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ABSTRACT

Introduction: Cognitive impairment can affect
people with multiple sclerosis (MS) at all stages,
negatively impacting their work performance
and quality of life. This study aimed to report
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the cognitive function and employment status
data for participants with highly active relapsing
MS (RMYS) treated with cladribine tablets (CladT)
during the 2-year, prospective, open-label,
exploratory, single-arm, multicentre, phase IV
CLARIFY-MS study.

Methods: In this post hoc analysis, changes
in cognitive function at month (M)12 and
M24 (vs baseline) were measured using the
Brief International Cognitive Assessment for
MS (BICAMS) battery. Additional analyses were
conducted to assess clinically meaningful 4-
and 8-point changes in Symbol Digit Modalities
Test (SDMT) scores. The employment status of
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participants was determined through a survey
at baseline and M24.

Results: BICAMS parameter scores remained
stable over 2 years in CladT-treated participants.
As determined by a 4- and 8-point change, a
high proportion of participants had increased
or stable SDMT scores at M24 versus baseline.
The mean annualised percentage brain volume
change (PBVC) in participants was low. No cor-
relation was found between changes in BICAMS
parameter scores and annualised PBVC. Further-
more, no major differences in the employment
status of participants were observed over 2 years,
with>40% of participants being in full-time
employment during the study.

Conclusions: Most CLARIFY-MS participants
had increased or stable information processing
speed at M24 (vs baseline), as determined using
clinically meaningful 4- and 8-point changes in
SDMT scores. Overall, the cognitive function
and employment status of CladT-treated partici-
pants with highly active RMS remained stable
over 2 years.

Trial Registry Details: URL: https://clinicaltr
ials.gov/ct2/show/NCT03369665; ClinicalTrials.
gov Identifier: NCT03369665.

PLAIN LANGUAGE SUMMARY

Multiple sclerosis (MS) is an autoimmune condi-
tion where the immune system (the body’s natu-
ral defence system) mistakenly attacks myelin,
a protective layer found around the nerve cells
in the brain and spinal cord. These attacks may
contribute to cognitive decline, which impacts
the ability of people with MS to think, learn,
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and remember, causing problems in daily life
and work. Cognitive decline often appears as
slower information processing speed and ditfi-
culties with memory and verbal fluency. Clad-
ribine tablets are an oral medication for treat-
ing relapsing forms of MS, taken in two short
courses over two consecutive years. Each treat-
ment course consists of two treatment weeks,
one at the beginning of the first month and one
at the beginning of the second month. Relapses
are periods where new MS symptoms appear or
existing symptoms worsen over 24 h or longer.
In the CLARIFY-MS study, researchers studied
the changes in cognitive function and employ-
ment status over 2 years in people with highly
active relapsing MS treated with cladribine tab-
lets. The majority of participants in CLARIFY-MS
showed increased or stable information process-
ing speed at 24 months compared to the start of
the study. Overall, cognitive function, including
verbal learning and visual memory, remained
stable over 2 years. Most participants who were
employed full-time at the start of the study
retained their employment status even after
2 years. The stability in cognitive function and
employment status observed during CLARIFY-
MS supports previously reported positive qual-
ity-of-life findings in people with highly active
relapsing MS treated with cladribine tablets.

Keywords: BICAMS;  Cladribine  tablets;
CLARIFY-MS; Cognition; Employment; Multiple
Sclerosis; MS; Relapsing MS; SDMT; Work

Why carry out this study?

Cognitive impairment can affect people with
multiple sclerosis (MS) at all stages, nega-
tively impacting their work performance and
overall quality of life.

Cladribine tablets (CladT; 3.5 mg/kg cumu-
lative dose over 2 years) are a high-efficacy
therapy indicated for the treatment of relaps-
ing MS (RMS).
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This study aimed to report cognitive func-
tion and employment data from people with
highly active RMS treated with CladT during
the 2-year phase IV CLARIFY-MS study.

What was learned from the study?

Most CLARIFY-MS participants had increased
or stable information processing speed at 24
months (vs baseline), as determined using
clinically meaningful 4- and 8-point changes
in Symbol Digit Modalities Test (SDMT)
scores.

Overall cognitive function, including verbal
learning and visuospatial memory, remained
stable over 2 years (vs baseline).

Most CladT-treated participants who were
employed full-time at baseline retained their
employment status after 2 years in the study.

INTRODUCTION

Cognitive impairment can affect people with
multiple sclerosis (PwMS) at all stages; however,
assessing its clinical effects is challenging [1].
These effects include loss of memory function,
reduced information processing speed (IPS), and
changes in executive function, which make activi-
ties of daily life difficult [2]. Furthermore, it has
detrimental effects on the health-related qual-
ity of life (HRQoL) of PWMS, including reduced
social activity, increased physical dependence,
poor disease management, and fewer benefits
from rehabilitation, thereby affecting activi-
ties of daily living [3]. As PwWMS experience the
negative effects of cognitive impairment daily,
effective recognition and care are important.
Earlier research has demonstrated that a slower
IPS in PWMS is a predictor of unemployment and
reduced working hours [4]. For PWMS, the ability
to work may be compromised, resulting in vari-
ous work-related challenges such as absenteeism,
low productivity, job changes, reduced working
hours, and unemployment. Consequently, this
imposes a significant economic burden on both
PwMS and their caregivers [5, 6]. In addition to
socioeconomic costs, the inability to work may

substantially affect the HRQoL and psychological
well-being of PWMS [6, 7].

In PWMS, brain atrophy begins early in the
disease course and is a strong indicator of future
physical and cognitive dysfunction [8]. Several
disease-modifying therapies (DMTs) are available
for treating MS; however, studies demonstrating
their effects on different aspects of cognition are
limited. Studies assessing the effects of DMTs on
cognition in PwMS have mostly focused on evalu-
ating IPS using the Symbol Digit Modalities Test
(SDMT) [9]. Although a decline in IPS is the most
prevalent cognitive impairment in PwWMS, a sig-
nificant subset of individuals experience specific
memory difficulties without marked IPS decline.
[10]. As impairments in cognitive domains have
been previously linked to the employment status
of PWMS [11, 12], an investigation capturing a
broader cognitive profile is warranted.

DMTs may facilitate small to moderate
improvements in cognitive function [9] and
enhance overall work productivity in PwMS [13].
Randomised controlled trials have reported sev-
eral clinical and safety outcomes of cladribine
tablets (CladT) but have not fully evaluated their
effects on cognitive function and the employ-
ment status of people with highly active relaps-
ing MS (RMS) [14, 15]. The CLARIFY-MS study
(NCT03369665) evaluated the HRQoL of CladT-
treated people with highly active RMS. The 2-year
final analysis of CLARIFY-MS data showed that
CladT treatment significantly improved partici-
pants’ physical and mental health composite
scores (PHCS and MHCS) on the Multiple Sclerosis
Quality of Life-54 (MSQoL-54) instrument, with a
substantial proportion of the participants achiev-
ing clinically relevant improvements in HRQoL
[16]. Herein, we report data on cognitive func-
tion and employment status in participants with
highly active RMS treated with CladT during the
2-year CLARIFY-MS study.

METHODS

Study Design

The CLARIFY-MS study was a 2-year, prospective,
open-label, exploratory, single-arm, multicentre,
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phase IV study designed to assess the effects of
CladT on HRQoL, along with other efficacy and
safety outcomes, in people with highly active
RMS (Figure S1). The primary endpoints were
changes in the MSQoL-54 PHCS and MHCS at
month (M)24 versus baseline. The results of the
2-year final analysis have been reported previ-
ously [16].

Adults with highly active RMS (aged > 18 years)
and an Expanded Disability Status Scale score
of<5.0 were eligible for this study. Highly active
RMS was defined as>1 relapse in the previous
year and>1 T1 gadolinium-enhancing lesion
or29 T2 lesions while receiving treatment with
other DMTs or>2 relapses in the previous year
regardless of the DMT received. Detailed inclu-
sion and exclusion criteria have been reported
previously [16, 17]. The CLARIFY-MS study was
conducted in accordance with the principles
outlined in the Declaration of Helsinki and the
International Council for Harmonisation Guide-
lines for Good Clinical Practice. Participants
were required to provide written informed con-
sent prior to the initiation of any study-related
activities. In CLARIFY-MS, participants received
CladT at a cumulative dose of 3.5 mg/kg over
2 years, with 2 weeks of active treatment per
course (weeks 1 and 5 of each year). Each treat-
ment week comprised 4 or 5 days on which a
participant received 10 mg or 20 mg of CladT (1
or 2 tablets) as a single daily dose, depending on
body weight. Treatment was completed by the
M24 visit [16, 17].

Objectives

This post hoc analysis aimed to assess the cog-
nitive function and employment status of par-
ticipants treated with CladT during the 2-year
CLARIFY-MS study. Correlations between the
changes in cognitive function and annualised
percentage brain volume change (PBVC) from
baseline to M24 were also assessed.

Cognitive Assessments and PBVC

The Brief International Cognitive Assessment
for Multiple Sclerosis (BICAMS), a recommended
cognitive assessment tool for PWMS, is endorsed

by an expert consensus committee of experi-
enced neurologists and neuropsychologists [1]
and has been validated in 26 countries [18].

It comprises the SDMT, California Verbal
Learning Test, Second Edition (CVLT-II; first
five recall trials), and Brief Visuospatial Memory
Test-Revised (BVMT-R; first three recall trials).
The entire BICAMS battery takes approximately
15 min to complete and does not require special-
ised equipment or significant cognitive assess-
ment expertise [1].

In this study, a paper-based version of BICAMS
was administered to the participants to assess
their cognitive function at baseline and at M12
and M24. The CVLT-II, BVMT-R, and SDMT were
completed in all countries where local language
translations of both CVLT-II and BVMT-R were
available and then included in the study analysis
wherein the questionnaire language translation
was validated. After completion by participants,
the BVMT-R was scored on-site, and scores were
reviewed independently by a central reader.
Higher BICAMS test scores indicate better cogni-
tive performance. Magnetic resonance imaging
was used to measure PBVC over time.

Employment Assessments

The employment status of the participants was
determined on a non-ordered categorical scale
using an employment survey at baseline and
M24/end of study (EOS). Participants were asked
to select the option that best described their
current employment status from the following
choices: unemployed, on sick leave, employed
part-time, employed full-time, in education, or
homemaker.

Statistical Analysis

Participants who received > 1 dose of CladT were
included in the treated set (TS). The BICAMS
set comprised all participants in the TS from
countries where BICAMS was administered.
Raw BICAMS test scores at M12 and M24 were
compared with those at baseline. The SDMT
is considered the gold standard for cognitive
testing in PwMS [19]. A 4-point change in
SDMT scores is widely accepted as a clinically
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meaningful change at a group level, whereas
an 8-point change is considered more reliable
to determine cognitive decline in PwWMS at an
individual level [20]. In this study, both 4- and
8-point changes in SDMT scores from baseline to
M24 were analysed using Wilson'’s score method
in the TS. Changes in SDMT scores were catego-
rised as increase (change of > +4 or +8 points
in the SDMT score from baseline), stable (4- or
8-point change in the SDMT score from base-
line) or decrease (change of < —4 or —8 points in
the SDMT score from baseline). Shifts in SDMT
score categories from M12 to M24 versus the
change from baseline to M12 were also ana-
lysed. Pearson’s correlation coefficient was used
to measure the correlations between individual
BICAMS parameters and annualised PBVC from
baseline to M24. The current employment status
was measured in the TS at baseline and M24.
Subgroup analyses were conducted for partici-
pants who did not receive DMTs before CladT
treatment (treatment [Tx]-naive subgroup) and
those who received DMTs at any time before
CladT treatment (Tx-experienced subgroup). All
analyses were exploratory. BICAMS and employ-
ment status data were analysed descriptively.

RESULTS

Participant Demographics and Clinical
Characteristics

The demographics and baseline disease charac-
teristics of the CLARIFY-MS participants have
been reported previously [16, 17]. In brief, 482
participants received>1 dose of CladT and
were included in the TS. The mean (standard
deviation [SD]) age of the participants was 37.4
(10.4) years, and most were female (70.1%). The
mean (SD) time since MS onset was 99.1 (89.8)
months, and most participants (99.2%) experi-
enced 21 relapse during the 12-month period
before CladT treatment (Table S1) [16]. Of the
482 participants in the TS, 399 were included
in the BICAMS set (Tx-naive subgroup, n=108;
Tx-experienced subgroup, n=291). All 482 par-
ticipants in the TS completed the employment
survey at baseline.

The median (Q [quartile]1; Q3) SDMT and
BVMT-R scores remained stable during the
study: SDMT—baseline, 51.0 (43.0; 59.0); M12,
52.0 (44.0; 60.0); and M24, 53.0 (45.0; 61.0);
BVMT-R—baseline, 24.0 (17.0; 29.0); M12, 25.0
(18.0; 30.0); and M24, 25.0 (19.0; 30.0) (Fig. 1).
The median (Q1; Q3) CVLT-II scores increased
from 56.0 (45.0; 63.0) at baseline to 60.0 (48.0;
68.0) at M24 (Fig. 1). The respective BICAMS
parameter scores were similar across subgroups
and were comparable to the overall BICAMS set

SDMT CVLT-II BVMT-R
j 80-
100 -1 -T1 -1 T T I
o ® 0 ! | | | | |
304
80+ -T1 - T -T1 |
| | | 60
e <
2
]
£ 40 I a0 I I I I I I
I | [ I I I 104 I I [
| |
2 | | | | | |
8 S l l | | | |
o 20 - S _— o
0 o o [e] 8 o) 04 _l_
Baseline Mi12 M24 Baseline Mi12 M24 Baseline Mi12 M24
n = 390 n = 378 n = 358 n = 327 n = 369 n = 352 n = 322 n = 366 n = 350

Fig.1 BICAMS (BICAMS  set).
BICAMS, Brief International Cognitive Assessment for
Multiple Sclerosis; BVMT-R, Brief Visuospatial Memory

scores over time

Test—Revised; CVLT-II, California Verbal Learning Test,
Second Edition; M, month; SDMT, Symbol Digit Modali-
ties Test
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at baseline. These scores did not differ substan-
tially between the subgroups from baseline to
M12 and M24.

Change in SDMT categories:
individual-level 24- and >8-point change

As determined by an individual-level > 4-point
change in SDMT scores, a high proportion of
participants in the TS (68.9%; n=332/482) had
increased (35.5%; 171/482) or stable (33.4%;
161/482) scores, whereas 18.3% (88/482)

A) M Increase ¥ Stable
100 ~
S 804
2
=
I3
o
g 60
=
=
o
s
= 404
2
5
S 15.7%
£ 204 (n=21)
0 —4- -

recorded a decrease at M24 versus baseline
(Fig. 2). A higher proportion of participants in
the Tx-experienced subgroup had a>4-point
increase in SDMT scores (37.9%; 132/348) than
those in the Tx-naive subgroup (29.1%; 39/134)
at M12 versus baseline. The proportion of partic-
ipants who recorded a decrease in SDMT scores
was similar across both subgroups. Overall,
87.6% (n=374/482) of participants had stable
(60.6%; 292/482) or increased (17.0%; 82/482)
8-point change in SDMT scores at an individual
level, whereas 9.5% (46/482) recorded a decrease
at M24 versus baseline (Fig. 2). Changes in

Decrease B Missing

35.5%

(n=171)

37.9%

(n=132)

19.3% 18.3%
(n=67) (n=88)

Tx-naive Tx-experienced Total
N=134 N =348 N =482
(B)
100 -
g 804
z
]
]
=)
60
T
=
-3
S
= 404
2
T
S
2
S 20
~
04
Tx-naive Tx-experienced Total
N=134 N=348 N =482

Fig.2 Individual-level changes in SDMT score categories from baseline to M24 (TS): A 4-point change and B 8-point
change. M, month; SDMT, Symbol Digit Modalities Test; TS, treated set; Tx, treatment
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SDMT scores were similar across both subgroups.
SDMT scores for the TS are reported in Table S2.

Shifts in SDMT categories:
individual-level 24- and 2 8-point change

In the TS, 14.1% (n=68/482) of the partici-
pants had a>4-point increase in SDMT scores
from baseline to M12 and were stable from M12
to M24 (Fig. 3; Table S3). Among participants
whose SDMT scores decreased between baseline
and M12, 52.7% (49/93) had increased SDMT
scores between M12 and M24.

When considering a>8-point change, 11.5%
(n=55/482) of the participants recorded an
increase in SDMT scores from baseline to
M12 and were stable between M12 and M24
(Fig. 3; Table S4). Among participants who had
a decrease in SDMT scores between baseline

and M12, 35.0% (14/40) recorded an increase
between M12 and M24. Similar trends were
observed across subgroups.

BICAMS Scores and PBVC

Annualised PBVC data (from baseline to M24)
were available for 327 participants. The mean
(SD) annualised PBVC was low during the study
(-0.59 [0.57]), with 57.8% (189/327) and 42.2%
(138/327) of the participants having an annual-
ised PBVC 0f<-0.4% and >-0.4%, respectively.
No correlation was observed between annualised
PBVC and BICAMS parameters (Fig. 4).

Overall Employment Status

The employment status of the participants
was mostly stable, with no major differences

) M Increase W Stable Decrease M Missing
Tx-naive Tx-experienced Total
11(3.2%) NS 4500 |5 S 2(12.1%) 31 (6.4%) [N 62 (12.9%)
. xR 9

N

26 (19.4%)
Change from Change from Change from

baseline to MI2 to M24 baseline to
Mi2 Mi2

B)

Tx-naive

Change from Change from Change from
baseline to MI12 to M24 baseline to
Mi2 Mi2

=

105 (30.2%) 164 (34.0%)

Change from
MI12 to M24

Change from
baseline to
Mi2

Change from
MI2 to M24

Tx-experienced Total

11(8.2%) 20 (14.9%) )
X B

42 (12.1%)

(O 62 (12.9%)

40 (11.5%) 49 (10.2%)

Change from Change from Change from

MI2 to M24 baseline to MI2 to M24
MIi2

Fig. 3 Shifts in SDMT categories (TS): A 4-point change and B 8-point change. M, month; SDMT, Symbol Digit Modali-

ties Test; TS, treated set; Tk, treatment
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SDMT

CVLT-II

BVMT-R

40 401

n=258;r=0.12

n=208;r=0.12

Change from baseline

20

n=206:1r=0.12

Annualised PBVC from baseline to M24

Fig. 4 Correlation of change in BICAMS scores with
annualised PBVC from baseline to M24. BICAMS, Brief
International Cognitive Assessment for Multiple Sclero-
sis; BVMT-R, Brief Visuospatial Memory Test—Revised;

observed between baseline and M24/EOS in the
TS: full-time employment (47.5% [229/482] vs
43.4% [209/482]), part-time employment (11.6%
[56/482] vs 12.2% [59/482]), unemployment
(16.2% [78/482] vs 19.1% [92/482]), sick leave
(7.7% [37/482] vs 5.8% [28/482]), education
(7.7% [37/482] vs 3.3% [16/482]), and home-
maker (9.3% [45/482] vs 6.6% [32/482]) (Fig. 5).
Results for the Tx-naive and Tx-experienced sub-
groups were generally consistent with those of
the TS (Fig. 5). Employment data were missing
for 46 participants at M24/EOS.

DISCUSSION

This post hoc analysis of phase IV CLARIFY-MS
data showed that the overall cognitive func-
tion of CladT-treated participants with highly
active RMS remained stable over the 2-year study
period. As determined by a clinically meaningful
4- and 8-point change, a high proportion of par-
ticipants had increased or stable SDMT scores at
M24 versus baseline. The mean annualised PBVC
in participants was low, and no correlation was
observed between the change in BICAMS param-
eter scores and annualised PBVC. Employment
status was stable over 2 years. A high propor-
tion of participants in full-time employment at
baseline experienced no change in employment

CVLT-IL, California Verbal Learning Test, Second Edi-
tion; M, month; PBVC, percentage brain volume change;
SDMT, Symbol Digit Modalities Test

status by M24/EOS post-CladT treatment. These
data augment the existing published clinical
trial findings on the efficacy of CladT [14, 15]
and further contribute to our understanding of
the effect of CladT on the HRQoL of people with
highly active RMS.

Cognitive impairment, characterised by defi-
cits in episodic memory, attention, executive
functioning, visuospatial perception, and IPS,
is experienced by 40%-70% of PWMS [21]. Sev-
eral studies have linked cognitive impairment
to reduced HRQoL in PWMS [3, 4, 22]. Improve-
ments in HRQoL in participants with highly
active RMS treated with CladT 3.5 mg/kg cumu-
lative dose over 2 years during CLARIFY-MS have
been previously reported [16]. Over the 2-year
study period, treatment with CladT significantly
improved the MSQoL-54 PHCS and MHCS, with
a sizeable proportion of participants experienc-
ing clinically relevant improvements in HRQoL
[16].

Neurological damage begins early in the
course of MS [23], and cognitive decline can
precede physical disability and may even occur
before the first appearance of MS clinical symp-
toms [24]. However, data on cognitive function
in untreated patients with MS are scarce, and
the relevant studies in the published litera-
ture utilise different assessment tools, making
direct comparisons difficult. In a study evalu-
ating the effect of interferon beta-1b (IFNB-1b)
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on cognitive function in patients with MS,
the untreated control group (N=23) showed a
decrease in scores across the components of the
Brief Repeatable Battery of Neuropsychologi-
cal Tests at year 1 compared with baseline [25].
Similarly, in the phase III, randomised, placebo-
controlled TEMSO core study, a reduction in
cognitive function, as measured by the Paced
Auditory Serial Addition Test 3, was observed
in placebo-treated patients with MS at year 2
(N=329) compared with baseline [26]. These
data suggest that patients with MS who are left
untreated may experience a gradual progression
of cognitive decline even over a short period
of time. Early treatment with high-efficacy
therapies (HETs) can improve long-term clini-
cal outcomes by reducing neurological damage
[27]. IPS is among the most affected cognitive
domains in PwMS [1, 19]. The SDMT, a measure
of IPS, is considered the most sensitive cogni-
tive test for PwMS [28]. Owing to its predictive
ability, sensitivity, specificity, straightforward
administration, and patient-friendliness, the
SDMT is commonly utilised in clinical settings
to identify PwWMS who are at the risk of cogni-
tive decline [29, 30]. Previously, a single-centre
study involving people with clinically definite
MS (N=234) and healthy controls (N=67) dem-
onstrated that participants across different MS
phenotypes performed worse on the SDMT than
healthy controls. The raw mean (standard error)
SDMT scores were as follows: healthy controls
(mean [SD] age: 44.1 [13.8] years), 60.2 (1.6);
relapsing-remitting MS (RRMS; n=108; 35.5
[8.8] years), 54.3 (1.3); secondary progressive MS
(n=71; 45.1 [8.2] years), 45.1 (1.6); primary pro-
gressive MS (n=355; 53.9 [11.6] years), 47.8 (1.9)
[31]. A 4-point change in SDMT scores is deemed
clinically significant at a group level, while an
8-point change is regarded as more reliable at an
individual level [20].

While some studies have documented the
effect of HETs on IPS using a 4-point threshold,
studies reporting an 8-point change in SDMT
scores are scarce [32-35]. In the phase IIIb CAST-
ING study (N=680; baseline: mean [SD] age, 34.2
[8.6] years; mean [SD] SDMT score, 53.8 [13.0]),
the majority of people with RMS treated with
ocrelizumab had improved or stable 4-point
(improved, 29.0%; stable, 32.8%) and 8-point

(improved, 15.0%; stable, 59.1%) changes in
SDMT scores at week 96 versus baseline [36,
37]. In the CLARIFY-MS study (N=482; baseline:
mean [SD] age, 37.4 [10.4] years[16]; mean [SD]
SDMT score, 50.7 [12.9]), a high proportion of
CladT-treated participants had increased or sta-
ble SDMT scores at M24 compared with baseline,
as evaluated using a 4-point (improved, 35.5%;
stable, 33.4%) or 8-point (improved, 17.0%; sta-
ble, 60.6%) change. These findings may suggest
similar benefits with CladT and ocrelizumab
treatment for IPS in people with RMS [33, 34,
38]. In line with the findings of CLARIFY-MS,
the results from the 2-year prospective, open-
label, single-arm, phase IV MAGNIFY-MS study
(N=270) also showed a high proportion of par-
ticipants with highly active RMS treated with
CladT experiencing clinically relevant improve-
ments or stability in SDMT scores at M24 versus
baseline (Kaplan-Meier estimates: 4-point—con-
firmed improvement, 43%; stable, 45%; wors-
ened, 12%; 8-point—confirmed improvement,
22%; stable, 74%; worsened 4%), suggesting the
possible benefits of CladT in managing cognitive
symptoms in such populations [39].

Most studies assessing the effects of HETs on
cognition have either focused on specific aspects
of cognition or been conducted in small cohorts
of PWMS [32-35, 38, 40-43]. A comprehensive
neuropsychological assessment of cognitive
function is lengthy and requires specialised
tools, which may not be available in most MS
clinics. BICAMS, a quick and easy-to-administer
battery of cognitive tests, does not require spe-
cialised tools and helps to look beyond IPS into
broader aspects of cognition such as immediate
verbal learning (CVLT-1I) and visuospatial mem-
ory (BVMT-R), which may also be impaired in
PwMS [1]. Limited BICAMS data are available
for HETs used in RMS. CASTING and ENSEM-
BLE are two open-label phase IIIb clinical studies
of ocrelizumab, conducted in Tx-naive and Tx-
experienced people with RMS, respectively. At
baseline, the mean (SD) age was 32.4 (9.1) years
in ENSEMBLE and 34.2 (8.6) years in CASTING.
The mean (SD) BICAMS parameter scores at
baseline were as follows: SDMT, 55.3 (12.9) and
53.8 (13.0); BVMT-R, 23.3 (7.0) and 25.0 (6.4)
for ENSEMBLE and CASTING, respectively. The
mean (SD) baseline CVLT-II score in ENSEMBLE
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«Fig. 5 Employment status of the participants at baseline
and M24/EOS. A Tx-naive subgroup, B Tx-experienced
subgroup, and C total population. EOS, end of study; M,
month; TS, treated set; Tx, treatment

(n=181) was 54.6 (10.8) [36]. In CLARIFY-MS,
the baseline BICAMS parameter scores of par-
ticipants were generally comparable to those of
the ENSEMBLE and CASTING studies (BICAMS
set: mean [SD] SDMT, 50.3 [12.6]; CVLT-II, 53.8
[12.4]; BVMT-R, 22.4 [7.8]); however, the CLAR-
IFY-MS participants were slightly older at base-
line (mean [SD] age, 37.4 [10.4] years) [16] and
had highly active RMS.

CLARIFY-MS is the first prospective study to
report the effects of CladT on cognitive func-
tion in a substantial population of people with
highly active RMS and is among the few studies
with a large number of PWMS completing the
BICAMS battery (N=399) at different time points
over 2 years. The findings of this study also show
that overall cognitive function comprising IPS
(SDMT), verbal learning (CVLT-1I), and visuos-
patial memory (BVMT-R) remained stable over
2 years in CladT-treated participants (BICAMS
set). Cognitive decline often starts early in the
disease course [24] and may continue despite
the use of DMTs [2]. In CLARIFY-MS, CladT-
treated participants who were early in their dis-
ease course and those previously on other DMTs
had stable BICAMS scores over the 24 months of
the study. The majority of participants in both
subgroups had increased or stable SDMT scores
(TS) at M24 versus baseline, as determined using
clinically meaningful 4- and 8-point thresholds.
These findings suggest that overall cognitive
function was largely preserved in both Tx-naive
and Tx-experienced people with highly active
RMS treated with CladT during the 2-year CLAR-
[FY-MS study.

In PwMS, brain atrophy starts early, often
before diagnosis, and gradually progresses if
left untreated [8]. Untreated PWMS experience a
0.50-1.35% loss of brain volume annually, com-
pared with 0.10-0.50% loss in healthy adults
[44, 45]. The yearly brain volume loss (BVL) rate
in CLARIFY-MS participants was close to that
reported in healthy adults in the same mean
age range of 37 years [44], indicating that CladT

treatment may slow pathological BVL in people
with highly active RMS. To distinguish between
pathological and physiological changes in MS, a
PBVC cut-off of —-0.4% annually was previously
proposed [44]. In this study, most participants
treated with CladT were within this cut-off. Pre-
vious studies have shown that brain atrophy is
more pronounced in PwMS with mild disabil-
ity and poor cognitive performance [8, 46, 47].
In the CLARIFY-MS study, no correlation was
observed between annualised PBVC and the
change in cognitive function.

Owing to disability accumulation and cogni-
tive decline, PWMS are less likely to be employed
as their disease progresses [48]. Unemployment
has been linked to reduced HRQoL and poorer
mental health in PwMS [6, 49]. HETs have been
associated with greater improvements in the
amount of work, attendance, and productivity
than conservative injectable platform therapies
[13]. The coronavirus disease (COVID-19) pan-
demic had detrimental effects on employment,
resulting in unemployment, absenteeism, and
reduced working hours globally [50]. PwMS,
owing to their general work-related limitations
[51] and difficulties in accessing care during
COVID-19, were more prone to changes in their
employment status [52]. A systematic review
and meta-analysis of 49 observational studies
involving 17,364 PwWMS during the COVID-19
pandemic found that 43% experienced a change
in employment status. The unemployment
rate was 39%, with 47% either unemployed or
retired. Unemployment and retirement were
positively associated with glatiramer acetate use
(p=0.004) but negatively associated with other
immunosuppressants (p=0.032), siponimod
(p<0.001), and CladT (p=0.021). The preva-
lence of retirement was negatively associated
with the use of HETs (p=0.004), fingolimod
(p=0.014), and CladT (p<0.001). About 10%
of PWMS worked part-time and 34% full-time,
with part-time work positively influenced by
fingolimod (p=0.032), alemtuzumab (p=0.04),
and CladT (p=0.02) [S3]. Overall, cohorts with
higher CladT use were less likely to be out of
the workforce and more likely to be in part-
time employment during the COVID-19 pan-
demic. In the CLARIFY-MS study, >40% of the
participants treated with CladT remained in
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full-time employment and>10% in part-time
employment over 24 months. Given that the
24-month data for CLARIFY-MS were collected
during the COVID-19 pandemic, which substan-
tially affected employment, the stability in the
employment status of the participants reported
here is encouraging.

Study limitations

The CLARIFY-MS study had a single-arm design
with no control group for comparison; therefore,
results at each time point were compared with
baseline wherever applicable. Here, the observed
stability over 2 years in cognitive function and
employment status of the participants is rela-
tive to study baseline, and causal inferences may
not be drawn. In CLARIFY-MS, the SDMT was
administered three times over the 2-year period,
with 12-month intervals between each adminis-
tration. We believe the practice effect is likely to
be minimal given that significant practice effects
tend to occur in more frequent testing schedules,
as seen in the DECIDE study [54], where SDMT
was administered seven times over 144 weeks,
with shorter 24-week intervals in patients with
RMS treated with natalizumab. Previous research
in PWMS has shown that the CVLT-II is suscep-
tible to learning effects, especially during the
first year of repeated testing, with scores stabi-
lizing between 12- and 24-month assessments
[55]. In CLARIFY-MS, CVLT-II scores showed
slight improvements from baseline to M12 and
M24 in participants treated with CladT. Given
that the CVLT-1I was administered at 12-month
intervals during this study, the influence of prior
practice effects beyond the first 12 months may
be limited. A correlation between individual
BICAMS parameter score changes and PBVC
after 2 years could not be established; moreo-
ver, the current literature on such an association
is equivocal [56-59]. As cognitive impairment
in MS progresses over time, studies conducted
over a longer duration may provide a better pic-
ture of the cognitive changes in this population.
Considering that CLARIFY-MS was conducted
over 2 years, an additional 2-year extension
study (NCT04776213) [60] was conducted with
most of these participants over a longer period.

Although CLARIFY-MS investigated changes in
the employment status of the participants over
time, it did not assess reasons underlying these
changes or their impact on participants’ overall
quality of life.

CONCLUSIONS

A high proportion of CLARIFY-MS participants
had increased or stable IPS at M24 as determined
using clinically meaningful 4- and 8-point
changes in SDMT scores versus baseline. Over-
all, cognitive function, including verbal learn-
ing and visuospatial memory, remained stable
over 2 years as compared with baseline in par-
ticipants treated with CladT. Most CladT-treated
participants who were in full-time employment
at baseline retained their employment status
even after 2 years in the study. The employment
status of the participants remained stable even
in the M24 data which was collected during the
COVID-19 pandemic. The stability in overall
cognitive function and employment status of
the participants during CLARIFY-MS adds to the
previously reported positive HRQoL findings for
CladT in people with highly active RMS, sup-
porting its overall benefits in MS treatment.
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