
Vol.:(0123456789)1 3

Therapeutic Innovation & Regulatory Science 
https://doi.org/10.1007/s43441-023-00510-8

ORIGINAL RESEARCH

Adaptation of the WOMAC for Use in a Patient Preference Study

Sarah Stothers Rosenberg1 · Xinyi Ng1  · Carol Mansfield2 · Christine Poulos2  · Holly Peay3 · Ting‑Hsuan Lee1 · 
Telba Irony1 · Martin Ho1

Received: 15 August 2022 / Accepted: 7 March 2023 
This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2023

Abstract
Objectives To adapt a patient-reported outcome (PRO) measure, the Western Ontario McMaster Universities Osteoarthritis 
Index (WOMAC), into efficacy attributes for a discrete choice experiment (DCE) survey designed to quantify the relative 
importance of endpoints commonly used in knee osteoarthritis (KOA) trials.
Methods The adaptation comprised four steps: (1) selecting domains of interest; (2) determining presentation and framing 
of selected attributes; (3) determining attribute levels; and (4) developing choice tasks. This process involved input from 
multiple stakeholders, including regulators, health preference researchers, and patients. Pretesting was conducted to evaluate 
if patients comprehended the adapted survey attributes and could make trade-offs among them.
Results The WOMAC pain and function domains were selected for adaption to two efficacy attributes. Two versions of the 
discrete choice experiment (DCE) instrument were created to compare efficacy using (1) total domain scores and (2) item 
scores for “walking on a flat surface.” Both attributes were presented as improvement from baseline scores by levels of 0%, 
30%, 50%, and 100%. Twenty-six participants were interviewed in a pretest of the instrument (average age 60 years; 58% 
female; 62% had KOA for ≥ 5 years). The participants found both versions of attributes meaningful and relevant for treat-
ment decision-making. They demonstrated willingness and ability to tradeoff improvements in pain and function separately, 
though many perceived them as inter-related.
Conclusions This study adds to the growing literature regarding adapting PRO measures for patient preference studies. Such 
adaptation is important for designing a preference study that can incorporate a clinical trial’s outcomes with PRO endpoints.

Keywords Choice behavior · Patient-reported outcome measures · Osteoarthritis · Knee · Patient preference information · 
Discrete choice experiment or stated preference

Introduction

Eliciting quantitative patient preference information (PPI) is 
a scientific way to incorporate patient voices into the drug 
development decision-making process, and there is increas-
ing interest in the use of PPI to support regulatory bene-
fit-risk assessment [1–4]. Quantitative PPI measures how 
patients value the outcomes and endpoints of treatments, 
and which tradeoffs between treatment benefits and risks 
they consider acceptable [5]. Quantitative PPI can provide 
estimates on the maximum acceptable risks, minimum 
acceptable benefits, and relative importance of treatment 
outcomes and endpoints from the patients’ perspectives. 
Discrete choice experiment (DCE) is a methodology com-
monly used to elicit quantitative PPI [6]. A DCE survey 
instrument presents respondents with a series of questions, 
i.e., choice tasks, each comparing two or more benefit-risk 
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profiles that are characterized by attributes (i.e., treatment 
features such as benefits and risks) with levels that are varied 
by a prespecified design. Respondents’ selections across the 
choice tasks reflect the relative importance of changes in 
the levels of the benefit and risk attributes. DCEs have been 
widely employed in recent decades to quantify patients’ and 
physicians’ treatment preferences and the tradeoffs they are 
willing to accept between the benefits and risks of those 
treatments in a range of therapeutic areas. [7, 8]

Osteoarthritis (OA) is the most common joint disease 
worldwide and most frequently affects the joints of the knee 
(KOA) [9, 10]. The symptoms of KOA impact an estimated 
14 million people in the USA, leading to functional impair-
ment and disability that can be measured using a patient-
reported outcome (PRO) measure, the Western Ontario 
McMaster Universities Osteoarthritis Index (WOMAC) 
[11–14]. To assess how patients with KOA feel and func-
tion in response to treatment, the WOMAC is often used 
in clinical trials to capture patient-reported pain, physical 
function, and stiffness [14–17]. These three domains are 

measured with 5 pain items, 17 function items, and 2 stiff-
ness items. [18]

It is important to understand how patients value an out-
come relative to other outcomes, as treatments may perform 
differently across multiple outcomes. Using the WOMAC as 
a case example, this study illustrates the steps and consid-
erations involved in adapting two WOMAC domains, i.e., 
pain and physical function, into attributes and levels for a 
DCE study. Appropriate adaption of a PRO measure into 
attributes can be important when a clinical trial’s key end-
points are based on PRO measures, and there is interest in 
contextualizing the preference study results with the trial’s 
results, for example, to support regulatory decision-making. 
This case study serves to contribute to the growing evidence 
of how PRO measures may be adapted into a patient prefer-
ence study. Results from the DCE study data analysis will 
be reported separately.

4 levels of Improvement 
• No improvement 
• 30% improvement in pain/function score 
• 50% improvement in pain/function score 
• 100% improvement (no pain/no difficulty 

in function)

Version 1 (Domain Score)

1. Select Domains of Interest from 
WOMAC

2. Presentation and Framing of 
Attributes

3. Determine Attribute Levels

Version 1 Version 2

Stiffness Domain
1. After first awakening in the morning
2. After sitting, lying, or resting in the day

Pain Domain
1. Walking on a flat surface
2. Going up and down stairs
3. At night while in bed, pain disturbs 

your sleep
4. Sitting or lying
5. Standing upright Pain 

Domain Score

% improvement 
in pain

(average of 5 
items)

Pain 
Single-Item 

Score

% improvement 
in pain while 

walking on a flat 
surface

Physical Function 
Domain

1. Descending stairs
2. Ascending stairs
3. Rising from sitting
4. Standing
5. Bending to the floor
6. Walking on flat surfaces
7. Getting in/out of a car, or on/off a bus
8. Going shopping
9. Putting on your socks or stockings
10.Rising from the bed
11.Taking off your socks or stockings
12.Lying in bed
13.Getting in or out of the bath
14.Sitting
15.Getting on or off the toilet
16.Performance heavy domestic duties
17.Performing light domestic duties

Physical 
Function 

Domain Score

% improvement 
in ability to do 

day-to-day 
activities 

(average of 17 
items)

Physical 
Function 

Single-Item 
Score

% improvement 
in ability to walk 
on a flat surface

Treatment 
Feature Treatment A Treatment B

Improvement 
in pain

Improve pain 
from 50 to 35

Improve pain 
from 50 to 25 

Improvement 
in ability to 
do day-to-
day activities

Improve 
activity score  
from 50 to 25

Improve 
activity score  
from 50 to 35 

Version 2 (Single-item Score)

Treatment 
Feature

Treatment 
A

Treatment 
B

Improvement 
in pain while 
walking on a 
flat surface

Improve pain 
from 50 to 35

Improve 
pain from 50 
to 25 

Improvement 
in ability to 
walk on a flat 
surface

Improve 

from 50 to 25

Improve 
activity 
score  from 
50 to 35 

Fig. 1  Adaptation of the WOMAC domains into benefit attributes for discrete choice experiment
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Methods

The three steps used for adapting the WOMAC domains 
into attributes are summarized in Fig. 1. These steps address 
the following key considerations: which domain- or item-
specific scores are more appropriate for adaptation, how to 
best present and convey the change in WOMAC scores in the 
instrument, and if patients are able to weigh these domains 
separately and make trade-offs among them. For each step, 
we describe the key considerations below.

 (I) Select Domains of Interest from WOMAC
   The WOMAC consists of three domains: pain, 

function, and stiffness [18, 19]. For the purposes 
of this study, only two domains from the WOMAC 
were selected for adaptation. The two selected 
domains, pain and physical function, were chosen 
because they are commonly used as primary or sec-
ondary endpoints in recent clinical trials for KOA 
therapies [20–22]. The stiffness domain was less 
frequently used and thus, excluded from the PPI 
study [19]. Further, the measurement properties of 
the stiffness subscale are not as well-demonstrated 
as compared to the pain and function subscales. 
[18]

 (II) Presentation and Framing of Attributes
   The adaptation of the WOMAC pain and func-

tion domains presented a unique challenge. In 
previous studies, the pain and function domains 
were observed to be correlated [15, 23]. However, 
emerging therapies in KOA have different mecha-
nisms of action and can therefore potentially lead to 
different levels of pain and functional improvement 
[22, 24]. Hence, there is interest in understanding 
the relative value that patients place on pain and 
function when they are presented with an oppor-
tunity to view improvements in these two domains 
separately, and the tradeoffs that patients are will-
ing to make between the two based on their differ-
ent levels of improvement. The feasibility of this 
was assessed in pretest interviews, as described in 
the “Survey Pretesting” section.

   Treatment-related efficacy attributes in a DCE 
are often expressed as an improvement in benefit. 
For the selected WOMAC domains, one possible 
option for presentation is to describe improvements 
in the pain and function domain scores. However, 
a concern with such a presentation is that different 
respondents may attribute the improved domain 
scores to different specific aspects (or, items). For 
example, the pain domain score is based on scores 
of its 5 items (Fig. 1); if a patient selects a profile 
with an improvement in the pain domain score, 

we cannot discern if the patient is thinking of an 
alleviation of pain while climbing stairs or pain at 
night that disturbs his/her sleep, or both, or some 
combination of changes in the other 3 items. It is 
particularly important for response efficiency in 
PPI studies to ensure that respondents interpret the 
attribute in a similar fashion [25]. Presenting an 
improvement in domain score can potentially result 
in varying interpretations of the same benefit by the 
different respondents while they make their choices 
in the DCE, which could contribute to measure-
ment error.

   An improvement in a specific item score is 
an alternative to formulating the attribute as an 
improvement in a domain score. We created two 
versions of the DCE to explore whether results 
are comparable using either the WOMAC domain 
scores or single-item scores for pain and function.

   Because the WOMAC pain and function domain 
scores are aggregations of multiple different item 
scores, identifying a single item to represent the 
whole domain was challenging as the selected 
item may not be the most relevant or salient to 
the respondent. A patient advisory group (PAG) 
of 5 patient advisors with KOA, and our partner-
ing patient advocacy organization, the Global 
Healthy Living Foundation (GHLF) provided 
invaluable inputs. Discussions held with the PAG 
allowed the research group to identify single items 
from the pain and function domains that patients 
described as highly meaningful and relevant across 
moderate and severe KOA. Based on input from 
the FDA subject matter experts, climbing stairs 
(pain domain: “going up and down stairs”; func-
tion domain: “ascending stairs” and “descending 
stairs”) were considered the most relevant items. 
However, members of the PAG reflected that peo-
ple with moderate to severe KOA can make life-
style adaptations to reduce or avoid stair climbing, 
while lifestyle modifications are less effective at 
minimizing need to walk on flat surfaces. We ulti-
mately selected “walking on a flat surface” for both 
pain and function domains as this item is likely to 
be salient for more patients. The item also appears 
in both domains of the WOMAC. Using the same 
activity from both domains in the DCE, we can dis-
cern the value that patients place on pain relative to 
function improvement with regards to performing 
the same activity. Hence, in the item-version DCE, 
we used “improvement in pain while walking on a 
flat surface” and “improvement in ability to walk 
on a flat surface” to represent the improvement in 
pain and function attributes, respectively.
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 (III) Determine Attribute Levels
   In a DCE, each attribute takes on various levels 

and differences in the levels should be meaningful 
to patients to facilitate trade-offs between attributes 
[26, 27]. The range of the attribute levels should 
also cover the relevant clinical values, such that 
the PPI results can be mapped to clinical data to 
inform decision making. Four levels for both the 
pain and function attributes were included to con-
vey the relevant possibilities in pain and functional 
improvement for KOA therapies: no improvement, 
30% improvement, 50% improvement or 100% 
improvement. Input from the FDA subject mat-
ter experts guided the selection of these levels: 
no improvement accounts for no changes in treat-
ment benefit, and 30% is viewed as a meaningful 
improvement; 100% is used to account for future 
potential curative therapies; and 50% is a reason-
able mid-point between 30 and 100% that would 
allow the researchers to detect trade-offs between 
different extents of improvements.

One consideration with the choice of improvement lev-
els for an attribute was whether patients were able to dis-
tinguish the different extents of improvements presented to 
them. Therefore, while the levels are specified as percentage 
improvements from baseline, the DCE questions described 
the percentage improvements in terms of the correspond-
ing change in absolute scores, which were calculated based 
on each respondent’s baseline WOMAC pain and function 
scores. In this study, respondents were first asked to rate 
the items in both the WOMAC pain and physical domains 
based on a 7-day recall period using a visual analogue scale 
(VAS) that ranged from 0 to 100 where 0 represents no pain 
(or difficulty) and 100 represents extreme pain (or difficulty). 
Respondents were then shown their baseline pain and func-
tion score calculated as the average score across the items in 
the domain (domain version) or their item-specific score for 
pain and difficulty experienced while walking on a flat sur-
face (item version). Before the DCE questions, descriptions 
of each attribute were provided, and a table was included 
that presented the different possible levels of improvement 
in pain or function based on each respondent’s baseline (pre-
sented as both percentage and absolute changes in scores). 
For example, if a respondent reported an average score of 
50 out of 100 on the 17-item function domain at baseline, a 
table describing the four levels of respondent-specific func-
tion score improvement from baseline was shown. In this 
example, a 50% improvement would also describe that the 
absolute function score would improve from 50 to 25.

Survey Pretesting

Pretesting is recommended by the FDA PPI guidance [1] 
and established good research practices by recognized 
professional organizations [28]. The primary aims of the 
pretests were to ensure that: (1) instructions were clear for 
patients to self-complete the survey, (2) attributes descrip-
tions were comprehensible and relevant, and (3) respond-
ents understood the choice questions and were able to make 
tradeoffs among the presented attribute levels. The pretest 
interviews were conducted using a “think aloud” technique, 
in which participants were encouraged to verbalize their 
thought process as they completed the survey. An experi-
enced interviewer used probes as necessary to identify and 
understand any areas of confusion. The pretest interviews 
consisted of an iterative process where issues identified in 
earlier interviews were addressed by making survey revi-
sions, and any survey changes were then tested in the sub-
sequent interviews.

We pretested both the domain and item versions of the 
DCE. For the domain version, “improvement in pain” and 
“improvement in ability to do day-to-day activities” were 
used as efficacy attributes in the DCE choice tasks, whereas 
“improvement in pain while walking on a flat surface” and 
“improvement in ability to walk on a flat surface” were used 
in the item version. Half of the participants were randomized 
to answer the domain version of the survey and the other 
half the item version. In the pretest version of the survey, 
eight DCE choice tasks were included. Each choice task 
presented a pair of hypothetical treatments and a “continue 
with current treatment” profile to provide respondents the 
opportunity to select their status quo if they did not like 
either of the presented profiles.

The survey consisted of the four components: (1) respond-
ent clinical characteristics including baseline WOMAC pain 
and function scores, (2) attribute descriptions and compre-
hension questions, (3) DCE choice tasks and (4) respondent 
demographic characteristics. Eligible participants for pre-
testing of the survey were recruited from patient panels and 
advertisements. They had to be 50 years or older and had 
a physician-confirmed or self-reported diagnosis of KOA 
in one or both knees. However, those who reported having 
axial spondyloarthropathy, gout, Lyme disease, lupus, psori-
atic arthritis, or rheumatoid arthritis or if they had had knee 
replacement surgery in one knee (if respondent had KOA 
in only one knee) or both knees (if respondent had KOA in 
both knees) were excluded.
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Table 1  Pretest participant 
characteristics and 
demographics

SD standard deviation
a Two participants did not answer this question due to interview time constraints
b This question allows for multiple responses; therefore, the total number of responses may not add up to the 
total number of people who answered the question
c One participant did not answer this question because of interview time constraints
d Three participants did not answer this question and five selected “don’t know or not sure” or “prefer not to 
say”
e One participant selected “don’t know or not sure”

Characteristic
No. (%) of 

respondents 
(N = 26)

Age (years)
 Mean (SD) 60.0 (6.9)
 Range 50, 75

Gender
 Male 11(42.3%)
 Female 15 (57.7%)

Race/Ethnicitya,b

 White 16 (66.7%)
 Hispanic or Latino 0 (0.0%)
 Black or African American 6 (25.0%)
 Native American or American Indian 1 (4.2%)
 Asian/Pacific Islander 1 (4.2%)
 Other 1 (4.2%)

Educational  attainmentc

 High school or equivalent (e.g., GED) 2 (8%)
 Some college but no degree 1 (4%)
 Associate degree (2-year college degree) 9 (36.0%)
 4-year college degree (e.g., BA, BS) 6 (24.0%)
 Some graduate school but no degree 3 (12.0%)
 Graduate or professional degree (e.g., MBA, MS, MD, PhD) 4 (16.0%)

Employment status
 Employed 14 (56.0%)
 Retired 6 (24.0%)
 Unable to work because of your osteoarthritis 2 (8.0%)
 Unable to work because of disability or other health problem 3 (12.0%)
 Unemployed but looking for work 1 (4.0%)

Health Insurance  statusa,b

 I do not have health insurance 0 (0.0%)
 Private insurance 17 (70.8%)
 Public (Medicaid, Medicare, Veteran’s Health insurance) 12 (50.0%)

Household  incomed

 Less than $50,000 3 (13.0%)
 $50,000 to $99,999 9 (39.1%)
 $100,000 or more 6 (26.1%)

Duration from when first diagnosed,  yearse

 Less than 1 year 0 (0.0%)
 At least 1 year, but less than 2-years 2 (7.7%)
 At least 2-years, but less than 5-years 7 (26.9%)
 At least 5-years, but less than 10-years 8 (30.8%)
 At least 10-years, but less than 20-years 6 (23.1%)
 More than 20-years 2 (7.7%)
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Results

Twenty-six participants were included in the pretest. Partici-
pants were on average 60 (range 50–75) years old, and 58% 
were female. Thirty-eight percent (n = 10) of the respondents 
had physician-confirmed KOA, and 62% (n = 16) had self-
reported KOA. Table 1 summarizes their demographic and 
clinical characteristics.

Overall, the participants found the survey instructions 
clear, the choice tasks comprehensible, and they were able to 
understand the information and complete the survey without 
difficulty. Almost all respondents indicated that improve-
ments in their KOA would be meaningful to their lives. 
Furthermore, participants endorsed the WOMAC attributes 
provided in the survey as meaningful to them, and for most, 
would have an impact on their treatment decision-making. 
This was true of both versions of the survey.

All participants were queried about the plausibility of 
separating pain and function. A small number of partici-
pants thought it was unrealistic that a treatment may improve 
function but not improve pain (and vice versa), but most 
participants thought that while the symptoms were related, 
it was plausible to separate the two. When answering the 
DCE choice tasks, several participants (including some par-
ticipants who stated that it was realistic for pain and func-
tion to change to different degrees and some participants 
who thought it was unrealistic) struggled to think of these 
changes as being independent. However, even those that 
found it less realistic were still willing and able to make 
choices based on their preference for each attribute. Some 
participants were willing to choose treatments with lower 
functional improvement to get a treatment with greater pain 
improvements; this was dependent on their relative base-
line pain and function levels and dependent on their level 
of activity. Some participants clearly favored pain improve-
ments and others favored functional improvements.

Structure of Survey

Initially, respondents were asked to complete the pain and 
physical function domains of the WOMAC scale in the first 
section of the survey. The calculated scores were then used 
later in the survey to present the amount of treatment-related 
improvement in pain and function scores in the hypotheti-
cal profiles of the DCE survey instrument. However, dur-
ing the first few pretest interviews, respondents appeared 
to have difficulty remembering their responses to the base-
line WOMAC questions and recognizing that the scores’ 
improvements presented in the DCE profiles were from the 
baseline levels they had previously provided in the survey. 
To improve the flow and respondent comprehension of 
the survey, we revised it such that the WOMAC pain and 

function items were presented (along with their baseline 
scores) with the attribute descriptions to the respondent 
prior to the DCE choice questions. This revision was tested 
in the subsequent interviews and shown to help respondents 
to recognize and relate their baseline and improved scores 
in the DCE.

Improvement With WOMAC Domains Attributes

During the pretests, a presented hypothetical improve-
ment by 30% or 50% from baseline was not large enough 
for respondents who had low baseline pain scores (either 
domain or item score) to make tradeoffs with the other 
attributes. Therefore, the research team revised the eligibility 
criteria for the full study, restricting eligibility to respond-
ents who rated their WOMAC item-specific pain score for 
walking on a flat surface 40 and above (out of 100). Many 
ongoing trials listed on ClinicalTrials.gov at the time of the 
survey development had an eligibility criterion of 40 and 
above for WOMAC pain domain scores. Thus, this eligibil-
ity criterion will identify a study sample that is similar to 
the indicated population of future potential medical prod-
ucts’ regulatory evaluations. Respondents also had to have 
a baseline function score greater than 0 to allow for potential 
improvements in the presented hypothetical treatments.

The survey was revised based on the feedback solicited in 
the pretest interviews. Figure 2 presents an example of the 
final DCE question used in the final survey implementation. 
Of note, the subsequent DCE study included assessment of 
two other attributes relevant to treatment decision making 
of novel KOA therapies (e.g., cellular and tissue therapies). 
These two attributes included duration of improvement 
(patient-facing label “how long improvement lasts”) and risk 
of tissue overgrowth (patient-facing label “risk of develop-
ing too much tissue in the knee”) (Fig. 2). The duration of 
improvement attribute supplements information from the 
two WOMAC efficacy attributes in the survey as it allows 
us to examine if KOA patients place differential values on 
the duration of improvement given the different extent of 
improvement. Feedback from the pretesting also confirmed 
that duration of improvement is an important and relevant 
consideration for KOA patients.

Discussion

Given the growing interest in the use of PPI for decision-
making, this study demonstrates via a case example in KOA, 
a process for adapting a PRO measure into attributes for a 
DCE study designed to elicit the relative importance that 
patients with KOA place on the two commonly used PRO 
domains, pain and physical function. We presented the key 
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challenges and shared considerations encountered when 
developing attributes based on two domains of WOMAC.

A recent systematic review of patient preference stud-
ies in OA identified 16 studies that examined preferences 
for pharmaceutical, non-pharmaceutical, and surgical treat-
ments [8]. Of the studies that focused on patient preferences 
for pharmacologic treatments, some assessed overall treat-
ment benefits [29–31] while others focused on specific ben-
efits, including pain [32–36], stiffness [33, 36] and function 
[32–34, 36]. In two studies whose benefit attributes were 

designed to correspond to the three WOMAC domains, their 
attribute levels were specified as absolute levels (none (0 
out of 100 mm [mm]), mild (25 out of 100 mm), moder-
ate (50 out of 100 mm), and severe (75 out of 100 mm)) 
instead of improvement from baseline [33, 36]. While this 
approach allows for the estimation of relative importance 
placed on these four absolute levels of the three WOMAC 
domains and the differences between the presented levels, it 
does not provide direct information regarding the values that 
patients place on improvement of pain and function from 

Fig. 2  Example of a choice question used in a discrete choice experiment in knee osteoarthritis Note Fig. 2 is an example of a final choice ques-
tion in the DCE based on the final list of attributes and levels
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baseline, unless we assume one of the presented levels to 
be the baseline.

Given that change from baseline WOMAC pain and 
function scores are endpoints frequently assessed in OA 
trials, our study demonstrates an approach to elicit the 
value patients place on these endpoints. We accomplished 
this by measuring the patients’ baseline pain and function 
scores and described the improvements in the pain and 
function as improvements from the patient’s own base-
line scores. An option to remain on current treatment was 
included to allow patients to remain at their baseline (e.g., 
not accept a new treatment with additional improvement 
to pain and/or function). This approach allowed one to 
estimate the utility associated with remaining on current 
treatment, and the value that patients place on different 
degrees of pain and functional improvement from their 
current baseline status. Therefore, we can directly compare 
and consider the preference results in the context of the 
clinical trials’ observed improvement in pain and func-
tion scores from baseline, and better gain insights on the 
value that patients place on these observed improvements. 
Being able to draw parallels between the trial and pref-
erence study results is potentially useful for regulatory 
decision-making.

Another important outcome from this adaptation pro-
cess is the development of two different versions of DCE-
formatted questions that frame the benefit attributes of pain 
improvement and function improvement using the follow-
ing approaches: (1) overall improvement in domain scores 
which comprise multiple items, and (2) improvement in 
scores for an item (e.g., “walking on a flat surface”). One 
challenge with using multi-item domain scores from a PRO 
in a DCE is the subjective and inconsistent interpretation of 
improvement among the participants answering the choice 
questions. Hence, implementation of both versions of the 
DCE in the subsequent DCE study (results not reported 
here) will allow us to compare the consistency of results 
obtained from both versions and investigate reasons that 
led to discrepancies, if any. This will in turn provide deeper 
insights regarding the use of domain or item-specific scores 
as attributes in a DCE.

We also described how patients’ input was sought in the 
adaptation process. First, we sought feedback from patient 
advisors and partnered with a patient advocacy organization 
to identify the most relevant item in the WOMAC pain and 
function domains to use in our item-version of the DCE. 
Second, we pretested the survey with patients through cog-
nitive interviews and revised several components of the 
survey based on the feedback. The importance of involving 
patients in preference studies is well-recognized, and we 
demonstrated how patient input was incorporated into the 
development of the survey instrument.

Most of the reviewed studies examining pharmacologic 
treatment preferences did not account for the duration of 
improvement in their assessment except Copsey et al. [36] 
This study observed that duration of improvement can play 
an important role in patients’ treatment decision-making 
since KOA is a chronic and debilitating condition. Estimat-
ing the value that patients place on duration of improvement 
is useful in allowing us to evaluate the observed improve-
ments in WOMAC scores in the trials at different time-
points. Furthermore, including a duration attribute also 
allows us to examine the interaction between extent and 
duration of improvement. Specifically, based on the sub-
sequent preference elicitation study using the developed 
DCE, we will be able to examine if KOA patients place 
differential values on the duration of improvement given the 
different extent of improvement (e.g., patients might value 
a short duration [e.g., 6-months] of a large improvement 
from baseline [e.g., 100%] much more than a short dura-
tion [e.g., 6-months] of a small improvement from baseline 
[e.g., 30%]).

There are some limitations to note in this study. First, 
this is a case study demonstrating the adaptation of a spe-
cific PRO measure (i.e., WOMAC) for a PPI study and may 
not be generalizable to all contexts. Developing a recom-
mended approach to adapting PROMs to PPI studies would 
be highly useful for PPI research. Future research is needed 
to explore if this approach can be applied to or adapted for 
other instruments or therapeutic areas. The process of ulti-
mately selecting and adapting a PRO measure for use in a 
DCE may differ depending on the pre-specified condition, 
the research question, the context of use, and the availabil-
ity of a PRO measure. In addition, the interviews described 
in this manuscript were conducted during the onset of the 
COVID-19 pandemic (April 2020); and thus, while we 
intended to obtain physician-confirmed diagnosis using a 
doctor’s note as confirmation, we were unable to do so for 
part of the sample and had to rely on self-reported diag-
noses for some participants because physician offices were 
restricting non-urgent visits (10 out 26 participants in the 
pretest had a self-reported KOA diagnosis). However, for 
the subsequent elicitation study, we recruited a sample of 
patients with physician-confirmed diagnosis and a sample of 
patients with self-reported diagnosis and compared results 
from both sources.

In conclusion, the study provides a case example to dem-
onstrate how a PRO measure can be adapted for use in a 
patient preference study among patients with KOA. The 
developed DCE survey was implemented in a patient pref-
erence study, and the results elicited and quantified the value 
that KOA patients place on the endpoints commonly used in 
KOA product development. Preliminary results of the DCE 
study are reported separately [37, 38]
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