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Abstract

Introduction In persons with multiple sclerosis (pwMS), little evidence exist on the effects of Alemtuzumab on physiologi-
cal, physical, and cognitive function along with patient-reported outcomes, despite these domains are being rated as highly
important. Therefore, our purpose was to perform a prospective observational study to examine these outlined outcomes
during the first two years of Alemtuzumab treatment in pwMS.

Methods In n=17 relapsing—remitting pwMS, physiological function [body composition; bone mineral content; muscle
strength; aerobic capacity], physical function [6-min walk test (6 MWT, primary outcome); timed 25 ft walk test (T25FWT);
six spot step test (SSST); 9-step stair ascend (9SSA); timed up and go test (TUG); 5 X sit to stand test (SSTS)], cognitive
function [selective reminding test (SRT); symbol digit modalities test (SDMT)], and patient-reported outcomes [multiple
sclerosis impact scale-29 (MSIS29); 12-item multiple sclerosis walking scale (MSWS12); modified fatigue impact scale
(MFIS); hospital anxiety and depression scale (HADS)] were assessed prior to Alemtuzumab treatment initiation as well as
3, 6, 12, and 24 months into the treatment.

Results Improvements were observed at 24-month follow-up in T25FWT (+8%), SSST (+ 10%), SDMT (+ 5.2 points,
53% improved more than the clinical cut-off score) and SRT, whereas the primary outcome 6MWT, and all other remaining
outcomes, remained stable throughout the Alemtuzumab treatment period.

Conclusion The present findings suggest that Alemtuzumab treatment in relapsing—remitting pwMS can improve certain
domains of physical function (short distance walking) and cognitive function (processing speed, memory), and furthermore
stabilize physiological and physical function along with patient-reported outcomes.

Trial registration Registered at clinicaltrials.gov: NCT03806387.

Keywords Multiple sclerosis - Immunomodulation - Physical function - Cognitive function - Disease-modifying treatment -
Patient-reported outcomes

Introduction

Multiple Sclerosis (MS) is a chronic autoimmune neuro-

54 Lars G. Hvid degenerative disease of the central nervous system (CNS),
lhvid@ph.au.dk and the most common non-traumatic cause of disability in
young people [1, 2]. Due to the pathology of MS (e.g., brain
lesions and brain atrophy), a wide range of symptoms devel-
ops [3, 4], with approximately 40-70% of persons with MS
(pwMS) reporting impairments in physical and/or cognitive
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?  Department of Regional Health Research, University function [5-10]. This is particularly evident for the 6-min
of Southern Denmark, Odense, Denmark walk test (6 MWT; reflecting walking endurance) [8] and for
* Department of Neurology, MS-Clinic of Southern Jutland the symbol digit modalities test (SDMT; reflecting cognitive
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processing speed) [5, 6]. Importantly, both the 6 MWT and
the SDMT are considered sentinel for impairments in physi-
cal and cognitive function in pwMS. While impairments in
physical and cognitive function are present already at early
disease stages [11, 12], rates of impairments increase sub-
stantially as the disease progresses [5—8, 13]. Moreover,
pwMS perceive impairments in both physical and cogni-
tive function among the most critical consequences of MS
[14, 15]. Treatments that can positively impact (i.e., reduce
impairments in) both physical and cognitive function are
therefore warranted.

Disease-modifying drugs (DMDs) with varying mecha-
nisms of action and routes of administration have been
shown effective for relapsing-remitting MS (the most
frequent disease course), specifically by reducing clinical
relapses, brain lesions and brain atrophy [16—18] along with
disability progression [assessed by the expanded disability
status scale (EDSS)] [17, 19]. Furthermore, DMDs have also
been shown to have some—yet more modest—stabilizing
or even improving effects on objectively assessed cogni-
tive [20] and physical function (most often assessed by the
multiple sclerosis functional composite (MSFC)) [16], as
well as on patient-reported outcomes (reflecting quality of
life, depression, fatigue, physical function, and mental func-
tion) [21, 22]. Of note, this could be achieved indirectly,
with DMDs reducing disease activity subsequently enabling
patients to increase their daily physical activity levels and/or
to engage more in exercise. Both physical activity and exer-
cise are known to positively influence physical function and
patient-reported outcomes [23, 24] along with body compo-
sition and bone health [25, 26]. Despite the importance from
the perspective of both patients and clinicians, the existing
studies that report on these domains are nevertheless few
and heterogeneous in terms of their selection of outcome
measures for cognitive function (perhaps with the exception
of processing speed), physical function, and patient-reported
outcomes.

Among the existing DMDs, Alemtuzumab is a humanized
monoclonal antibody targeting CD52 cells, that depletes and
repopulates B lymphocytes and T lymphocytes, causing sus-
tained changes in the adaptive immunity [27-29]. Alemtu-
zumab has been shown to be among the most potent DMDs
in reducing clinical relapses, brain lesions and brain atrophy
for relapsing—remitting MS [18, 30-34]. However, current
evidence on the potential stabilizing/improving effects of
Alemtuzumab on objectively assessed physical and cogni-
tive function as well as on patient-reported outcomes are
sparse. Across previous studies (CARE-MS-1 and -2), it
was reported that MSFC (a battery that combines the timed
25-foot walk (T25FWT), the 9-hole peg test (9HPT), and the
paced auditory serial addition test (PASAT)) was slightly
improved after a 24-month treatment period, mainly due to
improvements in the 9HPT and the PASAT [30, 31, 35].
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These positive effects on cognitive processing speed, were
supported by Riepl and colleagues, as they also observed
improvements (rey complex figure test and SDMT) after
a 15-month treatment period [36]. Furthermore, patient-
reported outcomes (short-form 36 physical and mental
function (SF36); functional assessment of multiple scle-
rosis (FAMS)) were reported to improve after a 24-month
treatment period [37]. Yet, no previous studies have com-
prehensively evaluated objectively assessed physical and
cognitive function alongside patient-reported outcomes
prospectively in pwMS following initiation of treatment
with Alemtuzumab.

Altogether, the primary purpose of the present study is
therefore to prospectively monitor changes (at 3, 6, 12, and
24 months) in multiple measures of (1) objectively assessed
physiological outcomes related to physical function, (2)
objectively assessed physical function (primary outcome:
6-min walk test (6MWT) at 24-month follow-up), (3) objec-
tively assessed cognitive function, and (4) patient-reported
outcomes during the first 2 years of treatment with Alem-
tuzumab in a well-characterised Danish cohort of relaps-
ing—remitting pwMS.

Methods

The present study was registered in the database of the
US National Library of Medicine (clinicaltrials.gov;
NCT03806387), ethics approval was obtained from the eth-
ics committee of the central Denmark region (record 1-10-
72-223-16), and the study was conducted in accordance with
the Declaration of Helsinki. All participants provided signed
consent before entry. The Danish Data Protection Agency
oversaw the study.

Study design and participants

The present prospective observational study investigated the
effects of Alemtuzumab treatment across multiple functional
domains in pwMS. Participants underwent testing prior to
Alemtuzumab treatment (baseline) as well as 3, 6, 12 and
24 months after Alemtuzumab treatment initiation (Table 1).
At both baseline and 12-month follow-up, the test session
was performed prior to infusion of Alemtuzumab (corre-
sponding to 1st and 2nd treatment). With the exception of
an initial neurological screening, all test sessions were per-
formed at Exercise Biology, Department of Public Health,
Aarhus University, Denmark.

Participants were recruited from MS clinics across Den-
mark (Jutland, Funen, Zealand), with the neurologists or
nurses confirming eligibility based on the patients’ medi-
cal records. Eligible and interested pwMS was referred to
us, meaning that we worked independently of any treatment
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Table 1 Overview of outcome measures across different domains

Baseline

3 months 6 months 12 months 24 months

MS clinic

Neurological examination (EDSS, diagnosis, etc.)

>

Aarhus University
Body Composition (body/fat/lean mass, bone mineral content)
Muscle strength (knee extension and handgrip)
Neuromuscular activity (electromyography; knee extension)
Aerobic capacity = VO,,,... (online real-time system; cycling)
6-min walk test (6MWT) primary outcome
Timed 25 ft walk test (T25FWT)
Six spot step test (SSST)
9-step stair ascend (9SSA)
Timed up and go test (TUG)
Five times sit to stand test (5STS)
Symbol digit modalities test (SDMT)
Selective reminding test (SRT)
Multiple sclerosis impact scale-29 (MSIS29)
Multiple sclerosis walking scale (MSWS12)
Modified fatigue impact scale (MFIS)
Hospital anxiety and depression scale (HADS)

T o T e B e T o T T e

Home

>

Physical activity (accelerometry)

X X

e
e

no assessment no assessment

T T I e B i I I S ST
T T T B I T
T T o T o T o T Bl e I I o e
T T T T T B I

>
>
o
o

decisions. Participants had to fulfil the following inclusion
criteria: age ranging from 18 to 65 years, planned to initiate
Alemtuzumab treatment (according to national guidelines
and the most recent SmPC; i.e., having high disease activ-
ity), EDSS <6.0, and signed consent to participate. Exclu-
sion criteria: co-morbidities that prevent study participation
(specifically dementia, serious cognitive disorders or other
disorders affecting physical function). Of note, participants
could withdraw from the study at any time and for any rea-
son without prejudice to his or her future medical care. In
case of serious adverse events, we were obliged to contact
the relevant MS clinic, the regional ethical committee and
to the study sponsor.

Body composition

Body composition was assessed by use of a Dual Energy
X-ray Absorptiometry (DXA) scanner (GE Lunar DXA scan,
GE Healthcare, Madison, W1, United States). The system’s
software package (enCORE software v16.0) was used to
determine whole body mass (kg), fat mass [absolute (kg),
relative to whole body mass (%)], lean mass (absolute (kg),
relative to whole body mass (%)) and bone mineral content
(kg). In contrast to the remaining outcomes, DXA scans
were not performed at 3- and 6-month follow-up, but only
at baseline as well as at 12- and 24-month follow-up.

Neuromuscular function

As described in details elsewhere [38, 39], isometric muscle
strength of the knee extensors (KE) at a fixed 70° knee joint
angle was performed on the weaker leg (self-reported, most
often being the affected side) using an isokinetic dynamom-
eter (Humac Norm, CSMi, Stoughton, Massachusetts, USA)
combined with muscle surface electromyography (emg;
distal 1/3 of m. vastus lateralis) to evaluate neuromuscular
activity (~neural drive to muscles). Data were sampled at
1500 Hz (wireless TeleMyo Direct Transmission System
and MyoResearch Software, Noraxon, Scottsdale, Arizona,
USA) and subsequently low-pass filtered (6 Hz) and ana-
lysed using custommade software (MathWorks, MatLab
2017, Natick, MA, USA). In addition to low-pass filtering,
emg data were furthermore full-wave rectified, resulting in
a linear envelope, from which mean average voltage was
calculated in a 250 ms interval preceding the time where
the maximal KE muscle strength was determined to occur.
Following two initial submaximal familiarization/warm-up
trials (at approximately 50 and 80% of maximal effort), par-
ticipants performed 3-5 maximal KE muscle contractions
interspersed by 60-s rest periods. The trial with the high-
est KE muscle strength was selected for further analyses.
Participants received strict instructions to contract as fast
and forcefully as possible. Strong verbal encouragement
along with visual feedback were provided during all trials.
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KE muscle strength was presented normalized to body mass
(Nm kg™!). KE emg raw values (uV) was presented normal-
ized to maximal KE muscle strength [40].

Isometric handgrip (HG) muscle strength was performed
on the weaker hand (self-reported, most often being the
affected side) using a hydraulic hand dynamometer with
adjustable grip (SAEHAN, SH5001, Masan, Korea). The
test was performed with the arm extended down the side of
the body. Following 2 initial submaximal familiarization/
warm-up trials (at approximately 50 and 80% of maximal
effort), participants performed 3—-5 maximal HG muscle
contractions interspersed by 60 s rest periods. The trial with
the highest HG muscle strength (N) was seleted for further
analyses. Participants received strict instructions to contract
as forcefully as possible for at least 3 s.

Aerobic capacity

As described in details elsewhere [41], aerobic capacity
(~maximal oxygen uptake; VO,,,,,) was assessed using an
incremental exercise test until exhaustion on a stationary
bicycle ergometer (SRM, Jiilich, Germany). The test was
conducted at a self-chosen cadence between 55 and 95 revo-
lutions per minute with an initial 5-min warm up at 40 W,
followed by increments of 10 W/min (women) or 15 W/min
(men) until voluntary exhaustion. The rate of oxygen uptake
(VO,), carbon dioxide release (VCO,), and respiratory
exchange ratio (RER) was determined continuously by an
online respiratory gas exchange analyser (Oxigraf O,CPX,
Oxigraf Inc., Sunnyvale, CA, USA) and analysed using com-
mercially available software (Indoor 8.00 software, Innovi-
sion ApS, Glamsbjerg, Denmark). Heart rate was monitored
by a Polar watch (Polar A300, Oulu, Finland). Participants
were verbally encouraged to continue the test as long as
possible, and were asked to rate their perceived exhaustion
(RPE) after voluntary exhaustion using the 620 Borg scale
[42]. The highest recorded 30-s VO, average obtained during
the test was considered the VO, ... VO,.. and was pre-
sented normalized to body mass (ml O, min~! kg™).

Physical function

As described in details elsewhere [38, 43—-46], six objec-
tive tests representing different physical tasks was used to
comprehensively evaluate physical function. The 6-min walk
test (6(MWT; primary outcome) was assessed on a 30-m
track, to evaluate walking endurance [43]. Participants were
instructed to walk as far a distance as possible (presented in
m). The timed 25-ft walk test (T25FWT) was assessed on
a 25-feet track (corresponding to 7.62 m), to evaluate sim-
ple short distance walking involving horizontal propulsion/
acceleration [43]. Participants were instructed to walk as fast
as possible (presented in m s~!). The best of two trials was
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selected for further analysis. The six spot step test (SSST)
was assessed on a specially designed 5-m track with five
wooden blocks (placed 1 m apart in the x—y plane), to evalu-
ate complex short distance walking involving coordination
and dynamic balance [44]. Participants were instructed to
walk as fast as possible (presented in s). The average of four
trials (two with left foot only, two with right foot only) was
used for further analysis. The 9-step stair ascend (9SSA)
was assessed on an indoor standard flight of stairs (depth
29 cm, height 17 cm), to evaluate vertical walking propul-
sion/acceleration [38]. Participants were instructed to walk
as fast as possible (presented in s). The best of two trials was
selected for further analysis. The timed up and go test (TUG)
was assessed on a specially designed 3-m track with 1 chair
and 1 turning point/cone, to evaluate the more functional
components of mobility and transfer from sit to stand [45].
Participants were instructed to rise from the chair, walk as
fast as possible to the turning point and then return to sit
down on the chair (presented in s). The best of two trials was
selected for further analysis. The five times sit to stand test
(5STS) was assessed using a chair without armrests, to eval-
uate muscle mechanical function of the lower extremities (of
relevance to walking) [46]. Participants were instructed to
rise and sit down as fast as possible (presented in s). The best
of two trials was selected for further analysis.

Cognitive function

As described in details elsewhere [41, 47], two objective
tests representing different tasks were used to assess cogni-
tive function. The selective reminding test (SRT) was used
to assess verbal learning and memory consisting of both the
long term storage test (SRT_LTS) and the consistent long
term retrieval test (SRT_CLTR) [47]. The oral version of the
SDMT was used to assess sustained attention and informa-
tion processing speed [47]. The final part of the SRT will
consist of the delayed recall test (SRT_D) [47]. The tests
were performed in that order, yet alternating between three
different versions of SDMT and SRT across the test sessions.
The latter was done to avoid the well-known learning effect
when repeating these cognitive tests [48].

Patient-reported outcomes

Four different reliable and validated questionnaires were
used to obtain patient-reported ratings of both disease sever-
ity and symptoms, i.e., entirely from the patients’ perspec-
tive. The multiple sclerosis impact scale-29 (MSIS29) [49]
was applied to assess the physiological and psychological
impact of MS. Each of the 29 items of the MSIS29 were
scored 1-5, and then transformed into a total score ranging
from O to 100 (higher scores, greater impact). The 12-item
multiple sclerosis walking scale (MSWS12) [50] was used
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to assess the impact of MS on walking abilities and mobility.
Each of the 12 items of the MSWS12 was scored 1-5, and
then transformed into a total score ranging from O to 100
(higher scores, greater impact). The modified fatigue impact
scale (MFIS) [51] was used to assess the physical, cognitive
and psychosocial impact of fatigue. Each of the 21 items of
the MFIS were scored 0—4 for each, providing a total score
ranging from O to 84 (higher scores, greater fatigue impact).
Finally, the hospital anxiety and depression scale (HADS)
[52] was applied to assess anxiety and depression. Each of
the 14 items of the HADS was scored 0-3, providing a total
score for anxiety and depression, respectively, ranging from
0 to 21 (higher scores, greater anxiety and/or depression).

Physical activity

To understand potential physical activity lifestyle changes
and as described in details elsewhere [24], this was assessed
objectively by use of thigh-worn accelerometry (Axivity
AX3, Axivity Ltd, Newcastle, UK) for 7 consecutive days
at home. The device was attached to the weaker/affected
leg (mid-anterior thigh). Raw activity data were sampled
at 100 Hz (£ 8 g), downloaded using the OMGUI software
(version 1.0.29). The data were subsequently exported to
a ActiGraph as a raw binary file (gt3x) and processed into
counts using the ActiLife software (version 6.4.11). Data
reduction and aggregation was done using the custom-built
software (Propero by Jan Christian Brgnd, Odense, Den-
mark). Vector magnitude counts data were analysed in 30 s
epochs over an 18-h time span starting at 6AM. Non-wear
time was defined as time periods of > 10 min consecutive
zeros, and was excluded. Eight hours of accepted data had
to be reached per day for a minimum of 4 days in order for
the data to be valid and subsequently included. Ultimately,
physical activity is presented as counts per minute (CPM).
Following the 7 days of wearing the accelerometer, partici-
pants returned it by mail.

Statistics

We intended to base our sample size calculation on expected
effects on the 6MWT. This was chosen as the primary outcome
since it is among the most commonly used measures of walk-
ing capacity in pwMS, regarded as the golden standard [43],
among the most impaired outcomes of physical function in
pwMS [8], and rated as highly important by pwMS [14, 15].
While we were unable to identify any studies that examined
the effects Alemtuzumab treatment on 6MWT, we assumed
that the magnitude of the expected effects on 6MWT would
be comparable to reported changes on MSFC from a previous
study (mean effect size (change) in MSFC z-score of ~0.05
after 6 and 24 months of treatment) [30]. Therefore, an a pri-
ori sample size calculation for a repeated measure one-way

ANOVA was performed, accounting for our design with one
group and five repeated measures. A statistical power of 0.8,
an alpha of 0.05 and an expected effect size of 0.05 rendered a
required sample size of n=49. Including an expected dropout
of approximately 20% over 2 years, due to potential side effects
and the natural dropouts occurring in scientific studies, a total
sample size of n=60 was deemed necessary.

Statistical analyses were performed using STATA (IC
14, StataCorp, College Station, TX, USA). An intention-
to-treat linear mixed effects model (participant id set as a
random effect, time points set as a fixed effect) was carried
out, establishing change scores for all outcomes at follow-up
time points, taking into account baseline levels. Hence, all
participant data were included regardless of their compliance
to the prospective study. Data at baseline are presented as
mean =+ SD for normally distributed data or as median [inter-
quartile range (IQR)] for non-normally distributed data,
whereas changes at follow-up time points relative to baseline
are displayed as mean [95% confidence interval (CI)]. Nor-
mal distribution was tested by inspecting the standardized
residuals (i.e., QQ-plots, plots of the standardized residu-
als against the fitted values) for each outcome. The level
of statistical significance was set at p <0.05 (“certain find-
ing”) and p <0.01 (“highly certain finding”’) accompanied by
interpretation of the confidence interval width (i.e., variabil-
ity). We also evaluated the changes in 6oMWT and SDMT
in relation to established clinical cut-off change scores, as
both the 6SMWT and the SDMT are considered sentinel for
impairments in physical and cognitive function, respectively.
The cut-off score was 22 m for the 6MWT [53] and 4 points
for the SDMT [54], from which pwMS were classified into
the categories of improvers (positive changes at or beyond
the cut-off scores), maintainers (changes not reaching the
cut-off scores) or decliners (negative changes at or beyond
the cut-off scores). Lastly, to understand whether the study
participants were deemed to have impairments in physical
and cognitive function at baseline, we used normative data
obtained from healthy individuals for the 6MWT (n =150,
51% females, mean age 35) [8] and the SDMT (n= 140, 56%
females, mean age 46) [55] to calculate z-scores. Partici-
pants were classified as impaired if the individual z-scores
were > 1.5 standard deviation (SD) unit below the mean of
published norms. Graphical presentations were made in
GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA,
USA, www.graphpad.com).

Results
Descriptive and clinical data

Demographic and clinical characteristics at baseline are
summarized in Table 2. A total of n=17 relapse-remitting
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MS patients (12 (71%) females, 35.8 years) with a mean
EDSS of 3.0 were included in the present study. Partici-
pants mainly initiated Alemtuzumab treatment due to inad-
equate response to prior therapy. While no serious adverse
events were registered during the 24-month study period,
n=1 participant were temporarily excluded from the study
(around 12-month follow-up) due to suspected treatment-
induced cardiac events (we were informed by the neurolo-
gist/MS clinic at which the participant was affiliated), yet
later re-enrolled after thorough medical examinations as it
was determined to have been relapses. After the 6-month
follow-up test session, n =2 participants dropped out due
to personal reasons, neither related to the treatment nor the
testing.

Body composition and physiological function

Body composition and physiological function at baseline and
follow-up are summarized in Table 3. Except for transient
increases in body mass and lean mass at 12-month follow-
up (that had disappeared at 24 months) along with a trend
towards a decrease in bone mineral content at 24 months
follow-up, all body composition outcomes remained stable
throughout the study period.

KE muscle strength (along with the corresponding neuro-
muscular activity; KE emg), HG muscle strength and VO,,,,,
also remained stable throughout the study period.

At all time points during VO, .. testing, participants
reached heart rate values that corresponded to 93 +3% of
age-estimated maximal heart rate (208—0.7 x age), RER
values=1.21+0.12 and Borg values=18.0+ 1.2 (data not
shown).

Physical function

Physical function at baseline and follow-up are summarized
in Table 3. In relation to the primary and first sentinel out-
come, 6 MWT, n="7/17 (41%) participants (including n=1
that could not physically perform the test) were classified as
impaired at baseline, based on having z-scores > 1.5 SD unit
below the mean of published norms.

Table 2 Descriptive and clinical data

Range
Gender (f/m) 12/5
Age (years) 35.8+9.2 23-51
BMI (kg m™) 24.5+4.6 17.9-34.1
Education (yrs) 13.4+2.7 8-17
EDSS (score) 30+1.2 1.0-6.0
Time since diagnosis (yrs) 5.1+4.1 1-16

Data are presented as n or mean + SD including range
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While 6MWT remained stable throughout the study
period, T25FWT and SSST improved at both 12- and
24-month follow-up (Fig. 1). According to the established
clinical cut-off score for SMWT, 333 % was categorized as
improvers, 46%3 % as maintainers, and 20% as decliners. All
other physical function outcomes remained stable through-
out the study period.

Cognitive function

Cognitive function at baseline and follow-up are summa-
rized in Table 3 and Fig. 2. In relation to the second sentinel
outcome, SDMT, n=0/17 (0%) participants were classified
as impaired at baseline, based on having z-scores > 1.5 SD
unit below the mean of published norms.

While most outcomes improved at 3- and 12-months
follow-up, all cognitive function outcomes improved at
24-months follow-up. According to the established clinical
cut-off score for SDMT, the mean improvement in SDMT
were above this cut-off score, and 533 % was categorized
as improvers, 333 9% as maintainers, and 13" as decliners.

Patient-reported outcomes

Patient-reported outcomes at baseline and follow-up are
summarized in Table 3. At baseline, n=4/17 (24%) met
the criteria for anxiety and n=2/17 (12%) met the criteria
for depression (HADS cut-off score for both outcomes: > 8
[52]), n=8/17 (47%) met the criteria for having high levels
of fatigue (MFIS total cut-off score: >38 [56]), n=1/17 (6%)
met the criteria for having high physical impact of MS and
n=10/17 (59%) met the criteria for having high psychologi-
cal impact of MS (MSIS29 physical and psychological cut-
off scores: > 61 and > 25, respectively [49, 57]).

MSIS29 (total, physiological, psychological), MSWS12,
MFIS (total, physical, cognitive, psychosocial) and HADS
(anxiety, depression) all remained stable throughout the
study period.

Physical activity

Physical activity (baseline 776 +215 cpm) also remained
stable throughout the study period (change scores:
3 months =66 [—78:210]; 6 months=3 [—131:137];
12 months =81 [—62:223]; 24 months =25 [— 115:166]).

Discussion

The present study prospectively assessed the changes in
multiple measures of (1) physiological outcomes related
to physical function, (2) objectively assessed physical
function, (3) objectively assessed cognitive function, and
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Table 3 Body composition, physiological function, physical function and cognitive function at baseline and 3—6—12-24 months follow-up
Baseline A at 3 months A at 6 months A at 12 months® A at 24 months?
n=17 n=17 n=17 n=15 n=15

Body composition

Body mass 73.6+15.2 no assessment no assessment 2.710.1:5.3] 1.3[-1.2:3.9]
(kg) p=0.040 p=0.310

Fat mass 23.6+9.3 no assessment no assessment 1.5[-1.1:4.0] 0.9 [-1.9:3.7]
(kg) p=0.262 p=0.515

Fat mass 31.5+7.9 no assessment no assessment 0.5[-1.8:2.8] 0.8 [-1.7:3.3]
(% body mass) p=0.677 p=0.517

Lean mass 473+9.1 no assessment no assessment 1.1 [0.2:2.0] 0.0 [-1.0:1.0]
(kg) p=0.019 p=0.998

Lean mass 64.8+7.4 no assessment no assessment —0.4[-2.6:1.8] -0.8[-3.2:1.7]
(% body mass) p=0.719 p=0.542

Bone mineral content 2.75+0.54 no assessment no assessment 0.00 [—0.04:0.03] —0.03 [-0.07:0.00]
(kg) p=0.667 p=0.076
Physiological function

KE strength 1 2.26+0.56 0.02 [-0.20:0.24] 0.13 [-0.09:0.34] 0.11 [-0.12:0.33] 0.12 [-0.10:0.35]
(Nm kg™ p=0.865 p=0.240 p=0.353 p=0.288

KE emg 1 92.6+40.1 —1.3[-23.0:204] 4.4[-16.4:25.2] 11.1 [-11.4:33.7] 13.3[-8.9:35.5]
(uV Nm™ kg™ p=0.906 p=0.677 p=0.332 p=0.240

HG strength 1 347+117 —7[-31:17] —14 [-38:11] —14 [-40:13] 0 [—25:25]
™N) p=0.564 p=0.271 p=0.308 p=0.986

VOsmax: 1 329+59 —2.1[-4.4:0.2] —-13[-3.6:1.1] —-1.6[-4.3:1.0] —-0.3[-2.8:2.2]
(ml O, min~! kg™!) p=0.071 p=0.289 p=0.229 p=0.795
Physical function

6MWT? i 591+133 —11[-45:22] +5[-27:40] —3[—-40:33] —15[—47:17]
(m) p=0.504 p=0.756 p=0.853 p=0.352

T25FWT i 1.76 +£0.46 0.00 [-0.13:0.12] 0.07 [-0.06:0.20] 0.15[0.01:0.29] 0.14 [0.01:0.28]
(ms™ p=0.880 p=0.306 p=0.039 p=0.038

SSST# l 5.96 [5.29:7.84] —-0.26 [-0.76:0.25] —-0.36 [-0.88:0.16] —0.89 [-1.44:—0.35] —-0.61[-1.15:=0.07]
(s) p=0314 p=0.170 p=0.001 p=0.028

9SSA* l 2.62[2.50:3.80] —0.13[-0.86:0.61] —0.20[-0.95:0.55] —0.30[—1.11:0.52] —0.03 [-0.80:0.75]
(s) p=0.737 p=0.605 p=0.472 p=0.945

TUG* l 5.86 [5.13:6.40] 0.42[-1.19:2.02] —-049[-2.14:1.15] -0.93 [-2.67:0.81] —1.20 [-2.91:0.50]
(s) p=0.612 p=0.556 p=0.294 p=0.165

5S8TS* l 7.61[6.69:9.53] —0.12[-1.30:1.06] —0.24 [-1.45:0.96] —0.34[-1.61:0.92] 0.17 [—1.08:1.42]
(s) p=0.841 p=0.694 p=0.593 p=0.789
Cognitive function

SDMT 1 54.2+9.3 6.3[1.7:11.0] 4.0 [-0.7:8.7] 9.8 [4.8:14.8] 5.210.3:10.1]
(points) p=0.007 p=0.098 p=0.000 p=0.037

SRT_LTS 1 50.9+12.7 5.8 [1.5:10.1] 2.8 [-1.6:7.2] 8.1[4.3:13.4] 8.8[4.3:13.4]
(points) p=0.008 p=0.213 p=0.001 p=0.000

SRT_CLTR 1 41.8+14.2 8.4 [2.5:14.3] 1.3[-4.7:7.4] 11.6 [5.3:18.0] 9.1[2.9:154]
(points) p=0.005 p=0.669 p=0.000 p=0.004

SRT_D 1 99+1.6 0.0 [-0.6:0.6] 0.2 [-0.5:0.8] 0.7 [0.0:1.4] 0.9 [0.2:1.6]
(points) p=0.926 p=0.649 p=0.065 p=0.012
Patient-reported outcomes

MSIS29 total l 28.7+174 —1.6[-9.4:6.2] 1.7 [-6.1:9.5] —0.7 [-8.8:7.4] —2.5[-10.7:5.8]
(points) p=0.684 p=0.670 p=0.867 p=0.559

MSIS29 physiolological | 27.7+17.7 —1.6[-9.1:5.8] 1.3 [-6.2:8.7] 0.2 [-7.6:8.0] —-0.7 [-8.6:7.2]
(points) p=0.667 p=0.737 p=0.965 p=0.860
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Table 3 (continued)

Baseline A at 3 months A at 6 months A at 12 months® A at 24 months®
n=17 n=17 n=17 n=15 n=15
MSIS29 psychological 309+19.3 —1.4[-12.0:9.1] 2.7[-7.8:13.1] —2.5[-13.5:84] —-6.3[-17.4:4.8]
(points) p=0.791 p=0.615 p=0.647 p=0.266
MSWS12 26.9+13.6 1.2 [-3.4:5.8] —-0.2[-4.8:4.4] 0.4 [-4.4:5.3] —-0.8 [-5.8:4.1]
(points) p=0.620 p=0.938 p=0.866 p=0.738
MFIS total 37.3+17.0 —0.6 [-6.9:5.8] 0.3 [-6.0:6.7] —-0.3[-7.0:6.3] —-1.9[-8.7:4.8]
(points) p=0.864 p=0.919 p=0.927 p=0.574
MEFIS physical 16.5+8.6 —-0.7 [-4.4:3.1] —-1.2[-4.9:2.5] —1.1[-5.0:2.7] —1.4[-5.3:2.6]
(points) p=0.724 p=0.524 p=0.564 p=0.491
MEFIS cognitive 18.0+7.8 0.1 [-2.8:2.9] 0.8 [-2.1:3.6] 0.5[-2.5:3.4] —1.0[-4.0:2.0]
(points) p=0.951 p=0.600 p=0.759 p=0.520
MFIS psychosocial 28+19 —-0.4[-1.4:0.6] 0.4[-0.6:1.4] 0.0[—1.1:1.0] 0.1 [-1.0:1.0]
(points) p=0.445 p=0.425 p=0.962 p=0.859
HADS anxiety 5.1+3.2 0.2 [-1.4:1.7] 04[-1.2:1.9] 0.4 [-1.4:1.7] 0.7 [-1.0:2.3]
(points) p=0.846 p=0.633 p=0.853 p=0.421
HADS depression 3.6+3.0 —-0.2[-1.5:1.6] 0.9[-0.4:2.2] 0.2 [-1.2:1.6] 0.0[-1.4:1.4]
(points) p=0.820 p=0.172 p=0.789 p=0.975

Baseline data are presented as mean +SD or median [IQR], whereas changes at 3 months, 6 months, 12 months and 24 months, respectively, are
presented as mean [95% CI] along with corresponding p values. Arrows denote direction of positive adaptations

KE knee extensor, EMG electromygraphy, HG handgrip, VO,max maximal oxygen uptake, 6MWT 6-min walk test, T25FWT timed 25-foot walk
test, SSST six spot step test, 9SSA 9-step stair ascend, TUG timed up and go, 5STS 5 times sit-to-stand, SDMT symbol digit modalities test, SRT
selective reminding test, LTS long term storage, CLTR consistent long-term retrieval, D delayed, MSWSI2 12-item MS walking scale, MSIS29
29-item MS impact scale, MFIS modified fatigue impact scale, HADS hospital anxiety and depression scale

2At 12 months follow-up, testing was cancelled for n=1 due to COVID19 and for n=1 due to suspicion of cardiac events that turned out to be

relapses

® At 24-month follow-up, n=2 had permanently dropped out of the study

“VO,max cycle ergometry testing was not performed for n=1 due to inability to sit safely on the stationary bicycle and for n=1 refusing to do

the test

46 MWT was not performed for n=1 due to inability to physically perform the test along with a major safety concern from the participant (i.e.,

high risk of falling)

(4) patient-reported outcomes during the first 2 years of
Alemtuzumab treatment in relapsing—remitting pwMS. The
primary outcome, 6MWT, remained stable throughout the
Alemtuzumab treatment period, whereas improvements
were observed at 24-month follow-up in T25FWT and
SSST (reflecting simple and complex short distance walk-
ing, respectively) as well as in SDMT and SRT (reflecting
cognitive processing speed and memory, respectively). The
remaining outcomes including physiological adaptations
(body composition, bone mineral content, KE and HG
muscle strength, VO,max), physical function (9SSA, TUG,
5STS), and patient-reported outcomes (MSIS29, MSWS12,
MEFIS, HADS) were stable throughout the study period.

A recently published ‘real-world setting’ study pre-
sented data on the complete cohort of Danish pwMS
(n=209) that had initiated and received Alemtuzumab
treatment between 2009 and 2019 [58]. Compared to that
cohort and the specific time period of 2017-2019, the
enrolled n =17 participants of the present study appeared
to be quite representative, based on gender (163/43 vs.

@ Springer

12/5 females/males (78 vs. 71% females); present vs.
cohort study, respectively), age (35.8 vs. 37.0 years) and
EDSS scores (3.0 vs. 3.4). We furthermore established that
according to published norm-data, none of the n=17 par-
ticipants were classified as cognitively (SDMT) impaired,
whereas 41% were classified as being physically (6 MWT)
impaired. While recollecting the highly individual devel-
opment and presentation of symptoms, some study find-
ings are in support of this notion, with physical function
becoming earlier affected and impaired compared to cog-
nitive function [10], and with physical function (walking
capacity in specific) being reported by pwMS to influence
health more than cognitive function [14]. In addition, 47%
met the criteria for having high levels of fatigue, which
also influence health to a large extent [14], and 59% met
the criteria for having high psychological impact of MS.
This information must be kept in mind when interpreting
the potential effects elicited by Alemtuzumab treatment on
the different outcome measures of the present study (dis-
cussed and elaborated below). It may be speculated that
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outcomes already impaired at baseline may be particularly
responsive to treatment.

To the best of our knowledge, no previous studies have
examined the effects of Alemtuzumab treatment on measures
of body composition or physiological function in pwMS. As
for body composition, a transient increase in body and lean
mass at 12-month follow-up were observed, that returned
to baseline levels at 24-month follow-up. This is likely due
to the Alemtuzumab treatment per se and/or transient life-
style changes following the Alemtuzumab treatment initia-
tion, but apparently not due to physical activity levels as
these remained stable (3% increase) throughout the study
period. Of note, the latter may serve as a somewhat posi-
tive study finding as physical activity has been shown to
decline over a 24-month period, corresponding to -8% in
free-living pwMS [59]. Whole body bone mineral content
showed a trend towards a decline at 24-month follow-up
(with some uncertainty in the 95%CI), corresponding to
a~0.5% decline per year. This appear to be slightly greater
than that observed in a healthy population of comparable
age and gender composition (~0.2% decline per year) [60].
It is well known that bone health is preferentially negatively
affected by MS and increasing the risk of bone fracture(s)
[61], but we can only speculate whether our bone health

findings were caused by changes in lifestyle factors (but
not physical activity levels), the Alemtuzumab treatment
per se, and/or other underlying risk factors. All measures
of physiological function (i.e., KE and HG muscle strength,
KE neuromuscular activity, and aerobic capacity) remained
stable across the treatment period. We are unaware of any
longitudinal studies involving pwMS that have reported
data on KE neuromuscular activity or aerobic capacity, yet
one study did report data on KE and HG muscle strength,
with approximately 1/3 of their study participants receiving
DMDs (yet assumable not Alemtuzumab). In comparison
to the present study findings at 24-month follow-up (KE
muscle strength+ 5%, HG muscle strength 0%), KE and HG
muscle strength slightly deteriorated after 24 months in the
identified study (—2% and — 5%, respectively) [62]. This
may indicate a somewhat positive impact of Alemtuzumab
on KE muscle strength. Intuitively it makes sense that no
substantial improvements were observed as this normally
require a substantial stimulus, e.g., as evidenced from stud-
ies examining the effects of moderate-to-high intensity exer-
cise [23, 63]. The fact that KE and HG muscle strength, and
especially neuromuscular activity (obtained during maximal
KE muscle strength testing) argued to be a proxy measure
of CNS function, remained stable may suggest beneficial
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Fig.2 Cognitive function. Delta changes in SDMT (A), SRT_LTS
(B), SRT_CLTR (C) and SRT_D (D). Data are shown as mean
[95%CI] changes from Baseline to 3 months, 6 months, 12 months
and 24 months follow-up, respectively. Blue arrows denote direction
of positive adaptations. Statistical analysis: *denote p <0.01, *denote

effects of Alemtuzumab. Normally, the ability to produce
maximal motor output from the CNS to skeletal muscles
deteriorates due to disease progression [64] as does muscle
strength [65]. This was indirectly supported by the meas-
ures of physical function that are known to rely on maximal
motor output / lower extremity muscle strength, i.e., 9SSA,
TUG, and 5STS (discussed in detail below) [38, 66], as they
also remained stable.

While most physical function outcomes (including the
primary study outcome, 6MWT) remained stable through-
out the 24-month, improvements were observed in T25FWT
and SSST. In comparison to the present study findings, we
are aware of longitudinal studies involving pwMS that have
reported data on 6MWT and T25FWT, but not on SSST,
9SSA, TUG or 5STS. The participants of these studies
have either received unspecified DMDs (yet assumable not
Alemtuzumab), specified DMDs yet never Alemtuzumab,
or no DMDs. After 12-24 months of follow-up, 6MWT
has been reported to remain stable or deteriorate slightly
(ranging from —2 to —7%) [62, 67]. In comparison, 6SMWT

@ Springer

p<0.05. For SDMT, dotted lines denote established clinical cut-
off scores (4 points) [54]. SDMT: symbol digit modalities test. SRT
selective reminding test, LTS long term storage, CLTR consistent long
term retrieval, D delayed. See Table 3 for baseline data and exact val-
ues

changed by approximately -2.5% in the present study. This
was paralleled by a somewhat equally distributed number
of participants categorized as improvers/maintainers/declin-
ers according to clinical cut-off scores. Hence, the findings
on 6MWT do not strongly support that outcomes impaired
at baseline are particularly responsive to treatment. Addi-
tionally, after 12-24 months of follow-up, T25FWT (or
other simple short distance walk tests) has been reported
to remain stable or deteriorate slightly (ranging from 0O to
—6%) [31, 62, 67-69]. In comparison, T25FWT improved
by approximately 8% in the present study (n=3/15 catego-
rized as improvers based on the clinical cut-off score of 20%
[70], n=12/15 categorized as maintainers; data not shown),
accompanied by SSST that improved by approximately
10%. These substantial improvements (with certainty in the
95% CI) strongly support that Alemtuzumab had beneficial
effects on these two specific outcomes. As discussed in detail
elsewhere [38, 44, 46], the measures of physical function
that were included in the present study appear to be pref-
erentially influenced by different physiological ‘systems’,
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such as muscle strength/power, muscle control/coordination,
and aerobic capacity. In support of this notion, our findings
on physiological function and physical function generally
seems to be aligned, i.e., with stable 6MWT levels (rely-
ing preferentially on aerobic capacity and endurance) and
VO,,..x along with stable levels of 9SSA/TUG/5STS (rely-
ing preferentially on muscle strength/power) and KE muscle
strength. In contrast, SSST (and to some extent T2SFWT)
appear preferentially influenced by muscle control/coordina-
tion [44], although this was not assessed in the present study.
Nevertheless, it may be speculated that Alemtuzumab can
positively affect the ability to produce submaximal motor
output from the CNS to one or more skeletal muscles, and
thereby enhancing muscle control/coordination, as sup-
ported by the improvements in SSST as well as in T25FWT.

The observed improvements in cognitive function
(processing speed = SDMT, memory = SRT) following
24 months of Alemtuzumab treatment verify the previously
shown positive effects on processing speed [31, 36]. In
the study by Riepl and colleagues including n =21 relaps-
ing—remitting pwMS [36], they reported a mean improve-
ment in SDMT of 4.3 points following 15 months of Alem-
tuzumab treatment (i.e., approximately 3 months after 2nd
treatment), thus exceeding the clinical cut-off score of 4
SDMT points [54]. A total of 57% (n=12/21) of their par-
ticipants improved >4 SDMT points. We observed a some-
what comparable mean improvement in SDMT of 5.2 points
after 24 months of Alemtuzumab treatment (i.e. approxi-
mately 12 months after the 2nd treatment), also exceeding
the clinical cut-off score. Moreover, 53% (n=38/15) of our
participants improved >4 SDMT points. As with 6BMWT, the
findings on SDMT do also not strongly support that impaired
outcomes are particularly responsive to treatment. In the
much larger study by Giovannoni and colleagues includ-
ing n =426 relapsing-remitting pwMS [31], they reported
a significant improvement in PASAT following 24 months
of Alemtuzumab treatment, thus supporting our findings.
An important notion to consider is the extent of 24-month
changes that could have been expected without Alemtu-
zumab treatment initiation. Healy and colleagues provided
longitudinal data on a large cohort of pwMS (n =680,
mixed sample with some receiving unspecified DMDs and
others not), and from those having a baseline SDMT score
of approximately 54 (corresponding to our sample), scores
remained unaffected or slightly declined over a 24-month
period [71]. This information, along with the fact that we
alternated between three different versions of SDMT (and
SRT) to minimize the well-known learning effect in this test
[48], suggest that our observed improvements in SDMT are
robust. As for verbal memory, the observed minor improve-
ments in the rey auditory verbal learning test by Riepl
and colleagues did not reach statistical significance [36].
In contrast, we observed improvements in SRT (across all

subscores; including long term storage, consistent long-term
retrieval, and delayed recall). This discrepancy are difficult
to explain, but may be due to the slight difference in admin-
istering as well as content of these tests of verbal memory,
e.g., in SRT all words are recited during the first trial, while
in the rey auditory verbal learning test all words are recited
during each trial, and in the scoring hereof.

We included four different patient-reported outcomes
(MSIS29, MSWS12, MFIS, and HADS) to help elucidate
how Alemtuzumab would affect different domains including
disease severity and symptoms, entirely from the patients’
perspective. To the best of our knowledge, we are the first
to report data on these specific outcomes in pwMS receiv-
ing Alemtuzumab treatment. In the previously mentioned
CARE-MS studies, health-related quality of life measures
were applied, revealing statistically certain improvements,
at or in the vicinity of clinical cut-off scores, after 24-month
treatment [outcomes: SF36, FAMS, and the European qual-
ity of life 5 dimensions (EQ-5D)] [37]. In contrast, the
patient-reported outcomes of the present study, MSIS29,
MSWS12, MFIS, and HADS, all remained stable through-
out the 24-month Alemtuzumab treatment period. From one
point, these divergent findings may indicate that the present
study findings are negative (or neutral). From another point,
however, the outcomes of the present study do not readily
reflect health-related quality of life. Beyond Alemtuzumab
studies, previously reported 24-month longitudinal data
involving ‘mixed participants in relation to DMDs’ have
revealed stable MSIS29 scores [69, 72, 73], although with
some minor numerical reductions (i.e., positive effect) in
the MSIS29 psychological score [69] as well as some incre-
ments (i.e., negative effect) in the MSIS29 physiological
score [73], but apparently not beyond the clinical cut-off
score of 8 [49]. In contrast, previous 24-month longitudi-
nal data have revealed consistent increments (i.e., negative
effect) in the MSWS12 (ranging from + 1.5 points to+ 5.0
points) [59, 73]. While these changes are also not beyond
the clinical cut-off score of 8—10 [53, 74], the findings of
the present study may indicate that Alemtuzumab positively
influences and stabilizes MSWS12. As with MSIS29, previ-
ous 24-month longitudinal data have revealed stable MFIS
total scores (along with the fatigue severity scale (FSS)
scores) [59, 75], but also reductions (i.e., positive effect)
in MFIS total scores [76] beyond the clinical cut-off score
of 4 [77]. While we do observe a pattern of reductions in
the MFIS total score, weakly supporting a beneficial role of
Alemtuzumab treatment on the impact of MS fatigue, the
2-point reduction is well below this clinical cut-off score.
Lastly, previous 24-month longitudinal data have revealed
stable HADS scores (along with scores from other anxiety
and depression measures) [59, 76]. This appear fully aligned
with the present study observations on HADS scores.
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Methodological considerations

A number of limitations must be taken into account when
interpreting the findings of the present study. First and most
critical, the small sample size (well below the estimated
sample size of n=60) reduced the power of the study and
may specifically have increased the risk of type II errors.
Despite this, our sample appeared representative of Dan-
ish pwMS receiving Alemtuzumab [58]. Second, no con-
trol group was used in the present study and thus also no
randomization was carried out. While these aspects are
preferable, this was deemed unethical as all enrolled pwMS
started Alemtuzumab treatment due to inadequate response
to prior therapy and had high disease activity at the time of
enrolment. Third, due to the EU General Data Protection
Regulation (GDPR), we were unable to include information
about preceding/ongoing number of relapses or MRI activ-
ity (mean number of T2/Flair hyperintense lesions and/or
gadolinium enhancing lesions). All involved MS patients
were nevertheless highly active MS patients as stated above,
which was a requirement for initiating Alemtuzumab accord-
ing to national guidelines and the most recent SmPC at the
time of the study. We speculate that the majority of MS
patients benefitted from the treatment, e.g., by reducing
clinical relapses, brain lesions and brain atrophy over the
2-year intervention period, as previously reported [18, 19,
30-34]. This would likely be associated with the stabilizing/
improving effects observed across most of the outcomes of
the present prospective observational study. Future studies
should include both type of outcomes. Fourth, few avail-
able longitudinal studies could be identified and used for
comparison. Moreover, those we did identify, had mixed
participant samples with some receiving unspecified DMDs
(yet assumed rarely to involve Alemtuzumab) and others
not, as well as divergent disease profiles (e.g., lower/higher
EDSS scores, time since diagnosis, and age; different gender
proportions; including both relapsing—remitting and progres-
sive pwMS). Altogether, this introduces variability and chal-
lenges the direct comparison.

Clinical implications and perspectives

The present study findings verify that Alemtuzumab treat-
ment elicit improvements in cognitive function, particularly
processing speed [36], at a level surpassing clinical cut-off
scores. We also provide novel insight into physiological
function, physical function, and patient-reported outcomes,
with Alemtuzumab treatment eliciting improvements in sim-
ple and complex short distance walking. Also, compared
to other 24-month longitudinal study findings reporting
deterioration in many outcome measures, our findings may
suggest potential stabilizing effects of Alemtuzumab on KE
muscle strength and MSWS12. Due to the limitations of
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the present study (e.g., small sample size), future larger and
more long-term studies should help expand our understand-
ing further on the effects of Alemtuzumab treatment on such
domains. In that context, it is relevant to longitudinally fol-
low a group of pwMS receiving other types of DMDs (or
not at all if deemed ethically), to understand the true effects
of Alemtuzumab. Moreover, a combination of exercise and
Alemtuzumab could potentially be very potent as this non-
pharmacological and pharmacological treatment, respec-
tively, supplement and reinforce each other across all the
domains of the present study [23].

Despite our positive interpretation of the present study
findings, attention must of course also be directed towards
the several severe adverse effects that sometimes accom-
pany Alemtuzumab treatment in pwMS [32-34]. All avail-
able information must therefore be taken into consideration
when deciding on initiating Alemtuzumab treatment in
relapsing-remitting pwMS, a process that should involve
both physician and patient.

Conclusion

Alemtuzumab treatment for 2 years in relapsing—remitting
pwMS elicits improvements in cognitive function, specifi-
cally in processing speed (SDMT) and memory (SRT), with
the improvements in processing speed being clinically rele-
vant. Moreover, improvements in some outcomes of physical
function were also observed, specifically in short distance
walking capacity relying on motor control (T25FWT, SSST).
The primary outcome, the 6 MWT, along with all remaining
outcomes were stable throughout the Alemtuzumab treat-
ment period.
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