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ABSTRACT

Introduction: Patient-reported outcomes
(PROs) provide an insightful method of assess-
ing the subjective impact of therapies for those
affected by multiple sclerosis (MS), a chronic
neurologic disease notable for symptoms of
fatigue and reduced physical function. The
ongoing CLAWIR study aims to assess the effect
of cladribine tablets (3.5 mg/kg cumulative dose
over 2 years) in patients with highly active
relapsing MS focusing on PROs of fatigue,
physical function, treatment satisfaction, and
work productivity. Here, we report on a pre-
planned analysis at 12 months after treatment
initiation with cladribine tablets.

Methods: CLAWIR is a 2-year, multicenter,
prospective, observational study of patients
with relapsing MS newly initiating cladribine
tablets. The following PROs were analyzed: PRO
Measurement Information System (PROMIS�)
Fatigue MS (v1.0) and Physical Function MS
(v2.1), Treatment Satisfaction Questionnaire for
Medication (TSQM, v1.4), and Work Produc-
tivity and Activity Impairment MS Question-
naire (WPAI-MS). Data were analyzed
descriptively.
Results: In total, 128 patients were eligible for
analysis: 95 females (74.2%); median (range)
age 34.5 (29, 44) years; 34 patients (26.6%) were
treatment-naı̈ve, and 89 (69.5%) were early
switchers from platform therapies (the remain-
ing 5 patients [3.9%] switched from a high-ef-
ficacy disease-modifying therapy). PROMIS�

Fatigue MS mean (± standard deviation [SD])
T-scores decreased from 54.6 (± 9.59) at base-
line to 51.8 (± 10.30) at 12 months, indicating
an alleviation of fatigue, whereas PROMIS�

Physical Function MS mean T-scores remained
stable over time [baseline: 49.4 (± 10.69);
12 months: 50.3 (± 10.88)]. TSQM v1.4 mean
scores indicated an improvement over time,
increasing from 52.2 (± 27.79) at baseline to
81.4 (± 17.06) at 12 months for global satisfac-
tion. WPAI-MS scores also showed an improve-
ment across all four domains over 12 months.
Conclusion: This real-world study demon-
strates the effect of cladribine tablets over 12
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Merck Healthcare Germany GmbH (an Affiliate of
Merck KGaA, Darmstadt, Germany), Waldstraße 3,
64331 Weiterstadt, Germany
e-mail: Susanne.uebler@emdgroup.com

Adv Ther (2023) 40:5547–5556

https://doi.org/10.1007/s12325-023-02682-z

http://orcid.org/0000-0002-0288-3762
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-023-02682-z&amp;domain=pdf
https://doi.org/10.1007/s12325-023-02682-z


months on PROs of fatigue, physical function,
treatment satisfaction, and work productivity.
Trial Registration: The CLAWIR study is regis-
tered at the German Federal Institute for Drugs
and Medical Devices with the internal NIS
number 7469.

Keywords: Cladribine tablets; Multiple
sclerosis; Patient-reported outcomes

Key Summary Points

Patient-reported outcomes (PROs) provide
an insightful method of assessing the real-
world benefit of disease-modifying
therapies for patients with multiple
sclerosis (MS), in particular, the effect on
major contributors to the disabling
symptoms of MS such as fatigue and
reduced physical function

The ongoing 2-year CLAWIR study aims to
assess the effect of cladribine tablets in
patients with highly active relapsing MS,
focusing on PROs describing fatigue,
physical function, treatment satisfaction,
and work productivity

At 12 months after initiating treatment
with cladribine tablets, results of this real-
world study show an improvement in the
PROMIS� Fatigue MS score, stability in the
PROMIS� Physical Function MS score, an
increase in treatment satisfaction, and an
improvement in work productivity

INTRODUCTION

Within the field of multiple sclerosis (MS), a
chronic disabling neurologic disease, the benefit
of a disease-modifying therapy (DMT) from a
patient’s perspective can be greatly advanced by
describing patient-reported outcomes (PROs)
[1, 2]. Assessing the impact of fatigue, a major
contributor to the disabling symptoms experi-
enced by people with MS (pwMS), and moni-
toring physical function provide further

information on a patient’s well-being and sat-
isfaction with their medication. Against this
background, the PRO Measurement Informa-
tion System (PROMIS�), a patient-centric mea-
sure to evaluate physical, mental, and social
well-being of individuals living with chronic
conditions [3], was established. The PROMIS�

measure has been further developed and
expanded to provide a valid and informative
assessment of fatigue [4, 5] and physical func-
tion [6] in pwMS.

Data on PROs with one such oral DMT for
the treatment of relapsing MS, cladribine tablets
(3.5 mg/kg cumulative dose over 2 years
administered as one treatment course of
1.75 mg/kg per year) are relatively scant; yet
real-world data are accumulating [7–11] and
have been recently reviewed [12, 13]. The
ongoing CLAWIR (CLAdribine tablets in
patients WIth Relapsing MS) study was there-
fore designed to further evaluate PROs over the
2-year treatment course with cladribine tablets
in a real-world setting, using standardized
questionnaires. As recent clinical studies have
suggested, an early onset of action for cladribine
tablets in terms of routine clinical/MRI out-
comes [14] and monitoring and evaluation of
PROs from the start of treatment would repre-
sent a valuable addition to the understanding of
the effects of cladribine tablets from the
patient’s perspective. In this report, we there-
fore describe the results of a pre-planned
interim analysis focusing on PROs to evaluate
fatigue, physical function, treatment satisfac-
tion, and work productivity over 12 months
from the start of treatment with cladribine
tablets.

METHODS

CLAWIR is an ongoing multicenter, prospec-
tive, observational, non-interventional cohort
study of adult patients newly initiating therapy
with cladribine tablets for relapsing MS. The
observation time is 2 years, including seven
routine clinic visits (therapy start and at months
2, 6, 12, 14, 18, and 24). At therapy start, details
on demographics (gender and age) and MS his-
tory—including type of MS, time since
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diagnosis, number of relapses in the previous 12
months, and treatment history—were collected.
This pre-planned interim analysis (data cutoff
January 2023) includes patients who completed
the PRO assessments at month 12 after treat-
ment initiation.

Outcomes

PROs were analyzed descriptively at baseline
and months 6 and 12. The primary outcome
was the change in fatigue and physical func-
tion. Fatigue was assessed by the PROMIS� Short
Form version (v) 1.0—Fatigue-Multiple Sclerosis
8a [4, 5]. This measure consists of eight items
that capture the severity of fatigue, conceptu-
alized as the experience (i.e., intensity and fre-
quency) and impact of fatigue, with minimal
respondent burden. It is scored on a T-score
metric, which is standardized for the US general
population, and has a mean of 50 and a stan-
dard deviation (SD) of 10; higher T-scores indi-
cate higher levels of fatigue. The minimal
important difference (MID) is a decrease in
T-score of 3.4–4.0 points, as described by
Kamudoni et al. [5]. Physical function was
assessed using PROMIS� Short Form v2.1—
Physical Function-Multiple Sclerosis 15a [6].
A T-score is calculated based on the response
from 15 items and standardized as described
earlier; higher T-scores indicate improved
physical function. Score changes of 2.3–2.7
points are proposed as the MID threshold for
‘minimal worsening’ in physical function [6]. In
our study, we conservatively considered the
MID for improvement as an increase in T-score
of[ 2.7 points, with changes in T-score in the
range of 2.7 to - 2.7 points correlating with
stability of physical function (P. Kamudoni,
personal communication).

The secondary outcome was the comparison
of treatment satisfaction and work productivity/
activity impairment before and after treatment
initiation. The Treatment Satisfaction Ques-
tionnaire for Medication (TSQM v1.4) was uti-
lized, a scale designed to assess participants’
overall satisfaction with their medication
[15, 16]. It consists of 14 items that assess the
following four areas: effectiveness, side effects,

convenience, and global satisfaction, with
higher scores indicating greater treatment sat-
isfaction. The Work Productivity and Activity
Impairment MS Questionnaire (WPAI-MS) was
selected as a patient-reported quantitative
assessment of impairment attributable to gen-
eral health or a specific health problem com-
prising of four types of scores [17, 18]: activity
impairment—percent activity impairment due
to health; presenteeism—percent impairment
while working due to health/reduced on-the-job
effectiveness; work productivity loss—percent
overall work impairment due to health; and
absenteeism—percentage of worktime missed
due to health. The questions refer to the past 7
days, with higher scores indicating greater
impairment of work productivity/activity.

Compliance with Ethics Guidelines

The study was performed in accordance with
the 1964 Declaration of Helsinki, and its later
amendments, and all applicable local rules and
regulations. The CLAWIR study protocol and
the informed consent form were approved by
the local ethics review board (Landesärztekam-
mer Baden-Württemberg, No. F-2020-147). All
patients provided written informed consent to
participate.

Analysis

All data are descriptive; corresponding 95%
confidence intervals (CI) were calculated where
appropriate. Data used for this report cover a
maximum observation period of 12 months
under therapy with cladribine tablets; only
complete and valid data have been included in
the analysis. Continuous variables are presented
in terms of mean (SD) and median values
(range), while categorical variables are summa-
rized using frequencies and percentages. All
analyses were performed using the statistical
software SAS version 9.2 (or higher).
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RESULTS

Study Population

Patient demographics and clinical characteris-
tics are shown in Table 1. A total of 128 patients
were evaluable at the point of data cutoff (Jan-
uary 2023), including 95 females (74.2%).
Median (range) age at enrollment was 34.5 (29,
44) years, and 125 patients (97.7%) were diag-
nosed with relapsing-remitting MS (the
remaining patients were diagnosed with sec-
ondary progressive MS). A total of 89 patients

had experienced one or more relapses in the
previous year. Patients’ prior DMT history is
shown in Table 1; 34 patients (26.6%) were
treatment-naı̈ve. Of the DMT-experienced
patients, 69.5% (N = 89) were early switchers
from platform therapies such as interferon,
glatiramer acetate, teriflunomide, and dimethyl
fumarate, while the remaining 3.9% (N = 5) had
switched from the high-efficacy DMT
natalizumab.

PROs

The PROMIS� Fatigue MS T-scores showed a
numerical decrease over time from a mean score
(± SD) of 54.6 (± 9.59) at baseline to 53.8
(± 9.12) after 6 months and 51.8 (± 10.30) after
12 months (Fig. 1). The 95% CI for change from
baseline to 12 months was - 4.8 to - 1.6 points.
Within this range, the number of patients that
achieved the MID, suggesting an improvement
of fatigue, was 56.7% (N = 59).

The PROMIS� Physical Function MS T-scores
remained stable over time from a mean score
(± SD) of 49.4 (± 10.69) at baseline to 49.0
(± 10.62) and 50.3 (± 10.88), respectively, after
6 and 12 months (Fig. 2). The 95% CI for
change from baseline to 12 months was 0.2–2.4
points. Overall, 82.6% of patients (N = 86)

Fig. 1 PROMIS� Fatigue MS scores over time. Values
shown are mean ± SD. MS multiple sclerosis, N number
of patients, PROMIS� Patient-Reported Outcome Mea-
surement Information System

Table 1 Patient characteristics/demographics

Parameter Study population,
N = 128 (100%)

Median age, years (range) 34.5 (29, 44)

Gender, n (%)

Female 95 (74.2)

Male 33 (25.8)

Type of MS, n (%)

Relapsing-remitting MS 125 (97.7)

Secondary progressive MS 3 (2.3)

Median time since MS diagnosis

at enrollment, years (range)

5.0 (1, 10)

Number of relapses/patient in the previous 12 months, n

0 39

1 57

2 22

C 3 6

Unknown 4

Prior DMT history, n (%)

No DMT 34 (26.6)

One DMT 42 (32.8)

Two DMTs 33 (25.8)

C Three DMTs 19 (14.8)

DMT disease-modifying therapy, MS multiple sclerosis,
n number of patients
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experienced an improvement or stability of
their physical function (range from - 2.7 to[
2.7 points).

TSQM v1.4 domain scores showed a numer-
ical increase over time. Regarding global satis-
faction, the mean score (± SD) increased from
52.2 (± 27.79) at baseline to 79.2 (± 18.38) and
81.4 (± 17.06), respectively, after 6 and 12
months (Fig. 3).

WPAI-MS mean scores also showed a
numerical decrease over time, consistent with
reduced impairment across all four domains
(Fig. 4).

DISCUSSION

The findings of this pre-planned 12-month
analysis build on our earlier results at 6 months
after initiation of treatment with cladribine
tablets [19], and show a numerical improve-
ment in the PROMIS� Fatigue MS score, stability
in the PROMIS� Physical Function MS score, an
increase in treatment satisfaction, and an
improvement in work productivity with
reduced activity impairment. Our findings
therefore provide an indication of the validity
of the PROMIS� instruments in a real-world
setting.

The PROMIS� Fatigue MS and Physical
Function MS measurements represent valid,
sensitive, patient-centric measures of fatigue
and mobility in pwMS, and thus are of high
value in both routine care and in clinical
research as new methods to better capture these
facets of patient symptoms [3, 5, 6]. The
numerical decrease in scores from baseline to
month 12 in the PROMIS� Fatigue MS score is
therefore an important finding, as it indicates
an alleviation of fatigue from the patient per-
spective. Indeed, 56.7% (N = 59) patients
achieved the MID, confirming the validity of
the result. Moreover, lessening the impact of
fatigue, a common disabling symptom experi-
enced by pwMS, would represent a substantial
easing of the economic burden of MS [20].

The PROMIS� Physical Function MS scores
remained stable over the 12-month time period,
which is believed to represent an important
outcome of treatment for those with MS. This
analysis is consistent with the Expanded Dis-
ability Status Scale (EDSS) findings of the
CLARITY and CLARITY Extension studies with
cladribine tablets, in which EDSS scores
remained stable for up to 5 years after treatment
initiation [21–23].

Treatment satisfaction, as determined by
TSQM v1.4, showed a sustained increase over 12
months in all four domains, correlating with
improved treatment satisfaction regarding
effectiveness, side effects, convenience, and
global satisfaction. Indeed, the improvement in
each domain score exceeded the recently
reported bounds for clinically meaningful
improvement [24]. Such findings are also con-
sistent with those of the CLARIFY-MS study,
which reported on the high treatment satisfac-
tion using the same (TSQM) analytical method
at 6 months and was the first reported use of
TSQM v1.4 as a measure of treatment satisfac-
tion with cladribine tablets [25]. In addition,
the mean score for global satisfaction was con-
sistent with that recently reported in the CLUE
study, which also examined treatment satisfac-
tion with cladribine tablets at 6 months using
TSQM v1.4 [26].

The decrease in WPAI scores from baseline to
12 months in each of the four categories
showed a lessening of activity impairment after

Fig. 2 PROMIS� Physical Function MS scores over time.
Values shown are mean ± SD. MS multiple sclerosis,
N number of patients, PROMIS� Patient-reported Out-
come Measurement Information System
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initiation of treatment with cladribine tablets.
Notably, an improvement was observed across
all domains, including absenteeism (worktime
missed), presenteeism (impairment at work),
work productivity loss (overall work impair-
ment), and activity impairment (worktime

missed) due to health. These improvements
correspond with a reduction in the mean
number of work days missed, and a mean
increase in self-reported productivity, in
patients treated with cladribine tablets in the
CLARITY study [27].

Fig. 3 TSQM v1.4 scores over time. Values shown are mean ± SD. N number of patients, TSQM Treatment Satisfaction
Questionnaire for Medication

5552 Adv Ther (2023) 40:5547–5556



PROs on the effectiveness and safety of
cladribine tablets, including fatigue (through
the 5-item version of Modified Fatigue Impact
Scale), physical functioning (36-Item Short
Form Health Survey), TSQM v1.4, and WPAI-
MS, are also being evaluated as part of the
CLICK-MS and MASTER-2 trials [28] and will
provide a useful comparison with the results
described in our study.

Concerning study limitations, the number of
patients completing WPAI-MS was lower than
the response rate of PROMIS� and TSQM, indi-
cating that patients may engage better if the
complexities of the questionnaires are reduced.
We must also consider that the results from this

pre-planned analysis at 12 months reflect only
half the planned 2-year treatment course of
cladribine tablets being received. At the time of
this analysis, 76.3% of patients had received
their second treatment course, and further
analyses will determine if additional benefits
may be observed for PROs at 24 months.

CONCLUSIONS

This real-world study builds on the data derived
from the 6-month analysis, showing an allevi-
ation of fatigue, no worsening of physical
function, an increase in treatment satisfaction,

Fig. 4 WPAI-MS scores over time. Values shown are mean ± SD.MS multiple sclerosis, N number of patients,WPAI-MS
Work Productivity and Activity Impairment Multiple Sclerosis Questionnaire
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and improved work productivity with cladrib-
ine tablets over 12 months from treatment ini-
tiation from the patient’s perspective. The study
data also provide additional evidence of the use
of validated PRO instruments, including PRO-
MIS� Fatigue MS and Physical Function MS,
TSQM v1.4, and WPAI-MS, in a real-world set-
ting of treatment for MS.
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