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Introduction

Abstract

Background/Objective: Observational real-world study to analyze the clinical
effects of alemtuzumab (ALEM) and subsequent disease-modifying therapy
(DMT) usage in multiple sclerosis (MS). Methods: Data retrieved from the Aus-
trian MS treatment registry (AMSTR) included baseline (BL) characteristics (at
ALEM start), annualized relapse rate (ARR), 6-month confirmed progression
independent of relapse activity (PIRA; > 0.5-point Expanded Disability Status
Scale (EDSS) score increase), 6-month confirmed disability improvement (CDI;
> 0.5-point EDSS decrease), and safety outcomes until initiation of a subsequent
DMT. The EDSS was re-baselined at 30 days from ALEM start (BL EDSS).
Results: Eighty-seven ALEM-treated patients (median age: 32 years, 72% female,
14% treatment-naive) were followed for a median of 55 (interquartile range 31—
68) months. We found significant reductions in the ARR from 1.16 before ALEM
to 0.15 throughout Years 1-9 (p < 0.001). Subsequent DMTs were initiated in 19
patients (22%, 74% anti-CD20 monoclonal antibodies). At Year 5 (n = 53), more
patients achieved CDI (58%, 95% confidence interval (CI) 45%—71%) than had
experienced PIRA (14%, CI 7.5%—24%), and 58% remained relapse-free. Shorter
MS duration (p < 0.001, hazard ratio (HR) 0.86 (CI 0.80-0.93)) and no previous
high-efficacy treatment (p < 0.001, HR 5.16 (CI 2.66—10.0)) were the best predic-
tors of CDI, while PIRA was associated with a higher number of previous DMTs
(p = 0.04, HR 3.06, CI 1.05-8.89). We found no new safety signals. Interpreta-
tion: ALEM had long-lasting beneficial effects on the ARR and disability improve-
ment, especially when initiated early in the course of the disease. Only a subset of
patients received subsequent DMTs.

sheaths with partial axonal preservation and reactive glial
scar formation in the white and gray matter of the CNS.

Multiple sclerosis (MS) is an immune-mediated disorder
of the central nervous system (CNS) and a leading cause
of disability among young adults." During the relapsing
phase of MS, the disease pathogenesis is driven by focal
immune cell infiltration, leading to damage of the myelin

Eventually, irreversible axonal degeneration plays a pivotal
role in the accumulation of disability during the progres-
sive phase of the disease. The temporal dichotomy
between relapsing and progressive MS courses has been
challenged by evidence indicating that progression
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independent of relapse activity (PIRA) occurs from early
in the MS course,” and ongoing inflammation and
demyelination are observed throughout all stages of MS.*
While available immunotherapies successfully reduce
relapse rates, slowing disability progression remains a
challenge.”

Alemtuzumab (ALEM; Lemtrada®; Sanofi, Cambridge,
MA, USA) is a disease-modifying therapy (DMT) that
was licensed by the European Medicines Agency (EMA)
in 2013 for patients with highly active relapsing—remitting
MS (RRMS).® ALEM is a monoclonal IgGl kappa anti-
body that targets the leucocyte surface protein CD52 and
induces a profound but transient depletion of circulating
T and B cells.”® Pivotal trials have consistently demon-
strated that two intermittent ALEM treatment courses
(12 mg/day for 5 consecutive days at baseline and addi-
tional 3 days after 12 months) significantly reduce relapse
rates and improve magnetic resonance imaging (MRI)
outcomes.” > Moreover, about two-thirds of the patients
from the pivotal trials required no further treatment
course(s) throughout 5 years."> Furthermore, the
open-label extension studies indicate that the clinical
effects of two treatment cycles may be maintained for up
to 13 years and support the benefits of ALEM by impact-
ing pre-existing disability.'*'> However, the ability of
ALEM to halt clinical progression and reverse disability in
the long term needs to be further corroborated in inde-
pendent cohorts. Moreover, major adverse events (AEs)
in the pivotal trials included infusion-associated reactions,
autoimmune disorders (thyroid, hematological and renal
disorders), and infections. Of note, several rare but poten-
tially fatal autoimmune conditions, opportunistic infec-
tions, and acute cerebrovascular disorders have been
reported in postmarketing studies.'®'® While ALEM pro-
vides positive clinical benefits regardless of age, there are
age-related increases of serious infections, malignancies,
and deaths."”

Our study aimed to investigate disease course, safety
aspects, and long-term outcomes of patients with MS
treated with ALEM in Austria. Moreover, we analyzed
demographics and disease characteristics at baseline to
predict treatment response to ALEM and the use of
subsequent DMTs.

Materials and Methods

Data acquisition

The Austrian MS Treatment Registry (AMSTR) is a
nationwide registry established in 2006 that collects data
on the safety and real-world effectiveness of all DMTs
except interferon-beta and glatiramer acetate. Austrian
MS centers must prospectively document patient
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treatment data through a secure web-based platform. The
AMSTR requires the documentation of relapses, EDSS,
adverse events (according to the MeDRA classification,
including infusion-associated reactions (IARs), cardiovas-
cular side effects, infections, and secondary autoimmune
events), and pregnancy. The registry also captures the
usage and timing of subsequent DMTs.

A keyword search within the AMSTR identified indi-
viduals treated with ALEM by April 2023. We collected
baseline (BL; at the time of ALEM start) information that
consisted of demographics (age and sex), onset and dura-
tion of MS, previous DMTs, and relapses in the prior
12 months. The EDSS was re-baselined at 30 days from
ALEM start (BL EDSS) to minimize the chance of higher
baseline EDSS values related to delayed recovery from the
most recent relapse. We defined the observation period as
starting from the initiation of ALEM until the last
follow-up available in the AMSTR or until the com-
mencement of a subsequent DMT. Once patients started
subsequent DMTs, their clinical course was no longer
within the scope of this study.

Primary outcome measures

We compared the mean annualized relapse rate (ARR)
throughout the observation period with the ARR
12 months before ALEM started. We focused on disability
changes independent of overt relapses and evaluated the
occurrence of PIRA and the achievement of confirmed dis-
ability improvement (CDI) during the follow-up period.
According to the revised Lublin criteria for secondary pro-
gressive MS (SPMS),” changes in the EDSS to explore
PIRA and CDI rates were retrospectively studied. PIRA was
defined as an increase of >0.5 points on the EDSS scale,
persisting over 6 months and without evidence of relapses
within the range of 30 days).>*' If relapses with incom-
plete recovery occurred during the observation period, the
reference EDSS was reset >90 days after the relapse onset
for PIRA-event assessment. We defined CDI as a 6-month
confirmed improvement of >0.5 points on the EDSS. We
calculated the proportions of patients throughout the
follow-up that clinically improved, stabilized, or worsened
according to EDSS changes. Lastly, we analyzed whether
these BL parameters were associated with the following
outcomes: occurrence and number of relapses, EDSS at the
last follow-up, the occurrence of PIRA, achievement of
CD], and commencement of a subsequent DMT.

Comparison with available real-world
evidence

In August 2023, we searched PubMed concerning the
available literature on outcomes after ALEM treatment in
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real-world studies. Studies that did not include key vari-
ables and readouts of our study were not respected.

Statistical analysis

We present descriptive data as mean + standard devia-
tions or 95% confidence intervals (CI) or median and
interquartile range (IQR) and percentages. Fisher’s exact
test or Pearson’s (2 tests analyze
cross-tabulation tables). Spearman’s correlations were
computed and tested. Wilcoxon—-Mann—Whitney and
Hodges—Lehmann 95% CI based on Monte-Carlo simu-
lations were done to compare medians. Generalized
estimation equation models (GEE) with Gamma or
Poisson distribution were used for continuous or bino-
mial distribution of discrete variables and logit as a
link function. Least statistical difference (LSD) tests
were used for pairwise comparisons. T-tests and boot-
strap t-tests based on 5000 Monte-Carlo simulations
were used for dependent comparisons. Logistic regres-
sion models with odds ratios (OR) and 95% CI,
Cox-regression models for various covariates with corre-

were used to

sponding hazard ratios (HR), stratified Cox model anal-
ysis for paired samples and 95% CI, and Kaplan—Meier
analyses with log-rank tests were applied. Two-sided
p-values < 0.05 were considered statistically significant,
and the confidence level was 95%. A heuristic approach
was used to compare two dependent Kaplan—Meier
curves (CDI and PIRA) at Year 5: 95% confidence
intervals were computed and interpreted as significant
if the 95% CI did not overlap. All statistical analyses in
this report were performed by use of NCSS (NCSS
2022, NCSS, LLC. Kaysville, UT), STATISTICA 13
(Hill, T. & Lewicki, P. Statistics: Methods and Applica-
tions. StatSoft, Tulsa, OK), and SPSS Statistics for Win-
dows, Version 29.0., Armonk, NY).

The Austrian MS Treatment Registry is approved by
the Ethics Committee of the Medical University of
Vienna, Austria (approval number 296/2013). This study
was conducted according to the ethical principles of the
Declaration of Helsinki and did not interfere with the
care received by patients.

Results

Eighty-eight individuals were treated with ALEM. Since
one patient had to be excluded due to insufficient docu-
mentation, 87 patients were available for this study
(Table 1). All patients had RRMS at the time of ALEM
initiation. The cohort had a median age of 32 (IQR 26—
36) years, a median disease duration of 5 (IQR 1-11)
years, and a median EDSS of 2.5 (IQR 1.8-3.5). The
median follow-up time was 55 months (IQR 31-68), the
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Table 1. Demographics, disease characteristics, and follow-up of the
Austrian alemtuzumab cohort.

n =87 %

Female; No. 63 72

Age at MS diagnosis, y; median (IQR) 26 (21-31)

Age at ALEM start, y; median (IQR) 32 (26-36)

Disease duration, y; median (IQR) 5(1-11)

RRMS; No. 87 100

ARR in the 12 months before ALEM; mean 1.2 (0.8-1.8)

(95% Cl)

EDSS; median (IQR) 2.5(1.8-3.5)

Naive to DMTs; No. 12 14

No. of previous DMTs; median (range) 1(0-3)

No. of patients with prior high-efficacy DMTs 50 58
No. patients switched from NAT 16 18
No. patients switched from FTY 31 36

No. of patients throughout the follow-up
At month 24 81 93
At month 48 62 71
At month 72 31 36
At month 96 7 8

ALEM, alemtuzumab; ARR, annualized relapse rate; Cl, confidence
interval; DMTs, disease-modifying therapies; EDSS, expanded disability
status scale; FTY, fingolimod; IQR, interquartile range; MS, multiple
sclerosis; NAT, natalizumab; No., number of; RRMS, relapsing-remit-
ting multiple sclerosis; y, years.

longest individual observational period since the start of
ALEM treatment was 97 months.

At the time of ALEM initiation, 12 patients (14%) had
not been treated previously with DMTs (DMT-naive). Of
the remaining individuals, 50 (58%) had received one
DMT prior to ALEM, 24 (28%) had been treated with
two DMTs, and one patient had had three DMTs before
ALEM initiation. Fifty patients (58%) had undergone
prior treatment with high-efficacy DMTs: 16 were
switched from natalizumab, 31 from fingolimod, two
from daclizumab, and one from cyclophosphamide.

The first pwMS was treated with ALEM in 2014. In
2017, the absolute number of individuals treated with
ALEM peaked to 25. Thereafter, the number of individ-
uals in whom ALEM was started dropped, with only one
additional patient receiving ALEM since 2020 (Fig. S1).

Efficacy

In total, 30 patients experienced a cumulative count of 52
relapses, leaving 57 individuals relapse-free during the
observation period. Among the patients with ongoing
relapse activity, the larger portion had either one (n = 17,
20%) or two relapses (n = 9, 10%), whereas four patients
(5%) had three or more relapses during the follow-up
period. The ARR significantly declined from 1.16 (95%
CI 0.95-1.42) before ALEM to 0.15 (95% CI 0.09-0.21)
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across Years 1 to 9 (p < 0.001, Fig. 1A,B). The subgroup
analysis of patients with ongoing relapse activity (n = 30)
revealed a drop of the ARR from 1.20 (95% CI 0.81—
1.79) to 0.44 (95% CI 0.29-0.59) (p = 0.008, Fig. 1C,D).

The median EDSS score at BL and at the end of the
follow-up period were 2.5 (IQR 1.8-3.5) and 2.0 (IQR
1.0-3.5), respectively (Fig. 1E). The EDSS score improved
in 45 (52%), remained stable in 15 (17%), and worsened
in 27 (31%) individuals. At Year 5 (n = 53), significantly
more patients achieved CDI (58%, 95% CI 45%—-71%)
than had experienced PIRA (14%, 95% CI 7.5%-24%)
and 58% (95% CI 46%-70%) remained relapse-free
(Fig. 2A-C).

Two patients received a third ALEM course, while no
individual had four or more cycles. A subsequent DMT
was started in 19 (22%) patients after a median of 56
(range 15-89) months from initiating ALEM (Fig. 2D,
Table S1). The details for starting a new DMT were
available in 15 patients: received subsequent
immunotherapy due to a combination of clinical relapse
and MRI activity, five due to isolated MRI activity, one
following a clinical relapse without signs of MRI activ-

seven

ity, and one due to relapse-independent EDSS progres-
sion. One individual started a new DMT upon personal
request in Year 7. Most of these patients (74%)
received anti-CD20 monoclonal antibodies, and all but
one patient switched to high-efficacy DMTs after ALEM
discontinuation.

We found no significant association between the
investigated BL parameters and the occurrence or num-
ber of relapses after ALEM initiation. An EDSS increase
at the end of the observation period was associated
with a longer disease duration at ALEM start
(p <0.001, r=10.35), a higher BL EDSS (p < 0.001,
r=0.76), and usage of a higher number of DMTs
before ALEM (p = 0.014, r = 0.26), especially with
high-efficacy DMTs (p = 0.004, median EDSS differ-
ences 1.0 (95% CI 0.0-2.0), Table 2)). In comparison,
treatment-naive patients at the time of ALEM initiation
had lower EDSS scores at the last follow-up visit
(p = 0.017, median EDSS difference 1.0 (95% CI 0.0—
2.2)). Occurrence of PIRA was associated with a higher
number of DMTs prior to ALEM start (p = 0.04, HR
3.06 [95% CI 1.05-8.89], Fig. S2). Achievement of CDI
was associated with a shorter disease duration at the
time of ALEM start (p < 0.001, HR 0.86 [95% CI
0.80-0.93]). The usage of high-efficacy DMTs prior to
ALEM was a strong predictor for not achieving CDI
(p <0.001; HR =5.2 [95% CI 2.66-10.0]). Moreover,
pretreatment with natalizumab (p = 0.025, HR 3.9
[95% CI 1.18-12.9]) and fingolimod (p = 0.016, HR
2.3 [95% CI 1.16-4.58]) were both associated with not
achieving CDI. No investigated BL parameter could

Real-World Usage of Alemtuzumab in MS

predict the necessity of
following ALEM.

subsequent DMT usage

Safety

Infusion-related reactions were common and observed in
31 (36%) patients. These adverse events most frequently
consisted of rash or urticaria (81%), flu-like symptoms
(13%), and arterial hypertension (6%). One patient expe-
rienced transient bradycardia and another transient tachy-
cardia  during the administration of ALEM.
Noninfusion-related events were reported in 39 (45%)
patients, ranging from one (n = 30) to three (n = 1) per
patient. Twenty-six patients (30%) developed secondary
autoimmune thyroid disorders, peaking at Years 2 to 4
(Fig. 3). No thyroid-related adverse events occurred dur-
ing Years 6 to 9. One patient developed immune throm-
bocytopenic purpura (ITP) 28 months from the initiation
of ALEM. The thrombocyte counts recovered after intra-
venous treatment with steroids, immunoglobulins (IVIG),
and rituximab. This single rituximab infusion adminis-
tered due to ITP was not considered as subsequent DMT,
and consequently, this individual remained in the study.
Another patient was diagnosed with macrophage activa-
tion syndrome at Month 25 and an additional patient
with psoriasis at Month 27. Infectious adverse events were
reported in 16 patients (18%); all were categorized as
nonsevere and urinary tract infections prevailed among.
Four patients were diagnosed with localized herpetic
infections at a median of 35 (range 26-44) months after
starting ALEM. All four patients had thoracic herpes zos-
ter. No opportunistic CNS infections and no vascular side
effects were observed, and no patient died.

Comparison with other real-world cohorts

Table 3 summarizes the outcomes of 20 real-world
cohorts after ALEM treatment. These studies encompass a
total of 2605 individuals, primarily from multicenter
studies.”” > The number of patients reported ranged
from 19 to 883. The follow-up duration in most of these
studies covered 2 to 3 years of observation after ALEM
start. The demographic characteristics, including age, dis-
ease duration, and gender, were comparable for most
studies. However, the treatment history at the time of
ALEM start varied across the cohorts, with a range of 0%
to 73% of patients being treatment naive at BL, which
suggests different approaches to the usage of ALEM. The
available studies consistently demonstrate a significant
reduction in the ARR, in line with the findings of our
study. However, conflicting evidence exists regarding the
efficacy of ALEM on the EDSS course. Some studies
reported improvements in the EDSS compared to baseline
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Figure 1. Long-term effects of ALEM on the annualized relapse rate (ARR) and on the EDSS. (A, B) ARR among the whole cohort. (C, D) ARR
among patients with ongoing relapse activity throughout the observation period. (E) Median EDSS scores at baseline (BL) and at the last available
follow-up; (A, C) data are shown as means with 95% Cl; (E) The BL EDSS refers to the EDSS at 30 days from ALEM start. ALEM, alemtuzumab;
BL, baseline; Cl, confidence interval; EDSS, Expanded Disability Status Scale.
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Figure 2. Time-to-event analyses on the achievement of CDI (A), the occurrence of PIRA (B) and relapses (C) and subsequent DMT usage (D).
CDI, confirmed disability improvement; PIRA, progression independent of relapse activity; Tx switch, disease-modifying therapy (DMT) after ALEM

treatment.

values, whereas most studies including our own showed
no statistically significant changes®>******»*  or an
increase in the EDSS score.” We found a lower rate of
infusion-related side effects in our retrospective cohort
analysis compared to other studies. However, rates of
infectious events (18%) and secondary autoimmune dis-
orders (30%) align with findings
real-world and pivotal studies.

from available

Discussion

This nationwide observational study corroborates the
findings of the pivotal trials of ALEM in relapsing—remit-
ting MS, which revealed a profound reduction of the
ARR over the period of 5 years. Our long-term results
expand the evidence for the efficacy and safety of ALEM
in real-world,***¢3%1 and show a favorable effect of
ALEM on the ARR that could last for up to 9 years. In
our cohort, the mean ARR declined from 1.16 (95% CI
0.95-1.42) in the 12 months before ALEM start to 0.15

© 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

(95% CI 0.09-0.21) throughout Years 1 to 9, with most
patients remaining relapse-free. Half of the patients were
switched to ALEM from prior high-efficacy DMTs, under-
scoring that a substantial number of patients in this
cohort had a highly active MS course.

Various modes of action have been proposed to explain
the durable effects of ALEM in MS. Among are the induc-
tion of immune tolerance, the profound depletion of mem-
ory B cells, and lasting effects on T helper 17 cells.”®***
ALEM is considered to act as an immune reconstitution
therapy (IRT) that aims to rebuild a healthy immune rep-
ertoire through pulsed immunosuppression.® In our
cohort, only two patients received additional ALEM
courses, and only a minority (22%) required a subsequent
DMT (mostly in Years 4 to 6 and following relapses and
MRI activity) throughout the study period, underpinning
the durability of ALEM effects observed in the pivotal
trials.”'? The number of patients from this cohort requir-
ing subsequent DMTs will likely rise with prolonged
follow-up. Anti-CD20 monoclonal antibodies were the
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Table 2. Analysis of BL characteristics and outcome following ALEM
treatment.

Baseline variables p-value Correlation
EDSS increase at last follow-up
MS duration at <0.001 r=0.35
ALEM initiation
BL EDSS <0.001 r=0.76
Treatment naive 0.0172 Median EDSS difference = 1.0
(95% Cl 0.0-2.20)°
No. DMTs prior 0.014° r=0.26
ALEM
High-efficacy 0.004° Median EDSS differences = 1.0
pretreatment (95% Cl 0.0-2.0)
Switch from NAT 0.004% Median EDSS differences = 1.0
(95% C10.5-2.20)°
PIRA "yes/no”
No. DMTs prior to 0.04¢ HR 3.06 (95% Cl 1.05-8.89)
ALEM
Achievement of CDI “yes/no”
Age at MS 0.04¢ HR 1.96 (1.03-3.74)
diagnosis
MS duration at 0.00009° HR 0.86 (0.80-0.93)
ALEM initiation
High-efficacy DMTs ~ <0.001°¢ HR 5.16 (95% Cl 2.66-10.0)
prior to ALEM
Switch from NAT 0.025¢ HR 3.9 (95% Cl: 1.18-12.9)
Switch from FTY 0.016° HR 2.3 (95% Cl: 1.16-4.58)

ALEM, alemtuzumab; BL, baseline; CDI, confirmed disability improve-
ment; Cl, confidence interval, DMT, disease-modifying therapy; EDSS,
Expanded Disability Status Scale; FTY, fingolimod; HR, hazard ratio
(Cox-regression model); MS, multiple sclerosis; NAT, natalizumab; No.,
number of; OR, odds ratio (logistic regression); PIRA, progression inde-
pendent of relapse activity; r, Spearman correlation coefficient.
*Wilcoxon-Mann-Whitney based on 10,000 Monte-Carlo simulations.
PHodges-Lehmann 95% Cl.

“Cox-regression model.
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Figure 3. Thyroid-related adverse events (AE) following ALEM treatment.
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most frequently used post-ALEM treatment choices (14/
19), and only one patient was switched to a low-moderate
efficacy DMT. The Austrian treatment sequencing contrasts
the approach of the CARE-MS I/II, extension, and
open-label extension study (TOPAZ) with 11-13 years of
observation.'> There, almost half of the patients received
>2 and up to 8 ALEM cycles. In this regard, the EMA
licensed the monoclonal anti-CD20 antibody ocrelizumab
in 2018.” The availability of another highly active treatment
option with a different mode of action is likely to explain
the advancement of the Austrian treatment strategy in
patients with ongoing inflammatory disease activity despite
treatment with ALEM.

For relapse-independent disability outcomes, we found
that the proportions of patients who achieved CDI (58%)
were markedly higher than those with PIRA (14%). This
observation indicates that ALEM may halt disability pro-
gression in the absence of overt relapses. In an Italian
multicenter study, sustained disability improvement
(SDI), defined as a sustained reduction of >1.0 points in
EDSS, was achieved by 28% over 36 months of follow-
up, and most patients remained free of relapses and EDSS
worsening.”” A 6-month confirmed disease improvement
(defined as >1.0-points decrease of the EDSS) was present
in 37%-49% of patients from the open-label extension
study (TOPAZ) of the pivotal trials.'”'"'> There, early
ALEM usage increased the likelihood for not requiring
additional treatment courses and to remain free from
6-month confirmed EDSS worsening.'” These findings are
consistent with our results, as treatment-naive individuals
and those with a shorter MS duration at the time of
ALEM start had a favorable outcome regarding their
EDSS at the last follow-up while prior usage of high-
efficacy DMTs was significantly associated with not

100%
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achieving CDI during the follow-up. Also, more pretreat-
ments and previous use of natalizumab were associated
with higher EDSS scores at the end of the observation
period. Moreover, a greater number of DMTs at BL was
associated with higher PIRA-rates. In conclusion, ALEM
appears most effective to reverse disability and halt dis-
ease progression when started early in the disease.

Immune reconstitution therapies such as ALEM carry
several advantages compared to continuously adminis-
tered DMTs, including high adherence to treatment and
lower risks of adverse events related to chronic immuno-
suppression. However, immune-mediated adverse events
targeting the thyroid, kidney, and platelets were not only
observed during the core phase of the pivotal trials. Post-
marketing studies also revealed new safety concerns,
including fatal outcomes from severe vascular events such
as myocardial infarction, intracerebral bleeding, and cervi-
cocephalic arterial dissection, mostly occurring within
days from ALEM administration.*>** While the majority
of patients who developed acute coronary syndrome had
cerebrovascular risk factors, no particular pattern of risk
factors was identified among patients with cerebral
stroke.**** In this regard, ALEM administration is associ-
ated with increased blood pressure, and vital signs should
be closely monitored before and during infusion.***°
These postmarketing safety issues led to EMA’s Pharma-
covigilance Risk Assessment Committee (PRAC) recom-
mendation in 2019 that ALEM must no longer be used in
patients with certain heart, circulation or bleeding disor-
ders, or in patients who have autoimmune disorders
other than MS.*”*® In the Austrian cohort, no fatal vascu-
lar events were reported. A subset of our patients devel-
oped thyroid disorders, which are the most frequently
associated autoimmune adverse events related to ALEM,
and reported in about 40% of MS patients during
long-term follow-up.*”*® In contrast to the rare but
potentially fatal vascular events and opportunistic infec-
tions, secondary autoimmune events are generally man-
ageable when recognized early. Of note, a total of 11
deaths occurred during TOPAZ, including two from
cancer.'® Both cancer cases (metastatic rectal cancer, met-
astatic carcinoma of wunspecified localization) were
deemed related to ALEM.

Considering the growing availability of highly effective
alternative DMTs, ALEM’s updated safety profile makes it
a lesser chosen treatment option, despite its undeniable
effects on disease activity. Additionally, the COVID-19
pandemic impacted the prescription rate of ALEM, as it
was uncertain, whether the risk for unfavorable COVID-
19 outcomes would increase with during the phase of
immune depletion and whether the immune responses to
vaccination would be compromised.”"** In fact, only four
patients have started ALEM in Austria from 2019 to

T. Moser et al.

2022. In the meantime, the available evidence indicates
that ALEM treatment does not interfere with humoral
and T-cell responses to vaccination or with COVID-19
outcomes.””>*

This observational study is limited by the lack of sys-
tematic MRI and laboratory data. Although achievement
of CDI and occurrence of PIRA are clinically meaningful
outcome measures, they may not capture discrete changes
especially among patients with higher EDSS scores. Yet,
the median EDSS scores in our cohort were relatively low
and we have chosen a 6-month confirmed 0.5-points
change for the definition of disability outcomes to avoid
neglecting subtle changes in the patient’s functional per-
formance. Importantly, there is no uniform definition for
neither CDI nor for PIRA, ranging from EDSS changes of
>0.5 to >1.5 and confirmation periods of 12 weeks to sev-
eral years.” Although several cohorts have reported bene-
fits of ALEM in terms of EDSS and disability
improvements (Table 3), we cannot exclude that the high
CDI rates among our study are to some amount associ-
ated with the natural remission of the disease and with
symptomatic therapies.” Lastly, a reporting bias concern-
ing the collection of data in the registry might explain the
lower incidence of infusion-related side effects. Strengths
of this work include the follow-up duration and the
nationwide coverage that enhances the generalizability of
our findings.

Conclusion

Functional improvement as reflected by the high CDI
rates is an important benefit of immune reconstitution
therapy with ALEM in our nationwide real-world cohort.
While potential mechanisms that may drive neurological
recovery remain elusive, our analysis suggests that disabil-
ity accumulation may be reversible or at least preventable.
The efficacy data support a role for ALEM treatment early
in the disease course, aligning with the hit-hard-and-early
concept. However, due to safety concerns, EMA’s PRAC
recommended restricting ALEM for use in adults with
RRMS that is highly active despite adequate treatment
with at least one DMT or if the disease is worsening rap-
idly with at least two disabling relapses in a year and
brain-imaging showing new damage.
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