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ABSTRACT

Introduction: Multiple sclerosis (MS) is a dis-
abling disease with unpredictable clinical man-
ifestations. As clinical assessments may not fully
capture the impact of MS on quality of life, they
can be complemented by patient-reported out-
come (PRO) measures to provide a more com-
prehensive picture of MS disease state and
impact. The objectives of this study were to
explore the experiences of people with relaps-
ing–remitting MS, including symptoms and
impacts on daily life, and to provide a concep-
tual model of MS outcomes.
Methods: A literature review of studies that
evaluated the experiences of people with MS

was completed and combined with semi-struc-
tured concept elicitation interviews conducted
with 14 people with relapsing–remitting MS in
the USA.
Results: The average age of the 14 participants
was 43.9 (range 25–64) years, most were White
(78.6%) and female (78.6%), and the mean
duration since diagnosis was 6.6 (2–10) years.
The most bothersome symptoms identified
included fatigue (n = 9), cognitive dysfunction
(n = 5), mobility/difficulty with walking (n = 3),
and vision problems (n = 3). The most com-
monly reported impacts on daily life were bal-
ance problems/instability (n = 13), work life/
productivity (n = 12), difficulty walking
(n = 11), daily activities/household chores
(n = 11), and leisure activities (n = 10).
Conclusion: There was a high frequency of
concepts associated with physical function,
fatigue, and sensory-motor actions. A concep-
tual model was developed that captures the
disease symptoms, impairments, and impacts
identified in the interviews as well as known
processes and symptoms identified in the liter-
ature search. This model underpins the appro-
priateness of PRO instruments, such as the
PROMIS Fatigue (MS) 8a and PROMIS Physical
Function (MS) 15a, which evaluate symptoms
and impacts that matter most to people with
MS.
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Key Summary Points

Through interviews with people with
relapsing–remitting multiple sclerosis and
a literature search, we developed a novel
conceptual model for multiple sclerosis
that captures the processes, symptoms,
functional impairments, and psychosocial
impacts of the disease.

The concepts identified are key to the
development of targeted patient-reported
measures for multiple sclerosis that
support the evaluation of disease course
and the assessment of symptoms that
matter most to people with multiple
sclerosis.

Future patient-reported measures should
consider all aspects of the conceptual
model to ensure that the experiences and
perspectives of people with multiple
sclerosis are adequately considered and
assessed in clinical trials and practice.

INTRODUCTION

Multiple sclerosis (MS) is a disabling disease of
the central nervous system (CNS; brain and
spinal cord) in which the flow of information
between the brain and the body is disrupted,
leading to neurological dysfunction [1–3]. Dis-
ease processes include inflammatory activity,
demyelination, and progressive neurodegener-
ation [1, 3]. The etiology of MS is complex and
heterogeneous, with multifactorial processes
involved including genetic, environmental,
immunological, and infectious factors [1]. The
most common disease course is relaps-
ing–remitting MS (RRMS), experienced by 85%
of people with MS (PwMS) [1]. RRMS is charac-
terized by acute occurrences of symptoms,

known as relapses, followed by periods of full or
partial recovery when symptoms may lessen or
disappear completely. Typically, the frequency
and intensity of symptoms increase over time,
referred to as disease progression, to a point
where disability is permanently present, irre-
spective of additional relapse activity [1].

The clinical manifestations of MS are
unpredictable [4, 5], but symptoms commonly
experienced by PwMS include difficulties walk-
ing, fatigue, numbness/tingling, muscle weak-
ness, spasticity, vision problems, cognitive
impairment, bladder/bowel problems, sexual
problems, emotional changes, and depression
[1, 3, 6, 7]. At present, there is no cure for MS;
treatment is lifelong and includes both disease-
modifying and symptom management thera-
pies, rehabilitation, psychological support, and
social care [8].

Clinical evaluations have demonstrated that
during remitting phases of RRMS, PwMS may
experience so-called silent progression or pro-
gression independent of relapse activity, lead-
ing to ongoing disability accumulation from the
earliest stages of the disease [3, 9]. The pro-
gressive accumulation of neural tissue damage
via a smoldering pathological process may
affect the entire CNS and involve neurodegen-
eration that may be downstream or indepen-
dent of focal inflammatory lesions, including
demyelination, slowly expanding lesions (mag-
netic resonance imaging [MRI] marker of
chronic active lesions [demyelinated lesions
with ongoing microglia/macrophage activity]),
axonal loss, and brain atrophy [9–14]. Clinical
studies indicate that 80–90% of accumulated
disability may occur independent of relapse
activity; therefore, disability accumulation can
occur during RRMS both related and unrelated
to relapses [15, 16].

Capturing impairment of physical and cog-
nitive function, and symptoms such as fatigue,
early in the disease course may benefit treat-
ment and intervention strategies for PwMS [17].
In this context, early self-reporting by PwMS
plays an important role in illuminating differ-
ent aspects of disease progression. Improving
the assessment of symptoms and functional
limitations experienced by PwMS prior to clin-
ical confirmation of disease progression or
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increased disease activity may help drive inno-
vation in earlier management of MS symptoms
and greater understanding of progression inde-
pendent of relapse activity. Self-reported symp-
toms captured daily using a digital app were
found to correlate with scores recorded using
traditional patient-reported outcomes (PROs)
[18]. By tracking symptoms and medication use
in this way, PwMS may be able to monitor both
their disease management and progression
more accurately and provide more detailed and
valuable information to their physician, sup-
porting treatment strategy assessments [18].

To explore the symptoms and impacts of MS
reported by PwMS, along with evaluating the
breadth of methods used to understand the
experiences of PwMS, we reviewed and sum-
marized published literature relating to the
experiences of PwMS (Supplementary Table 1).
The methodologies used across these publica-
tions comprised a combination of interviews
and focus groups, PRO questionnaires, and
surveys; it should be noted that the way study
participants described their experiences may be
sensitive to the methodologies used for elicitation.
The symptoms and impacts experienced by PwMS
are diverse, complex, and may co-occur with
comorbidities [4, 6, 7, 19, 20]. Impaired physical
and cognitive functioning, along with fatigue
and pain, was frequently identified as being sev-
ere and having the greatest impact on quality of
life by PwMS [4, 6, 7, 20, 21].

One key insight from our literature search
(Supplementary Table 1) is the importance of
capturing the experiences of PwMS in addition
to gathering data from established clinician-
reported outcomes such as EDSS [22] and imaging
outcomes such as MRI [12, 23]. While clinician-
reported outcomes and imaging provide valu-
able metrics to diagnose and assess change in
disease state [24], PRO measures can comple-
ment clinical assessments and provide a more
comprehensive picture of disease progression
and its perceived impact on a person’s life [25].
In addition, PRO measures are the primary
approach for assessing important concepts such
as fatigue [26, 27], depression, anxiety, and
emotional dysregulation [28] that are not easily
evaluated using other types of clinical assess-
ments, as well as providing a population-level

understanding of symptom frequency [6, 21].
Health authorities including the European
Medicines Agency (EMA) and US Food and Drug
Administration (FDA) have published guidance
on standards for PRO instruments used in the
registration of clinical trials [29, 30]. There are
ongoing efforts, internationally, to improve
PRO assessment in MS, including use of this
information in clinical practice, healthcare sys-
tems, and research—in the hope that building a
patient-centric approach to care will lead to
better management of MS [31, 32].

This study aimed to characterize the symp-
toms and impacts of MS that are important to
PwMS through in-depth concept elicitation
interviews (CEIs) with PwMS. The specific
objectives were (1) to explore the experiences of
people with RRMS, including their symptoms
and the impacts of the disease on their daily
lives; (2) to develop a conceptual model of MS
outcomes, outlining key disease symptoms and
impact concepts, and their interrelationships to
support the development of fit-for-purpose PRO
instruments. The CEIs were conducted in the
initial phase of a research program to develop
novel, MS-specific PRO measures and the results
ultimately supported the development of MS-
specific PRO measures of physical function [33]
and fatigue [27] that have been included in the
phase 3 evolutionRMS 1 and 2 trials
(NCT04338022, NCT04338061) of evobrutinib
in people with relapsing MS (RRMS or sec-
ondary progressive MS [SPMS] with superim-
posed relapses).

METHODS

CEIs were conducted in person by RTI Health
Solutions (NC, USA) in September 2017 to elicit
the symptoms and impacts of MS that are most
important to PwMS. Medical recruiters from
two sites in the USA (Detroit, MI; Raleigh, NC)
contacted individuals within their databases
who were interested in participating in quali-
tative research. Participants received $200 for
their involvement and provided written
informed consent. Ethical approval was
obtained from RTI’s Institutional Review Board
(ID number 14206). The research was performed
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in accordance with a protocol, the provisions of
the International Conference on Harmonisa-
tion, the Declaration of Helsinki, and applicable
local regulatory requirements and laws.

The study design specified the inclusion of
14 people matching the following inclusion
criteria: aged 18–65 years; diagnosed with RRMS
for less than 10 years; and able to provide
completed diagnosis form, with clinician sig-
nature to confirm MS subtype and severity. The
severity of MS was classified by the clinician as
mild, moderate, or severe. Current or recent
(last 30 days) participation in a clinical trial was
an exclusion criterion (see Fig. 1). To confirm
their MS diagnosis, subtype, and severity level,
each participant had to provide a completed
diagnosis verification form that was signed by a
clinician.

The initial intention was to also interview
people with primary progressive MS (PPMS).
However, information gathered from the liter-
ature and clinical experts at the time of the
study indicated there were no significant dif-
ferences in the key symptoms or impacts by MS
subtype (i.e., RRMS or PPMS), and interviews
were limited to people with RRMS.

The recruitment targets for the total sample
of 14 PwMS were four participants with a high
school diploma or less; four non-White partici-
pants; four male participants; at least four par-
ticipants for each severity rating (Fig. 1). These
targets were included in an attempt to increase
the diversity of the study sample with regard to
self-reported race and educational attainment
[34, 35]. In addition, it was hoped to reduce the
overrepresentation of college-educated individ-
uals by including those with a range of com-
munication abilities and perceptions.
Interviews were approximately 60 min and fol-
lowed a semi-structured interview guide devel-
oped by the authors from RTI Health Solutions
and Merck Healthcare KGaA, Darmstadt, Ger-
many (see Supplementary Table 2 for an illus-
trative excerpt of the interview guide). Each
interview was audio recorded and verbatim
transcripts were created.

During the interviews, the interviewer pro-
vided each participant with an overview of the
study and asked general questions intended to
get them talking about their experiences with

MS. The impact of MS on their daily lives was
discussed. Participants were asked about the
most important symptoms and effects of MS. If
common symptoms or impacts were not repor-
ted by a participant, the interviewer confirmed
whether the participant had experienced them.
Both spontaneously reported and prompted
symptoms and impacts were collected and are
collated together when reported in the results.

RESULTS

Demographics

A total of 14 PwMS (seven each from Detroit, MI
and Raleigh, NC), with an average age of
43.9 years (range 25–64 years), took part in the
CEIs. Most of the participants were White
(78.6%) and female (78.6%). The mean duration
since diagnosis was 6.6 years (range 2–10 years).
The two cohorts were well balanced between
sites for age, sex, ethnicity, and time since
diagnosis (Table 1).

Most Common Symptoms and Impacts

Initially, participants were asked to describe the
specific MS-related symptoms they experienced.
Symptoms reported by at least 10 participants
were cognitive dysfunction (n = 13), heat
intolerance (n = 13), loss of balance/instability
(n = 13), numbness/tingling in hands or feet
(n = 13), fatigue/tiredness (n = 12), visual prob-
lems (n = 11), muscle spasm/tightness/spastic-
ity (n = 11), and weakness/heaviness in limbs
(n = 10). All the reported symptoms are shown
in Fig. 2a.

Participants were subsequently asked to
describe the impact of MS on their lives. The
impacts reported by at least 10 participants were
balance problems/instability (n = 13), work life/
productivity (n = 12), difficulty walking
(n = 11), daily activities/household chores
(n = 11), leisure activities (hobbies, vacations;
n = 10). Impact concepts broadly fell into the
following themes: physical activities, work life/
productivity, emotional, and social/relation-
ships (Fig. 2b). To provide further context to the
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types of impacts experienced by PwMS, quota-
tions from the interview transcripts related to
each theme are included in Table 2.

Across the most frequently reported symp-
tom and impact concepts, there was a high
frequency of concepts associated with physical
function (difficulty walking balance problems/
instability; limitations in performing daily
activities, household chores, and leisure pur-
suits) and fatigue (weakness or heaviness in the
limbs; mental fatigue or cognitive dysfunction)
in addition to concepts related to sensory-
motor function (heat intolerance; numbness or
tingling in the hands or feet; visual problems;

muscle spasm, tightness, or spasticity). Quota-
tions from the interview participants are inclu-
ded to provide rich detail and context for the
effects of MS related to physical function and
fatigue (Tables 3 and 4). Extended versions of
these tables, which include a more compre-
hensive selection of quotations, are included in
Supplementary Tables 3 and 4.

Some patterns in the presentation of symp-
toms and impacts were observed across sub-
groups of PwMS. For example, gastrointestinal
problems, swallowing, vertigo/dizziness, and
disturbed sleep were not reported by any par-
ticipant with mild MS. Vision problems and

Fig. 1 Flowchart of the recruitment process, inclusion and exclusion criteria, and recruitment targets. MI Michigan, MS
multiple sclerosis, NC North Carolina, PwMS people with multiple sclerosis, RRMS relapsing–remitting multiple sclerosis
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bladder problems were mostly mentioned by
participants with moderate or severe MS. With
regards to the impacts of MS, none of the par-
ticipants with mild MS had issues with climbing
stairs, while those with moderate or severe MS
commonly mentioned impacts on social life or
family life. Surprisingly, problems with stand-
ing unsupported were more frequently reported
by participants with mild MS.

Most Bothersome Effects of MS

PwMS were asked to report the first, second, and
third most bothersome effects of MS, including
symptoms or impacts. The reported concepts
were then weighted by bothersomeness ranking
(weights ranging from 1 [third most bother-
some] to 3 [most bothersome]) and are pre-
sented in order of the summed weighted scores
across the 14 PwMS (Table 5). Weighted scores
ranged from 1 to 21; higher weighted scores
indicate greater overall bothersomeness. Fatigue
was reported as being the most bothersome
concept, both when weighted and in frequency
of reporting (weighted score = 21, n = 9). The
other most bothersome concepts were mobility/
walking difficulty (weighted score = 8, n = 3),
cognitive dysfunction (weighted score = 8,
n = 5), and vision problems (weighted score = 7,
n = 3). Examples of the context in which these
concepts were described as bothersome are
included in Table 2.

Table 1 Characteristics of people with MS included in
the CEIs

Characteristics Detroit,
MI
(n = 7)

Raleigh,
NC
(n = 7)

All
(n = 14)

Age, years

Mean 43.9 44.1 43.9

Range 25–58 30–64 25–64

Sex, n (%)

Male 2 (28.6) 1 (14.3) 3 (21.4)

Female 5 (71.4) 6 (85.7) 11 (78.6)

Race/ethnicity, n (%)

White 5 (71.4) 6 (85.7) 11 (78.6)

African

American/Black

2 (28.6) 1 (14.3) 3 (21.4)

Education, n (%)

High school

diploma or

equivalent

1 (14.3) 1 (14.3) 2 (14.3)

Some college 4 (57.1) 0 (0.0) 4 (28.6)

College degree 1 (14.3) 1 (14.3) 2 (14.3)

Professional or

advanced degree

1 (14.3) 5 (71.4) 6 (42.9)

Employment status, n (%)

Full-time 5 (71.4) 3 (42.9) 8 (57.1)

Part-time 0 (0.0) 1 (14.3) 1 (7.1)

Not employed/

retired

2 (28.6) 3 (42.8) 5 (35.7)

Time since diagnosis, years

Mean 6.7 6.4 6.6

Range 5–10 2–9 2–10

Severitya, n (%)

Mild 3 (42.9) 2 (28.6) 5 (35.7)

Mild/moderate 2 (28.6) 0 (0.0) 2 (14.3)

Moderate 1 (14.3) 4 (57.1) 5 (35.7)

Table 1 continued

Characteristics Detroit,
MI
(n = 7)

Raleigh,
NC
(n = 7)

All
(n = 14)

Severe 1 (14.3) 1 (14.3) 2 (14.3)

CEI concept elicitation interview, MI Michigan, MS
multiple sclerosis, NC North Carolina
aMS severity was confirmed by the participant’s clinician
and was based on a global rating of severity of MS (i.e.,
mild, moderate, or severe)
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DISCUSSION

It is important for the development of well-
defined and reliable PRO instruments that there
is a detailed understanding of patients’ experi-
ences, and specific disease concepts, prior to the
development of PRO instruments [29]. This
study aimed to identify the symptoms and
impacts that PwMS experience which affect

their daily lives; the in-depth patient experience
narratives supported the development of novel
PRO measures of fatigue and physical function
that are currently in use in MS trials [27, 33].
The most important and bothersome impacts of
RRMS identified by study participants were
impairments in the following functional abili-
ties: walking and being mobile, working and
being productive, and performing daily activi-
ties and chores. These disease concepts are

Fig. 2 Distribution of MS symptoms (a) and impacts (b) reported by CEI participants (n = 14). CEI concept elicitation
interview, GI gastrointestinal, MS multiple sclerosis
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Table 2 Specific physical function-related concepts

(A) Impacts of MS Supportive quotations

Work life/
productivity

Not being able to find a replacement job. Probably the biggest impact…Well, most of mine have failed typing tests and data
entry tests because data entry was my field. So not being able to pass their tests is like a quick dismissal. And if there’s too
much standing, because I went to a warehouse, and there was too much standing. (CEI-03-Mild)

And professionally, too. Because there are some positions that I hold back on because of the amount of time and the rigors
of it. I’ve held back on being like assistant principal, principal, because I know the amount of work and the energy it takes.
I just don’t have it. I tried it, and it just didn’t work. (CEI-06-Mod)

Physical activities Physical stuff like walking and, like, going touring, which I don’t. But you know, the garden or tour the White House or
things like walking. Would I be able to do that or [would I need a] wheelchair? (CEI-01-Mild)

Like going for a bike ride. I don’t have the strength in my legs to do it. (CEI-05-Mild/Mod)

Emotional I think that maybe the MS has affected my mood and emotions in such a way where I might get more riled up about
something or whatever, more so than maybe perhaps without it. (CEI-06-Mod)

I cry a lot more. I feel like a baby sometimes (CEI-09-Mild).

Social/relationships I have become more of a hermit. I lost touch with a lot of folks. (CEI-05-Mild/Mod)

Well, it affects your friendships. It affects… you’re not working. You don’t see people the way you used to. It totally changes
the makeup of your friend group. (CEI-10-Mod)

(B) Bothersome
nature of
concepts

Supportive quotations

Fatigue/tiredness The fatigue, it’s just always there. I think I could probably always, if I try or was able to, take a nap anytime,
anywhere. I’m always ready for a nap. I get 5, 6 hours of sleep, get up with the kid and get him off to school,
and then I want to lay back down. (CEI-03-Mild)

I hate this feeling. I just hate feeling like I can’t enjoy anything because I don’t have the energy to do it.
(CEI-05-Mild/Mod)

I have a hard time getting up in the morning. I literally could stay in the bed forever. When I drag myself out,
by the time I get in the shower, I’m okay. I can get to work. A lot of times, my fatigue will hit me so bad that
I will take a lunch and go straight to my car and sleep. I have a blanket and pillow in my car. I put the seat down
and I sleep for my entire hour. And I go back to my desk, and I fight the rest of the day. (CEI-05- Mild/Mod)

I think the biggest impact is the fatigue issue. At the end of the day anyone could be fatigued. I think mine
is extreme. And then the really concerning parts that I have is when I wake up with it. I slept 6 hours,
7 hours, and I’ll wake up and I’m like, ‘‘What is going on?’’ (CEI-06-Mod)

Mobility/walking
difficulty

Walking, I went to the zoo with my family, going to museums, going on vacation, looking at sights, that walking.
Absolutely. I’ll never wear high heels again. (CEI-01-Mild)

Strength and mobility, like just the ability to do things, mobility I would say bothers me. But I just feel like
I have no strength, no ability to do anything anymore. (CEI-05-Mild/Mod)

Cognitive
dysfunction

Probably the memory thing. I’ve always been really good at, like, phone numbers and names. These days,
things won’t stick. That’s what I was saying. Just, it won’t stick. (CEI-03-Mild)

The cognitive piece of it is very bothersome. (CEI-04-Mild)

Vision problems Just my vision, mostly when I turn to the left. So usually I just shut an eye. (CEI-02-Mild/Mod)

But optic neuritis, because it’s like a constant MS symptom… But like right now, I see some spots in front
of them. (CEI-08-Mod)

CEI concept elicitation interview, MS multiple sclerosis
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consistent with examples in the literature
summarized in Supplementary Table 1
[7, 21, 36, 37]. However, as previously noted,
the outcomes of such qualitative studies are
sensitive to the methodologies used for elicita-
tion. Moreover, the objective of this study was
to gain insight into the concepts that are the
most important and relevant for PwMS, not just
those with the highest frequency. Given the
objective of this study, it was not possible to
provide detailed insights on certain aspects of
MS, such as the broad spectrum of cognitive
impairments or mental health impacts. The
additional context provided in Tables 3 and 4
enables greater understanding of the physical
function- and fatigue-related concepts that can
be gained by studying frequency of symptoms
and impacts alone.

With respect to the frequency of the most
important symptom/impact concepts for par-
ticipants in this study, the findings were gen-
erally consistent with those reported in similar
studies. For example, fatigue, vision problems,
pain, muscle spasms, and impacts on partici-
pation in physical activities and working are

commonly reported [4, 7, 21, 37–40]. One of the
main differences with surveys of larger popula-
tions is the frequency with which bladder
problems were reported. Larger cohort studies
often identify bladder/bowel problems as one of
the most frequently experienced symptoms
among PwMS [7, 21]. In this study, bladder
issues were reported by 8/14 participants. This
relatively lower frequency is explained by the
qualitative nature of this study, study objec-
tives, and outcome measures, and the MS sub-
types and severity levels of the participants. For
example, although several emotional impacts
were identified (mood/emotions, psychological
distress, lack of control/frustration with limita-
tions), studies that specifically assessed mental
health and psychological impacts described
symptoms of depression and anxiety in more
detail [28, 41]. We postulate that the unex-
pected observation that participants with mild
MS reported problems with standing unsup-
ported more frequently than those with mod-
erate/severe MS is likely to be, at least in part,
because those with moderate or severe MS may
already require some support to stand up, which

Table 3 Specific physical function-related concepts

Physical function concepts Supportive quotations

Difficulty walking My walking got hard to walk from, like, A to B. I would, like, look out my window and think,

‘How am I going to walk to my mailbox?’ (CEI-01-Mild)

I do sometimes stumble. I lose, if I’m walking, I might lose… the knee might go out or

something. My leg feels like it’s going, and I’ll stumble. (CEI-06-Mod)

Balance problems/

instability

And if I’m walking on an unstable surface, like sometimes I’ll grab my husband just to make

sure. (CEI-02-Mild/Mod)

Carrying a laundry basket upstairs is not an easy task. (CEI-03-Mild)

Daily/household activities Household chores are, well, the chores are like back shelf kind of thing. Like I don’t

remember the last time I dusted. (CEI-05-Mild/Mod)

So, I don’t wash dishes. I mean, you know, I live alone, so I don’t wash dishes every day. I

decided to focus my energy. I’m not trying to do everything at once. (CEI-08-Mod)

Leisure activities (hobbies,

vacations)

I’m an amateur artist. I love to draw. I love to paint. I love to sculpt. And I feel like I don’t

even do that anymore because I can’t get my hands to do it. (CEI-05-Mild/Mod)

Just I guess not having the stamina to get some stuff done and to go on some of the trips, you

know. (CEI-10-Mod)

CEI concept elicitation interview
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they are used to, and as such they do not reflect
on their ability to stand without support; in
other words, their expectations have shifted.
Socioeconomic issues and healthcare system
experiences were not described. It should also
be noted that the frequency of reported con-
cepts, in particular impacts, may vary by coun-
try; this study was conducted in the USA only.

The summary outputs of the CEIs, together
with the additional context provided from
quotations (Tables 2, 3, and 4) and relevant lit-
erature in the field, were used to generate a
conceptual model of MS (Fig. 3). This model
captures the disease symptoms, functional
impairments and psychosocial impacts identi-
fied in the interviews of people with RRMS, as
well as known disease processes and symptoms

of RRMS, SPMS, and PPMS identified in the lit-
erature, and patient- and disease-related vari-
ables, including age and duration of MS disease.
This model can help to inform future MS trials,
particularly in providing a patient viewpoint
supporting selection of outcomes. In addition,
on the basis of the conceptual model, self-
reported symptoms such as fatigue and pain, as
well as impacts such as walking ability and
physical functioning, have potential as targets

Table 4 Specific fatigue-related concepts

Fatigue concepts Supportive quotations

Mental fatigue/cognitive

dysfunction

Yeah. I feel like my mind

just goes blank. I’ve

noticed it, like, down to

even doing my bills for

the month. (CEI-04-

Mild)

Almost like trying to solve a

complicated math problem

when you have a migraine,

you know? You just can’t

do it. (CEI-05-Mild/Mod)

Feeling of weakness or

heaviness in extremities

and body

And my legs get real tired.

They feel like there is a

wet blanket tied around

them. They feel really

heavy. (CEI-01-Mild)

Just my legs are sometimes,

they feel very heavy where

I have to lift them up in

the car. I can’t physically

lift it in, that kind of

thing. (CEI-06-Mod)

CEI concept elicitation interview

Table 5 Most bothersome MS symptoms

Most bothersome
concepts

Bothersomeness
weighted score

Total
times
reported
(n = 14)

Fatigue 21 9

Mobility/walking

difficulty

8 3

Cognitive dysfunction 8 5

Vision problems 7 3

Muscle spasm 5 2

Loss of balance 5 2

Fine motor skill

impairment

4 2

Nausea 3 1

Neuralgia 3 1

Sexual dysfunction 3 2

Loss of bladder control 3 2

Heat intolerance 2 1

Pain 2 1

Uncomfortable sensations 2 1

Proprioception 2 1

Headache/neck pain 1 1

Joint pain 1 1

Foot drop 1 1

Numbness 1 1

MS multiple sclerosis
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for PRO measures owing to their proximity to
the disease. Breaking down the disease into
these separate aspects provides insight sup-
porting the development of PRO measures and
other clinical outcome assessments, as it sum-
marizes feedback from PwMS that can inform
endpoints in clinical trials or decisions regard-
ing clinical care. However, it should be noted
that MS-related symptoms often have complex
and overlapping effects; for example, difficulty
walking and fatigue may both contribute to an
impaired ability to climb stairs.

Implications for Outcomes Measurement

Regulatory bodies such as the EMA and FDA
recognize the importance of the appropriate
assessment of how PwMS feel and function, to
provide a holistic evaluation of disability and
support evidence of treatment benefit in MS.
Generic PROs including the Short Form Health
Survey 36 (SF-36) have been used as an indicator
of perceived general health in PwMS, allowing

comparisons with people with other chronic
conditions and the general population [42].
However, generic PROs may contain irrelevant
questions that can make PwMS feel alienated,
and they may not assess concepts important to
PwMS [43]. The development of MS-specific
PRO measures, including measures that focus
on specific types of disability and disability
impact, is therefore critical.

The concepts identified in the CEIs and
incorporated in the conceptual model are key to
the development of targeted PRO instruments
for MS. Assessment of fatigue by PROs is con-
sidered important by the EMA in providing a
complete picture of disability [44]. Four MS-
specific clinical outcome assessments have been
submitted to the FDA Clinical Outcome
Assessment qualification program, which will
conclude whether the assessments are well
defined and reliable for use in MS [45]: PROMIS
Fatigue (MS) 8a [27], PROMIS Physical Function
(MS) 15a [33], Symbol Digit Modality Test
(processing speed) [46], and Actibelt� in MS
(real-world walking speed) [47]. Concepts

Fig. 3 Conceptual model of MS developed on the basis of
the findings from interviews of people with RRMS and
further informed by a literature search including studies
evaluating the experiences of people with RRMS, SPMS,
and PPMS. It should be noted that MS-related symptoms
often have complex and overlapping effects; for example,

difficulty walking and fatigue may both contribute to an
impaired ability to climb stairs. CNS central nervous
system, MS multiple sclerosis, PPMS primary progressive
multiple sclerosis, RRMS relapsing–remitting MS, SPMS
secondary progressive multiple sclerosis
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identified relating to fatigue, pain, walking
ability, and performance of different activities,
therefore, have potential as targets for endpoint
design and development, and could be infor-
mative if included in labeling language for MS
therapies [29]. The specific physical function-
related concepts elicited in this interview study
directly contributed to the development of the
PROMIS Physical Function (MS) 15a instrument
[33], and also supported the content validity of
the PROMIS Fatigue (MS) 8a instrument [27].
Importantly, both instruments demonstrated
strong evidence of validity in MS and were
found to have robust psychometric properties
[27, 33].

Self-reporting of symptoms early in the dis-
ease course may benefit treatment strategies
[17, 48]. PROs have scope to play an important
role in describing symptom development and
progression in MS disease processes, particularly
in the context of disability progression inde-
pendent of relapse activity [49]. PROs may also
provide an approximate means to assess disease
progression before it would typically be cap-
tured through routine clinical assessments,
which may occur annually or less frequently.
Regular self-reporting of changes in physical
function, cognition, or fatigue via PRO mea-
sures may be a beneficial strategy to track dis-
ease course, complementing suggested clinical
composite measures and screening using neu-
roimaging [10, 13, 15, 50]. Appropriately
developed PRO measures may be more patient
friendly than clinical assessments and allow for
greater patient-centricity in MS treatment
pathways. In addition, for concepts such as
fatigue and cognitive dysfunction, PROs may be
more sensitive to a broader range of symptoms
than established clinical assessments, poten-
tially helping to identify additional signs and
symptoms of progression that are not related to
relapse activity in MS.

Limitations

One potential limitation of the CEIs in this
study is the sample size. Formal sample size
calculations based on hypothesis testing were
not performed because of the qualitative nature

of the study, although a sample size of 14 was
anticipated to achieve saturation of concepts.
Following completion of the 14 interviews,
concept saturation was evaluated, and no fur-
ther interviews were deemed necessary,
although the study protocol allowed for them if
required. Furthermore, the sample size used in
this study is consistent with similar CEI studies
performed in MS [26, 37] and the findings were
generally consistent with those of the 27 studies
identified in the targeted literature review (to-
tal[ 56,000 PwMS).

This study sample, including only people
with RRMS, may also be a limitation. Symptoms
such as depression, pain, and walking difficulty
have been found to impact quality of life across
all three of the MS subtypes; however, recent
large cohort studies have found some differ-
ences among the frequency and relative signif-
icance of concepts reported by people with
RRMS, PPMS, and SPMS [6, 21, 51], and reported
differences may be confounded by severity and
disability levels. There are additional limitations
in relation to the degree of inference that can be
drawn from qualitative interviews. Qualitative
research, by definition, does not support statis-
tical inference to larger populations. Rather, the
objective of qualitative research is to capture an
in-depth view of individual experiences,
including the subjective and nuanced aspects of
experiential knowledge, as well as the language
that individuals use to describe their condition
and its effects. These objectives are particularly
important in CEIs conducted as the basis of
developing fit-for-purpose PRO measures. In
subsequent development and evaluation studies
of the PROMIS Fatigue (MS) 8a and PROMIS
Physical Function (MS) 15a instruments, sample
sizes were expanded in line with best practice
standards of psychometric testing [27, 33]. It
should be noted that the research team felt it
was important to present the classification of
symptoms and impacts that organically
emerged from the interviews. For example,
‘‘balance problems/instability’’ was listed as an
impact as it was reported by PwMS in response
to questions/prompts specifically related to
disease impacts. As balance problems are a dis-
ease symptom, they were considered as such in
the conceptual model. A further consideration
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is that the interviews were conducted in the
USA only, reflecting the focus of the overall PRO
measure development research program on the
USA healthcare system. Further investigations
in other locations and cultural contexts may
reveal additional important concepts for PwMS.

CONCLUSIONS

This study identified symptoms and impacts
related to the experiences of people with RRMS
and formulated a conceptual model of MS; this
is important to ensure that symptoms and
impacts that matter most to PwMS are consid-
ered for the development of fit-for-purpose PRO
instruments. Fatigue and cognitive dysfunction
were among the most bothersome symptoms
identified and impacts on walking ability and
physical functioning were commonly reported.
Standardized assessment of experiences of
PwMS, based on self-reported outcomes,
requires further development to become part of
formal disability assessment. The development
of appropriate PRO instruments, sensitive to key
MS symptoms and impacts, will benefit the
design of clinical trials and the development of
MS therapies. More fundamentally, well-
designed PRO instruments, developed in col-
laboration with PwMS [52], provide tools for
increased patient-centricity in MS treatment,
increasing the potential for earlier recognition
of disease progression, and may support the
understanding of disease processes such as
silent progression [10, 13] and progression
independent of relapse activity [15]. The con-
cepts identified in this study underpin the
appropriateness and content validity of the
PROMIS Fatigue (MS) 8a and the PROMIS
Physical Function (MS) 15a [27, 33] and the
conceptual model further supports their use in
clinical trials and clinical care in MS.
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