monitor-
ing behaviour was identified in one study as a determi-
nant of WTP for breast cancer susceptibility testing [48]. 
‘Self-efficacy’, defined as confidence in one's ability to 
cope (e.g., with risk prevention strategies) with action-
able or non-actionable results was examined in a study 
investigating preferences and WTP for WGS amongst 
cancer patients and their families [47]. Another article 
mentioned the perceived caution or enthusiasm of HCPs 
towards experimental treatments as an element influencing 
their experience of genomic and personalised paediatric 
oncology [52].

Relational elements were considered in some studies. 
These included individual’s sense of responsibility to their 

Fig. 5   Mapping of value out-
comes to International Society 
for Pharmacoeconomics and 
Outcomes Research (ISPOR) 
non-core value elements and 
Office of Health Economics 
(OHE) non-traditional value 
elements
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family to obtain information that could influence their health 
[47], likelihood to recommend testing to others [50], having 
a locus of control highly attributed to powerful others [48], 
nature of relationship with HCPs [52], and connectedness 
with the healthcare system [43].

Specific skills and knowledge were examined, including 
at individual and system levels. The most identified skillset 
for individuals undergoing testing was health (or more spe-
cifically genomic) literacy, which was considered in seven 
articles [39, 42–44, 53–55]. Relatedly, two studies examined 
heterogeneity of WTP for molecular testing by education 
level [47, 48]. Other specific skills examined included qual-
ity of an individual’s communication skills to enable them 
to share results, as well as their ability to process complex 
information or manage negative emotions [43].

Some studies gave attention to the skills and knowledge 
of test providers. These identified genomic literacy [53], 
handling of uncertainty [49], and managing patient expecta-
tions [52] as key skills necessary for clinical implementation 
of molecular testing.

Healthcare system-level attributes were also identified. 
Examples relating to system strategy included the degree of 
future focus, acceptance of uncertainty, or ability of a health 
system to adapt to evolving evidence [49, 56].

3.3.4.4  Non‑clinical Outcomes  The majority of novel con-
sequences of testing identified from the included articles 
are categorised here as non-clinical outcomes of molecular 
testing and subcategorised into psychological impacts for 

those undergoing testing and non-clinical common good 
outcomes.

Psychological impacts for those undergoing testing The 
identified psychological outcomes of the person(s) under-
going testing relate to the value of knowing. For example, 
decreased worry/anxiety [54, 57], reduced uncertainty [48], 
greater ability to plan (e.g., family planning [48]), or the 
value in hope of what the results may lead to [39, 44, 52]. 
One study identified outcomes from knowing as “empow-
ering” [authors comment], providing individuals with an 
explanation for their diagnosis, absolving the responsibil-
ity for causing their own illness, or validation for previous 
medical decisions [57]. “I [study participant comments] 
just feel like a weight’s been lifted off my shoulders …I was 
worried about ovarian cancer but I’m not now. I feel really 
happy about that” [57].

In CEAs/CUAs, attempts to quantify the utility of the 
value of knowing were seen. One study assumed that after 
receiving a negative test result a woman’s utility increases 
to that of healthy women [58]. Another approach was con-
sidered within scenario analyses [59, 60]. For example, 
Chandler et al. used utility weighting to assess the possible 
reassurance or worry about cancer recurrence [59].

Illustrating the potential disutility of knowing, included 
studies considered increased worry and anxiety [54], feel-
ing negative about lack of actionable findings or disutility 
from receiving an uncertain result [61], and fear of stigma-
tisation and guilt [62]. An identified specific concern was 
privacy related to who has access to testing results [39] 

Fig. 6   Overall framework demonstrating grouping of novel value ele-
ments identified from included articles developed through inductive 
analysis. Note: Equity was implicitly considered across other groups, 
with the majority of examples relating to people attributes (examina-
tion of the heterogeneity of preferences for, experiences of, or will-

ingness to pay for molecular testing), novel test attributes, and indi-
cation attributes. Elements of value within these five groups were 
considered at different levels: individual, family, community, health 
system and society
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and implications for insurance [51, 54]. “[If] the final con-
clusive tests are negative and everything’s fine and then 
you put your people through two weeks of total terror for 
not a whole lot of benefits” [study participant comments] 
[51] “As long as we have a ‘healthy’ political system, this 
information will probably be used for good. Unfortunately, 
history shows that humans are able to use such informa-
tion to harm others” [study participant comments][54].

One article highlighted the heterogeneity of value of 
knowing, with opposition to obtaining molecular testing 
information on risk “Leave it in God’s hands and if I get 
cancer, that’s the card I was dealt” [study participant com-
ments] [51]. In contrast, another article included the disu-
tility of not knowing after declining a test [63]. Another 
described risk of false reassurance [64].

Non-clinical common good outcomes An extension of 
the value of knowing beyond the person(s) undergoing 
testing was identified in some articles. McMullen et al. 
gave mention to value of knowing to a whole community 
and future generations [51]. Relatedly, two articles exam-
ined scientific spillover [39, 44].

Implications of time spent undergoing testing, molecu-
larly informed interventions, or with illness were fre-
quently described as productivity gain or loss. These 
were identified in nine studies [56, 59, 62, 64–68]. An 
additional two studies linked this to time costs to family 
[62, 69].

Another wider outcome was non-clinical costs-savings 
such as consideration of informal care costs [62].

3.3.4.5  Novel Clinical Outcomes  While identifying clinical 
outcomes was not the objective of this scoping review, some 
elements were identified as particularly relevant to molecu-
lar testing in cancer. They are listed here for their potential 
novelty because they are not conventionally considered in 
value assessments.

–	 Magnitude and nature of impact of molecularly informed 
management on quality of life or life expectancy.

–	 Availability, accessibility, and cost of molecularly 
informed management.

–	 Access to clinical trials.
–	 Strength of evidence in the face of evolving evidence 

base.

One article examined preferences for testing dependent 
on the chance of an actionable outcome [40].

The concept that molecular testing in cancer’s value is 
directly connected to access to molecularly informed man-
agement was evident in several articles. These considera-
tions spanned cost [52], public/‘reimbursed setting’ avail-
ability [40], systemic racism [51], and access to clinical 
trials [45]. The strength of evidence for intervention for 

molecularly informed intervention was represented by fac-
tors influencing clinician’s decision-making on the basis of 
scientific evidence [52] and extent of medical agreement on 
changing care [49].

4 � Discussion

4.1 � Summary of Findings and Attention 
to Broadening Conceptualisation of Value

This scoping review sought to identify how value is defined 
in studies that focus on the value of molecular testing in can-
cer and to map the literature addressing this topic. Because 
of the diversity in molecular testing technologies and appli-
cations, this review was not limited to any molecular test-
ing type or clinical setting, instead taking a broad definition 
to molecular testing in cancer. This review pragmatically 
defined ‘focus on value [of molecular testing in cancer]’ 
to answer the review questions. The scoping review was 
designed to strike a balance between identifying the most 
common approaches to measuring value for money and iden-
tifying novel costs or novel benefits at the same time. As 
such, the review included studies focusing on costs relative 
to outcomes (to map trends of this core body of research) 
and studies that focused on describing at least one novel cost 
or outcome. Molecular testing in cancer diagnostic accuracy 
was not the focus of this review, given an extensive estab-
lished body of literature and general acceptance that this 
is part of value assessment of molecular testing in cancer 
[70]. A wide range of value definitions was identified, but 
the overriding focus was on molecular testing's clinical out-
comes, with 30/91 (33.0%) studies considering non-clinical 
outcomes. Attention to non-clinical outcomes was primarily 
seen within qualitative research, for example, in preference 
studies, but a minority of conventional economic evalua-
tions also included non-clinical outcomes. The data from 
2022 suggest that non-clinical outcomes may be increasingly 
reported within conventional economic evaluations.

This review used two published value frameworks, 
namely ISPOR Special Task Force’s Elements of Value 
[17] and the OHE’s ‘non-traditional’ elements of value for 
complementary diagnostics [19], to examine the degree to 
which existing literature has included contemporarily rec-
ognised novel value elements. These frameworks have been 
designed for general pharmaceuticals (ISPOR) and (non-
cancer specific) companion diagnostics (OHE), and so were 
not designed to accommodate the uniqueness of molecu-
lar testing in cancer. For the included molecular testing in 
cancer studies, the value of knowing and the comparable 
value of reduction in uncertainty were the most featured, fol-
lowed by equity and productivity. There was little reference 
to the remaining six ISPOR and four OHE novel elements, 
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suggesting that some of these previously described value 
elements may not be relevant to molecular testing in cancer, 
or alternatively, there remain hurdles to operationalising the 
assessment and measurement of these novel elements [35].

The review identified other non-clinical outcomes and 
contextual considerations suggesting that molecular testing 
in cancer likely requires a bespoke approach. For these value 
elements not ordinarily considered in conventional eco-
nomic analyses, and therefore considered novel, an inductive 
approach to analysis resulted in grouping of the elements 
into five categories representing intrinsic and extrinsic fac-
tors: (1) novel test attributes; (2) indication attributes; (3) 
people attributes; (4) non-clinical outcomes of testing; and 
(5) novel clinical outcomes. The final category was included 
as despite pertaining to clinical outcomes, these were con-
sidered highly specific to molecular testing in cancer, or 
previously underappreciated. This inductive framework 
identified a triad of intrinsic test properties, intrinsic clinical 
indication properties, and attributes of people (stakeholders) 
involved with testing as contextual considerations likely to 
influence the realised value of molecular testing in cancer. 
The two remaining categories relate to consequences of test-
ing information with particular emphasis on psychological 
utility or disutility of knowing and spillover effects beyond 
the individual undergoing testing.

4.2 � How did Equity Feature? and Other Gaps

There were notable gaps identified from the examined lit-
erature. Given the important focus on addressing inequities 
in cancer outcomes, especially for indigenous populations, 
this review aimed to identify elements relating to equity or 
viewpoints of indigenous communities within value defi-
nitions. Equity was not explicitly described within value 
definitions of included articles. Even when equity was con-
sidered broadly (recognizing that different people with dif-
ferent levels of advantage require different approaches and 
resources to get equitable health outcomes [71]), it rarely 
featured. Where it did feature, equity was implicitly consid-
ered, with the majority of examples relating to examination 
of the heterogeneity of preferences for, experiences of, or 
WTP for, molecular testing, which in the inductive frame-
work is mostly embedded within the intrinsic attributes of 
people category.

Another category where equity was implicitly considered 
was within test attributes with regards to test process. Spe-
cifically, articles identified the barriers to testing (e.g., finan-
cial, complexity of navigating health system in context of 
health literacy or racism) as well as the inequitable distribu-
tion of these barriers. Finally, equity is implicitly mentioned 
in the clinical indication for testing category where attention 
to rarity was mentioned. This interpretation of equity has 
been previously used in the context of value assessment with 

the connection between rarity and unmet need aligning with 
DrugAbacus’ definitions [72]. There is debate on whether 
rarity of disease warrants consideration as an independent 
determinant of value. The National Institute for Health and 
Care Excellence (NICE) has not yet included rarity of dis-
ease as a modifier, commenting on the “complex interactions 
between the severity of the diseases, current diagnostic and 
treatment options, clinical knowledge, research and devel-
opment, and health service design and delivery” [73]. The 
related issue of rarity of molecular testing results is so far 
unexplored.

4.3 � What do the Observed Trends Suggest 
is the Future Direction of Value Assessment 
of Molecular Testing in Cancer?

Value assessment frameworks for health technologies have 
received heightened attention in the past decade [16, 74]. 
Aside from a few exceptions designed for diagnostics (e.g. 
[19, 75]), these have mostly been for pharmaceuticals. 
ISPOR’s value flower was developed for drugs. Unsurpris-
ingly, it was the flower’s value of information petal that fea-
tured most prominently in this review. The earliest descrip-
tions of this value element, now more than 30 years ago, 
related to diagnostics where a test is valued for the prognos-
tic information it provides apart from its effect on patient 
management [38]. The attention to this element suggests 
that further developments toward more holistic molecular 
testing in cancer value assessments could take direction from 
the emerging approaches to broaden the value assessment 
for diagnostics, especially consideration of the value gained 
from reduction in uncertainty. On the other hand, identi-
fied novel elements emerging from this review (considera-
tion of rarity, observed heterogeneity of preferences based 
on genomic literary, issues relating to variants of uncertain 
significance, and likelihood of individuals to share infor-
mation on germline findings with family) are less specific 
to diagnostics and more linked to precision medicine. As 
such, value assessment frameworks developed for precision 
medicines (e.g., value assessment of orphan drugs for rare 
diseases [76]) may provide more helpful guidance. Another 
alternative is that development of value assessment tools 
for molecular testing in cancer forges its own path, although 
arguably this is not the most practical or efficient approach 
for health technology assessors [35].

4.4 � Implications for Implementation Strategies—
Observed Novel Elements Signpost Where 
Realised Value Could be Optimised

The attention to attributes of the entire testing process and 
preferences for these attributes suggests that how molecular 
testing in cancer is implemented likely influences its realised 



421How is Value Defined in Molecular Testing in Cancer?

value. Importantly, this signals the need for greater attention 
to where cost-effectiveness of molecular testing in cancer 
can be improved with changes in access to genetic counsel-
ling, genomics education, etc. One of the included articles 
emphasised this, highlighting the importance of culturally 
and linguistically appropriate testing services [42].

4.5 � Limitations of the Scoping Review

First, this review may have missed non-English studies that 
have focused on value of molecular testing in cancer, par-
ticularly grey literature, and studies without full text on the 
net (i.e., FUTON bias [77]). Second, search strategy could 
not incorporate all studies exploring potentially relevant 
determinants of value, especially the heterogenous body of 
implementation and preferences literature for which key-
words are not consistent. This would include a large body 
of qualitative literature on genomic testing in cancer (e.g., 
information preferences [78–80]), which was not identified 
in this review because the search strategy required the term 
‘value’ (or a related word) in an article’s title. Findings from 
this review should be considered alongside other molecular 
testing literature including that focusing on analytical valid-
ity, clinical validity and clinical utility. Third, the eligibility 
criteria adopted could not overcome the inherent ambiguity 
of the ‘focus on value of molecular testing in cancer’ cri-
terion. The extent to which molecular testing comprises a 
healthcare intervention is not always clear, and the degree 
to which a study was focused on value proved very subjec-
tive. Fourth, the mapping to emerging guidance was limited 
to ISPOR and OHE, with potential that review conclusions 
would have differed had alternative deductive frameworks, 
for example, Augustovski et al.’s Value framework for the 
Assessment of Diagnostic Technologies [81], been selected, 
especially since ISPOR is not designed for diagnostics.

4.6 � Next Steps in Understanding Value of Molecular 
Testing in Cancer—Exploring Elements of Value 
and Approaches to Their Measurement

The dominance of clinical value elements and prevalence of 
use of the QALY concluded from this review demonstrates 
the tendency for studies estimating molecular testing in 
cancer 's value to focus on quantifiable and commensurable 
elements. Combined with the fact this review identified no 
multi-criteria decision analyses, this suggests a gap in the 
literature with respect to trialling methods that more delib-
eratively assess value, like the approach increasingly seen 
in the HTA of pharmaceuticals [82].

It is likely that the design of studies that focus on the 
value of molecular testing in cancer are dictated by the 
market they are trying to receive reimbursement from. For 
jurisdictions where the decision and reimbursement of 

molecular testing and targeted medicines or preventative 
strategies may be independent of each other (e.g., differ-
ent decision-making bodies), evidence may be interpreted 
without due attention to complementarity [18].

A next logistical step is the further exploration of the non-
clinical elements of value important to the range of relevant 
stakeholders, with attention to the complex interplay and 
joint influences of psychological consequences of knowing, 
value of reduced uncertainty, and spillover outcomes in the 
context of precision oncology’s heterogeneity of outcomes. 
Once these are better understood the field can move onto the 
quantification and commensuration of the conventional and 
novel elements of value. It is not known whether the identi-
fied novel elements are reflective of indigenous peoples’ val-
ues as this research has not been undertaken, highlighting a 
priority focus for future research. Also, while this is a scop-
ing exercise to map how value is defined for molecular test-
ing in cancer, our review findings suggest that once elements 
of value are identified, data for these must be collected.

4.7 � Conclusions

Molecular testing in cancer has increased clinical atten-
tion, necessitating robust approaches to value assessment 
to support optimal and equitable implementation. Pub-
lished studies that focus on the value of molecular testing 
in cancer highlight the lack of an agreed definition of value 
in this setting. Ongoing research is warranted to clarify 
how value is defined in a way that accounts for molecu-
lar testing as a process, and with a breadth of outcomes 
through an equity lens, including psychological benefits 
and benefits beyond the tested individual.
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