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Whole exome and whole genome sequencing are applications of next generation sequencing
transforming clinical care, but there is little evidence whether these tests improve patient
outcomes or if they are cost effective compared to current standard of care. These gaps in
knowledge can be addressed by comparative effectiveness and patient-centered outcomes
research. We designed a randomized controlled trial that incorporates these research methods
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to evaluate whole exome sequencing compared to usual care in patients being evaluated for
hereditary colorectal cancer and polyposis syndromes. Approximately 220 patients will be
randomized and followed for 12 months after return of genomic findings. Patients will receive
findings associated with colorectal cancer in a first return of results visit, and findings not
associated with colorectal cancer (incidental findings) during a second return of results visit.
The primary outcome is efficacy to detect mutations associated with these syndromes;
secondary outcomes include psychosocial impact, cost-effectiveness and comparative costs.
The secondary outcomes will be obtained via surveys before and after each return visit. The
expected challenges in conducting this randomized controlled trial include the relatively low
prevalence of genetic disease, difficult interpretation of some genetic variants, and uncertainty
about which incidental findings should be returned to patients. The approaches utilized in this
study may help guide other investigators in clinical genomics to identify useful outcome
measures and strategies to address comparative effectiveness questions about the clinical
implementation of genomic sequencing in clinical care.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Next generation sequencing is a transformative technology
that is changing the practice of genetics in medical care [1].
Whole exome sequencing (WES) and whole genome sequenc-
ing are applications of this technology that can now be
implemented in a clinical setting, mainly because of rapidly
decreasing technology costs and improved quality control. The
potential benefits and complications from applying next
generation sequencing in clinical practice should be evaluated
before indications for its widespread use are implemented [2].
Part of this evaluation includes measuring outcomes such as
morbidity, mortality, andmutation detection rates in genes not
routinely investigated by current clinical genetic testing.

However, evaluating the impact of next generation se-
quencing, specifically of WES, extends beyond the assessment
of genetic variants related to the patient's original clinical
presentation due to the comprehensive nature of these tests,
i.e. the systematic assessment of nearly all genes at one time.
One of the potential outcomes is the identification of clinically
relevant variants in genes with no apparent relationship to the
primary indication for obtaining the test. These results have
been called incidental findings (IFs), and are particularly
challenging when taken as a group because the clinical
implications of IFs are heterogeneous [3,4]. The observance of
IFs raises many questions such as which IFs should be reported
back to patients, whatmethod of reporting should be used, and
when to disclose these results [4,5].

Evaluation of the impact of next generation sequencing,
and the return of IFs to patients, will require innovative
methodologies [2]. The Institute of Medicine has defined
comparative effectiveness research (CER) as “the generation
and synthesis of evidence that compares the benefits and
harms of alternative methods to prevent, diagnose, treat,
andmonitor a clinical condition or to improve the delivery of
care. The purpose of CER is to assist consumers, clinicians,
purchasers, and policy makers to make informed decisions
that will improve healthcare at both the individual and
population levels” [6]. Patient-centered outcomes research
(PCOR), a related concept, is intended to help people and their
caregivers communicate and make informed healthcare deci-
sions, allowing their voices to be heard in assessing the value of
healthcare options [7].
The objective of this paper is to describe our experience
with the incorporation of CER and PCOR methods in the
evaluation of next generation sequencing in the adult
genetics clinic, and to that end we discuss the design of a
randomized controlled trial (RCT) comparing WES to usual
care for evaluation of hereditary colorectal cancer and
polyposis syndromes (CRCP), a common reason for referral
to the University of Washington, Genetic Medicine Clinic.
The goals of the RCT are twofold: to evaluate the use of WES
to improve CRCP syndrome diagnosis, and to evaluate the
implications of using WES unrelated to CRCP using compar-
ative effectiveness and patient-centered outcomes research
methods. This study, the NEXT (New Exome Technology)
Medicine Study, is part of the CSER (Clinical Sequencing
Exploratory Research) consortium, a National Human Ge-
nome Research Institute funded initiative [8].
1.1. Clinical context

Colorectal cancer often occurs sporadically, yet familial
cancer syndromes occur, especially if the cancers arise at an
early age [9]. Lynch syndrome, formerly referred to as
hereditary non-polyposis colorectal cancer, is caused mainly
by mutations in mismatch repair (MMR) genes and is the
most common form of genetically determined colon cancer
predisposition, accounting for 2–4% of CRC cases [10–12].
The diagnostic approach to inherited colorectal cancer is to
screen those at high risk according to clinical criteria, based on
a strong family history or an early age of presentation [13,14].
In patients who meet criteria for further evaluation, this is
followed by tumor tissue testing for MMR protein expression
with immunohistochemistry and/ormicrosatellite instability, a
consequence of MMR protein deficiency in the tumor. If these
functional assays suggest deficiency or a hypo-functional MMR
protein, then a conclusive germline sequencing test determines
if there is a mutation in one of these genes [15,16]. Thus, this
testing approach can involve a sequence of two or more
intermediate steps with several visits to the medical geneticist
or other healthcare providers depending on the protocol, at a
potential cost of thousands of dollars and several weeks to
months with no established diagnosis. At the end of this
process, considerably less than half of the patients with clinical
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suspicion of Lynch undergoing testing will have a mutation
detected [17].

The use of next generation sequencing to address questions
related to hereditary colorectal cancer is promising because the
multistep screening process for Lynch can be bypassed by
sequencing all MMR genes as well as other genes responsible
for less common genetic causes of colorectal cancer such as APC
(responsible for familial adenomatous polyposis syndrome),
MUTYH (responsible for MUTYH-polyposis) or PTEN (respon-
sible for PTEN-hamartoma syndrome) [18]. This group of
conditions, that includes but is not limited to Lynch syndrome,
has been described as colorectal cancer and polyposis syn-
dromes (CRCP).

We chose patients with CRCP for the study because this is a
common referral indication in our clinic population, there are
multiple genes associated with a similar clinical picture, which
makes this condition amenable to be tested by WES, and the
standard of care has limited clinical sensitivity. Furthermore,
Lynch syndrome's usual care testing (i.e., immunohistochem-
istry and microsatellite instability tissue testing followed by
genetic testing) is relatively costly and has modest effective-
ness, despite the fact that it is supported by evidence-based
recommendations [19] and is considered a good economic
value compared to no testing [20].

2. Experimental design

We selected an RCT design in order to evaluate the efficacy
and effectiveness of WES compared to usual care in patients
with CRCP. A randomized trial is an inherently comparative
design because it enables estimation of the attributable effects
of the testing intervention by including a comparison group.
First set of surveys
PRO and HRU administered 
during initial visit

First Return Vi

CRCP results
from usual car
returned both 
groups

CRCP results 
from WES 
returned to WE
group

Randomization
status divulged

~2 months

Initial Visit

Clinical CRCP 
genetic counseling

Consent discussion

Blood draw

RANDOMIZATION

~14 Months

Fig. 1. Study timeline. Patients are assessed at their initial clinic visit for inclusion/e
consented. Blood volumes are drawn simultaneously for usual care and the researc
care or usual care alone. Results related to colorectal cancer/polyposis are returne
return visit that takes place one month after the first, incidental findings from WES
for the usual care alone participants. Patient reported outcomes (PRO), health resour
findings associated to colorectal cancer and polyposis and DCEIF for incidental findi
after the second return visit. aThe PRO instrument sent 4 months after the second v
Another major advantage of an RCT design over an observa-
tional study design, often used in the evaluation of diagnostic
approaches, is the reduction in confounding from both
known and unknown factors. For example, an observational
study comparing individuals who received WES with those
who did not might show worse anxiety outcomes in this
group just because anxious individuals are prone to request
more comprehensive tests, and not because WES itself or an
incidental finding has generated that level of anxiety.

Patients are randomized to a usual care arm or a WES plus
usual care arm (Fig. 1). Adding WES to usual care, rather than
eliminating any clinical test yields parity to the non-WES
experience of patients in both arms andmay assure those in the
WES arm that their care is not compromised. Patients are
evaluated during an initial clinic visit inwhich genetic testing is
ordered and informed consent is obtained followed by
randomization. A key aspect of the trial design is that test
results are delivered in two separate return visits (Fig. 1). The
first return of results visit is scheduled approximately two
months after the initial visit, and the results from the usual care
genetic testing pertinent to CRCP are returned to both groups,
while those in the WES plus usual care arm are also returned
CRCP related findings from WES. The second return visit takes
place at least one month after the first return visit, and IFs
found by WES are returned in the WES plus usual care arm,
while the usual care alone group receives the CRCP information
about disease risks based on family history, but no IFs. We
included two return visits to differentiate the impact of
receiving disease diagnosis information from IF information.
The second return visit during which IF results are communi-
cated occurs in the context of a research visit with a genetic
counselor and a medical geneticist. Known pharmacogenetic
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xclusion criteria, and if eligible, asked if they wish to enroll in the study and
h protocol, followed by randomization to one of two groups: WES plus usual
d in the first return visit, two months after the initial visit. During a second
are discussed in this group, while further review of family history takes place
ce utilization (HRU) and discrete choice experiment instruments (DCECRC for
ngs) are given to the patient starting during the initial visit until 10 months
isit contains only the FACToR instrument.
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variants, which are found in approximately two-thirds of the
participants, are returned at this visit. For actionable high
penetrance Mendelian conditions that affect adults, we
consider a list of approximately 117 genes meeting these
criteria, and include most of the adult-relevant 56 genes
recommended for return of results by the ACMG [21]. Only
pathogenic variants are returned. While the gene list is
dynamic, we recently published this list and our criteria for
pathogenicity [22]. Of note, neither the patients nor the
clinicians are blinded after the first return visit, when the
randomization status is divulged. This is done to capture any
changes in outcomes from the baseline surveys.

The primary outcome of the trial is the diagnostic
effectiveness ofWES: the proportion of subjects who receive
a result identifying the mutation predicted to be etiological
of CRCP in their family. The key secondary outcomes include
WES vs. usual care comparative costs, cost-effectiveness and
psychosocial impacts. The clinical or analytical sensitivity and
specificity of WES compared to Sanger sequencing has been
previously established [23].
2.1. Inclusion/exclusion criteria

Participants eligible for randomization have a personal
and/or family history of colon cancer and/or polyposis that
has resulted in the initiation of clinical genetic testing to
identify a causative mutation in the patient. Participants are
excluded if they have a history of genetic testing for colon
cancer or polyps or if they felt to have a high probability of a
single mutated gene, such as hundreds of polyps indicating
familial polyposis due to APC gene mutations.
2.2. Sample size/power analysis

Power calculations for the primary outcome assume the
following: a usual care rate of identifying a causal variant of
50% vs. 70% in the WES plus usual care group; 2.75 years of
enrollment with a rate of 80 subjects/year yielding a total of
220 subjects; a 10% lost to follow-up rate implying 198
evaluated subjects. Based on these assumptions the study
has 86% power to detect a 20% increase in the rate. For
secondary outcomes the target sample size provides 80%
power to detect a mean difference of 0.40 standard
deviations.
2.3. Analysis

Analysis of the primary outcomes will use a one-sided test
comparing the proportion of subjects with an identified
causal variant in the WES arm to the proportion in the usual
care arm using standard two-sample tests of proportions.
Secondary analyses will compare quantitative patient out-
comes that are detailed below using two-sample comparison
of means, or alternatively, rank-based methods (Mann–
Whitney–Wilcoxon) for measures with strong floor and/or
ceiling effects or for highly skewed measures. These tests are
two sided, and pre-specified subgroup analyses based on the
adenomatous vs. hyperplastic polyp type.
3. Comparative effectiveness and patient-centered
outcome measures

3.1. Patient reported outcomes (PROs)

Patient-centered outcomes research emphasizes the
patient's perspective and as such, methods to incorporate
patient-centered and patient reported outcomes (PROs) are
necessary. By definition, a PRO is any report of the status of a
patient's health condition that comes directly from the patient,
without interpretation of the patient's response by a clinician
or anyone else [7]. Patient reported outcomes have become a
standard measure of patient-centered outcomes for RCTs
[24]. General examples of PROs are disease-specific patient
questionnaires such as the Functional Assessment of Cancer—
Colorectal Cancer Module, domain-specific measures of pain
and other symptoms, and the more generic measures of
health-related quality of life and functional status.

We selected PRO instruments with the goal of capturing
psychosocial impacts from both CRCP results and IFs. Focus
groups and cognitive interviews also conducted by our
group show that patient preferences for incidental genomic
findings are likely influenced by a complex set of diverse
attributes [25]. As anxiety about possible IF results from
genomic tests has been noted in patients in our clinic, we
hypothesized that participants in the arm receiving IFs will
report more anxiety symptoms. However, because WES is a
more comprehensive test with presumptively a higher
efficacy to detect pathogenic variants than usual care, we
also hypothesized those patients receiving WES will be
overall more satisfied with the testing process than those
who do not. Taking into consideration that participants in
this study may have CRCP syndromes, we used previous
literature and the taxonomy of Patrick and Erickson [26] to
identify potential psychosocial impacts on patients receiving
CRCP and IF results [26–30]. These include: 1) symptoms of
anxiety or depressive mood, 2) perceptions such as the
worry associated with genetic testing results, worry about
indecision, satisfaction with the testing process, and 3)
feelings of resilience such as having a positive affect toward
the testing. Measures used previously to assess the impact of
genetic testing on patient outcomes have been relatively
lengthy or not specific to genetic testing [29,30].

The selected measures (Table 1) are as brief as possible for
minimal respondent burden and are administered via surveys
through the University of Washington's Research Electronic
Data Capture (REDCap) system [31]. These surveys are provided
during the initial visit, two weeks after the first return visit, and
then at two weeks, four months and ten months after the
second return visit.

We are using use the Generalized Anxiety Disorder 7-item
instrument (GAD-7) [32] to assess anxiety severity and related
impairment [32]. Depressive symptoms are measured using
the Patient Health Questionnaire (PHQ-9) [33], a validated
measure based on DSM-IV diagnostic criteria [34,35].

To capture worry and positive psychological effects associ-
ated specifically with genetic testing, we developed the
Feelings About genomiC Testing Results (FACToR), which was
adapted from the Multidimensional Impact of Cancer Risk
Assessment (MICRA) [36]. We adapted the MICRA by modify-
ing the items to be relevant to genetic test resultsmore broadly.



Table 1
Patient reported outcomes (PRO) measures. Patients are asked to complete a
series of survey instruments that assess multiple dimensions of their quality
of life and functional status at several time points throughout the trial. The
surveys are administered during the initial visit, 2 weeks after the first
return visit, and at 2 weeks, 4 months and 10 months after the second
return visit. Abbreviations: Generalized Anxiety Disorder 7-item instrument
(GAD-7); Patient Health 9-item Questionnaire (PHQ-9); Feelings About
genomiC Testing Results (FACToR); Veterans RAND 12-item (VR12);
Multidimensional Impact of Cancer Risk Assessment (MICRA); Big Five
Inventory short 10-item questionnaire (BFI-10).

Measure Number of
items

Symptoms
Anxiety symptoms GAD-7 [32] 7
Depressive symptoms PHQ-9 [33] 9

Perceptions
Genetic test results FACToR (adapted from

MICRA) [36]
26

General quality of life VR-12 + 3 [37] 15
Personality BFI-10 [56] 10
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Specifically, we used patient focus groups to identify novel
concepts from the target population that were not originally
included in the MICRA pool of items and cognitive interviews
to assess the relevance and comprehension of items and refine
phrasing and item response options.

To assess health-related quality of life we are applying
the Veterans RAND 12-item health survey [37], a brief, generic,
multi-use tool that summarizes health in two scores: a physical
health summary measure and a mental health summary
measure. We are also measuring personality using the Big
Five Inventory short 10-item questionnaire (BFI-10) to
assess the mediating impact of personality and an optimistic
psychological orientation (resilience) on negative symp-
toms and other measures above. The BFI-10 [38] is a shorter
version of a 44-item tool developed to assess the multiple
dimensions of personality [38].

In summary, we have selected a diverse yet brief set of
PRO instruments designed to capture the key psychosocial
effects associated with genetic testing in this population.
Table 2
Measures of health, insurance behaviors and health resource utilization.
Patients are asked to answer a brief series of questions that assess any
changes in behavior, healthcare utilization, or insurance coverage made in
response to receiving a genetic test result. The surveys are administered
during the initial visit, 1 month after the first return visit, and at 1 month,
4 months, 7 months and 10 months after the second return visit. Abbrevi-
ations: Rapid Assessment of Physical Activity (RAPA); CDC-Behavioral Risk
Factor Surveillance System, year 2011 (BRFSS 2011).

Measure Number of items

Health behaviors
Physical activity RAPA [57] 1
Diet, smoking, alcohol intake BRFSS 2011 7

Insurance behaviors
Health/life insurance, disability Novel items 2

Healthcare resource utilization
Medical services, procedures Novel items 5
3.2. Patient preferences (the value of knowing)

From an economic standpoint the value of a genetic test
result can go beyond clinical outcomes and may extend to
knowledge of cause of disease — this has been defined as
‘personal utility’ [39]. Quantitatively valuing patients' per-
sonal utility of testing for information surrounding the risk
of CRCP and the return of IFs can be accomplished using a
preference-based approach, particularly if the research aims
to inform the cost–utility of different testing strategies. An
increasingly popular method to utility assessment is the
discrete choice experiment (DCE) approach [40–42].

To robustly quantify the personal utility associated with
the different types of information received in the WES or
usual care arms, two separate DCE questionnaires are
employed to elicit patients' preferences and willingness to
pay to receive information on CRCP or IFs. In each DCE,
patients are asked to complete a series of 16 choice tasks,
where each task queries the individual to choose between
two testing alternatives that represent the possible results
and costs of the testing approaches. The development of the
IF DCE survey (IMPRINT — Instrument to Measure PRefer-
ences for Information from Next-generation Testing) instru-
ment is fully described in the publication by Bennette et al.
[25]. The DCE is administered at baseline and two weeks
following the return of relevant results: CRCP-related results
after the first visit, and IFs after the second visit. Because
returning IFs within a clinical context is particularly novel,
we are separating the return of CRCP-related results from
those of IFs to isolate the effects of returning IFs in the WES
group compared to usual care.

4. Economic outcomes

We describe below the strategies deployed to assess
economic outcomes in this study: trial-based cost analysis,
cost–utility analysis, and cost–benefit analysis.

4.1. Trial-based cost analysis

Healthcare-related resource utilization and patient be-
havior data are collected using a patient survey (Table 2, see
survey in Appendix A) [43]. These surveys are administered
during the initial visit, one month after the first return visit,
and then at one, four, seven, and tenmonths after the second
return visit. Patients are asked about the use of medical
services such as physician visits, hospitalizations, prescrip-
tion and non-prescription drug use, screening, ancillary care,
and mental health services. Patients asked how many family
members they have informed of their test results, and what
actions their family members have taken to their knowledge —

e.g., received genetic testing or CRCP screening. Patients are
also asked actual or intended changes to their health and life
insurance policies.

Costs will be assigned to these resources using
established sources such as Medicare reimbursement and
market prices when available [44]. The cost for usual care
CRCP testing will be derived from reimbursed insurance
amounts and patient out of pocket expenses. The cost for
exome sequencing will be estimated from several sources.
The average cost incurred in the research study will be
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evaluated, as well as the cost of clinical WES, which is
currently performed at a higher price than researchWES.We
will use the market price of exome sequencing as a proxy for
the opportunity cost.

We will follow guidelines for the conduct of economic
evaluations alongside RCT [44]. Averages, standard errors,
and 95% confidence intervals for total costs will be
computed for each treatment arm with the use of methods
to account for dependent patient censoring [45]. General-
ized linear models will be used to estimate group differ-
ences in use and costs by medical care utilization categories
and overall. The models will include patient clinical and
demographic variables, group indicator, and other control
variables.
4.2. Cost–utility and cost–benefit analyses

In cost-effectiveness analysis, the added costs and health
outcomes associated with an intervention or program are
used to calculate the incremental cost-effectiveness ratio
relative to the next best comparator. A common measured
outcome in health economics is the amount of life years
gained, when adjusted for the quality of life, also referred as
QALYs. The particular type of cost-effectiveness analysis that
uses QALYs as a unit of measure is also called a cost–utility
analysis. In cost–benefit analysis, the incremental conse-
quences are expressed in dollar terms, so the overall analysis
of a program's costs and effects can be conducted entirely in
dollars. Cost–utility analysis and cost–benefit analysis are
not mutually exclusive, and to a certain point they represent
a continuum in the analysis process [46].

We will develop a disease-based decision model to evaluate
the incremental cost–utility (cost per quality-adjusted life-year
(QALY) gained) of identifying patients with a genetic cause of
CRCP and another model to evaluate IFs. After these two cost–
utility analyses are done,wewill use the results from the Patient
preferences (the value of knowing) section and plug the
willingness to pay values to do cost–benefit analyses for CRCP
and IFs independently. We will use approaches similar to our
previous work in this area [47–49], and build upon the work of
Mvundura and colleagues [20], who have shown that the
primary clinical benefit of testing patients with CRC is mediated
through an increase in CRC screening in family members and
thus avoidance of CRC and other related cancers [20,50,51]. The
analyses will be conducted from the societal perspective; a
payer perspective will be assessed in a scenario analysis.
Estimates of the behavior of family members will be derived
from the trial, as well as healthcare costs of the patients and the
increase in CRC findings with exome analysis.

Parameter estimates for long-term outcomes will be
derived from systematic searches of the literature, as will
data not directly derived from the trial. The value of
obtaining information about the potential genomic causes
of their CRCP syndrome to a patient will be incorporated as a
willingness to pay derived from the DCE study described
above. We will analyze the model using probabilistic
sensitivity analysis to generate cost-effectiveness accept-
ability curves [52]. We hypothesize that the incremental cost
per QALY gained will be less than $100,000 in 95% of
simulations.
5. Discussion

To illustrate the incorporation of comparative effective-
ness and patient-centered outcomes research concepts to
the evaluation of next generation sequencing technologies
in clinical care, we describe the design of a randomized
controlled trial intended to measure the impact of WES on
diagnosis of CRCP as well as the impact of incidental findings
arising from the use of WES. This study is the first to include
CER design elements and PCOR measures to assess the
impact of next generation sequencing for disease diagnosis.
We characterized different components of PCOR, specifically
the integration of PRO in a prospective trial to evaluate the
impact of a genomic diagnostic tool, and to that end we have
used previously validated tools and created a new one to
address the psychological impact of genetic testing. We will
utilize two forms of cost-effectiveness analysis in this study
(cost–utility and cost–benefit analyses), and have developed
novel instruments to assess the direct and indirect costs of
the interventions, as well as the benefits in terms of quality
of life, costs avoided, and to quantify personal utility. The
instruments have been created to evaluate the impact of
genetic test results related to hereditary colorectal cancer
and polyposis, and incidental findings separately.

Our study may shed light on the benefits and adverse
effects of the use of genomic sequencing at a personal level,
complementing traditional outcomes like the impact on
morbidity, mortality, or drug treatment outcomes in the case
of pharmacogenetic variants. Although this is not the first
randomized trial evaluating genetic testing interventions,
the emphasis on patient-centered outcomes and compara-
tive effectiveness sets this study apart from others [29,53]. It
is also distinguished from previous studies by evaluating the
return of IFs, which represent the majority of information
that will be obtained by WES.

This study has implications beyond the quantification of
diagnostic effectiveness in genomics. Understanding the
impact of the return of IFs is a priority in the field of genomic
medicine [54], andwill help determine the role that genomic
technologies such as WES will play in clinical care. The
evidence obtained from this study and other parallel efforts
underway within the CSER (Clinical Sequencing Exploratory
Research) consortium [8] will inform the engagement of
stakeholders like public/private payers, the medical com-
munity and our patients, who are the ultimate recipients of
this information. Obtaining this evidence will inform
reimbursement procedures and, if found to be beneficial,
will place medical geneticists and genetic counselors in
more extensive roles for delivering healthcare.

There are challenges applying comparative effectiveness
research to the study of next generation sequencing. First,
although recruitment is an almost universal problem of RCT
designs, it can be particularly problematic for genetic
conditions, which have a low prevalence. Although CRCP is
a common inherited condition, it is only 3–5% of colorectal
cancer cases. Our patient base can also be affected by referral
volume, which is limited by the referring physician's
knowledge of the indication for referral and the clinical
care setting where they practice.

Second, the return of IFs is a vibrant topic in ethical
discussions [55], and sometimes it is not an easy task to
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discriminate what type of variant in which gene should be
returned. These situations can be alleviated to a certain
degree by standardized approaches to the return of IFs, like
the actionable gene panel proposed by the American College
of Medical Genetics [21].

Third, the challenges with the incorporation of PROs and
patient preferences when assessing genomic sequencing
studies are also tangible for the subjects. For example, we
found that distinguishing between findings associated with
CRCP and IFs not pertinent to the chief complaintwas a difficult
task for the patients, leading us to design two sets of DCE, one
for CRCP findings and another for IFs [25]. Furthermore, the
complexity of the DCE choice task and respondent burden
might be a concern for user fatigue for our participants,
especially if these tests are administered with other surveys
at the same time. Lastly, assessing the clinical and economic
impact of returning IFs to patients is challenging for several
reasons. First, if only the clinically actionable IFs (the ones that
will changemedical care) are returned, these are relatively rare
[22] and the clinical impact can vary drastically among
mutations. Second, the clinical effect of these variants might
not be evident until years after the presentation to the clinic.
Finally, the evidence needed to interpret many of the identified
variants in CRCP and IF genes remains challenging without
even considering variants of uncertain significance that are not
returned for IFs for NEXT Medicine study participants.

In summary, we designed a randomized controlled trial to
evaluate whole exome sequencing in the evaluation of patients
with inherited colorectal cancer and polyposis syndromes. We
incorporated patient reported outcomes by modifying a
validated questionnaire to address the psychological effects of
genetic testing, and evaluated patient preferences by creating
two new discrete choice experiment instruments. This paper
may help guide other investigators in clinical genomics to
identify useful outcome measures and strategies to address
comparative effectiveness questions on the extensive informa-
tion resulting from the identification of genomic incidental
findings. Although the application of comparative effectiveness
and patient-centered outcomes research to the clinical imple-
mentation of next generation sequencing is challenging, we
believe that these approaches offer valuable evidence to inform
patient, provider, and payer decisions.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.cct.2014.06.016.
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