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Abstract

Background: Oral disease modifying therapies (DMTSs) for multiple sclerosis (MS) differ in efficacy, tolerability, and safety.

Objective: We sought to understand how these attributes impact patient preference and predicted DMT non-adherence among
oral-naive M S patients.

Methods: Adult MS patients from the “ PatientsLikeM e’ Web-based health data-sharing platform completed a discrete choice
exercise wherethey were asked to expresstheir preference for one of three hypothetical oral DM Ts, each with acertain combination
of levels of tested attributes. Another Web-based exercise tested a number of possible drivers of non-adherence, mainly side
effects. Datafrom an M S clinic were used to adjust for sample bias. Respondents’ preferences were analyzed using Hierarchical
Bayesian estimation.

Results: A total of 319 patients completed all questions. Most respondents were female (77.7%, 248/319) with mean age 48
years (SD 10). Liver toxicity was the attribute that emerged as the most important driver of patient preference (25.8%, relative
importance out of 100%), followed by severe side effects (15.3%), delay to disability progression (10.7%), and common side
effects (10.4%). The most important drivers of predicted non-adherence were frequency of daily dosing (17.4% out of 100%),
hair thinning (14.8%), use during pregnancy (14.1%), severe side effects (13.8%), and diarrhea (13.0%).

Conclusions: Understanding the important concerns expressed by patients may help health care providers to understand and
educate their patients more completely about these concerns. This knowledge may therefore improve both choices of appropriate
therapy and adherence to therapy over time.

(Interact I Med Res 2015;4(1):e6) doi: 10.2196/ijmr.3776
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injectable and intravenous DM Ts[1]. Adherence to injectable
DMTs can be especially challenging for patients; athough
patients can often be resourceful in using coping strategies for
injectable medications, reduced adherence remainsanissue[2].
Three new oral DM Ts have been approved for the treatment of

Introduction

Recent years have seen the introduction of a number of ora
disease modifying therapies (DMTSs) to the multiple sclerosis
(MS) armamentarium, which supplements the earlier range of
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MS: fingolimod (Gilenya, Novartis, FDA Orange Book approval
date September 21, 2010), teriflunomide (Aubagio,
Genzyme/Sanofi, FDA Orange Book approval date September
12, 2012), and dimethyl fumarate (Tecfidera, Biogen Idec, FDA
Orange book approval date March 27, 2013). These choices
change the landscape considerably. Each oral DMT occupies a
unique niche in terms of its quantified ability to delay M S rate
of progression, reduce frequency of relapses, alter lesion burden
visible on magnetic resonance imaging (MRI), and contribute
to side effects or serious adverse events. Physicians and patients
must become increasingly involved in tradeoffs between
efficacy, convenience, and safety in decisionsand, interestingly,
each approaches these factors from different perspectives [3].

Onetechniquethat helps examine the tradeoffs made by patients
is “consider jointly” analysis (“conjoint” analysis). In this
approach, participants are asked to indicate their preference
from one of several discrete choicesfor anumber of consecutive
hypothetical product profiles that differ by varying levels of
selected attributes. Such techniques have been used in studies
of other chronic illnesses with complex decisions and tradeoffs
to be made about treatments, with several studies in serious
illness [4]. Because conjoint analysis takes multiple attributes
into account simultaneously, conjoint studies allow researchers
to create more complex models of decision-making than
responses on simple rating scales. For example, in a sample of
men with prostate cancer, a conjoint analysis study found that
men were willing to trade off life expectancy to be relieved of
certain side effects of treatment, and that preferences differed
by age [5]. Similar work has also been applied to tradeoffs
between different treatment characteristics in acne vulgaris[6]
and pain control in osteoarthritis [7].

In MS, Johnson et al [8] used a Web-based conjoint analysisto
study risk tolerancein agroup of over 600 M S patientsincluding
those who had previously used natalizumab (which has been
associated with an increased risk of progressive multifocal
leukoencephalopathy/PML [9]). In showing patients different
levels of efficacy and risk for hypothetical treatments, they
found the most important attributes influencing patient
preference to be the effect of a treatment to slow disease
progression (27% out of apossible 100%), closely followed by
risk of PML (23%), liver failure (20%), leukemia (18%), and
reduction in the frequency of relapse (12%) [9]. The authors
concluded that patients were willing to make tradeoffs of risk
in exchange for improved DMT efficacy.

Given the recent availability of oral DMTs and the complex
factors underlying decisions about selecting one, we sought to
explore the relative preferences of a sample of ora-naive MS
patients (who have never taken any oral DMTSs) with regards
to salient oral DMT attributes. Our primary objective was to
quantify and rank these attributes. Given that injectable DMTs
have a variety of barriers to adherence that are rendered
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irrelevant by oral DMTs, we also sought to quantify and rank
attributes that might affect the likelihood of non-adherence to
theoral DMTSs.

Methods

Recruitment

Methods are reported in accordance with the Checklist for
Reporting Results of Internet Surveys (CHERRIES) [10]. Over
a10-day periodin July 2013, wefielded across-sectional survey
to a population of existing ora-naive members from the
“PetientsLikeMe” Web-based health-data sharing platform who
reported a diagnosis of multiple sclerosis, were aged 18 years
or over, and living in the United States. Patients reporting prior
use of oral DMTs were excluded to maintain oral naivety and
infrequently prescribed DMTs (such as Extavia) were excluded
from the study to avoid cells with small Ns for post-hoc
analyses.

Memberswho sign up to PatientsLikeMe do so under theterms
of use, which make clear they could be contacted for research;
additional informed consent was collected for this voluntary
study. Potential participants were selected on the basis of
previously submitted profile dataand were contacted viaemail.
Participants were informed of the study sponsor, the objectives
of the study, that it would take approximately 15 minutes to
complete, and that a US $25 cash card incentive would be
provided to those who completed the study. Consenting to the
study took patients to a Web-based survey tool hosted by GfK
Custom Research. To avoid missing or spurious data, all
guestions were mandatory to complete the survey, participants
could not revise earlier answers, and unique URLs were used
to avoid therisk of multiple completions or spurious dataentries.
Ingtitutional review board (IRB) approval was granted from
Western IRB.

Survey Development

Survey measures included basic demographics, MS DMT
history, patient-reported disease severity (MS Rating Scale
revised, MSRSR) [11], the MS Treatment Adherence
Questionnaire (MSTAQ) [2], and the Beliefs about Medicines
Questionnaire (BMQ) [12].

Treatment Char acteristics Preference Exercise (CA1)

We developed two conjoint analysis tasks in accordance with
International Society For Pharmacoeconomics and Outcomes
Research (ISPOR) guidance on use of conjoint analysis [11].
The first exercise (CA1l) asked oral-naive MS patients to
repeatedly choose one of three hypothetical oral DMTSs, each
with a certain combination of levels of tested attributes (shown
in Table 1). Example screenshots of the tasks are shown in
Figures 1 and 2.
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Table 1. Parameters and values for Conjoint Analysis Exercise 1 (CA1) ranked by order of importance to oral-naive M S patients (n=319).

Attribute

Description

ValueLevel 1 Vauelevel 2 VauelLevel 3 Vauelevel 4 Relativeimpor-

tance (out of
100%)

Liver toxicity

Severe side effects

Delay the progression
of disability

Common side effects

Frequency of adminis-
tration

Reduce frequency of
relapses

Reduce changes on
MRI

First dose monitoring

Tolerability

Birth defects

This medication has arisk of liver toxicity
that may lead to death. Your risk of liver
problems may be higher if you take other
medicines that also affect your liver. Your
doctor will do blood tests to check your
liver before you start taking this medication,
and once a month for the first six months
of taking this medication.

Thereisa chance that you will be
hospitalized or severely disabled fromaside
effect of this medication.

Compared to no treatment, this medication
can reduce the chance of your symptoms
and disability worsening over the next 2
yearshy...

The most common side effects of this drug
are... Your chances of experiencing at least
one of these side effectsisabout 1 in 10.

This medication is taken orally (by
mouth)...

Compared to no treatment, this medication
can reduce your chance of having arelapse
over the next 2 yearsby...

Compared to no treatment, this medication
can reduce the occurrence of new or larger
lesions (dark or light spots that don't [ook
like normal brain tissue) on your MRI scans
over the next 2 yearsby...

The first dose of this medication should be
taken in adoctor’s office or other medical
setting hospital so that patients can be
monitored for side effects for at least six
hours.

On average, of people stop taking
this medication because of its side effects.

This medication has a high risk for birth
defects when taken by men or women. Pa-
tients (men or women) should not be preg-
nant or attempt to conceive while on treat-
ment or for up to 2 years after stopping
treatment. If necessary, a doctor can pre-
scribe a medication that can help remove
the medication from your body more
quickly.

Yes

6%

20%

Headache,
backache

Once per day

30%

65%

Yes

5%

Yes

No

10%

30%

Flushing, diar-
rhea

Twice per day

40%

75%

No

10%

No

14%

40%

18%

Hair thinning,

nausea

Threet

imes -

per day

50%

85%

15%

60%

25.8%

15.3%

10.7%

10.4%

9.5%

8.7%

6.7%

4.6%

4.5%

3.8%

http://www.i-jmr.org/2015/1/e6/

RenderX

Interact JMed Res 2015 | vol. 4 |iss. 1| €6 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Wicks et al

Figure 1. Example screenshot from Conjoint Analysis Exercise 1 (CA 1) — Participants were asked “ Of these three products, which would you be most
likely to ask your physician to prescribe to you if these were the only options available?".

Compared to NO treatment, this medication can
reduce the chance of your symptoms and disability
worsening over the next 2 years by...

30%

40%

20%

Compared to NO treatment, this medication can
reduce your chance of having a relapse over the next
2 years by

50%

40%

60%

Compared to NO treatment, this medication can
reduce the ecourrence of new or larger lesions (dark
or light spots that don't loek like nermal brain tissue)

on your MRI scans over the next 2 years by ...

75%

85%

65%

On awerage, the percentage of people that stop taking
this medication because of its side effects is:

16%

10%

5%

The most common side effects of this drug are: (Your
chances of experiencing at least one of these side
effects is about 1 in 10)

Headache & backache

Flushing & diarrhea

Headache & backache

There is a chance that you will be hospitalized or
severely disabled from a side effect of this
medication. This chance is:

10%

18%

6%

This medication is taken erally (by mouth):

Once per day

Twice per day

Three times per day

Monitering

The first dose of this medication should
be taken in a doctor's office or cther
medical setting hespital so that patients
can be monitored for side effects for at
least six hours

Birth defects

This medication has a high risk for birth
defects when taken by men or women.
Patients (men or women) should not be
pregnant or attempt to conceive while on
treatment or for up to 2 years after
stopping treatment. If necessary, a doctor
can prescribe a medication that can help
remove the medication from your body
more quickly.

Liver toxicity

This medication has a risk of liver
toxicity that may lead to death. Your risk
of liver problems may be higher if you
take other medicines that also affect
your liver. Your doctor will do blood tests
to check your liver before you start
taking this medication, and once a
menth for the first six menths of taking
this medication.

Please select one:
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Figure 2. Example screenshot from Conjoint Analysis Exercise 2 (CA2) — Participants moved the yellow sliders between the two extreme values.

. with “1 am not at all likely to skip or miss any doses of my
Non-Adherence Exercise (CA2) medication” at one end and *I am extremdly likely to skip or
The second exercise (CA2) showed patients just one missatleast onedoseof my medication” ontheother. Both sets
hypothetical oral DMT but with varying levels of the values  of attributes were identified through review of the clinical trial
shownin Table 2 and aresponsetask of avisual analoguescale |iterature by two independent raters and consultation with a
they used to indicate how likely they might be to missat least  clinical expert (DB).
one dose of medication over the course of 4 weeks (28 days),
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Table 2. Parameters and values for Conjoint Analysis Exercise 2 (CA2) ranked by order of importance to oral-naive M S patients (n=319).

Attribute VauelLevel 1 Value Level 2 ValueLevel 3 Relative importance (out
of 100%)
Freguency of administration Once per day Twice per day Threetimesper day  17.4%
Side effects — hair thinning Yes No - 14.8%
Pregnancy — you or your partner become  Yes No - 14.1%
pregnant while taking your medication
Severe side effects — hospitalized fora  Yes No - 13.8%
short period of time, with no long-term
effects
Side effects - diarrhea Yes No - 13.0%
Side effects — nausea Yes No - 10.7%
Side effects — backache Yes No - 8.8%
Side effects — headache Yes No - 4.5%
Side effects - flushing Yes No - 3.0%

Statistical Analysis

To help overcome the biases of a\Web-based sample of patients
from the PatientsLikeMe Web-based data platform, we used
sample weights to adjust the proportions of the sample for
groups using benchmarks from the Partners Northeast MS
Center in the United States [13]. A SAS iterative proportional
fitting macro created the weights by adjusting all target variables
simultaneously. Extreme weights were then trimmed to reduce
the influence of extreme outliers in the weighted results and
improve weighting efficiency. Trimmed weights are shown in
Table 3 (weighting was associated with adesign effect of 1.27,
or 79% weighting efficiency).

Datawere analyzed using hierarchical Bayesian estimation. We
estimated hierarchical Bayesian models in Sawtooth Software
(Orme, USA) that uses a specific Monte Carlo Markov Chain
Algorithm called the “Metropolis Hastings Algorithm”. At the
end of the estimation, each level of each attribute is assigned a
numeric value (“part worth” or “utility”) that reflectshow much
this level is valued by the respondent. Relative importance of
the attributes derives from conjoint analysis and is based on the
utilities. The attribute importance values add up to 100% for
each conjoint analysis exercise. For each attribute, a difference
between the highest and the lowest utility is calculated, and the
relative importance is obtained by dividing that difference by
the sum of the differences for all attributes. The target sample
size (N=300) was determined using a power analysis assuming
three comparable products for each decision task, a6% margin
of error, and adesired 95% confidenceinterval. Most published
conjoint analysis studies have a sample size between 100 and
300 respondents, and our proposed sample size is consistent
with guidance in the methodology literature [4].

Results

From 1790 invited M S patients, 327 completed all questions.
During data cleaning, responses from 8 patients were not
analyzed (2 duplicates, 2 violated inclusion criteria, 4 for
“straight-lining” answers), leaving a total of 319 (17.8%
responserate, 319/1790). Most respondentswerefemale (77.7%,
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248/319) with mean age 48 years (SD 10) and a 10-year
self-reported history of MS with 70.8% (226/319) reporting a
diagnosis of relapsing remitting MS. Table 3 shows the raw
unweighted sample demographics as well as the transformed
sample following weighting to more closaly resemble a
representative M S population. All conjoint analysisdatareferred
to from this point comes from the weighted sample used for
analysis.

The most frequently impaired aspect of function onthe MSRS-R
was waking, with 53.6% (171/319) of patients
moderately-severely impacted on thisitem, followed by 36.4%
(116/319) experiencing sensory issues, 26.0% (83/319) cognitive
issues, and 27.0% (87/319) bowel or bladder disturbance.

Most patients (61.0%, 195/319) weretakingaDMT at thetime
of survey, with the most frequent being glatiramer acetate
(29.5%, 94/319, Copaxone, subcutaneousdaily injection, TEVA)
followed by natalizumab (18.8%, 60/319, Tysabri, monthly
intravenous transfusion, Biogen I dec), interferon beta-1a(9.1%,
29/319, Avonex, weekly intramuscular injection, Biogen | dec),
and interferon beta-lb (8.8%, 28/319, Rebif, 3x weekly
subcutaneous injection, EMD  Serono). Approximately
two-thirds (61.1%, 195/319) were taking aDMT at the time of
survey, slightly higher than the Sonya Slifkalongitudina study,
which found that 50.0% of patients were “currently” (in
2000-2001) usingaDMT but similar to the reported 62.2% that
had taken aDMT at some point in their disease [14].

The BMQ showed that overall, most patients (67.1%, 214/319)
worried about long-term effects of their DMTs, with a higher
proportion endorsing this sentiment among the patients who
had missed at |east one dose in the past 28 days (77.6% agreed
or strongly agreed, 52/67, compared to those that hadn’t (57.8%,

741128, X*195= 9.780, P=.04).

Among the 195 patients using a DMT, most patients
self-injected their DMT (69.2%, 135/195), with 22.1% (43/195)
reporting that someone el se hel ped them with the injection most
or al of thetime, and 8.7% (17/195) only half of injections or
just a few times. Among the 156 patients who reported using
an injectable DMT, 59.6% (93/156) used an auto-injector
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exclusively, 32.1% (50/156) injected manually, and 6.7%
(13/195) used a mixture of both. Overall, ease of use with
current treatment was relatively high, with 89.7% (175/195) of
DMT users saying their treatment was either “easy to use” or
only “alittlehard” to use. Similarly, satisfaction was quite high,
with most usersreporting “ moderately”, “very”, or “completely”
satisfied (88.7%, 173/195) and only 11.3% reporting they were

either “alittle satisfied” or “not satisfied at all” (11.3%, 22/195).

Table 3. Sample demographics before and after weighting (n=319).2

Wicks et al

About athird of DMT users (34.3%, 67/195) reported missing
at least one dosein the previous 28 days, with the most common
reasons being “did not feel like taking my medication” (35.8%,
24/67 reported as a “moderately” or “extremely” important
factor), “memory problems’ (26.9%, 18/67), and “tired of taking
my medication” (28.4%, 19/67). Patients who reported missing
a dose of their medication in the past 28 days were not
significantly different than those who did not on their MSRS-R
outcome (t;93=1.730, P=.09).

Unweighted samplefrequen- Benchmark (PartnersMS  Weighted sample frequen-
cies (%) Center) cies (%)
Gender
Female 248 (77.7%) 74.8% 238 (74.6%)
Male 71 (22.3%) 25.2% 82 (25.7%)
Age, years
18-38 36 (11.2%) 25.0% 76 (23.8%)
39-46 59 (18.5%) 25.0% 79 (24.7%)
47-62 186 (58.3%) 40.0% 132 (41.3%)
63+ 38 (11.9%) 10.0% 33(9.7%)
Race
White 283 (88.7%) 92.4% 292 (91.5%)
Black 18 (5.6%) 4.6% 17 (5.3%)
Other 18 (5.6%) 3.0% 10 (3.1%)
M S subtype
Relapsing-Remitting 240 (75.2%) 70.2% 225 (70.5%)
Primary Progressive 25 (7.8%) 6.2% 18 (5.6%)
Secondary Progressive 47 (14.7%) 22.6% 72 (22.6%)
Progressive Relapsing 7 (2.1%) 1.0% 4 (1.2%)
Highest education
High school graduate or less 45 (14.1%) 19.4% 62 (19.4%)
Some college 115 (36.1%) 54.8% 171 (53.6%)
College graduate or more 159 (49.8%) 25.8% 86 (26.9%)

3Percentages may not add up to 100% due to rounding.

Treatment Char acteristics Preference Exercise (CA1)

Resultsfrom the CA1 preference exercise showed that potential
for liver toxicity wasthe most important factor (Table 1, 25.8%
asamesasure of relativeimportance out of 100%) in hypothetical
DMT selection followed by severe side effects (15.3%), delay
to progression of disability (10.7%), common side effects
(10.4%), and mode of administration (9.5%). Reducing the
frequency of relapses (8.7%) and reducing changes on MRI
(6.7%) were less important in driving preferences, as were
requirement for a first-dose monitoring period (4.6%),
tolerability (4.5%), and risk of birth defects (3.8%).

http://www.i-jmr.org/2015/1/e6/

Non-Adherence Exercise (CA2)

The CA2 non-adherence exercise (Table 2) found that the most
important determinant of self-reported non-adherence to a
hypothetical DMT was frequency of daily administration
(17.4%), hair thinning (14.8%), becoming pregnant (14.1%),
severe side effects (13.8%), and diarrhea (13.0%). Nausea
(10.7%), backache (8.8%), headache (4.5%), and flushing
(3.0%) emerged as less important drivers of non-adherence. A
tradeoff simulator was built for CA2, which alows prediction
of non-adherence for any combination of the relevant values of
these parameters. For instance, in the worst-case scenario of a
thrice-daily dosing of an oral DMT that causes hair thinning,
has severe side effects, diarrhea, nausea, backache, headache,
and flushing, the model predicted a 78% likelihood of missing
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at least one dose over the course of 4 weeks for an average
patient. In the best-case scenario, aDMT with none of the tested
side effects and once-daily dosing, the model predicted 15%
likelihood of at least one missed dose. In simulations, the
frequency of daily dosing had the largest incremental impact
on adherence.

Discussion

Principal Findings

In thisWeb-based survey of oral DMT naive patients, we found
that liver toxicity, severe side effects, and common side effects
were the most salient attributes driving DMT preference, with
efficacy, frequency of dosing, and first dose monitoring less
important. However, we a so found that the frequency of dosing
and specific side effects, such as hair thinning, might have an
influence on patients' predicted non-adherenceto taking an oral
DMT.

The landscape of MSis currently undergoing a transformation
from self-injectable and intravenous DM Ts to awider range of
delivery routesincluding oral agents[15]. Our findings suggest
the primacy of serious adverse eventslike liver toxicity may be
major drivers of patient preference. All three of the recently
approved oral DMTs have some kind of hepatotoxic profile
identified in their phase Il trials, such as elevated aanine
aminotransferase tests three times the normal rangein 6-7% of
patients taking dimethyl fumarate (with no reported hepatic
failure) [16,17], 7-19% for fingolimod [18,19], and 7-12% for
teriflunomide [20,21]. However, in this last case due to the
known properties of leflunomide (which metabolizes to
teriflunomide) in rheumatoid arthritis, the drug wasissued with
an FDA “black box” warning [22] for severe liver injury
including fatal liver failure, requiring liver monitoring at least
monthly for 6 months after treatment initiation. Patient concern
over a similar risk appeared to be the magjor driver of patient
preference in our hypothetical conjoint analysis and patients
actually prescribed the drug might benefit from extra assurance
that monitoring should identify any issues that arise.

Our results contrast with those of Johnson et al, who found a
stronger preference for slowing disability (27%) than avoiding
side effects, although the serious adverse event PML (23%) was
afrequently endorsed driver of preference, aswas the potential
for liver failure (20%) [8]. The different findings between our
two studies may reflect the different sample chosen, as at least
42% of Johnson et al’s sample had already taken natalizumab
(Tysabri) at some point, which may reflect a higher risk
tolerance. By contrast, only 21% of our sample were taking
Tysabri, and about a third were not taking any form of DMT.
Although speculative, it is aso possible that reports of PML in
the MS community have drawn attention to the fact that even
rare adverse events can occur with serious consequences [23].

In the current study, patients expressed greater preference for
product profiles with fewer serious side effects and fewer
common side effects relative to those with higher levels of
efficacy. Theclinical tria literature suggeststhat serious adverse
eventswerereported among 17-18% of patientstaking dimethyl
fumarate in trials [16,17], followed by 14-16% over 12 weeks
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[20] taking teriflunomide (29-36% over long term use [21]),
with the fewest among patients taking fingolimod (7-10%)
[18,19]. However, it is worth nothing that oral medications do
not carry the injection-related profile of side effects such as
injection site pain or erythema[17].

In agreement with Johnson et al, we found a higher preference
for delaying the progression of disability over reducing the
frequency of relapses. Establishing theformer intypical clinical
trialsis much harder than the latter, requiring longer and larger
studies. It may be that patients better understand the concept of
progressive disability than they do of “relapses’, which are
highly unpredictable and may be complex to disentangle from
disability progression or pseudo-exacerbations.

As a complex condition involving many tradeoffs, there is
increasing interest in the use of conjoint analysistechniquesin
various aspects of decision-making in MS and supporting MS
patients to make better-informed decisions based on their
personal treatment preferences[24]. Shingler et a describe the
use of conjoint techniques to identify patient preferences for
characteristics of self-injection devices [25] and found that a
treatment’s efficacy mattered more to patients than ease of use
to administer it, with technological features like medication
reminders having relatively low importance. Over half of our
samplewere using an auto-injector for their DM T and reporting
a good level of satisfaction, begging the question of whether
patientswith arelatively high level of satisfactionwill appreciate
as much of a difference between a self-injected DMT and an
oral as earlier cohorts of patients who did not have the benefit
of auto-injectors.

Medication non-adherenceisaknownissuein MSand avariety
of solutions has been proposed to study this important issue.
The largest (N=2648) and most rigorous study in this disease,
the Global Adherence Project (GAP), found that 25% of patients
were non-adherent to therapy, with memory beingamajor issue
[26]. Although studies of injectable DM Tshave found anumber
of issues related to route of administration or site injection
reactions, it isunlikely that memory issues or treatment fatigue
will be addressed solely by a move to ora DMT therapy.
Although greater convenience would be anticipated, it isworth
noting that many M S patients are already reporting ahigh level
of satisfaction particularly dueto the use of auto-injectors. One
possible downside to oral DMTs is the absence of
adherence-tracking technology that can be built into
auto-injector devices, although systems such as the Proteus
Raisin System might address such challenges in future [27].

Limitations

This study had several limitations, including the examination
of only hypothetical product profilesin across-sectional manner
and what patients said they would choosein an artificial setting
rather than the behavior they would actually exhibit. However,
conjoint analysis may be considered ecologically valid because
individuals are used to making decisions from among multiple
varying choices on adaily basis[28]. In terms of study design,
all conjoint studies suffer from a conceptua bias in that the
guestions they seek to address naturally constrain patient choice
in away that may not reflect the real world. For example, in
the current study we asked patients to select between one of
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three ora MS DMTs, when they might have preferred
self-injectable DMTs or second-line DMTs such as
natalizumab—patients face a wide array of potential DMT
options [1]. Another conjoint analysis limitation is accurately
conveying clinical endpoints and the concept of risk such as
percentage changes; we attempted to use endpoints that were
commonly used in the MS community (and vetted these with a
clinician) but it is certainly feasible that cognitive biases or
comprehension issues limited full understanding.

As an online community, PatientsLikeMe users exhibit biases
relative to other clinical samples such as MS patients a a
specialist M S center [ 13] including being younger or morelikely
to be female, we sought to address this through sample
weighting. While weighting reduces the bias in results, it does
increase the variance of the results, resulting in a decreased
statistical sensitivity to detect differences between groups. Our
sample contained a relatively high proportion of Copaxone
users, which might affect the results by including a larger set
of patients using alower-risk drug. However, inspection of the
conjoint analysis results suggest that there were no major
differences between the preferences of current Copaxone users
relative to those who have never used it, with differences in
CA1 importance levels of just 1% or less. The sample aso
included arelatively high proportion of patients not taking any
DMT. It is unclear why these participants were not taking a
DMT but we felt it was important to include the results as they
represent a proportion of the population that might one day
stand to benefit from a DMT if their expectations can be met.
Given the heterogeneity of experiences with medication
adherence, defining “non-adherence” as a single missed dose
in the past 28 days is overly simplistic, but as the number in
this group was relatively low, any further subdivision would
have lead to very low N’sfor statistical anaysis.

Given the self-reported nature of the site, we have no evidence
to confirm that members saying they have been diagnosed with
MS have actually done so, nor that this diagnosis was accurate.
Research is underway to more systematically address this
limitation, but we intentionally targeted for recruitment those
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members who had been active on the site in the preceding 120
days rather than recruiting a new sample through advertising,
so the likelihood that a given member would have signed up
more than three months previously and maintained an active
but fake account just on the chance of later gaining a survey
incentive seems low. We also cleaned the dataset for evidence
of straight-lining or duplicate entry. It is conceivable that a
subset of users might have gone on to have their diagnosis
changed to another condition; however, these limitations are
shared in common with many other studies that use mailing
lists or Web-based recruitment techniques and held asacommon
caveat. In summary, we believe that al study methodologies
have their own set of limitations but that Web-based techniques
have the advantage of adapting to addressthesethrough iterative
software upgrades.

Future areas of research might include studying how patients
starting an oral DMT report making that decision and what their
medication adherence is like long-term. There is an inherent
assumption that moving from injectable to oral DM Ts should
produce improved adherence but this is yet to be tested
rigorously.

In attempting to select the best of these therapeutic options for
each patient, a balance must be struck of efficacy, safety,
tolerability, adherence, potential need for monitoring, and cost
effectiveness [29]. It is possible that the use of decision aids
that personally tailor anindividual patient’s attitudesto risk and
lifestyle preferences, supported by quantitative data abstracted
from the clinical literature, could prove a useful tool.

Conclusions

Oral-naive M S patientsidentified liver toxicity and serious side
effects as the most significant determinants of DMT selection
while high frequency of daily dosing and certain side effects
appear to be the most important barriers to DMT adherence.
The use of conjoint analysis could be helpful in the development
of new decision aids to help patients and clinicians navigate
their many choices of DMT.
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