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Abstract
This study enumerated patients’ preference-based personal utility and willingness-to-pay for massively parallel sequencing
(MPS) genetic testing of colorectal cancer (CRC) risk. Our setting was the New Exome Technology in (NEXT) Medicine
Study, a randomized control trial of usual care genetic testing vs. exome sequencing. Using a discrete choice experiment
(DCE), we elicited patient preferences for information on genetic causes of CRC. We estimated personal utility for the
following four attributes: proportion of individuals with a genetic cause of CRC who receive a diagnosis, number of tests
used, wait time for results, and cost. A total of 122 patients completed our DCE (66% response rate). On average, patients
preferred genetic tests identifying more individuals with a diagnosis and involving a shorter wait time. Assuming MPS
identifies more individuals with a Mendelian form of CRC risk, involves fewer tests, and results in a shorter wait than
traditional diagnostic testing, average willingness-to-pay (WTP) for MPS ranged from US$400 (95% CI: $300, $500) to US
$1541 (95% CI: $1224, $1859). These results indicate that patients value information on genetic causes of CRC and
replacing traditional diagnostic testing with MPS testing will increase patients’ utility. Future research exploring the costs
and benefits of MPS for CRC risk is warranted.

Introduction

Colorectal cancer (CRC) is among the most common can-
cers worldwide and is the fourth leading cause of cancer
deaths [1]. An estimated 20 to 30% of CRCs involve a
hereditary component, but only ~5% are caused by highly
penetrant inherited Mendelian pathogenic variants [2].

Identifying germline causes of inherited CRC offers a
number of benefits for patients including confirming diag-
noses, refining screening surveillance, and initiating cascade
screening for relatives [3, 4]. Individuals who are found to
have a pathogenic variant and undergo intensive surveil-
lance through colonoscopy every 1–2 years can reduce their
risks of: developing the disease, advanced stage tumors, and
death [5]. Yet genetic testing may also lead to inconclusive
findings, over-diagnosis, and patient anxiety [4, 6].

The most common Mendelian risk of CRC is due to
Lynch syndrome, also known as hereditary nonpolyposis
CRC [2]. Lynch syndrome accounts for approximately half
of Mendelian CRC cases and currently recommended
genetic testing involves a time consuming, multistep pro-
cess, with 80% sensitivity [7, 8]. This process begins with
immunohistochemistry (IHC) and/or microsatellite
instability (MSI) tumor testing for a particular protein
deficiency associated with a genetic variant. If these assays
suggest a deficiency or loss of function in one of the genes
known to cause Lynch syndrome (mismatch repair (MMR)
genes), a conclusive germline sequencing test then deter-
mines whether there is a pathogenic variant present. Even
after multiple tests, fewer than half of patients with clinical
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suspicion of Lynch syndrome have a pathogenic variant
detected [9].

As a result of evidence generated by molecular screening
initiatives [10–12], current international guidelines recom-
mend that all newly diagnosed CRC patients undergo
genetic testing for Lynch syndrome [7, 8, 13, 14]. To detect
other less prevalent forms of Mendelian CRC risk, mas-
sively parallel sequencing (MPS) can be used to simulta-
neously assess variants in potentially responsible genes
[15, 16]. MPS of protein coding regions of genes (exomes)
or large panels of genes may replace traditional diagnostic
testing for tumor markers and follow-up sequencing of
candidate genes because of an increased ability to find
pathogenic variants. Many centers are turning to MPS,
including both panel and exome sequencing (ES), to iden-
tify Lynch syndrome and other forms of Mendelian CRC
risk. To determine the economic value of replacing tradi-
tional diagnostic testing with MPS testing of CRC risk, the
benefits of this technology must be considered; these may
extend beyond clinical outcomes to patient knowledge of
the underlying cause of disease.

While clinical interventions exist for CRC and CRC risk,
patients may also value knowledge of the genetic cause of
an existing disorder even in the absence of change in
management, which is referred to as personal utility [17].
This utility may be partially offset by direct and indirect
costs of genetic testing, including adverse impacts of test-
ing. Past studies eliciting preferences for genetic testing in
the context of CRC focused on the general population, who
consider personal utility and trade-offs differently from
patients when valuing testing [4, 18]. Patients’ personal
utility for information on genetic causes of CRC and pre-
ferences for MPS testing of Mendelian CRC risk are cur-
rently unknown.

Our study aims to enumerate patients’ preference-based
personal utility for MPS testing of Mendelian CRC risk.
Our setting is the New Exome Technology in (NEXT)
Medicine Study, a pragmatic randomized control trial in
Seattle, Washington, comparing the outcomes of ES
relative to traditional diagnostic testing for inherited CRC
[19]. We quantify patients’ personal utility for MPS and
estimate the monetary value of a MPS test that better
identifies genetic causes of CRC using a discrete choice
experiment (DCE).

Materials and methods

DCEs assume that technologies can be described by their
characteristics (called attributes), from which individuals
derive utility [20]. The attributes are specified across a
range of levels. To determine the relative importance of
each attribute, DCEs rely on subject responses in

scenarios involving two or more competing alternatives,
termed choice tasks, which vary based on different com-
binations of attribute levels. In this way, subjects make
trade-offs between risks, benefit, and cost. Discrete choice
methods assume that individuals’ choices are representa-
tive of their underlying preferences and the values that
inform them.

DCE participants included patients registered in the
NEXT Medicine Study from 2012 to 2016 who also con-
sented to complete the online questionnaire. All patients in
the study had a personal and/or family history of colon
cancer and/or polyposis or other features of Lynch syn-
drome (e.g., endometrial cancer), which resulted in a
referral to the University of Washington Genetic Medicine
Clinic for usual care genetic testing for Mendelian CRC risk
[19]. Usual care testing ordered varied from traditional
diagnostic testing for tumor markers to MPS gene panels.
Participants with a history of genetic testing for colon
cancer or polyps and those with a high probability that their
condition was due to one specific gene, such as many
hundreds of polyps indicating familial polyposis due to
APC gene pathogenic variants, were excluded from the
study.

After a genetic counseling session, patients who
enrolled in the NEXT Medicine Study provided a blood
sample and were randomly assigned to one of two treat-
ment arms for diagnostic testing: a usual care arm or an
ES plus usual care arm. In the usual care arm, patients
initially underwent traditional diagnostic testing for tumor
markers using IHC and/or MSI, followed by a conclusive
germline sequencing test if a protein deficiency was
detected. Owing to the pragmatic nature of the study,
patients in the usual care arm eventually switched from
undergoing IHC and/or MSI to receiving a CRC risk gene
panel (ColoSeq, University of Washington) [21]. In the
ES plus usual care arm, patients also underwent ES to
assess the presence of pathogenic variants in all genes
potentially responsible for CRC. Figure 1 describes the
process and timeline for all patients referred to the NEXT
Medicine Study.

We asked participants to respond to a series of 16 choice
tasks in a DCE questionnaire. Participants completed a
questionnaire approximately two weeks after their first
return visit in the NEXT Medicine study, at which time they
also received their genetic test results. Following comple-
tion of the DCE, we analyzed participant responses and
estimated their preferences between alternatives, their per-
sonal utility for genetic testing, and WTP for MPS testing of
Mendelian CRC risk. Participant responses in this DCE had
no impact on genetic tests offered to patients or their clinical
care. This study was approved by the University of
Washington Research Ethics Board and the BC Cancer
Agency Research Ethics Board.
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Development of questionnaire

Questionnaire development has been described previously
[22]. Briefly, we began by identifying attributes associated
with the benefit that individuals ascribe to genetic testing for
inherited CRC. Literature review was used to determine an
initial list of factors that may influence preferences,
including: test effectiveness, risk of disease, type of test
result returned, health consequences, convenience of testing
procedure, doctor recommendation to undergo genetic
testing, time waiting for results, and cost. Consultation with
experts, focus groups with patients who underwent clinical
workup for Mendelian CRC risk, and cognitive interviews
with patients were undertaken to determine our final list of
attributes and levels. We selected the levels of each attribute
to accommodate a range of estimates that might be realized
for MPS or traditional diagnostic testing.

The final DCE questionnaire incorporated four attributes
of varying levels: (1) the proportion of individuals tested
who have a genetic cause of their CRC and receive a
definitive diagnosis (40%, 60%, 80%, or 90% of individuals
tested), also known as the detection rate; (2) wait time for
results of all genetic tests (3 weeks, 1.5 months, 3 months,
or 6 months); (3) number of tests used to search for a
genetic cause of CRC (1 test, 2 tests, 4 tests, or 5 tests); and
(4) cost ($425, $1000, $1900, or $2550). Cost was included
as an attribute to allow for estimation of WTP.

Each choice task included a choice between two genetic
test alternatives and an additional “no test” option, which
allowed for patients who did not want to receive genetic
testing. We asked respondents to choose their preferred
option in each choice task. Figure 2 depicts an example of a
choice task. We applied D-optimal procedures to generate a
statistically efficient choice-based experimental design

Fig. 2 Example of choice task question offered to participants

Fig. 1 NEXT Medicine Study
process for all referred patients
with personal and/or family
history of colon cancer and/or
polyposis or other features of
Lynch syndrome
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using the SAS %ChoicEff macro [23, 24]. This design
approach generated 32 choice tasks, which enabled inde-
pendent and statistically efficient estimation of all main-
effects attributes [25]. To reduce respondent burden, the 32
choice tasks were blocked into two questionnaires of 16
tasks. Blocks were orthogonal to the attribute levels to
ensure that parameter estimates were independent of each
block. Each questionnaire began with an educational com-
ponent explaining the attributes and attribute levels. A copy
of the education section and DCE questionnaires are
available in Supplementary Materials and Methods.

Statistical analysis

We used an error-component mixed logit model to analyze
patient responses and estimate attribute coefficients [26].
Coefficient estimates from this model are interpreted as the
marginal utility associated with each attribute level, termed
part-worth utilities, and can be summed to indicate the
overall utility of a good. The model incorporates preference
heterogeneity by allowing estimated coefficients to vary
across individuals for each attribute level according to a pre-
specified distribution.

We specified preferences to be normally distributed
across individuals for the following attributes: the propor-
tion of individuals tested who have a Mendelian CRC risk
pathogenic or likely pathogenic variant detected (receive a
genetic diagnosis), wait time for results of all genetic tests,
and number of tests used to search for a Mendelian cause of
CRC risk. This assumption allowed participants to have
positive or negative preferences for receiving information
about the Mendelian causes of their CRC risk. We estimated
mean and standard deviation parameters characterizing the
distribution of individual preferences in the sampled
population. Each parameter estimate had an associated
standard error. Wait time for results, the number of genetic
tests required, and cost were coded as continuous variables.
We used effects coding for the proportion of individuals
with a variant detected. We assumed that preferences for
cost and for the “no test” option were fixed across indivi-
duals. In sensitivity analysis, we included interaction terms
in our model to explore differences in preferences across
patients with and without a personal history of cancer. We
identified statistical significance using a threshold of p <
0.05.

Using mean part-worth utility estimates from our final
model, we determined the relative importance of each
attribute on patients’ choice by comparing the range in
estimated utility between best and worst attribute levels,
divided by the sum of the ranges of all attributes. We also
examined WTP for several scenarios involving testing of
Mendelian CRC risk and estimated predicted uptake of each
scenario. Scenarios were developed based on expert

consultation and were informed by published estimates for
currently recommended multistep diagnostic testing and
MPS testing for inherited CRC. We assumed that traditional
diagnostic testing would identify 40% of individuals with a
Mendelian form of CRC risk. We also assumed that tradi-
tional diagnostic testing would require three tests resulting
in a 3-month wait time for results. Given the sequential
nature of traditional diagnostic testing for Mendelian CRC
risk at the time the study began, the number of tests and
wait time for results could vary considerably across patients.

For the first scenario, we assumed that MPS would
identify 60% of patients with a Mendelian form of CRC
risk, require 1 test, and involve a 3-week wait time for
results. In our second scenario, we assumed that MPS
would identify twice as many individuals with a Mendelian
form of CRC risk as traditional diagnostic testing (80% of
individuals), require 1 test, and involve a 3-week wait time
[15]. In our third scenario, we assumed that MPS would
identify 90% of individuals, require 1 test, and involve a
1.5-month wait time. For each scenario, we calculated WTP
for MPS instead of traditional diagnostic testing using the
compensating variation formula [27]. Predicted uptake was
based on estimating the percentage of the population pre-
dicted to choose a particular scenario [20]. We used the
delta method to generate 95% confidence intervals (CIs) for
these estimates. All analysis was conducted in Stata 13 [28].

Results

Out of the 184 participants who were enrolled in the NEXT
Medicine study, 122 completed the DCE, resulting in a
response rate of 66%. Table 1 summarizes the demographic,
socio-economic, and clinical characteristics of patients who
did and did not participate in the DCE. The median age of
DCE participants was 55 years (interquartile range: 44, 61)
and 47% of participants were male. Most participants had
completed some form of higher education: 24% had a
professional certificate or graduate degree and 66% had a
college degree or vocational training. The majority of par-
ticipants had an annual household income greater than
$50,000 (71%), were currently employed (65%), and lived
in households of 1 to 2 people (64%). Many participants
had a personal history of disease: 36% were diagnosed with
CRC, 85% were diagnosed with polyps, and 5% were
diagnosed with ovarian or endometrial cancer. While par-
ticipants’ family history was not always known, 72% had a
known family history of CRC or polyposis, 16% had a
family history of polyps, and 3% had a history of ovarian or
endometrial cancer. We did not detect any significant dif-
ferences in means or distributions of study characteristics
across patients who did and did not participate in the DCE
(p > 0.05).
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Table 1 Characteristics of NEXT Medicine study cohort

Characteristics No. (%) of patients who
participated in DCE (n= 122)

No. (%) of patients who did not
participate in DCE (n= 62)

Age, year, median (IQR) 55 (44–61) 50 (42–62)

Sex, male 57 (46.72) 34 (54.84)

Educational background

Professional or graduate 29 (23.77) 13 (20.97)

College/Vocational 80 (65.57) 38 (61.29)

High school or less 13 (10.66) 11 (17.74)

Annual household income

<$25,000 12 (9.84) 8 (12.90)

$25,000–$49,999 14 (11.48) 13 (20.97)

$50,000–$100,000 40 (32.79) 12 (19.35)

>$100,000 47 (38.52) 24 (38.71)

Refused/unknown 9 (7.38) 5 (8.06)

Employment status

Employed 79 (64.75) 41 (66.13)

Unemployed 41 (33.61) 21 (33.87)

Refused/unknown 2 (1.64) 0 (0.00)

Household size

1 Person 21 (17.21) 11 (17.74)

2 People 57 (46.72) 20 (32.26)

3 People 21 (17.21) 8 (12.90)

≥ 4 People 23 (18.85) 23 (37.10)

Personal history of CRC

Yes 44 (36.07) 22 (35.48)

Missing 1 (0.82) 1 (1.61)

Personal history of polyps

Yes 104 (85.25) 50 (80.65)

Missing 5 (4.10) 3 (4.84)

Personal history of ovarian/ endometrial cancer

Yes 6 (4.92) 4 (6.45)

Not applicable 57 (46.72) 34 (54.84)

Missing 41 (33.61) 18 (29.03)

Family history of CRC/polyposis

Yes 88 (72.13) 41 (66.13)

Missing/unknown 3 (2.46) 5 (8.06)

Family history of polyps

Yes 20 (16.39) 11 (17.74)

Missing/unknown 76 (62.30) 43 (69.35)

Family history of ovarian/ endometrial cancer

Yes 3 (2.46) 1 (1.61)

Missing/unknown 117 (95.90) 59 (95.16)

Two sided t-tests showed no statistically significant differences in means of continuous variables across patients who did and did not participate in
DCE, non-parametric Mann–Whitney-U-tests showed no statistically significant differences in distributions of continuous variables [43], and chi-
square tests showed no statistically significant differences in frequency distributions of categorical variables

IQR interquartile range
*p < 0.05
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On average, participants preferred to undergo genetic
tests identifying a higher proportion of individuals with a
Mendelian CRC risk pathogenic or likely pathogenic var-
iant detected and involving a shorter wait time for results
(Table 2). The effect of number of tests on utility was not
statistically significantly different from zero at p < 0.05. As
expected, higher costs of testing and opting out of genetic
testing caused disutility. We observed statistically sig-
nificant preference heterogeneity for all attributes specified
as random (p < 0.05), as indicated by the standard deviation
estimates. For example, holding all else constant, we pre-
dicted that 17% of participants would prefer tests involving
a longer waiting time. We also predicted that 45% of
individuals would prefer fewer tests be used to search for a
genetic cause of CRC. In sensitivity analysis, we did not
detect statistically significant differences in preferences
across patients with and without a personal history of cancer
(p > 0.05).

Figure 3 shows the magnitude and relative importance of
each attribute, as measured by importance scores. Importance
scores quantify the relative weight an attribute had on
patients’ choice. When valuing testing, patients considered the
proportion of individuals with a definitive genetic diagnosis
identified to be the most important attribute, followed by cost
and total wait time. The number of genetic tests required was
found to have the least impact on patient preferences.

Table 3 illustrates average WTP estimates and predicted
uptake for different tests revealing information about
genetic causes of CRC. We assumed that traditional diag-
nostic testing would identify 40% of individuals with a
CRC genetic diagnosis, require 3 tests, and involve
3 months waiting for results. Scenario 1 examined WTP for
a MPS test that identified 60% of individuals with a CRC
diagnosis, required a single genetic test, and involved a 3-
week wait time. The average WTP for this scenario was
$400 (95% CI: $300, $500) and 34% of participants were
predicted to choose MPS. We predict that 61% of partici-
pants would choose not to undergo any genetic testing in
this scenario. Scenario 2 examined WTP if MPS identified
twice as many individuals with a CRC genetic diagnosis as
traditional diagnostic testing, required 1 test, and involved a
3-week wait time for results. The average WTP for this
scenario was $1245 (95% CI: $1027, $1462). In this sce-
nario, 73% of participants were predicted to choose MPS
and 25% were predicted to choose not to undergo any
genetic testing. Scenario 3 examined WTP if MPS identified
90% of individuals with a CRC diagnosis, required one test,
and involved a 1.5-month wait time. Under this scenario,
average WTP was $1541 (95% CI: $1224, $1859) and 80%
of participants were predicted to choose MPS. We predict
that 18% would choose not to undergo any genetic testing
in scenario 3.

Discussion

We applied a DCE to determine preference-based personal
utility for information on Mendelian CRC risk and esti-
mated WTP for MPS testing. We found that, on average,
participants preferred to undergo genetic tests detecting a
higher proportion of individuals with a definitive genetic
etiology and involving a shorter wait time for results.
Relative to other attributes, the detection rate of a test had
the largest impact on patient preferences. Patient pre-
ferences for information on Mendelian CRC risk were

Table 2 Regression estimates for part-worth utility

Attribute and
level

Part-worth utility,
mean

Part-worth
utility, SD

Part-worth
utility < 0

Proportion of individuals identified

40/100 −2.29* 2.24* 84.7%

60/100 Reference - -

80/100 1.14* 0.89* 10.1%

90/100 1.66* 1.94* 19.6%

Number of tests 0.05 0.40* 45.3%

Total wait time
(Months)

−0.15* 0.16* 83.3%

Cost ($) −0.0011* - -

Opt out of testing −7.02* - -

Opt in for testing 0 (assumed) 7.90* -

Part-worth utilities represent the marginal preference-based utilities
associated with each attribute level. A positive mean estimate indicates
that, on average, patients expressed positive personal utility for the
attribute. A negative estimate indicates that, on average, the attribute
caused disutility, or a reduction in well-being. Part-worth utilities can
be summed to indicate the overall preference-based utility of a good
and the ratio of any two part-worth utility estimates shows the
marginal rate of substitution between attributes. The estimated SD
characterizes the heterogeneity of individual part-worth preference-
based utility values in the sampled population

SD standard deviation

*p < 0.05

Fig. 3 Relative importance of attributes
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heterogeneous. Approximately 17% of participants pre-
ferred tests involving a longer waiting time. This hetero-
geneity is consistent with past literature examining personal
utility for genetic information and may be explained by
individuals wanting more time to prepare for the results of
genetic testing [29–31].

Limited evidence exists on preferences for genetic testing
to identify Mendelian CRC risk and our study is the first to
explore patients’ preferences for MPS genetic testing.
Efforts to date have focused on the general population
perspective in the context of population-based screening
programs, with researchers concluding that the public is
willing to undergo screening, but that choices vary
depending on prior experience with genetic testing and
anxiety about being genetically predispos1ed to developing
CRC [18]. These results align with our findings indicating
that while, on average, patients value information on genetic
causes of CRC, significant heterogeneity is present in the
sample. Previous research finds that attributes related to
sensitivity and specificity are among the most important in
determining patient and public preferences for population-
based CRC screening modalities [32–34]. These results
support our findings concerning the impact of the detection
rate on patient preferences for MPS genetic testing. Further,
our findings regarding the effects of both the detection rate
and wait time are consistent with past research exploring
preferences for information on genetic causes of diseases
[35, 36].

Current guidelines recommend multistep testing for a
Mendelian etiology for all patients with newly diagnosed
CRC [7, 8]. Our study shows that most patients are willing
to pay for information on possible Mendelian causes of
CRC and that replacing traditional testing for inherited CRC
risk with MPS increases patients’ utility. The extent to
which patients valued MPS testing was strongly influenced
by the proportion of individuals identified with a genetic
CRC diagnosis. Assuming that MPS identifies more

individuals with a Mendelian form of CRC risk compared to
traditional diagnostic testing, involves fewer genetic tests,
and results in a shorter wait time for results, estimated
average WTP ranges from $400 (95% CI: $300, $500) to
$1541 (95% CI: $1224, $1859). We predict that 34% to
80% of participants would choose to receive MPS over
traditional testing and 18% to 61% would choose not to
undergo any genetic testing. Similar to past studies, these
results suggest that most but not all patients are interested in
information about the genetic causes of disease risk [35,
37]. With a view to inform how services can be configured
to increase the uptake of testing, further qualitative research
is needed exploring respondents’ motivations for forgoing
genetic testing.

Limitations

Our study is subject to some limitations. DCE results
depend on the included attributes and levels. Findings
may differ if a different set of attributes are used to
characterize genetic testing. As recommended by best
practice guidance, our patient-centred approach involved
selecting attributes and levels that were extensively
validated in our population of interest and attributes
included in our final DCE were guided by our research
question [38]. Discrete choice methods also assume that
individuals’ responses in an experiment setting are
representative of their true underlying preferences. Given
that patient choices in this DCE had no effect on genetic
tests offered to patients or their clinical care, our results
may be subject to “hypothetical bias”, where stated
choices differ from what participants would actually
choose. Past research has demonstrated the validity of
discrete choice methods and shown that predicted choice
probabilities are typically accurate at the aggregate level,
if not at the individual level [39]. Hypothetical bias may
also be reduced in this context, where all participants

Table 3 Willingness-to-pay estimates for genetic testing scenarios

Scenario New policy scenario where patients choose between
two testing options

Prevailing policy scenario Average
incremental
WTP, $
(95% CI)

Predicted uptake of
new policy
scenarios, % (95%
CI)

1 MPS Genetic Testing (1) where 60/100 individuals
receive a definitive diagnosis, patients undergo 1 test,
and spend 3 weeks waiting for results OR traditional
diagnostic testing

Traditional diagnostic testing where 40/100
individuals receive a definitive diagnosis,
patients undergo 3 tests, and spend 3 months waiting
for results

400 (300,
500)

MPS testing (1): 34
(29, 39)
Traditional testing:
5 (2, 7)

2 MPS Genetic Testing (2) where 80/100 individuals
receive a definitive diagnosis, patients undergo 1 test,
and spend 3 weeks waiting for results OR traditional
diagnostic testing

Traditional diagnostic testing where 40/100
individuals receive a definitive diagnosis,
patients undergo 3 tests, and spend 3 months waiting
for results

1245 (1027,
1462)

MPS testing (1): 73
(68, 79)
Traditional testing:
2 (0, 3)

3 MPS Genetic Testing (3) where 90/100 individuals
receive a definitive diagnosis, patients undergo 1 test,
and spend 1.5-months waiting for resultsz OR
traditional diagnostic testing

Traditional diagnostic testing where 40/100
individuals receive a definitive diagnosis,
patients undergo 3 tests, and spend 3 months waiting
for results

1541 (1224,
1859)

MPS testing (2): 80
(74, 87)
Traditional testing:
1 (0,3)

WTP willingness-to-pay, CI confidence interval
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were actually undergoing clinical Mendelian CRC risk
testing.

Additional limitations of our study involve our respon-
dent characteristics and small sample size. We did not
obtain information on respondents’ race or ethnicity, which
may influence attitudes toward genetic testing [40].
Respondents in our study were relatively well-educated and
had higher socio-economic status than the United States
general population [41, 42]. Further, 122 patients completed
our DCE, which may affect the precision of estimates and
the generalizability of findings. In other jurisdictions,
patients with suspected hereditary CRC who are educated
and able to afford health-care services are likely to have
similar preferences to our study participants. Yet other
stakeholders, including health-care professionals and the
general public, may value information on genetic causes of
CRC differently. Future research examining preferences for
MPS in these populations would be beneficial to inform
health system planning.

Conclusion

Patients value information on the Mendelian causes of CRC
and many are willing to pay for more effective, efficient
genetic testing. Replacing traditional diagnostic testing of
Mendelian CRC risk with MPS could increase patients’
perceived welfare. An economic analysis accounting for the
full range of costs and benefits of MPS, including the value
of knowledge of genetic causes of CRC, is necessary prior
to incorporating this technology on a wider scale.

Funding This work was supported by from the National Human
Genome Research Institute and National Cancer Institute under Grants
No. U01HG0006507 and U01HG007307; and by the National Insti-
tutes of Health Common Fund/National Institute of Aging under Grant
No. U01AG047109.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Stewart BW, Wild CP World Cancer Report: World Health
Organization; Geneva, Switzerland 2014.

2. Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary
and familial colon cancer. Gastroenterology. 2010;138:2044–58.

3. Grosse SD. When is genomic testing cost-effective? Testing for
Lynch syndrome in patients with newly-diagnosed colorectal
cancer and their relatives. Healthcare. 2015;3:860–78.

4. Walsh J, Arora M, Hosenfeld C, Ladabaum U, Kuppermann M,
Knight SJ. Preferences for genetic testing to identify hereditary
colorectal cancer: perspectives of high-risk patients, community
members, and clinicians. J Cancer Educ. 2012;27:112–9.

5. Palomaki GE, McClain MR, Melillo S, Hampel HL, Thibodeau
SN. EGAPP supplementary evidence review: DNA testing stra-
tegies aimed at reducing morbidity and mortality from Lynch
syndrome. Genet Med. 2009;11:42–65.

6. McGowan ML, Glinka A, Highland J, Asaad G, Sharp RR.
Genetics patients’ perspectives on clinical genomic testing. Pers
Med. 2013;10:339–47.

7. Stoffel EM, Mangu PB, Gruber SB, et al. Hereditary colorectal
cancer syndromes: American society of clinical oncology clinical
practice guideline endorsement of the familial risk–colorectal
cancer: European society for medical oncology clinical practice
guidelines. J Clin Oncol. 2015;33:209–17.

8. Berg AO, Armstrong K, Botkin J, et al. Recommendations from
the EGAPP working group: Genetic testing strategies in newly
diagnosed individuals with colorectal cancer aimed at reducing
morbidity and mortality from Lynch syndrome in relatives. Genet
Med. 2009;11:35–41.

9. Kovacs ME, Papp J, Szentirmay Z, Otto S, Olah E. Deletions
removing the last exon of TACSTD1 constitute a distinct class of
mutations predisposing to Lynch syndrome. Hum Mutat.
2009;30:197–203.

10. Molecular Screening for Lynch Syndrome in Southern Denmark; 2010.
Available from: https://clinicaltrials.gov/ct2/show/NCT01216930.

11. Molecular Screening for Lynch Syndrome in Denmark; 2013 [14/
02/2018]. Available from: https://clinicaltrials.gov/ct2/show/
NCT01845753.

12. Ward RL, Hicks S, Hawkins NJ. Population-based molecular
screening for Lynch syndrome: implications for personalized
medicine. J Clin Oncol. 2013;31:2554–62.

13. Vasen HF, Blanco I, Aktan-Collan K, et al. Revised guidelines for
the clinical management of Lynch syndrome (HNPCC): recom-
mendations by a group of European experts. Gut.
2013;62:812–23.

14. NICE. Molecular testing strategies for Lynch syndrome in people
with colorectal cancer; 2017 [25/01/2018]. Available from: nice.
org.uk/guidance/dg27.

15. Gallego CJ, Shirts BH, Bennette CS, et al. Next-generation
sequencing panels for the diagnosis of colorectal cancer and
polyposis syndromes: a cost-effectiveness analysis. J Clin Oncol.
2015;33918:2084–91.

16. DeRycke MS, Gunawardena SR, Middha S, et al. Identification of
novel variants in colorectal cancer families by high-throughput
exome sequencing. Cancer Epidemiol Biomark Prev.
2013;22:1239–51.

17. Grosse SD, McBride CM, Evans JP, Khoury MJ. Personal utility
and genomic information: look before you leap. Genet Med.
2009;11:575.

18. Veldwijk J, Lambooij MS, Kallenberg FG, et al. Preferences for
genetic testing for colorectal cancer within a population-based
screening program: a discrete choice experiment. Eur J Hum
Genet. 2016;24:361–6.

1264 D. Weymann et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://clinicaltrials.gov/ct2/show/NCT01216930
https://clinicaltrials.gov/ct2/show/NCT01845753
https://clinicaltrials.gov/ct2/show/NCT01845753


19. Gallego CJ, Bennette CS, Heagerty P, et al. Comparative effective-
ness of next generation genomic sequencing for disease diagnosis:
design of a randomized controlled trial in patients with colorectal
cancer/polyposis syndromes. Contemp Clin Trials. 2014;39:1–8.

20. Ryan M, Gerard K, Amaya-Amaya M. Using discrete choice
experiments to value health and health care. Springer Science &
Business Media; Dordrecht, The Netherlands 2007.

21. Pritchard CC, Smith C, Salipante SJ, et al. ColoSeq provides
comprehensive lynch and polyposis syndrome mutational analysis
using massively parallel sequencing. J Mol Diagn.
2012;14:357–66.

22. Bennette CS, Trinidad SB, Fullerton SM, et al. Return of inci-
dental findings in genomic medicine: measuring what patients
value [mdash] development of an instrument to measure pre-
ferences for information from next-generation testing (IMPRINT).
Genet Med. 2013;15:873–81.

23. Huber J, Zwerina K. The importance of utility balance in efficient
choice designs. J Mark Res. 1996;XXXIII:307–17.

24. Kuhfeld WF Marketing research methods in SAS. Experimental
Design, Choice, Conjoint, and Graphical Techniques. Cary, NC:
SAS-Institute TS-722; 2010.

25. Johnson FR, Lancsar E, Marshall D, et al. Constructing experi-
mental designs for discrete-choice experiments: report of the
ISPOR conjoint analysis experimental design good research
practices task force. Value Health. 2013;16:3–13.

26. Train KE. Discrete choice methods with simulation. Cambridge
Univ Press; Cambridge, United Kingdom 2009.

27. Small KA, Rosen HS. Applied welfare economics with discrete
choice models. Econometrica 1981;49:105–30.

28. StataCorp L Stata 13. College Station: StataCorp LP; 2014.
29. Regier DA, Peacock SJ, Pataky R, et al. Societal preferences for

the return of incidental findings from clinical genomic sequencing:
a discrete-choice experiment. CMAJ. 2015;187:E190–7.

30. Ardern‐Jones A, Kenen R, Eeles R. Too much, too soon? Patients
and health professionals’ views concerning the impact of genetic
testing at the time of breast cancer diagnosis in women under the
age of 40. Eur J Cancer Care. 2005;14:272–81.

31. Regier DA, Ryan M, Phimister E, Marra CA. Bayesian and
classical estimation of mixed logit: an application to genetic
testing. J Health Econ. 2009;28:598–610.

32. Marshall DA, Johnson FR, Phillips KA, Marshall JK, Thabane L,
Kulin NA. Measuring patient preferences for colorectal cancer

screening using a choice‐format survey. Value Health.
2007;10:415–30.

33. Groothuis-Oudshoorn CG, Fermont JM, van Til JA, IJzerman MJ.
Public stated preferences and predicted uptake for genome-based
colorectal cancer screening. BMC Med Inform Decis Mak.
2014;14:1.

34. Benning TM, Dellaert BG, Dirksen CD, Severens JL. Preferences
for potential innovations in non-invasive colorectal cancer
screening: a labeled discrete choice experiment for a Dutch
screening campaign. Acta Oncol. 2014;53:898–908.

35. Regier D, Friedman J, Makela N, Ryan M, Marra C. Valuing the
benefit of diagnostic testing for genetic causes of idiopathic
developmental disability: willingness to pay from families of
affected children. Clin Genet. 2009;75:514–21.

36. Carroll FE, Al‐Janabi H, Flynn T, Montgomery AA. Women and
their partners’ preferences for Down’s syndrome screening tests: a
discrete choice experiment. Prenat Diagn. 2013;33:449–56.

37. Anderson AE, Flores KG, Boonyasiriwat W, et al. Interest and
informational preferences regarding genomic testing for modest
increases in colorectal cancer risk. Public Health Genom.
2014;17:48–60.

38. Bridges JF, Hauber AB, Marshall D, et al. Conjoint analysis
applications in health—a checklist: a report of the ISPOR Good
Research Practices for Conjoint Analysis Task Force. Value
Health. 2011;14:403–13.

39. Linley WG, Hughes DA. Decision-makers’ preferences for
approving new medicines in wales: a discrete-choice experiment
with assessment of external validity. Pharmacoeconomics .
2013;31:345–55.

40. Dye T, Li D, Demment M, et al. Sociocultural variation in atti-
tudes toward use of genetic information and participation in
genetic research by race in the United States: implications for
precision medicine. J Am Med Inform Assoc. 2016;23:782–6.

41. Educational Attainment. American Community Survey 1-Year
Estimates, Table S1501; [15-02-2018]; 2016. Available from:
http://factfinder2.census.gov.

42. Income in the Past 12 Months. American Community Survey 1-
Year Estimates, Table S1901; [15-02-2018]; 2016. Available
from: http://factfinder2.census.gov.

43. Mann HB, Whitney DR. On a test of whether one of two random
variables is stochastically larger than the other. Ann Math Stat.
1947;18:50–60.

Patient preferences for massively parallel sequencing genetic testing of colorectal cancer risk: a. . . 1265

http://factfinder2.census.gov
http://factfinder2.census.gov

	Patient preferences for massively parallel sequencing genetic testing of colorectal cancer risk: a discrete choice experiment
	Abstract
	Introduction
	Materials and methods
	Development of questionnaire
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




