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Background. Understanding service user preferences is key to effective health care decision making and efficient
resource allocation. It is of particular importance in the management of high-risk patients in whom predictive genetic
testing can alter health outcomes. Purpose. This review aims to identify the relative importance and willingness to
pay for attributes of genetic testing in hereditary cancer syndromes. Data Sources. Searches were conducted in Med-
line, Embase, PsycINFO, HMIC, Web of Science, and EconLit using discrete choice experiment (DCE) terms com-
bined with terms related to hereditary cancer syndromes, malignancy synonyms, and genetic testing. Study Selection.
Following independent screening by 3 reviewers, 7 studies fulfilled the inclusion criteria, being a DCE investigating
patient or public preferences related to predictive genetic testing for hereditary cancer syndromes. Data Extraction.
Extracted data included study and respondent characteristics, DCE attributes and levels, methods of data analysis
and interpretation, and key study findings. Data Synthesis. Studies covered colorectal, breast, and ovarian cancer
syndromes. Results were summarized in a narrative synthesis and the quality assessed using the Lancsar and Lou-
viere framework. Limitations. This review focuses only on DCE design and testing for hereditary cancer syndromes
rather than other complex diseases. Challenges also arose from heterogeneity in attributes and levels. Conclusions.
Test effectiveness and detection rates were consistently important to respondents and thus should be prioritized by
policy makers. Accuracy, cost, and wait time, while also important, showed variation between studies, although
overall reduction in cost may improve uptake. Patients and the public would be willing to pay for improved detec-
tion and clinician over insurance provider involvement. Future studies should seek to contextualize findings by con-
sidering the impact of sociodemographic characteristics, health system coverage, and insurance policies on
preferences.
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Highlights

hereditary cancer syndromes.

e Test effectiveness and detection rates are consistently important to respondents in genetic testing for

Reducing the cost of genetic testing for hereditary cancer syndromes may improve uptake.
Individuals are most willing to pay for a test that improves detection rates, identifies multiple cancers, and
for which results are shared with a doctor rather than with an insurance provider.
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Introduction

Efficient allocation of resources is fundamental to the
success and sustainability of health services. Concur-
rently, there is increasing recognition of the value in
incorporating public (taxpayers or insurance premium
payers) and patient (care recipient) preferences into
health care decision making.! Including these preferences
in the design and configuration of health services could
maximize utility, patient satisfaction, adherence, and
uptake while simultaneously improving the efficiency of
services.”

Hereditary cancer is caused by the inheritance of
genetic variants that confer a higher risk of developing
malig:,rnancies.4 High-penetrance alleles have been impli-
cated in the pathogenesis of several hereditary cancer
syndromes including hereditary breast and ovarian can-
cer,”® Lynch syndrome,’ and familial adenomatous poly-
posis.® For individuals with a family history suggestive
of a hereditary cancer syndrome, testing for high-risk
alleles can guide treatment management decisions such
as screening frequency or risk-reducing surgery deci-
sions.”!” The decision to undergo genetic cancer testing
comes with several challenges, including frequent
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co-occurrence with a recent cancer diagnosis, resulting
implications for family members, and implications for
childbearing. Understanding public and patient prefer-
ences is therefore of particular importance given the
complexity of the decision-making process.

The consensus is that screening at-risk individuals for
high-penetrance alleles associated with hereditary cancer
syndromes improves health outcomes, can increase the
opportunity for testing in wider family members, and is
perceived as a relevant and useful clinical intervention.
Nonetheless, the estimated uptake of predictive genetic
testing in populations at risk for a hereditary cancer syn-
drome is only 50%.'"" Reasons cited for opting out of
testing in high-risk populations include lack of knowl-
edge regarding test availability, distrust of test results,
belief that testing is unlikely to alter health outcomes,
sense that the negative effects of testing will outweigh the
potential benefits, and concerns regarding insurance
discrimination.'*"?

Existing research highlights the importance of ensur-
ing all at-risk individuals are offered testing and of
informing eligible candidates of the potential testing ben-
efits to facilitate informed decision making. It is widely
recognized that clinical outcomes affect medical decision
making; however, the impacts of process attributes, such
as test characteristics and service characteristics, are less
well understood.'* Understanding individuals’ prefer-
ences for relevant predictive genetic testing attributes is
vital to stakeholders and service providers to maximize
patient and service utility.

Discrete choice experiments (DCEs) are increasingly
used in health service research to understand public and
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patient preferences for health care interventions and in
some cases test characteristics (attributes).'>'¢ In a DCE,
respondent preferences are obtained through a series of
hypothetical choice sets, each describing an intervention,
service, or test with varying attribute levels.!” Respon-
dents’ choices are then analyzed to understand the trade-
offs and participant preferences for the intervention,
service, or test attributes assessed.!” DCE findings can be
used to predict the probability of uptake and (if cost is
included as an attribute) provide an indication of willing-
ness to pay (WTP) for services.'”

This review adds to the literature and extends recent
work by Ozdemir et al.'® through focused consideration
of genetic testing in cancer. It aims to identify the factors
affecting the decision to undergo genetic testing for her-
editary cancer syndromes by reviewing relevant DCEs,
comparing attributes and levels used in each study, and
ultimately investigating patient and public preferences
for predictive testing for hereditary cancer.

Methods
Identification of Studies

Information specialists searched to August 31, 2022, in
Medline, Embase, PsycINFO, HMIC, Web of Science,
and EconLit using pretested published terms for discrete
choice studies.'> DCE hits were combined into a single
database in EndNote X9, which was searched using
terms related to named adult hereditary cancer syn-
dromes, general terms for malignancy, and genetic test-
ing, as detailed in Appendix A. Forward and backward
citation chasing was conducted on included studies.

Study Selection

Titles and abstracts were independently screened by 2
reviewers (from a selection of S.D., N.M., T.S.) to iden-
tify DCEs investigating public or patient preferences
related to genetic testing in oncology. This included genetic
testing for the purposes of risk prediction, pharmacoge-
netics, and diagnosis. Studies meeting these initial inclusion
criteria were reviewed at full text by 2 of the 3 available
reviewers (S.D., N.M., T.S.) using the criteria below.
DCE:s included at full text were to

e investigate patient or public preferences related to
genetic testing for hereditary cancer syndromes;

® investigate genetic or genomic testing of constitu-
tional DNA to determine whether the patient is at
higher than average risk for developing cancer due to
genetic variation;

e relate to a single gene or polygenic risk score, pro-
vided the genes were hereditary; and

e consider predictive genetic testing (currently unaf-
fected individuals) or diagnostic genetic testing (peo-
ple with preexisting cancer).

Exclusion criteria were the following:

genome testing for personalized cancer treatment
conjoint analyses (excluded at both screening stages),
and

¢ non-English language studies.

line with PRISMA

Results were summarized in

guidelines."

Data Extraction and Quality Appraisal

Data were extracted on study characteristics (population,
cancer type, survey administration), respondent charac-
teristics (age, gender, income, education), DCE attributes
and levels, methods of data analysis and interpretation,
and key study findings. Reporting quality was assessed
using a quality appraisal checklist published by Lancsar
and Louviere.!” This checklist does not include a scoring
system but considers the transparency of reporting
regarding each stage of the DCE without including judg-
ments on whether particular methods improve or worsen
validity. Data extraction and quality appraisal were con-
ducted by 1 of 2 reviewers (S.D., N.M.), with all studies
checked by a third reviewer (A.M.L.).

Analysis and Synthesis

In each study, the attribute with the greatest impact on
test utility was assigned a preference weight of 1, and all
other attributes were scaled relative to this attribute by
dividing their relative importance score by that of the
most preferred attribute, to facilitate cross-study com-
parison. WTP and test uptake costs were converted to
2022 USS$ using International Monetary Fund (IMF)
purchasing power parity values. Prices were inflated
from the year of data collection or, where not reported,
inflated from the year prior to publication. Results are
summarized in a narrative synthesis supported by cross-
tabulation.

Results

Electronic database searches identified 768 studies, of
which 621 were unique records following deduplication.
Of these, 584 were excluded during title and abstract
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Figure 1 PRISMA diagram.

From Mobher et al.'® Available from http://journals.plos.org/plosmedicine/article?id = 10.1371 /journal.pmed.1000097.
TThe 10 studies that met the inclusion criteria for this review described the results of 7 different discrete choice experiments; therefore, 3 studies
were excluded from the narrative review, at full-text screening, to prevent double counting of data.

screening and 27 excluded at full-text review. The 10
studies included at full text reported the results of 7
unique discrete choice studies. Three studies’®?* were
excluded to prevent double counting of data as they used
the same study sample and attributes as other included
studies, leaving 7 studies summarized in a narrative
synthesis. Further details are presented in the PRISMA
diagram (Figure 1).

Study Characteristics

The earliest included study was published in 2009,
while all other studies have been published more recently,

from 2015 onward. Three studies were conducted in the
United States®* 2® and 1 each in the United Kingdom,**
the Netherlands,?” Singapore,”® and Australia.”’ Two
studies recruited patient populations at risk for a Heredi-
tary Cancer Syndrome,>** 1 recruited patients with a
diagnosis of epithelial ovarian cancer,”® and 4 recruited
representative samples of the general population.>>"%°
Most studies considered a single hereditary cancer: color-
ectal,***>27 breast,?® or ovarian.?® One study considered
polygenic risk score,”” and 1 study evaluated the risk of
developing genetic breast, ovarian, or colorectal cancer.”’
DCEs were predominantly administered online.?**>27%°
One study opted for a mailed questionnaire,® 1
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Table 1 Study Characteristics

Knight 2015 Veldwijk 2016 Weymann 2018 Wong 2018 Davidson 2019 Venning 2022

Griffith 2009

Australia

United States
Marginal WTP for the Preferences for

Netherlands United States Singapore

United States

Wales

Country

Polygenic risk score

Test whether framing Monetary value and

Relative value of

Demand, WTP, and

Study aim

test attributes most

single-nucleotide tailoring genetic
influence the

preference-based
utility of MPS
sequencing and

a risk attribute
positively or

specific

patient preferences
for genetic testing

counseling and test

selection

polymorphism gene

test

characteristics of

genetic tests

likelihood of testing

negatively influences
decision making-
behavior and

and cancer genetic

testing for CRC risk

services

preferences
Representative sample Patients with a

Representative sample

English-speaking

English-speaking

Probability based

Patients at high,

Population

of Australian

women aged 18+ y
with a diagnosis of
EOC referred for
germline genetic

Singaporean women
testing

aged 40-69 y

of the Dutch personal and/or

sample of US

moderate, and low

participants aged

18+ y

family history of

population aged 55—

65y

adults aged 50+ y

risk of developing
genetic cancer

without history of

breast cancer

colon cancer and/or
polyposis or other

(breast, ovarian, and

colorectal)

features of Lynch

syndrome
Colorectal

Polygenic risk score

Ovarian

Breast

Colorectal Colorectal

Breast, ovarian, and
colorectal

Cancer type

Online survey

Not reported

Face-to-face survey

Online survey

Online survey

Mailed questionnaires Online survey

Mode of

administration

CRC, colorectal cancer; EOC, epithelial ovarian cancer; MPS, massively parallel sequencing; NEXT, new exome technology; WTP, willingness to pay.

conducted a face-to-face survey,”® and 1 did not report
the mode of administration.”® More details are described
in Table 1.

DCE characteristics. Studies included between 4 and 8
attributes, with a minimum of 2 and maximum of 6 lev-
els. These attributes covered service design, cost, and
results/impact. Further detail of individual attributes
and levels is provided in Table 2. Respondents were pre-
sented with between nine®>*” and twenty-three®® choice
sets. Four studies used a blocked design,”’%’29 of which
1 randomly assigned respondents to 1 of 4 versions of
the survey.”> All DCEs were designed using a fractional
factorial design with main effects. Two studies included
interactions alongside main effects.”®2° One study used
dummy coding of attributes,”® while all others effects-
coded attributes (n = 6), of which 2 also included con-
tinuous coding for a selection of attributes.”**® Data
were analyzed using mixed-logit specification (n = 6), 1
of which also used latent class analysis®® or multinomial
logit regression (n = 1).>* Mixed logit specification
relaxes the assumption of independent errors, allowing
unrestricted patterns of substitution and random para-
meters account for preference heterogeneity across indi-
viduals.*® The random parameters approach is
particularly appropriate where data show considerable
preference heterogeneity; however, it is limited by the
need for a larger sample size, which was not necessarily
achieved by the included studies.

Respondent characteristics. Respondent characteristics
are presented in Table 3. The sample size ranged from 94
respondents®® to 1,045 respondents,?’ although it clus-
tered around either 100, 300, or 1,000 respondents. The
response rate varied from 50.2%% to 83%%° where
reported. Participants were generally of older and middle
age with mean age ranging from 45 y** to 63 y.?* Studies
contained either close to equal distribution of male and
female respondents, or a fully female population. Six
studies recorded educational attainment. In one study
90% of participants had some form of further educa-
tion,24 while in another only 9% had college level train-
ing”® both of which are in contrast with the other studies
which were more equally split across different academic
levels.

Quality Appraisal

Quality appraisal focused on conceptualization, design,
data collection, and analysis of the DCE as guided by the
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Table 3 Respondent Characteristics

Medical Decision Making 00(0)

Davidson 2019 Venning 2022

Wong 2018

Weymann 2018

Knight 2015 Veldwijk 2016

Griffith 2009

3¢
1,0024
1,002

NR

50.2

66
122
122

NR

70
451
355

54.5

Response rate (%)

103¢

300
300

1,262
1,045

1150
115

Number of surveys completed
Number of respondents

94

included in the
final analyses

Age,y

8+

Median: 66 1

X:52.6

X: 63 x:59.7 Median: 55

Range: 50-96

X:44.53
s:10.77

Range: 37-82

s: 7.6

IQR: 44-61

s: 3.1
49.7

50.3

100

NR

100
29% (< S$36k)

54% (S$36k-84Kk)

53
10% (<$25k)
1% ($25-50k)

33% ($50-100k)

50
22% (<$25k)

28% ($25-50Kk)
23% ($50-75k)
13% ($75-100k)

98.3

Sex (% female)

NR

NR

NR

Annual household income

16% (>S$84k)

39% (>$100k)

7% (unknown)

11% <hi

14% (>$100k)
11% <high school

27% school
28% vocational

NR

y

75% high school

16% <elementar

< high school
66% college/vocational
24% professional/graduate

26% low
37% medium

12% A level

59% < GCSE
23% >de

Education

34% high school

44% university

ge

9% >colle

37% high

30% some college

gree

6% other

gree

24% >de

GCSE, general certificate of secondary education; IQR, interquartile range; x, mean; NR, not reported; s, standard deviation; S$, Singapore dollar.

“Defined as the number of participants starting the survey divided by the number of online panel members invited to the survey.

PA total of 120 respondents returned the discrete choice questionnaire; however 5 of the questionnaires were incomplete.

A total of 114 patients consented. Of these, 20 were excluded: 4 pilot subjects, 4 screen failures, 1 duplicate, and 11 did not complete the survey.
9The completion rate was 92% (total number of participants who completed the survey divided by total number who started the survey).

quality checklist.'” Further details of the quality
appraisal can be found in Appendix B.

Conceptualizing the DCE. Six studies reported a liter-
ature review, clinical expert consultation, and inter-
views or focus groups with the target population or
patient groups used to identify and select attributes.
Despite this methodological similarity, the coverage
of attributes varied widely across studies. The seventh
study selected 4 attributes based on a single published
study and reported that the additional 2 attributes,
cost and availability of testing, were included to assess
the aims of the study.?

All included studies presented generic alternatives
within their choice tasks. Within each choice set, 3
studies included only the testing alternative,>**** 1
presented 2 testing alternatives and an opt-out,** 2
used forced-choice design followed by an opt-out
option,”?” and 1 offered an indifference choice
between the pair of testing alternatives presented.*

DCE piloting was poorly reported across all studies
and not reported at all in 2 cases.>*** Where reported,
it was used to check understanding and/or complexity.
Only 2 studies reported the use of piloting to check
coverage of the attributes and levels.”>*’ No study
explicitly reported how long it took to complete the
DCE during piloting.

DCE design. Assessment of experimental design qual-
ity was limited due to poor reporting across studies.
All included studies used fractional factorial designs
and investigated main effects. Two also considered
interaction terms.”®?’ Only 1 study reported conduct-
ing sample size calculations (based on Orme’s Rule of
Thumb).?® This study was also the only study to pro-
vide an incentive to enhance response rates. Three
studies reported use of software packages to generate
a D-efficient design,>**>? of which 2 used D-optimal
algorithms to maximixe efficiency,”** however none
of the studies reported the efficiency of the design.
One study used an orthogonal array in which each
choice set included a constant comparator profile that
described current practice at the genetic testing service,
which was compared against another alternative.*
Another used orthogonal array and partial profiles
with overlapping attributes to improve complexity and
efficiency.?” The remaining 2 studies were unclear in
their reporting of design efficiency.?**®

Data collection. Three studies recruited patient popu-
lations at risk for a hereditary cancer syndrome based
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on personal and/or family history*=* or a diagnosis of

epithelial ovarian cancer.?® Four studies recruited parti-
cipants from the general population necessitating
hypothetical contemplation of risk status and testing.
This was contextualized to participants through an
explanation of gene testing prior to completing the
DCE,® description of a hypothetical scenario before pre-
senting choice tasks,?” or incorporation of a hypothetical
level of colorectal cancer risk as an attribute to provide a
baseline context for each choice.?>’

Data analysis and interpretation. Four studies excluded
respondent data that did not meet quality controls, for
example those that completed the task at an unexpect-
edly rapid pace, consistently chose the same option, con-
sidered the DCE task difficult, or provided incomplete
responses.”> 2® Three studies effects coded?! all attributes
(i.e., assuming the effects are uncorrelated with the inter-
cept).”>>>?7 One study effects coded only individuals
with a genetic variant detected,”® and another effects
coded all but the cost attribute.?® The final study dummy
coded all attributes.”® One study reported that model
specification was selected based on model fit tests.>’ A
further 2 studies calculated R statistics for goodness-of-
fit and/or calculated Akaike and Bayesian information
criteria; however, neither study used them to inform
model specification.”®° One study tested the internal
validity of the DCE; however, in this study, responses
that violated random utility theory axioms were not
excluded.”

Factors Affecting the Utility of Testing

Relative importance of attributes. Five studies reported
attribute importance weight or rank.** 2"’ To facilitate
between-study comparison, the relative importance of
attributes was calculated in the remaining studies as the
maximum difference in attribute level utility rescaled so
the largest is 1.>>*® Relative attribute importance is dis-
played in Figure 2, which reflects the relative distance of
all attributes to the most important attribute on a scale
of 0 to 1, where 1 is the most important attribute.

Where attributes for cost, service design, and results/
impact were all included, either cost or attributes related
to the test result (accuracy, survival, detection) were
considered most important by participants. Cost was
considered most (or next to most) important in 5 stud-
ies?* 29282 byt conversely of middling or least impor-
tance, depending on patient risk level, in another.”
Likewise, test accuracy, being the chance of a correct (or
incorrect) test result, was considered least important in 1

study® but of greatest importance in another.”” Regard-
ing results and impact, participants were overall less con-
cerned about attributes related to impact (resulting
cancer risk, impact on life insurance, impact on future
cancer screening) than those related to direct test results
(detection, accuracy, survival). One study considered
only cost and service design attributes,?® identifying wait
time for results to be the most important attribute; other-
wise, where results/impact attributes were also evaluated,
wait time was deemed of low relative importance in the
included studies.>*?® The least preferred attributes for
service design were observed as test location,”®*” number
of tests,>* and sample type.?**®

Four studies observed effects across different sub-
groups as illustrated in Appendix C. Veldwijk et al.*’
considered the effect of negative (mortality) versus posi-
tive (survival) framing of the effectiveness outcome. A
similar trend in preference was observed across both
types of framing; however, survival was more important
than colonoscopy frequency under positive framing,
whereas colonoscopy frequency was more important
than mortality in negative framing. Little variation in
relative preference was observed by Davidson et al.?
when comparing multigene testing to nonmultigene or
no testing; however, multigene testing did place greater
importance on test sensitivity for mutations and prob-
ability of detecting uncertain variants. Griffith et al.*’
found that the relative importance of attributes varied
considerably when comparing across different risk
groups. All groups valued wait time for results as most
important. Meanwhile, the least important attributes
varied across risk groups: test availability (high risk),
counseling staff (moderate risk), and cost (low risk).
Finally, Venning et al.”’ considered relative importance
across 3 latent classes. As expected, the “more is better”
group placed most value on the cancer type attribute,
“aim for accuracy” considered test accuracy to be most
important, and “choose cheaper” respondents most val-
ued the test cost attribute.”

Monetary value. Five studies calculated patient WTP for
genetic testing, as presented in Table 4.2 26?%2% These
were in some cases described as WTP, although the nam-
ing was inconsistent and 3 different methods were used.
Marginal WTP (mWTP) is obtained as the marginal rate
of substitution between a single nonmonetary attribute
and monetary attribute (cost) on the utility scale (i.e., it
is given by the ratio of part-worth utilities). Money-
equivalent values (MEV) are also obtained by translating
utility differences into monetary terms by using the mar-
ginal utility of cost, but these utility differences result



10

Medical Decision Making 00(0)

v - @—© o0
0.0 0.55]
0.86 86) =4
0.74
0.70
8
g 060 — 0.60
0:54)
£ 050 —9% » 0.50
- >4 -
£ 044 .4 p43)
& 040 0.41 @
@
030 032 031
0.20 B2y
b.17 e 0.17
a)
010 -~ @ @
D05} 0.0
000 $ < 002 o038
= w > o =z w = v w = w B » » w ©
gl |E[e (5| 8|8 || |&|E|E|EB | |5 |¢e|8|2|8]:%
o 3 « w @ @ g & =2 - m £ = 5] F = E « =z z
w & 3 < > w w =] c = W o & < & S o
sle| e | 2|21 2¢(ele|leflz|e|&ls]|&|a|g]3]|s8
o 3 & > = o 2 = & 5 3 z o @ b i} 3 - b3
2 = z u Q & s @ L S o 9 & = S pre b4
. | 82| % 8|2 s 26 |¢ z S| g
s 5 4] 2 = S < = 2 T Q o = z
= = 5 9 = 3 = ] = = S z g
= 2 Z o s o > 5 o o
< C > o > 0 5 z
< < = z Q o
B 8 5 Q Q & 5
=
E E [ & = | g
812 :
~
<
o«
COosT SERVICE DESIGN RESULTS AND IMPACT
Attributes
@ Griffith 2005 - Moderate risk © Knight 2015 ® Veldwijk 2016 - Positively framed Weymann 2018 ® Wong 2018 © Davidson 2019 - Total @ Venning 2022

Figure 2 Relative importance of attributes.

Values reflect the relative distance of all attributes to the most important attribute on a scale from 0 to 1 (1 indicating the most important
attribute). Where multiple subgroups were reported, only 1 was selected for Figure 2 based on sample representation and positive framing (less

emotional response).

*Genetic testing preference was not included as an attribute in the discrete choice experiment but was calculated by comparing the utility

associated with no test to the alternative of the average test.

from differences across multiple attributes and give mon-
etary values to comparisons of alternatives. Both mWTP
and MEV can also be estimated by fitting the choice
model in WTP space, which can lead to more reasonable
distributions of mWTP when preference heterogeneity is
included in the model.*> Compensating variation is a
measure of WTP that applies when the choice set is chan-
ged (due to entry or exit of choices or changes in the
quality or price of existing choices); the compensating
variation is the amount of money that can be removed
from an individual following a change in the choice set
to return them to their utility level prior to the change.*?
Of the included studies, 1 calculated WTP using compen-
sating variation,”* while 4 calculated mWTP,>-2%28:2 of
which 1 also calculated MEV %

Regarding service design, participants most valued a
test for multiple cancers compared with a test for a single
cancer ($103.03)*° or a specialist doctor compared with a

nurse educator ($37.04).® The results and impact of
genetic testing suggest participants place the highest
value on a large improvement in probability of detecting
deleterious mutation from 60% to 88% ($949.42)*° and
on health professionals seeing the results rather than
insurance companies ($1,242.08 and $1,104.07).%° Knight
et al.> suggested who sees the results, being health pro-
fessionals rather than insurance providers, is of greater
monetary value to participants than test accuracy is.
Conversely, however, Venning et al.”’ concluded that
greater value is associated with increased accuracy, while
the smallest value concerns the impact on life insurance
eligibility or premiums.

Where studies consider mWTP for both service design
and results/impact,”>?’ attributes affecting results/impact
hold the greatest monetary value, being whether the
insurance company saw the test results® or the test accu-
racy increasing from 60% to 90%.% Values are not,
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Table 4 Monetary Values (US$)

Service design

mWTP (95% CI)

Wong 2018
Nonspecialist doctor v. nurse educator
Public primary-care clinic v. hospital
Buccal swab v. dried blood spot
Private family clinic v. hospital
Specialist doctor v. nurse educator

Venning 2022
Test for: bowel cancer v. pancreatic cancer
GP v. online
Test for: breast cancer v. pancreatic cancer
Test for: prostate cancer v. pancreatic cancer
Test for: multiple cancers in same test v. pancreatic cancer

—$21.57 (=25.03 to —18.11)
—$7.65 (—11.66 to —3.64)
$3.46 (1.03 to 5.88)
$10.05 (5.51 to 14.57)
$37.04 (33.08 to 41.00)

$15.17
$18.21
$24.65
$31.16
$103.03

Opverall Test

Results and impact

MEYV (95% CI)

Knight 2015
Who sees results: primary care doctor v. genetics health professionals
Chance of false negative: 0% v. 10%
Chance of false negative: 10% v. 20%
Chance of false negative: 0% v. 20%
Who sees results: genetics health professionals v. insurance companies
Who sees results: orimary care doctor v. insurance companies
Davidson 2019
Probability of VUS result: 20% v. 5%
Probability of detecting deleterious mutation: 88% v. 80%
Probability of VUS result: 40% v. 20%
Probability of VUS result: 40% v. 5%
Probability of detecting deleterious mutation: 80% v. 60%
Probability of detecting deleterious mutation: 88% v. 60%

$138.01 (22.38 to 258.61)
$308.34 (200.17 to 420.24)
$320.78 (203.90 to 442.62)
$630.36 (471.22 to 795.73)
$1,104.07 (893.95 to 1,321.65)
$1,242.08 (1,013.31 to 1,483.28)

$228.42 (141.82 to 333.43)
$271.73 (180.79 to 378.90)
$304.20 (188.37 to 444.94)
$532.63 (330.19 to 777.29)
$678.78 (450.35 to 947.25)
$949.42 (631.14 to 1,327.24)

mWTP
Venning 2022
No impact on life insurance eligibility or premiums v. impact $11.92
Risk can be reduced through screening v. no available preventative measures $26.08
Risk can be reduced by making lifestyle changes v. no available $26.29
preventative measures
Risk can be reduced through screening and lifestyle changes v. no $43.85
available preventative measure
Risk can be reduced by medication v. no available preventative measure $49.79
Accuracy: 70% v. 60% $51.28
Accuracy: 90% v. 60% $125.11

Overall Test

MEYV (95% CI)

Knight 2015
Test v. no test®

$773.35 (591.82 to 967.31)

WTP,, (95% CI)

Weymann 2018

MPS test 1 (60% detection rate, 3-wk wait for results) v. traditional diagnostic testing
MPS test 2 (80% detection rate, 3-wk wait for results) v. traditional diagnostic testing
MPS test 3 (90% detection rate, 1.5-mo wait for results) v. traditional diagnostic testing

$451.21 (338.41 to 564.02)
$1,404.40 (1,158.49 to 1649.18)
$1,738.30 (1,380.71 to 2,097.01)

All costs inflated to 2022 USS rates using International Monetary Fund purchasing power parity values. Prices are inflated from the year of data
collection or, where not reported, inflated from the year prior to publication. “v.” indicates “relative to,” that is, the testing alternative v.
comparator or “change to” v. “change from.” CI, confidence interval;, GP, general practitioner; MEV, money-equivalent values representing the
additional amount of money that subjects would pay for tests with more preferred features; MPS, massively parallel sequencing; mWTP,
marginal willingness to pay; VUS, variant of uncertain significance; WTP, willingness to pay; WTPcy, willingness to pay calculated using

compensating variation.

“Test characteristics set to the mean values in the experimental design. Addition of the specified MPS test to an existing choice set of traditional

diagnostic testing (40% detection rate, 3-mo wait for results) and no testing.



12

Medical Decision Making 00(0)

Table 5 Predicted Uptake of Testing

Knight 2015

% (95% CI)

Scenario 1

Scenario 1 = 97% (95, 99)

Cost of testing $621.66, shared with primary care doctor, no chance of FN

Scenario 2

Scenario 2 = 41% (25, 57)

Cost of testing $621.66, shared with insurance companies, 20% chance of FN

Weymann 2018

% (95% CI)

Genetic testing scenario 1

Detection rate (TP) = 60%, 1 test required, 3-wk wait for results

Genetic testing scenario 2

Detection rate (TP) = 80%, 1 test, 3-wk wait for results
Genetic testing, scenario 3

Detection rate (TP) = 90%, 1 test, 1.5-mo wait for results

MPS scenario 1 = 34% (29, 39)
Traditional diagnostic testing = 5% (2, 7)
MPS scenario 2 = 73% (68, 79)
Traditional diagnostic testing = 2% (0, 3)
MPS scenario 3 = 80% (74, 87)
Traditional diagnostic testing = 1% (0, 3)

Wong 2018

%

Realistic base case

Buccal swab, specialist doctor, hospital, $228.33

Feasible alternative

Buccal swab, nurse educator, hospital, $65.24

Cheaper alternative

Buccal swab, specialist doctor, hospital, $65.24

Pricier alternative

Buccal swab, specialist doctor, hospital, $391.42

Most preferred alternative

Buccal swab, specialist doctor, private family clinic, $65.24

Realistic base case = 3.7%
Feasible alternative = 60.5%
Cheaper alternative = 87.0%
Pricier alternative = 0.0%

Most preferred alternative = 88.9%

All costs inflated to 2022 USS rates using International Monetary Fund purchasing power parity values. Prices are inflated from the year of data
collection or, where not reported, inflated from the year prior to publication. FN, false negative; TP, true positive.

however, consistently lower for service design attributes
across the studies, as, for example, participants also
place a high monetary value on the decision to test and
whether to test for multiple cancers.

One study considered test compared with no test using
MEV, yielding a value of $773.35.%° Only 1 study used
compensating variation to estimate WTP, which it did by
modeling the impact of introducing MPS testing in 3 sce-
narios to an existing choice set of traditional testing and
no testing.”* These analyses revealed that participants
were willing to pay for better detection rate (results) even
with longer wait time for results (service design).** A
greater increase in WTP was observed between 60% and
80% detection rate than between 80% and 90%; how-
ever, the latter could be confounded by the increased
wait time for results from 3 wk to 1.5 mo.**

An additional article by Griffith et al.** did not calcu-
late monetary values but observed that when an alterna-
tive with a cost of $6,570 (3,000 GBP in 2002) was
presented, it was sometimes selected, indicating some
participants were willing to pay this much (or more)
sometimes. This study did not include an opt-out option,
and the alternatives presented always incurred a cost of

at least $3,285, with 1 of the alternatives (a constant
comparator) always having a cost of $5,475. These meth-
odological choices likely render any WTP estimates from
the study unfit for purpose.

Predicted uptake of testing. Three studies predicted
uptake of testing, as presented in Table 5.°*?3?® The
highest predicted uptake was for a scenario for a heredi-
tary colorectal cancer test in which the chance of a false-
negative test result was 0%, cost of testing was $621.66
($500 in 2015) and test results were shared with a pri-
mary care doctor. In this scenario, the predicted uptake
of testing was 97% (95% confidence interval: 95—99),%
as determined by a probability-based sample of adults
presented with a hypothetical level of colorectal cancer
risk provided for context. In comparison, the least pre-
ferred scenario had an uptake of 3.7%, describing a “rea-
listic base case” of buccal swab type, in a hospital, with a
specialist doctor, costing $228.33 (S$175 in 2018), while
the pricier option costing $391.42 (S$300 in 2018) had
0.0% uptake.”® This test was a single-nucleotide poly-
morphism gene test for breast cancer with preferences
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determined by women without history of breast cancer.
For both tests, the cost would be incurred by the patient.

Discussion

This review summarizes the relative importance and
WTP for different attributes in genetic testing for heredi-
tary cancer as identified across 7 included studies. Test
effectiveness and detection rates were consistently impor-
tant to respondents. Accuracy and cost, while also
important, showed variation between studies. Studies
also revealed patients and the public would be willing to
pay for improved detection and clinician over insurance
provider involvement.

Conducting a DCE

Attribute selection. Attribute selection is key for DCE
design. Several previous studies have highlighted a lack
of rigor in the process and emphasized how this can
introduce bias,** which can be minimized by a multistep
attribute-development process.’> Most studies included
in this review used multiple stages to select attributes;
however, only 1 reported the attribute selection process
extensively enough to allow replication.”> Despite similar
selection methods, the included attributes varied across
studies. This may have been due to differing opinions
expressed by respondents in focus groups or perhaps the
different study aims and cancers targeted. For improved
rigor and consistency, researchers conducting future
DCEs in genetics should strive to follow the recom-
mended 4-stage approach by Helter and Boehler™: raw
data collection, data reduction, removing inappropriate
attributes, and wording.

Study design. Included studies highlighted a number of
design limitations. Five studies investigated only main
effects,”® 2" meaning potential interactions between attri-
bute levels were not acknowledged, potentially confound-
ing parameter estimates.® Second, a forced-choice design
was implied in more than half the studies,®?° which,
while beneficial in reducing missing data, could challenge
external validity, overestimate preferences, and distort
welfare measures.’*?” With regard dot genetic testing,
opt-out or indifference options better reflect a real-world
scenario in which an individual may choose not to test at
all. Study design was also limited by lack of reporting on
whether the variance covariance matrix was blocked
diagonal, meaning identification was not checked, and
parameter estimates may be confounded.!” In addition,
piloting was poorly reported, if at all, and 1 study

introduced design inefficiency by including a constant in
each choice set, which discards information regarding the
choice between attributes.”> Furthermore, we found an
additional study reporting DCE design methods in geno-
mic medicine for familial colorectal cancer; however, this
was not included as no DCE results were reported.*®

Relative Importance of Attributes

Most studies included attributes for cost, service design,
and results/impact. These studies considered a clinical
attribute or measure of test effectiveness, such as detec-
tion or survival, to be of great importance in improving
test utility.**??"2° This is consistent with existing
research in cancer treatment DCEs, in which treatment
outcomes are considered most important to patients.'*
In addition, preferences for higher detection rates and
diagnostic yields can be seen in DCEs on genetic testing
in a number of other populations and diseases.*” '
Meanwhile, in this review, accuracy was highly impor-
tant in 1 study? but of least importance in another.”’
One factor influencing this discrepancy could be that
while Venning et al.* described the chance of a true-
positive result, Knight et al.>> considered accuracy in
terms of the risk of false negatives. Similar to attribute
framing, which has been seen to influence WTP estimates
in previous DCEs on colorectal cancer screening,*” this
different focus may influence participant perception of
accuracy. In addition, preferences could be driven by dif-
ferent health care systems, with the study by Knight
et al. conducted in the United States and that by Ven-
ning et al. in Australia. The differing relative importance
could also be a construct of the other attributes included
in the DCE. For example, Venning et al. included twice
as many attributes, including aspects such as cancer type,
risk reduction measures, and testing process, which may
alter relative attribute importance. Particularly of note,
Venning et al. evaluated the polygenic risk score and
found cancer type to be a highly valued attribute,
whereas Knight et al. considered colorectal cancer alone,
thus suggesting the general population may place higher
value on evaluating a wider range of cancer types.
Inconsistences were also observed regarding the cost
attribute. Studies evaluating all 3 aforementioned attri-
bute categories ranked cost as most, or next to most,
important,>*2%%2? 4 finding consistent with genetic test-
ing DCEs in other areas.***' Meanwhile, cost was of
middle to low importance in the study by Griffith et al.,®
who considered only cost and service design attributes.
There are multiple factors, besides co-occurring attri-
butes, that may particularly influence the cost attribute.
First, Griffith et al. conducted the DCE in Wales, where
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most health care is paid for by the NHS, making the con-
cept, and therefore attribute, of paying for tests more
hypothetical. Meanwhile the studies by Knight, Wey-
mann, and Davidson were all conducted in the United
States, where considerable fees can be associated with
health care provision, even with a form of insurance, and
Venning et al.?? reported the general public in Australia to
have concerns around the impact of genetic testing on life
insurance. Second, there could be cross-study differences
in the financial status of the population and resulting abil-
ity to pay for testing. Third, as indicated in Griffith et al.,*
patient risk for developing cancer could be influential, with
higher risk increasing the relative importance of service
cost. Overall, however, this review suggests that partici-
pants in studies were sensitive to price; thus, lowering the
cost of testing may lead to increased uptake.

Additionally of note, Griffith et al.>* reported that the
wait time for test results had the greatest impact on the
utility of testing services across all risk groups evaluated.
This was contrary to the findings in 2 other studies,?**¢
in which turnaround time was identified as of middle or
low importance relative to other attributes. Griffith’s
conclusion could perhaps be a construct of the other
attributes, none of which consider clinical effectiveness of
the test through, for example, detection rate or test sensi-
tivity. In addition, Griffith et al. not only considered test
characteristics but included attributes related to genetic
counseling, such as distance and duration, which are not
covered by other studies and may influence preferences.

The impacts of framing,”’ genetic coverage,?® and risk
level* were explored through subgroup analysis. Veld-
wijk et al.?” investigated the impact of framing the effec-
tiveness attribute positively (survival) or negatively
(mortality). Positive framing concluded effectiveness as
the most important attribute, while negative framing
suggested it was colonoscopy frequency.?’ These findings
emphasize the importance of effectively communicating
risk to patients to facilitate informed decision making,
which has been widely discussed in the literature.***
Davidson, who considered genetic coverage, found little
change in relative attribute importance; however, as
would be expected, multigene testing valued test sensitiv-
ity for mutations and probability of detecting uncertain
variants more than the nonmultigene or no-test group.>®

Monetary Value

Respondents were willing to pay for a test compared
with no test at all*® and for a test for multiple cancers
compared with a test for a single cancer.”” They also val-
ued having a specialist doctor over less-specialized pro-
fessionals®® and a private family clinic over a hospital,*®

although the monetary value was smaller. Considering
the results and impact of the test, participants placed the
highest value on a large improvement in mutation detec-
tion (from 60% to 88%)?® and on health professionals
rather than insurance companies seeing the test results.”’
In addition, patients preferred traveling a greater dis-
tance to counseling, which authors suggest may be
related to anonymity.>

Relative WTP regarding accuracy and the involvement
or impact on insurance remains unclear. Participants in
one study placed greater monetary value on who sees the
results (health professionals v. insurance providers) than
on improved accuracy,” while respondents in another
study conversely placed greater value on increased accu-
racy than on the resulting impact on life insurance.”
These are all aspects that should be carefully considered
by policy makers and clinicians in designing or imple-
menting a genetic test for hereditary cancer.

Challenges also arise in making cross-study WTP
comparisons from heterogeneity in attributes, levels, and
analysis. WTP estimates evaluated either only a select
number of attribute levels, with levels differing between
studies, %% or a combination of attributes to form a
care program,”** both of which prevented insightful com-
parison or a conclusion of dominant preference. Further-
more, only 1 of the included studies used the Hicksian
compensating variation method, which better reflects the
choice nature of the task in calculating WTP.** Hicksian
compensating variation provides a common metric that
could facilitate cross-study comparison of relative attri-
bute importance.*> Overall, if the same method for asses-
sing monetary value had been used in all studies, further
WTP conclusions may have been possible.

WTP estimates did not appear to be adjusted to reflect
ability to pay, limiting the interpretation of the results.
While income level, which could provide context, was
reported in some studies,”**** the method of reporting
was inconsistent. In addition, probability analysis was con-
ducted in only 1 monetary valuation study,”® making it
impossible to ascertain the impact of the attributes studied,
or of sociodemographic variables, on respondents’ WTP.
Lack of probability analyses hindered any opportunity to
assess the impact of the attributes or sociodemographic
characteristics on the predicted uptake of testing.

Strengths and Limitations

While including conjoint studies may have provided a
greater depth of evidence, this review was restricted to
DCE:s to ensure greater comparability. It is also consis-
tent with existing research, which found very few con-
joint analyses to add.'® Furthermore, this study focused
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only on genetic testing for hereditary cancer syndromes
and polygenic cancer risk, providing greater relevance
and utility to the population under consideration. Includ-
ing predictive genetic testing for other complex discases
with a strong hereditary component may have increased
the evidence base but come at the expense of precision
given the differing nature and impact on preferences and
quality of life related to different diseases. While the stud-
ies included some similar attributes, they were defined
differently and contained different levels giving rise to
heterogeneity, a limitation noted by other reviews in the

area.18

Future Research

Evaluation of the impact of sociodemographic character-
istics on preferences for testing is limited, and existing
research has reported contradictory results regarding
willingness to undergo testing across sociodemographic
groups.'! While several studies have reported an associa-
tion between factors such as educational level and socioe-
conomic status on willingness to undergo testing, other
studies have reported no association between these vari-
ables.*** Future studies should endeavor to include
sociodemographic covariates and other respondent char-
acteristics within the main model to assess the impact of
factors related to the individual on willingness to undergo
testing. This would help contextualize the relative impor-
tance of attributes across studies and assist in providing
ability-to-pay context for WTP estimates.

Attention should also be paid to lesser studied attri-
butes such as insurance provider interest and involvement,
particularly in countries without free health care or social
health insurance. Understanding the tradeoffs between
various attributes, such as effectiveness and cost, across
different health systems with different priorities would be
particularly informative to policy makers and health ser-
vice providers. Findings could help maximize the utility of
testing services by, for example, understanding how
changes in test or service characteristics may compensate
for poorer clinical outcomes or higher costs, which at pres-
ent seem most important to patients and the public.

Conclusion

This review provides insight into the content and relative
importance of attributes in genetic testing for hereditary
cancer. In general, test result/impact is consistently
important to both patients and the public; however, the
impact of test accuracy needs further research to deter-
mine its relative impact. There is variation in the relative
importance of cost, which we suggest could be dependent

on health system, service cost, ability to pay, and cancer
risk. Overall, participants were sensitive to prices; thus,
lowering the cost of testing may lead to increased uptake.
Finally, this review compared findings on WTP, which
suggested individuals would be most willing to pay for a
test that improves detection rates, identifies multiple can-
cers, and for which the results are shared with a doctor
rather than with an insurance provider. Hence, these fac-
tors should be carefully considered by clinicians,
researchers, and policy makers when attempting to assess
the tradeoffs of genetic testing.
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