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BACKGROUND & AIMS:

76
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Patients with Crohn’s disease (CD) must make decisions about their treatment. We aimed to
quantify patients’ preferences for different treatment outcomes and adverse events. We also
evaluated the effects of latent class heterogeneity on these preferences.
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METHODS:
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An online stated-preference survey was completed by 812 individuals with CD in the Crohn’s
and Colitis Foundation Partners cohort (IBD Partners). Patients were given information on
symptoms and severity of active disease; duration of therapy with corticosteroids; and risks of
serious infection, cancer and surgery. Patients were asked to assume that their treatment was
not working and to choose an alternative therapy. The primary outcome was remission-time
equivalents (RTE) of a given duration of symptom severity or treatment-related risk. Latent
class choice models identified groups of patients with dominant treatment-outcome prefer-
ences and associated patient characteristics with these groups.
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RESULTS:
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Latent class analysis demonstrated 3 distinct groups of survey responders whose choices were
strongly influenced by avoidance of active symptoms (61%), avoidance of corticosteroid use
(25%), or avoidance of risks of cancer, infection or surgery (14%) when choosing a therapy.
Class membership was correlated with age, sex, mean short CD activity index score and corti-
costeroid avoidance. RTEs in each latent class differed significantly from the mean RTEs for the
overall sample, although the symptom-avoidant class most closely approximated the overall
sample.
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CONCLUSIONS:
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In an online survey of patients with CD, we found substantial heterogeneity in preference for
medication efficacy and risk of harm. Physicians and regulators should therefore not assume
that all patients have mean-value preferences—this could result in significant differences in
health-technology assessment models.
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Traditionally, regulators and physicians have been
responsible for evaluating therapeutic benefit-risk

tradeoffs of medications, with regulators responsible for
approving drugs for marketing and physicians for the de-
cision of to whom to prescribe the drug. Because treat-
ment decisions directly affect patients, there is
increasing support, including from the Food and Drug
Administration, for explicitly incorporating patients’
evaluations of the relative benefits and risks of medical
technologies in regulatory and clinical decision-making.1

Heterogeneity in patients’ preferences may also
impact clinical practice. The degree to which patients’
preferences contribute to substantial variability in care
among patients with Crohn’s disease (CD) has not been
FLA 5.6.0 DTD � YJCGH56512_proof �
well studied.2,3 These patients often face difficult treat-
ment decisions. One such decision is the choice between
taking repeated short courses of corticosteroids, with a
number of potential serious adverse events (SAEs)
including increased serious infection risks and increased
mortality,4 or corticosteroid-sparing agents such as anti-
10 July 2019 � 7:13 pm � ce OB

https://doi.org/10.1016/j.cgh.2019.05.010


What You Need to Know

Background
We aimed to quantify preferences of patients with
Crohn’s disease (CD) patients for different treatment
outcomes and adverse events. We also evaluated the
effects of latent class heterogeneity on these
preferences.

Findings
In an online survey of patients with CD, we found
substantial heterogeneity in preference for medica-
tion efficacy and risk of harm. We demonstrated 3
distinct groups whose preferences for CD treatments
were strongly influenced by 1) avoidance of disease
activity, 2) avoidance of corticosteroids, and 3)
avoidance of therapy risks.

Implications for patient care
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TNF agents, anti-integrins, thiopurines, or methotrexate
for a longer term. Growing evidence supports earlier
initiation of steroid-sparing drugs and accelerating
treatments as needed to achieve both symptomatic and
endoscopic remission; however, these therapies have
their own associated risks.5,6 Patient-centered prefer-
ences about the relative risks and benefits of these
treatment options have not previously been measured.

Here, we quantified variability in patients’ prefer-
ences around CD symptom severity and duration, steroid
use and key adverse outcomes of cancer, serious infec-
tion, and surgery through latent class analysis of choice-
experiment data obtained from a web-enabled survey.7

We hypothesized that patients would have very
different treatment preferences and understanding
driving forces for these preferences will assist physicians
in counseling patients regarding the tradeoffs among
different treatment strategies and tailoring treatment
decisions that align with patients’ preferences.
Physicians and regulators should not assume that all
patients with CD have mean-value preferences: there
is significant variability in disease therapy risk-
tolerance thresholds, and these preferences may
vary over time and disease experience. These find-
ings have direct implications for treatment strategies
and health decision analyses.
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Materials and Methods

Survey Sample

Invitation emails were sent to CD members of the
Crohn’s and Colitis Foundation Partners cohort (IBD
Partners).8 The cohort has been shown to be similar to
other IBD populations, albeit with a larger proportion of
women.8 Members of IBD Partners update disease in-
formation every 6 months. Following completion of the
semiannual questionnaire, patients were asked if they
would be willing to complete an additional survey
regarding their preferences for therapies for CD. Patients
indicating a willingness to participate were emailed a
separate invitation and a link to the online survey.
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Survey Development

A discrete choice experiment (DCE) survey was per-
formed. DCE is a nonexpected utility theory method that
recognizes that interventions (eg, medical or surgical
treatments) derive value from specific attributes (eg,
treatment efficacy, potential SAEs). In turn, these attri-
butes have varying levels (eg, efficacy rates, risk rates).
By measuring systematic tradeoffs, DCE generates choice
data that quantifies implicit decision weights indicating
relative utility for treatment attributes and treatments
overall. Because it is based in nonexpected utility theory,
it avoids inaccurate assumptions of preference behavior
in expected utility theory-based methods (eg, time trade-
off or standard gamble) (Supplementary Methods).9–17

A choice-experiment survey was developed using
best-practice methods to elicit patients’ willingness to
accept tradeoffs among various medication and surgical
therapies.18 Baseline demographics and recent disease
history from the IBD Partners’ database were augmented
FLA 5.6.0 DTD � YJCGH56512_proof �
by additional questions regarding specific history related
to the risks and therapies assessed in the study.

Treatment attributes shown in choice-experiment
scenarios were determined from literature review,
expert consultation, focused interviews with IBD patients
and piloting in 9 CD patients. Patients were asked to
assume that their current treatment was not working to
control their CD and they need to choose an alternative
therapy. Patients were offered choices between 2 medi-
cal therapy profiles. Attributes of each profile included
number of months per year of specified disease severity
ranging from 12 months of remission to 12 months of
mild, moderate or severe disease activity; and number of
months of steroid usage each year (Supplementary
Figure 1). Symptoms descriptions were adapted from
the Crohn’s Disease Activity Index. For each treatment,
the risks were described for 3 serious adverse events
(SAEs): the increased risk of cancer, serious infection and
need for intestinal surgery. Each SAE and its treatment
were described in nontechnical language (see
Supplementary Survey example). Hypothetical risk levels
for a 10-year period ranged from 0%–8% for cancer and
surgery; and 0%–30% for serious infections. Pretest in-
terviews and pilot data indicated these ranges yielded
trade-off information required to quantify the upper
limits of risk that most participants would accept for
improvements in disease severity. All treatment benefits
were described as certain and all treatment risks were
described as known probabilities. Consistent with best
practices, specific risk levels were shown.18 SAE
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Table 1. Baseline Characteristics of the Study Population

Variable
Patients
(n ¼ 812)

Age, y 44 � 15, 43
Age �50 y 290 (36)

Gender
Male 204 (25)
Female 608 (75)

Ethnicity/racea

Caucasian 751 (95)
African American 10 (1)
Asian 5 (<1)
American Indian or Alaskan Native 4 (<1)
More than 1 race 14 (2)
Other 3 (<1)

Hispanicb 19 (2)
Length of time with Crohn’s diseasec 16.4 � 13.4, 12
Complications of Crohn’s disease

History of fistula 312 (38)
History of stricture 322 (40)
History of abscess 259 (32)
History of surgery for Crohn’s diseased 412 (51)
History of hospitalization for Crohn’s

diseasee
551 (68)

Short Crohn’s Disease Activity Indexf 150.8 � 90.3, 142
Patient-reported disease activityg

Remission 329 (40)
Mild 331 (41)
Moderate 128 (16)
Severe 21 (3)

Months with symptoms in last yearh

0 148 (18)
1–2 148 (18)
3–11 270 (34)
12 239 (30)

Months with symptoms in last yearh 5.8 � 4.8, 5
Most recent flarei

Mild 342 (42)
Moderate 312 (38)
Severe 153 (19)

History of hospitalization for serious
infectionj

231 (29)

Personal history of cancerk 80 (10)
Family or friend who died from cancer 499 (62)
Corticosteroid (oral) usel

Never 62 (8)
In past 1–2 mo 126 (16)
In past 3–11 mo 133 (17)
12 or more months ago 465 (59)

Willing to take corticosteroids againm 510 (70)
Current immunosuppressant usen 258 (32)

Values are mean �SD, median; or n (%).
a25 missing.
b15 missing.
c5 missing.
d3 missing.
e5 missing.
f4 missing;
g3 missing.
h7 missing.
i5 missing.
j2 missing.
k4 missing.
l26 missing.
m26 missing and 62 had not previously taken corticosteroids (510 of
724 ¼70%.
n1 missing, inclusive of thiopurine analogs, biologics, and methotrexate.
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probabilities were presented both graphically and
numerically (Supplementary Figure 2).19 See
Supplementary Materials for further details of the survey
design.

Statistical Analysis

Latent GOLD 5.0 Choice was used to estimate latent
class relative importance weights from the choice data
(see Supplementary Materials for additional details of
model development).20 To give utility differences a
clinically relevant metric, we used the marginal utility of
1 month of remission to derive the remission-time
equivalent (RTE), of a given duration of symptom
severity or treatment-related risk. Thus, RTE is the loss
in remission time that has the equivalent utility loss as a
given amount of symptom-severity time; or the loss in
remission time that has the equivalent utility loss as
bearing a given level of SAE risk.

Time profiles in the choice questions were specified
as number of months with specified symptom severity
and number of months of remission over a 12-month
period. Thus the utility gains from 1 less month of
mild, moderate or severe disease corresponds to the
marginal utility of 1 more month of time in remission.

Variables were also examined to determine clinically-
relevant predictors of latent class membership.
Clinically-relevant covariates were added and removed
sequentially from latent class models based on signifi-
cance at a P value of �.10.

The study was approved by the University of Penn-
sylvania’s Institution Review Board.

Results

1753 CD patients were invited to participate of whom
81% (1422/1753) agreed to learn more about the study,
1409 were sent the consent page, and 58% of those
(812/1409) consented and completed the full choice-
experiment survey (Supplementary Figure 3). Five re-
spondents failed the test for internal validity. Given the
low number, they were not excluded from final analysis.

The majority of respondents were female, consistent
with the IBD Partner’s population (Table 1).8 The ma-
jority were not in a self-reported remission, although the
median Short Crohn’s Disease Activity Index score was
142. Approximately one-third were currently taking
immunosuppressant medications and one-third had used
oral corticosteroids in the prior year.

Scaled Preference Utilities

Figure 1 shows the average relative importance of
attributes for the overall population. Relative importance
of each attribute is indicated by the distance between
zero and the greatest level of each attribute and is
dependent on attribute level range. All severity levels
FLA 5.6.0 DTD � YJCGH56512_proof � 10 July 2019 � 7:13 pm � ce OB



Figure 1. Categorical
preference weights for
overall sample. Preference
weights for overall study
population. The vertical
axis shows utility loss and
the horizontal axis shows
attributes and their
respective levels.
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and corticosteroid use were evaluated over 12 months;
infection risk ranged as high as 30%, while the maximum
value of other risks was only 8%. Preference weights
showed logically ordered utility losses with increasing
levels of disease activity and risk. Differences among
symptom severity and risk levels generally were statis-
tically significant. An exception was mild-disease dura-
tions, in which respondents were insensitive to
differences in durations >0, similar to prior studies.21

Severe disease duration was the most important
attribute, with the lowest utility assigned to severe dis-
ease lasting for 1 year. Up to an 8% risk of surgery was
considered less important. Four months of severe dis-
ease was considered 3.2-fold more important than
moderate disease and 1.6-fold more important than mild
disease of equal duration. The differences in importance
were larger for longer durations of active disease. At the
5% risk level, cancer risk was about twice as important
as surgery risk and about 6-fold more important than
infection risk. Avoiding 12 months of steroid use, with
perceived side effects, was more important than avoiding
an 8% risk of surgery.
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Figure 2. Relative attribute importance by latent class. Rela-
tive importance of attributes for overall population (black
dashed line) and latent class membership: symptom avoidant
(blue), corticosteroid avoidant (red), and risk avoidant (green).
Relative importance is the difference between the worst level
and an omitted zero category for each attribute, with scaling
to sum to 1.
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Latent Class Analysis of Choice Data

Using latent class analysis the best fit model included
3 latent classes which described 3 dominant decision-
making patterns. Classes were termed symptom avoi-
dant, steroid avoidant, and risk avoidant to describe the
characteristics of each class. Figures 2 and 3 compare the
relative importance and illustrate the preference weights
of the attributes by latent class, respectively. The
symptom-avoidant class constituted 61% of the overall
sample and had stronger preference for avoiding
FLA 5.6.0 DTD � YJCGH56512_proof �
moderate and severe disease. The corticosteroid-
avoidant class represented 25% of the sample and had
a stronger preference for avoiding corticosteroids, even
at the cost of lower medication efficacy. The risk-
avoidant class constituted 14% of the overall sample
and had a stronger preference for avoiding therapeutic
risks, especially cancer risks.

We calculated RTE values corresponding to losses in
months of remission for various severity and risk levels
(Figures 3 and 4). The RTEs for the symptom avoidant
class most closely approximated the RTEs for the overall
sample (Supplementary Table 1; Figure 4). However, in
10 July 2019 � 7:13 pm � ce OB



Figure 3. Preference
weights for varying attri-
bute levels by latent class
membership. The vertical
axis is utility loss and the
horizontal axis shows the
attributes and their
respective levels: symp-
tom avoidant (blue), corti-
costeroid avoidant (red),
and risk avoidant (green).
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each level of attributes of SAE risks, the mean RTEs for
the overall sample underestimated the RTEs for at least 1
of the latent class groups.

The heterogeneity in treatment preferences resulted
in markedly different valuation of durations of active CD
(Supplementary Table 1). For example, the symptom-
avoidant class valued 3 months of moderate disease
(–4.1 RTEs; 95% confidence interval [CI], 5.3 to 2.9),
similar to the corticosteroid-avoidant class, which valued
5 months of moderate disease (–3.8 RTEs; 95% CI, –6.4
to 1.2), and the risk-avoidant class, which valued 9
months of moderate disease (–3.9 RTEs; 95% CI, –8.1,
0.2).

Characteristics of Latent Class Membership

Regression modeling identified 4 patient character-
istic covariates that retained significance across models
predicting likelihood of membership in each latent class
of decision-making patterns (Table 2), although an indi-
vidual may use components of each in making health
decisions. The corticosteroid-avoidant class tended to be
women with greater disease activity as indicated by
mean short Crohn’s Disease Activity Index scores,
whereas the symptom-avoidant class tended to be
younger and with lower disease activity.

Discussion

In response to the increasing call for patient prefer-
ence information in clinical decisions and public policy,
this study was designed to quantify how CD patients
value treatments and outcomes. The study demonstrated
FLA 5.6.0 DTD � YJCGH56512_proof �
substantial variability in patient preference. Three
groups were identified within our sample who valued
treatment outcomes and side-effect risks differently. The
largest group placed a premium on minimizing the time
spent with moderate to severe disease activity and was
relatively less concerned with corticosteroid use and SAE
risks associated with medication or surgery.

However, 39% of our sample differed substantially
from the largest group and from the overall average in
their priorities for treatment outcomes. These patients
belonged to 1 of 2 other latent classes: one group was
primarily concerned about corticosteroid use whereas
the other focused primarily on risks of SAEs. For
example, the risk-avoidant class viewed a 5% risk of
cancer as equivalent to losing 16 months of symptom-
free time compared with an average of 4 months for
the entire study population. The corticosteroid-avoidant
class assessed 2 months of corticosteroid exposure as
equivalent to losing nearly 3.2 months of remission
compared with the less than 1 month for the full study
sample.

Preference estimates based on aggregate samples are
used throughout health care, at the individual, societal,
and regulatory levels. Our data demonstrate that policies
and guidelines that consider all CD patients as a single
group could be inconsistent with the concerns of more
than one-third of the patient population. Health tech-
nology assessment models may differ because they
ignore differences in population members. Similarly,
when regulators make decisions about the balance of
potential benefits and harms of therapies, and when
manufacturers develop risk-management plans, it is
important to consider that subpopulations of patients
have different risk-tolerance thresholds. Our findings
10 July 2019 � 7:13 pm � ce OB
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Figure 4. Q9Remission-time equivalents by latent class. Black indicates all participants; colored columns indicate groups of
latent class membership, by preference: symptom avoidant (blue), corticosteroid avoidant (red), and risk avoidant (green).
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also point to potential variables associated with
membership in these subpopulations of different risk-
tolerance thresholds and provide insight into the trade-
offs these subpopulations are willing to make between
the benefits and risks of therapies based on their
preferences.

Similarly, practice guidelines are typically based on
average response rates derived from clinical trials.
However, some patients are reluctant to follow estab-
lished guidelines. Our data help to explain why certain
patients have a strong desire to avoid certain therapies;
and how patients’ preference for therapies could change
over time as they age and their disease experiences
change. Providers may need to address varying concerns
over the disease history; both providers and patients
may find it useful in directing goals of clinical visits and
education in a more personalized nature.

These findings have direct implications for evolving
treatment strategies that target mucosal healing in
addition to control of disease-related symptoms, often
referred to as treat to target. Concerns regarding these
approaches include the perception that proactive esca-
lation of therapy based on endoscopic or laboratory
findings in the absence of symptoms ignores patient
preferences for therapies; and that patients could be
reluctant to accept increased therapy risk to prevent
future complications of disease. Prior work has shown
that patients value medication efficacy and are willing to
accept risk levels comparable to, or even higher than,
FLA 5.6.0 DTD � YJCGH56512_proof �
actual medication SAE risks to achieve durable clinical
remission.22 However, accepting risks to improve cur-
rent symptoms is different than accepting risks to reduce
the risk of future adverse outcomes.

This research extends the findings of prior studies in
several ways. By including the risks of surgery and
medication-related adverse events, this research allows
for direct comparisons of the relative importance pa-
tients place on avoiding surgery or adverse events
related to medical therapy. In general, patients priori-
tized avoidance of cancer more than avoidance of sur-
gery, and avoidance of serious infections was prioritized
least. Further, by including duration of symptoms, the
importance of the risk of surgery could be compared
with the importance of the risk of future symptoms.
Patients perceived a 5% risk of surgery as having com-
parable importance to having 2–3 months of moderate
symptoms, but viewed this surgical risk as less important
than the risk of 8 months of corticosteroids. These
findings are consistent with many clinicians’ anecdotal
experience of patients choosing not to take medication or
discontinuing a medication once their current flare
symptoms resolve, even if this increases the risk of
future relapses and surgery, and points to critical areas
to prioritize for discussion and education regarding the
natural history of disease and risks of therapy.

A treat-to-target strategy is likely to be preferred by
patients who prioritize avoiding future disease relapse
and the related need for corticosteroid use and surgery.
10 July 2019 � 7:13 pm � ce OB



Table 2. Participant Characteristics by Latent Class Membership

Characteristics Overall

Latent Class
Wald
P

value
Symptom
Avoidant

Corticosteroid
Avoidant

Risk
Avoidant

Mean age, y 44 42 44 50 <.001
Male, % 25 30 15 32 .007
Willing to use corticosteroids again, % 65 77 43 64 <.0001
Mean sCDAI 151 130 172 167 <.0001

Baseline demographics were not adjusted for each other. Covariate interactions were interpreted relative to the symptom-avoidant as the omitted category.
sCDAI, short Crohn’s Disease Activity Index.
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Somewhat surprisingly, relative to other features of CD
therapy, avoiding surgery was valued somewhat simi-
larly across latent class groups and generally less than
avoiding moderate and severe disease. Thus, the most
important evidence that would lead these patients to
pursue a treatment strategy consistent with treat to
target may be evidence that achieving mucosal healing
minimizes the amount of time that patients will have
active symptoms in future years. This should be an
important outcome for future studies comparing alter-
native treatment strategies.

Two additional novel aspects of this study were the
ability to compute RTEs for different health states and to
examine how preferences vary for different durations of
active symptoms. Unlike standard health-state utility
assessments that use utilities bound between 0 and 1
and assume linearity across time (eg, quality-adjusted
life-years [QALYs]), our approach avoids restrictive as-
sumptions of cardinality, linearity, proportionality, and
separability required for calculating QALYs.9–11,15,23 We
impose no functional-form requirements, allow severity
and duration to logically interact in determining utility,
and are able to construct the RTE values for both
symptom-duration combinations and utility losses from
anticipating possible treatment-related risks. Rather than
requiring respondents to evaluate outcomes relative to
death and perfect health over a lifetime, we elicited
trade-off preferences using choices among simulated
actual treatments for clinically relevant health states and
durations. Moreover, computations using utility esti-
mates such as QALYs are difficult to interpret. Healthy
time equivalents, RTEs in the case of IBD, provide an
alternative metric that may be easier to understand by
patients, providers and policy makers.

This study provides a unique insight into how pa-
tients value different levels of disease activity and
duration of living with these symptoms. For example,
patients who generally prioritized avoiding corticoste-
roid use were very accepting of up to 4 months of
symptoms but had a stronger aversion to longer periods
of active symptoms (Supplementary Figure 1). In
contrast, the 2 other subgroups had significant utility
losses for the first 4–8 months of symptoms, but this
often plateaued after that period. Across all latent
FLA 5.6.0 DTD � YJCGH56512_proof �
classes, the importance of symptom duration was
nonlinear and increased substantially as the severity of
the symptoms increased.

There are several limitations to our work. Stated
preferences are elicited from a controlled experiment
on hypothetical treatment choices. Real-world choices
are complicated by physician intermediation, reim-
bursement and insurance coverage, and other factors
not accounted for in our controlled experiment. Thus,
actual treatment decisions could be different than
those predicted by our data. Also the use of the rela-
tively more motivated and engaged IBD Partners pop-
ulation, while preserving internal validity, may limit
generalizability and affect the relative proportions in
latent class analysis.

Several features of the study design were imple-
mented to implement best-practice DCE methodology
and limit the potential for bias due to the challenges
inherent in DCE.24 Scenarios were presented as realisti-
cally as possible; and the survey emphasized the value of
the research to help CD patients and their physicians,
and the importance of full concentration when
answering the questions. The number of questions each
respondent answered was limited in consideration of
cognitively challenging choice questions. Internal validity
testing demonstrated excellent understanding of the
choice tasks. Owing to potential confusion over condi-
tional probabilities, outcomes and SAEs risks were pre-
sented as certain. However, risks were presented over a
plausible range of levels to facilitate quantification of
clinically relevant risk tolerance.

In conclusion, this study defined values for RTEs for
mild, moderate, and severe symptoms of CD over the
course of 1 year. We identified 3 groups of patients with
treatment preferences driven by differing emphasis on
avoiding symptoms, avoiding corticosteroid use, and
avoiding risk. At a societal level, these data emphasize
that regulatory decisions and treatment guidelines need
to acknowledge the heterogeneity in patients’ prefer-
ences related to CD. The duration-specific assessment of
patient preferences combined with the latent class
analysis demonstrating heterogeneity provides an
entirely new framework for decision and cost-
effectiveness analyses related to CD.
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At an individual patient level, physicians may need
to tailor their discussions with patients according to
these preference patterns. The largest group placed the
greater emphasis on avoiding symptoms than avoiding
the risk of future surgery. Similarly, a second group
emphasized avoiding corticosteroid use much more
than avoidance of surgery. As such, when physicians
are communicating potential treatment strategies to
patients, it may be more effective to focus discussions
on the potential to reduce the amount of future time
with active disease and ability to avoid future cortico-
steroid use more so than reducing the risk of future
surgeries. For the subset of patients who most priori-
tize avoiding the risk of cancer, it may be important to
emphasize that while some medications increase the
risk of cancer, active inflammation also increases the
risk of cancer. Tailoring educational materials and
communication to the individual patient’s priorities
could help patients with CD to make treatment de-
cisions that have the greatest potential to meet their
personal goals and to preserve adherence to therapy
once remission has been achieved.
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Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
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Supplemental Methods

Survey Development and Implementation

Survey participants were offered pairs of constructed
treatment profiles that specified how much efficacy,
steroid use, and various side-effect risks are associated
with each treatment alternative. An experimental design
identified pairs of treatment alternatives that would
produce choice patterns that could be statistically
analyzed to identify the relative importance weights
attached to each attribute level.

We developed an online discrete choice experiment
survey instrument with appropriate programming code
using best-practice methods1 to elicit Crohn’s disease
(CD) patients’ willingness to accept trade-offs among
medical and surgical interventions for CD.2 We tailored
language and format to a sixth-grade reading level; ob-
tained published data and expert opinion to clearly
delineate attributes and levels; and conducted 1-on-1
piloting with 9 CD patients to ensure cognitive suit-
ability, refine language, determine potential effect mod-
ifiers, and tailor length.

To motivate evaluation of the series of pairwise
comparisons of constructed treatment options, partici-
pants were asked to assume that their current treatment
was not working to control their CD and they needed to
choose between two alternative medical therapies.
Medical therapy attributes included number of months
per year of specified disease severity ranging from 12
months of remission to 12 months of mild, moderate, or
severe disease activity; and number of months of steroid
usage each year. Symptom descriptions were adapted
from the Crohn’s Disease Activity Index. For each treat-
ment, the risks were described for 3 serious adverse
events (SAEs): the increased risk of lymphoma, serious
infection, and need for intestinal surgery. Each SAE and
its treatment were described in nontechnical language.

Hypothetical risk levels for a 10-year period ranged
from 0% to 8% for lymphoma and surgery and from 0%
30% for serious infections. Pretest interviews and pilot
data indicated these ranges yielded trade-off information
required to quantify the upper limits of risk that most
participants would accept for improvements in disease
severity. Attribute levels also included outcomes in the
clinically relevant ranges to facilitate mapping benefit-
risk preferences to actual treatments. The 10-year time
frame has been deemed to be appropriate from concep-
tual, methodological, and patient cognitive perspectives,
and has been previously described in the literature.3–5

To limit cognitive and numeracy concerns, all treat-
ment benefits and risks are described as certain or with
known probabilities. Consistent with best practices,
specific risk levels were shown.1 Additionally, SAE
probabilities are presented graphically in an icon array
with shaded elements indicating the number of patients
out of 100; and numerically as fractions (counts out of
FLA 5.6.0 DTD � YJCGH56512_proof �
100) and percentages. The survey includes tests for
numeracy and internal tests for subject-level validity
through logic testing. A commonly used algorithm in SAS
(SAS Institute, Cary, NC) was used to construct D-effi-
cient experimental designs resulting in the least number
of scenarios to efficiently estimate MARs.6–10 To reduce
respondent burden, the trade-off scenarios are typically
blocked into sets of 8–12 questions with their order
randomized to avoid sequence effects.
Survey Validation

The choice-experiment surveys included tests for
numerical understanding and an internal test for subject-
level validity through logic testing. To assess under-
standing of the numerical information in the survey,
subjects were shown a series of risks, presented as
percentages, fractions and risk-grid graphics, and sub-
sequently tested on their understanding of these numeric
concepts. Logic testing was assessed to evaluate if re-
spondents understood and were attentive to the choice
task to indicate a preference for the treatment profile
with better efficacy and lower risks across all attributes
(the “dominant treatment”). The statistical model was
tested to evaluate the influence of respondents who
failed one or both of these tests.
Statistical Analysis

Latent GOLD 5.0 Choice (Statistical Innovations, Bel-
mont, MA) was used to estimate latent class relative
importance weights from the choice data.11 The choice
model estimates separate parameters and class-
membership probabilities for a specified number of
classes. We estimated models for 1–5 classes to evaluate
the optimal number of latent classes. Fully categorical
models were specified to avoid imposing functional-form
assumptions for continuous variables. All severity dura-
tion interactions were estimated to avoid the implau-
sible, but common, assumption that health-state utility
and durations are linear and proportional. The Bayesian
information criterion was used to compare relative fit of
the models and Wald tests were used to determine
whether coefficient differences were significant among
classes.12 We also evaluated whether model classes
represented reasonably large fractions of the total sam-
ple, were distinctly different from other classes, and had
logical and clinically meaningful interpretation.13

The absolute scale of the preference-utility parameter
estimates has no intuitive meaning; only comparisons of
differences are meaningful. To facilitate comparisons
among classes, we rescaled each set of parameters for
each class to range between 0 (best) and –10 (worst)
outcome levels. The resulting relative-importance score
indicates the overall influence each attribute had on
choice evaluations.
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To convert relative importance estimates to a clinically
relevantmetric,weused themarginal utility of onemonth of
remission to rescale the preference estimates in terms of
equivalent remission-time equivalents (RTEs), of a given
duration of symptom severity or treatment-related risk.
Thus, RTE is the loss in remission time that has the equiv-
alent utility loss as a given amount of symptom-severity
time, or the loss in remission time that has the equivalent
utility loss as bearing a given level of SAE risk.

Time profiles in the choice questions were specified as
number of months with specified symptom severity and
numberofmonths of remissionover a12-monthperiod. The
marginal utility of 1 more month of time in remission de-
pends onwhether the additionalmonth comes from1 fewer
month of mild, moderate, or severe disease. For calculating
RTEs we rescale reductions in severity durations using the
negative of the mean marginal utility loss over all severity
duration levels as the averagemarginal utility of 1 month in
remission. We calculated RTE losses by dividing symptom
duration utility losses by this value.

Variables also were examined to determine clinically
relevant predictors of latent class membership.
Clinically-relevant covariates were added and removed
sequentially from latent class models based on signifi-
cance at a P value of �.10.
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Feature Levels

Severity and duration a

Severity: 0 Months Severity: 4 Months Severity: 8 Months Severity: 12 Months

Remission:  12

Mild: 4

Remission: 8 

Mild: 8 

Remission:  4

Mild: 12 

Moderate: 4

Remission: 8 

Moderate: 8 

Remission:  4

Moderate:12 

Severe: 4

Remission: 8 

Severe: 8 

Remission:  4

Severe: 12 
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Increased chance of 
serious infection b None

5 out of 100 (5%) 15 out of 100 (15%) 30 out of 100 (30%)

Increased chance of 
cancer None

2 out of 100 (2%) 5 out of 100 (5%) 8 out of 100 (8%)

Increased chance of 
surgery a None
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Supplemental Figure 1. Attributes and levels.
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Supplemental Figure 2. Example of survey scenario.
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study
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study:
22 closed browser
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1409 invited to 
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81 patients did not complete full study
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Figure 3. Patient accrual.

FLA 5.6.0 DTD � YJCGH56512_proof � 10 July 2019 � 7:13 pm � ce OB

9.e5 Bewtra et al Clinical Gastroenterology and Hepatology Vol. -, No. -

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

1532

1533

1534

1535

1536

1537

1538

1539

1540

1541

1542

1543

1544

1545

1546

1547

1548

1549

1550

1551

1552

1553

1554

1555

1556

1557

1558

1559

1560

1561

1562

1563

1564

1565

1566

1567

1568

1569

1570

1571

1572

1573

1574

1575

1576

1577

1578

1579

1580

1581

1582

1583

1584

1585

1586

1587

1588

1589

1590

1591

1592

1593

1594

1595

1596

1597

1598

1599

1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

1624



Supplemental Table 1. Remission-Time Equivalents

Attribute Overall Symptom Avoidant Corticosteroid Avoidant Risk Avoidant

Severe duration
1 mo –1.9 (–2.2 to –1.6) –3.3 (–4.0 to –2.7) –0.7 (–1.6 to 0.3) –1.3 (–2.3 to –0.4)
2 mo –3.8 (–4.4 to –3.1) –6.7 (–8.0 to –5.3) –1.3 (–3.3 to 0.6) –2.6 (–4.5 to –0.7)
3 mo –5.7 (–6.7 to –4.7) –10.0 (–12.0 to –8.0) –2.0 (–4.9 to 0.9) –3.9 (–6.8 to –1.1)
4 mo –7.6 (–8.9 to –6.3) –13.3 (–15.9 to –10.7) –2.7 (–6.5 to 1.2) –5.2 (–9.0 to –1.5)
5 mo –9.6 (–10.9 to –8.3) –16.8 (–19.6 to –14.1) –4.3 (–8.3 to –0.3) –6.3 (–10.1 to –2.6)
6 mo –11.6 (–13.0 to –10.3) –20.4 (–23.3 to –17.4) –5.9 (–10.1 to –1.8) –7.4 (–11.4 to –3.5)
7 mo –13.7 (–15.1 to –12.3) –23.9 (–27.2 to –20.5) –7.6 (–12.0 to –3.2) –8.5 (–12.8 to –4.2)
8 mo –15.7 (–17.2 to –14.2) –27.4 (–31.2 to –23.6) –9.2 (–13.9 to –4.5) –9.6 (–14.4 to –4.8)
9 mo –16.6 (–18.1 to –15.0) –29.7 (–33.6 to –25.7) –10.7 (–15.4 to –5.9) –10.1 (–14.8 to –5.4)
10 mo –17.4 (–19.1 to –15.8) –32.0 (–36.3 to –27.6) –12.1 (–17.0 to –7.2) –10.6 (–15.4 to –5.7)
11 mo –18.3 (–20.1 to –16.5) –34.3 (–39.1 to –29.4) –13.5 (–18.7 to –8.4) –11.0 (–16.2 to –5.9)
12 mo –19.2 (–21.2 to –17.1) –36.6 (–42.0 to –31.1) –15.0 (–20.5 to –9.5) –11.5 (–17.1 to –5.9)

Moderate duration
1 mo –1.0 (–1.2 to –0.7) –1.4 (–1.8 to –1.0) –0.8 (–1.5 to –0.1) –0.8 (–1.8 to 0.1)
2 mo –1.9 (–2.4 to –1.5) –2.7 (–3.5 to –1.9) –1.7 (–3.1 to –0.3) –1.6 (–3.5 to 0.3)
3 mo –2.9 (–3.7 to –2.2) –4.1 (–5.3 to –2.9) –2.5 (–4.6 to –0.4) –2.5 (–5.3 to 0.4)
4 mo –3.9 (–4.9 to –2.9) –5.5 (–7.1 to –3.8) –3.3 (–6.1 to –0.6) –3.3 (–7.1 to 0.5)
5 mo –4.3 (–5.2 to –3.4) –5.9 (–7.6 to –4.3) –3.8 (–6.4 to –1.2) –3.3 (–6.7 to 0.1)
6 mo –4.7 (–5.8 to –3.7) –6.4 (–8.3 to –4.5) –4.3 (–7.1 to –1.5) –3.3 (–6.6 to 0.1)
7 mo –5.2 (–6.4 to –4.0) –6.8 (–9.2 to –4.5) –4.8 (–8.1 to –1.5) –3.3 (–7.0 to 0.4)
8 mo –5.6 (–7.1 to –4.1) –7.3 (–10.2 to –4.4) –5.3 (–9.2 to –1.3) –3.3 (–7.6 to 1.1)
9 mo –6.3 (–7.8 to –4.9) –9.2 (–12.1 to –6.4) –5.3 (–9.1 to –1.6) –3.9 (–8.1 to 0.2)
10 mo –7.1 (–8.5 to –5.7) –11.2 (–14.1 to –8.3) –5.3 (–9.0 to –1.7) –4.6 (–8.6 to –0.6)
11 mo –7.8 (–9.2 to –6.4) –13.2 (–16.3 to –10.1) –5.4 (–9.1 to –1.7) –5.3 (–9.3 to –1.2)
12 mo –8.6 (–10.1 to –7.1) –15.1 (–18.5 to –11.8) –5.4 (–9.3 to –1.5) –5.9 (–10.1 to –1.7)

Mild duration
1 mo –0.6 (–1.3 to 0.1) –1.2 (–2.2 to –0.3) –0.1 (–33.9 to 33.6) –0.5 (–2.0 to 1.0)
2 mo –1.2 (–2.5 to 0.2) –2.5 (–4.3 to –0.6) –0.3 (–67.8 to 67.2) –0.9 (–3.9 to 2.0)
3 mo –1.8 (–3.8 to 0.3) –3.7 (–6.5 to –0.9) –0.4 (–101.7 to 100.8) –1.4 (–5.9 to 3.1)
4 mo –2.4 (–5.0 to 0.3) –4.9 (–8.7 to –1.2) –0.6 (–135.6 to 134.4) –1.9 (–7.8 to 4.1)
5 mo –2.4 (–4.4 to –0.4) –4.9 (–7.7 to –2.2) –0.6 (–101.8 to 100.7) –1.9 (–6.3 to 2.6)
6 mo –2.4 (–3.8 to –1.0) –4.9 (–6.8 to –3.1) –0.6 (–68.1 to 66.9) –1.9 (–5.5 to 1.7)
7 mo –2.4 (–3.5 to –1.3) –4.9 (–6.5 to –3.4) –0.6 (–34.4 to 33.2) –1.9 (–5.7 to 2.0)
8 mo –2.4 (–3.6 to –1.2) –4.9 (–6.9 to –3.0) –0.6 (–3.9 to 2.7) –1.9 (–6.9 to 3.1)
9 mo –2.6 (–3.6 to –1.6) –5.2 (–6.9 to –3.4) –0.6 (–3.4 to 2.3) –1.9 (–5.9 to 2.2)
10 mo –2.8 (–3.7 to –1.9) –5.4 (–7.1 to –3.6) –0.6 (–3.3 to 2.2) –1.9 (–5.3 to 1.6)
11 mo –3.0 (–4.0 to –2.0) –5.6 (–7.5 to –3.6) –0.6 (–3.6 to 2.5) –1.9 (–5.1 to 1.4)
12 mo –3.2 (–4.3 to –2.0) –5.8 (–8.1 to –3.4) –0.6 (–4.2 to 3.0) –1.9 (–5.5 to 1.8)

Steroid duration
1 mo –0.4 (–0.8 to –0.2) 0.0 (–0.7 to 0.7) –1.6 (–2.7 to –0.6) –0.6 (–1.6 to 0.5)
2 mo –0.9 (–1.6 to –0.3) 0.0 (–1.3 to 1.3) –3.2 (–5.4 to –1.1) –1.1 (–3.2 to 0.9)
3 mo –1.4 (–2.1 to –0.8) –0.4 (–1.8 to 1.0) –4.4 (–6.6 to –2.2) –1.4 (–3.5 to 0.6)
4 mo –1.9 (–2.6 to –1.2) –0.8 (–2.3 to 0.6) –5.6 (–7.9 to –3.2) –1.7 (–3.9 to 0.4)
5 mo –2.3 (–3.1 to –1.9) –1.2 (–2.8 to 0.4) –6.7 (–9.2 to –4.2) –2.0 (–4.3 to 0.2)
6 mo –2.8 (–3.6 to –2.0) –1.6 (–3.4 to 0.1) –7.9 (–10.5 to –5.2) –2.3 (–4.8 to 0.1)
7 mo –3.3 (–4.2 to –2.4) –2.0 (–4.0 to –0.1) –9.0 (–11.9 to –6.2) –2.7 (–5.3 to 0.0)
8 mo –3.8 (–4.8 to –2.8) –2.4 (–4.6 to –0.3) –10.2 (–13.2 to –7.2) –3.0 (–5.8 to –0.1)
9 mo –4.4 (–5.5 to –3.3) –2.9 (–5.3 to –0.5) –11.7 (–15.0 to –8.3) –3.3 (–6.4 to –0.3)
10 mo –5.0 (–6.2 to –3.9) –3.3 (–6.0 to –0.7) –13.1 (–16.8 to –9.4) –3.7 (–7.0 to –0.3)
11 mo –5.7 (–7.0 to –4.4) –3.8 (–6.7 to –0.8) –14.6 (–18.6 to –10.5) –4.0 (–7.6 to –0.4)
12 mo –6.3 (–7.7 to –4.9) –4.2 (–7.5 to –1.0) –16.0 (–20.5 to –11.6) –4.3 (–8.3 to –0.3)

Infection risk
1% –0.1 (–0.3 to 0.0) –0.3 (–0.6 to –0.1) –0.4 (–0.8 to –0.1) –0.2 (–0.5 to 0.2)
2% –0.3 (–0.5 to 0.0) –0.7 (–1.2 to –0.2) –0.8 (–1.5 to –0.1) –0.3 (–1.1 to 0.4)
3% –0.4 (–0.8 to 0.0) –1.0 (–1.8 to –0.2) –1.2 (–2.3 to –0.2) –0.5 (–1.6 to 0.6)
4% –0.5 (–1.0 to –0.1) –1.4 (–2.4 to –0.3) –1.7 (–3.0 to –0.3) –0.7 (–2.2 to 0.8)
5% –0.7 (–1.3 to –0.1) –1.7 (–3.0 to –0.4) –2.1 (–3.8 to –0.3) –0.8 (–2.7 to 1.1)
6% –1.1 (–1.7 to –0.4) –2.2 (–3.5 to –0.8) –2.4 (–4.2 to –0.6) –1.3 (–3.2 to 0.7)
7% –1.5 (–2.1 to –0.8) –2.6 (–3.9 to –1.3) –2.7 (–4.5 to –0.8) –1.7 (–3.7 to 0.3)
8% –1.9 (–2.5 to –1.2) –3.0 (–4.4 to –1.7) –3.0 (–4.9 to –1.1) –2.1 (–4.2 to 0.0)
9% –2.2 (–3.0 to –1.5) –3.5 (–4.9 to –2.1) –3.3 (–5.3 to –1.3) –2.6 (–4.7 to –0.4)
10% –2.6 (–3.4 to –2.0) –3.9 (–5.4 to –2.5) –3.6 (–5.7 to –1.5) –3.0 (–5.3 to –0.7)
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Supplemental Table 1. Continued

Attribute Overall Symptom Avoidant Corticosteroid Avoidant Risk Avoidant

11% –3.0 (–3.8 to –2.2) –4.4 (–5.9 to –2.8) –3.9 (–6.2 to –1.7) –3.4 (–5.8 to –1.0)
12% –3.4 (–4.2 to –2.6) –4.8 (–6.4 to –3.2) –4.2 (–6.6 to –1.9) –3.8 (–6.4 to –1.3)
13% –3.8 (–4.7 to –2.9) –5.3 (–6.9 to –3.6) –4.5 (–7.0 to –2.0) –4.3 (–7.0 to –1.6)
14% –4.2 (–5.1 to –3.3) –5.7 (–7.4 to –4.0) –4.8 (–7.5 to –2.2) –4.7 (–7.6 to –1.8)
15% –4.6 (–5.6 to –3.6) –6.1 (–8.0 to –4.3) –5.1 (–7.9 to –2.4) –5.1 (–8.2 to –2.1)
16% –4.8 (–5.8 to –3.8) –6.6 (–8.5 to –4.7) –5.3 (–8.1 to –2.5) –5.5 (–8.6 to –2.4)
17% –5.1 (–6.1 to –4.1) –7.0 (–8.9 to –5.1) –5.5 (–8.4 to –2.7) –5.9 (–9.0 to –2.8)
18% –5.3 (–6.3 to –4.3) –7.5 (–9.5 to –5.5) –5.7 (–8.6 to –2.9) –6.2 (–9.4 to –3.1)
19% –5.5 (–6.6 to –4.5) –7.9 (–10.0 to –5.9) –5.9 (–8.8 to –3.0) –6.6 (–9.8 to –3.4)
20% –5.8 (–6.8 to –4.7) –8.4 (–10.5 to –6.3) –6.1 (–9.0 to –3.2) –6.9 (–10.2 to –3.7)
21% –6.0 (–7.1 to –4.9) –8.8 (–11.0 to –6.6) –6.3 (–9.2 to –3.3) –7.3 (–10.6 to –4.0)
22% –6.2 (–7.3 to –5.1) –9.3 (–11.5 to –7.0) –6.5 (–9.4 to –3.5) –7.7 (–11.0 to –4.3)
23% –6.5 (–7.6 to –5.3) –9.7 (–12.0 to –7.4) –6.6 (–9.7 to –3.6) –8.0 (–11.4 to –4.6)
24% –6.7 (–7.8 to –5.5) –10.2 (–12.5 to –7.8) –6.8 (–9.9 to –3.8) –8.4 (–11.9 to –4.9)
25% –6.9 (–8.1 to –5.7) –10.6 (–13.1 to –8.1) –7.0 (–10.1 to –3.9) –8.7 (–12.3 to –5.2)
26% –7.2 (–8.3 to –6.0) –11.0 (–13.6 to –8.5) –7.2 (–10.4 to –4.0) –9.1 (–12.7 to –5.5)
27% –7.4 (–8.6 to –6.2) –11.5 (–14.1 to –8.9) –7.4 (–10.6 to –4.2) –9.5 (–13.2 to –5.7)
28% –7.6 (–8.9 to –6.4) –11.9 (–14.7 to –9.2) –7.6 (–10.9 to –4.3) –9.8 (–13.6 to –6.0)
29% –7.9 (–9.1 to –6.6) –12.4 (–15.2 to –9.6) –7.8 (–11.1 to –4.4) –10.2 (–14.1 to –6.3)
30% –8.1 (–9.4 to –6.8) –12.8 (–15.7 to –9.9) –8.0 (–11.4 to –4.6) –10.5 (–14.5 to –6.6)

Cancer risk
1% –0.7 (–1.0 to –0.4) –0.2 (–0.6 to 0.3) –0.4 (–1.2 to 0.3) –2.4 (–3.4 to –1.4)
2% –1.4 (–2.0 to –0.9) –0.3 (–1.3 to 0.6) –0.9 (–2.4 to 0.6) –4.8 (–6.9 to –2.8)
3% –2.3 (–2.9 to –1.7) –1.0 (–1.9 to –0.1) –1.4 (–3.0 to 0.1) –6.8 (–9.0 to –4.6)
4% –3.1 (–3.8 to –2.4) –1.6 (–2.7 to –0.5) –2.0 (–3.8 to –0.1) –8.8 (–11.4 to –6.2)
5% –4.0 (–4.8 to –3.1) –2.2 (–3.8 to –0.7) –2.5 (–4.7 to –0.3) –10.7 (–13.8 to –7.6)
6% –4.5 (–5.4 to –3.6) –3.1 (–4.7 to –1.6) –2.5 (–4.9 to –0.1) –12.5 (–15.9 to –9.1)
7% –5.0 (–6.0 to –4.0) –4.1 (–5.8 to –2.3) –2.5 (–5.3 to 0.3) –14.2 (–18.2 to –10.3)
8% –5.5 (–6.6 to –4.3) –5.0 (–7.0 to –2.9) –2.6 (–5.9 to 0.7) –16.0 (–20.5 to –11.5)

Surgery risk
1% –0.4 (–0.8 to 0.0) –0.4 (–1.5 to 0.7) –0.4 (–1.4 to 0.6) –0.7 (–1.9 to 0.4)
2% –0.8 (–1.5 to 0.0) –0.8 (–3.0 to 1.4) –0.8 (–2.7 to 1.2) –1.5 (–3.7 to 0.8)
3% –1.3 (–2.0 to –0.5) –1.1 (–3.0 to 0.7) –1.4 (–3.4 to 0.6) –2.6 (–4.8 to –0.3)
4% –1.8 (–2.5 to –1.0) –1.4 (–3.0 to 0.2) –2.0 (–4.2 to 0.2) –3.7 (–6.2 to –1.2)
5% –2.3 (–3.2 to –1.4) –1.7 (–3.2 to –0.2) –2.7 (–5.2 to –0.1) –4.8 (–7.7 to –1.9)
6% –2.9 (–3.8 to –2.0) –2.3 (–4.0 to –0.6) –2.7 (–5.5 to 0.2) –5.4 (–8.4 to –2.4)
7% –3.5 (–4.5 to –2.5) –2.9 (–4.9 to –0.9) –2.7 (–6.0 to 0.7) –6.0 (–9.4 to –2.6)
8% –4.1 (–5.3 to –2.9) –3.5 (–5.9 to –1.1) –2.7 (–6.5 to 1.2) –6.6 (–10.5 to –2.7)
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