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Abstract

Background and objectives: Alemtuzumab demonstrated superior efficacy versus
subcutaneous interferon (IFN) beta-1a in participants with relapsing-remitting multiple
sclerosis in the 2-year CARE-MS | and Il trials. Efficacy was maintained in the 4-year
CARE-MS extension, during which alemtuzumab-treated participants (‘alemtuzumab-only’)
could receive additional courses upon disease activity, and IFN-treated participants switched
to alemtuzumab ('IFN-alemtuzumab’). Participants who completed the CARE-MS extension
could enroll in the open-label TOPAZ study which assessed safety and efficacy for 5-7years
(11-13years after alemtuzumab/IFN initiation).

Methods: Participants received additional alemtuzumab courses as needed. Assessments
included adverse events (AEs; primary outcome), annualized relapse rate (ARR], 6-month
confirmed disability worsening [CDW; =1.0-point Expanded Disability Status Scale (EDSS)
score increase or =1.5 if baseline EDSS=0], and 6-month confirmed disease improvement
[CDI; >1.0-point EDSS decrease (baseline score =2.0]].

Results: 43.5% of alemtuzumab-only participants from CARE-MS Il and 54.2% from

CARE-MS | received no additional alemtuzumab courses; 30.0% and 20.9%, respectively,
received one additional course (the median). Incidences of AEs, including thyroid AEs and
infections, declined over time. The safety profile of alemtuzumab was similar for participants who
received zero, one, or two additional courses. For CARE-MS |l participants, who had inadequate
response to previous treatment, ARR remained low during Years 3-13 for the alemtuzumab-only
[0.17; 95% confidence interval (Cl) 0.15-0.20] and IFN-alemtuzumab (0.14; 0.11-0.17) groups.

At Year 11, the proportions of participants who were either free from CDW or who had CDI were
higher in the alemtuzumab-only group (58% and 49%, respectively) than in the IFN-alemtuzumab
group (51% and 37%). For CARE-MS | participants, who were previously treatment-naive, clinical
outcomes remained improved, and no between-group differences were apparent.

Conclusion: Safety risks associated with alemtuzumab treatment declined over time. Clinical
benefits were maintained up to 11-13years, and most participants did not require more than
one additional course.
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Introduction

Relapsing-remitting multiple sclerosis (RRMS) is
a chronic inflammatory neurodegenerative dis-
ease that involves demyelination, axonal loss, and
disability accumulation over time.! Although dis-
ease duration can typically last for decades,? most
clinical trials assess the effects of disease-modify-
ing therapies (DMTs) over a relatively short
period of time (typically less than 3 years),! which
limits the evaluation of long-term disability.>
It remains vital to establish the enduring benefit-
risk balance of DMTs, particularly high-efficacy
DMTs, which have the most complex safety pro-
file, but are likely to provide the greatest protec-
tion against disability accumulation.*

Alemtuzumab (Lemtrada®; Sanofi, Cambridge,
MA) is a high-efficacy DMT for RRMS that tar-
gets CD52-expressing B and T cells for deple-
tion, enabling subsequent repopulation of B and
T cells with lower pathogenicity.>% Compared
with most other DMTs for RRMS that require
life-long dosing,” treatment with alemtuzumab
requires brief and infrequent dosing, with two
courses administered 12months apart and addi-
tional courses provided only upon evidence of
disease activity.® The phase III CARE-MS trials
compared the efficacy and safety of IV alemtu-
zumab versus subcutaneous interferon (IFN)
beta-1a (SC IFNB-1a) over 2years in treatment-
naive participants with RRMS (CARE-MS I;
NCT00530348)° and participants with inade-
quate response to prior therapy (CARE-MS II;
NCT00548405).1° Both studies demonstrated
significantly greater improvements in clinical and
magnetic resonance imaging (MRI) outcomes at
Year 2 with alemtuzumab versus SC IFNB-1a,
including reductions in relapses, gadolinium
(Gd)-enhancing lesions, new or enlarging T2
lesions, and brain volume loss.%10 A reduction in
disability accumulation was also observed for
alemtuzumab in CARE-MS II.1° The most
important adverse events (AEs) reported in the
CARE-MS studies were infusion-associated reac-
tions, autoimmune conditions (including thyroid
disorders), and infections. In addition, several
rare but serious AEs have been reported in post-
marketing studies, including hemorrhagic stroke,
pulmonary alveolar hemorrhage, myocardial
infarction, and cervicocephalic arterial dissection,
possibly related to infusion.!!

Extension studies support a favorable long-term
benefit-risk balance of alemtuzumab. People who

completed CARE-MS I and II could enroll in the
4-year CARE-MS extension study INCT00930553),
in which participants who received alemtuzumab
in the core studies could receive as-needed addi-
tional courses (the ‘alemtuzumab-only’ group),
and participants who received SC IFNB-1a in the
core studies switched to alemtuzumab (the TFN-
alemtuzumab’ group).1%-14 People who completed
the CARE-MS extension study were invited to
enroll into TOPAZ (a long-Term follow-up
study for multiple sclerOsis Patients who have
completed the AlemtuZumab extension study;
NCT02255656), a follow-up study to assess the
long-term safety of alemtuzumab and the durabil-
ity of clinical efficacy and MRI outcomes over
5years, with follow-up continuing for up to two
additional years for some participants. Previous
reports from CARE-MS extension studies and
TOPAZ showed that the efficacy of alemtuzumab
was maintained for up to 10years after treatment
initiation and that the incidence of AEs generally
declined with time.12-16

This report presents the final data from TOPAZ
(up to 13-years of follow-up), with a focus on par-
ticipants who had an inadequate response to prior
therapy and were initially enrolled in the
CARE-MS II core study.

Methods

Study design

The study designs for the CARE-MS I and II
core studies, the CARE-MS extension study, and
the TOPAZ study are illustrated in Supplemental
Figure 1.

Results from the 2-year CARE-MS core studies and
4-year CARE-MS extension study have been pub-
lished previously.%1%12 In brief, CARE-MS I and II
were randomized, rater-blinded, active-controlled
trials of IV alemtuzumab 12mg/day (for five con-
secutive days at baseline and for three consecutive
days 12months later) versus SC IFNB-1a 44 ug three
times/week for 2 years.10 The CARE-MS extension
study was a single-arm study in which participants
who received alemtuzumab in the core study were
eligible to receive additional alemtuzumab courses
(12mg/day for three consecutive days =12months
after the previous alemtuzumab course) upon evi-
dence of disease activity (=1 relapse or =2 new/
enlarging T2 hyperintense and/or Gd-enhancing
MRI lesions).!? Participants who received SC
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IFNB-1a in the core study discontinued that treat-
ment at the beginning of the extension study and
received alemtuzumab 12 mg/day (for five consecu-
tive days and an additional 3-day course =12 months
later), with as-needed additional courses as described
above. Participants were allowed to receive other
licensed DMTss at the discretion of their treating neu-
rologist. The CARE-MS extension also enrolled par-
ticipants who received alemtuzumab 24mg/day in
CARE-MS II and participants from a phase II study
of alemtuzumab; those participants were excluded
from these analyses.

TOPAZ was a phase IIIb/IV, international open-
label study of participants who completed the
CARE-MS extension study at 142 centers (aca-
demic medical centers and clinical practices) in 21
countries (Europe, America, Australia, and Israel).
For 5years, participants could receive additional
alemtuzumab courses (12mg/day for three consec-
utive days =12months after the previous alemtu-
zumab course) at the investigator’s discretion upon
clinical or radiological evidence of disease activity.
Participants could also receive other licensed DMT's
at the investigator’s discretion; however, these par-
ticipants were required to discontinue treatment
with other DMTs before receiving an additional
alemtuzumab course and were not included in effi-
cacy analyses. The first participant was enrolled into
TOPAZ on 7 January 2015, and the last participant
completed the study on 15 July 2020.

Participants

Eligibility criteria for the core and extension stud-
ies have been published previously.%1%12 In brief,
adults (18-50years old for CARE-MS I and
18-55years old for CARE-MS II) with RRMS were
eligible to enroll in the core studies. Participants
with previously untreated disease were enrolled to
CARE-MS 1.° Participants who had been previ-
ously treated (most commonly with IFNB-1a and/
or glatiramer), but still had relapse activity, were
enrolled into CARE-MS II.1° Participants who
completed the core studies were eligible to enroll
into the CARE-MS extension study.!? Participants
could continue into TOPAZ if they had completed
at least 48 months in the extension study.

Primary endpoint [Safety)

The primary endpoint of TOPAZ was long-term
safety of alemtuzumab, evaluated via treatment-
emergent AEs (TEAEs), serious TEAEs (defined

as per Good Clinical Practice guidelines), AEs of
special interest (AESIs), and clinically significant
changes in laboratory parameters. AESIs included
autoimmune-mediated conditions, malignancy,
serious infections, and infusion-associated reac-
tions. Infusion-associated reactions were defined
as any AE with onset during or within 24h of an
alemtuzumab infusion. AEs were reported at least
every 6months. Laboratory parameters were
measured monthly for 48 months after an alemtu-
zumab course.

Secondary endpoints (Efficacy]

The Expanded Disability Status Scale (EDSS)
was assessed by qualified practitioners during
scheduled 6-monthly study visits and at the time
of a suspected relapse. Relapses required objec-
tive signs on neurological assessment lasting at
least 48h and present at normal body tempera-
ture, and were verified at each 6-monthly study
visit. Brain MRI scans were performed every
12months and read by blinded assessors at
NeuroRx Research (Montréal, QC Canada; for
lesion-based analyses) and the Cleveland Clinic
[Cleveland, OH, USA; for brain parenchymal
fraction (BPF) analysis].

Clinical efficacy endpoints included the propor-
tions of participants free of 6-month confirmed
disability worsening [CDW; =1.0-point increase
in EDSS from core study baseline (or =1.5-point
increase if baseline EDSS was 0)] and with
6-month confirmed disability improvement
(CDI; >1.0-point decrease in EDSS from base-
line in participants with core study baseline EDSS
score =2.0); change from baseline in EDSS score;
the proportions of participants with stable
(=<0.5points change) or improved (=1.0-point
decrease) EDSS score relative to baseline; annu-
alized relapse rate (ARR); and the proportion of
participants who remained relapse free.

MRI outcomes included the cumulative propor-
tion of participants without MRI disease activity
[no new Gd-enhancing lesions, new/enlarging T2
hyperintense lesions, or new T1 (and new hypoin-
tense T1) lesions since the last scan]; the cumula-
tive proportion of participants without new
Gd-enhancing lesions; the cumulative proportion
of participants without new/enlarging T2 lesions;
and annual brain volume loss assessed via BPF.
Distribution-free estimates for annual BPF were
obtained for the CI of the median.
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Statistical analyses

Analyses were based on all available data (without
imputation) for all alemtuzumab-only and IFN-
alemtuzumab participants. All analyses were
stratified by core study (CARE-MS I or II).
Yearly interim analyses were performed.

Analyses of TEAEs included the exposure-
adjusted incidence rates (EAIRs), calculated as
the number of participants with the first TEAE in
the time interval divided by the total follow-up
duration in years for all participants in that time
interval (censoring at the time of TEAE for par-
ticipants counted in the numerator), multiplied
by 100. The proportions of participants with
CDW or CDI and the proportion who remained
relapse free were estimated using Kaplan—Meier
estimates. ARR was calculated using negative
binomial regression with robust variance estima-
tion adjusted for geographic region.

Exploratory post hoc analyses of participant sub-
groups, according to the number of alemtuzumab
courses received (0 to 5+) and the time since last
infusion (=<30days to 4+ years), were conducted
for participants receiving alemtuzumab 12mg/
day during CARE-MS II who subsequently
entered the extension trials.

Safety and efficacy endpoints were analyzed using
summary statistics (7, mean, median, range, SD, and
standard error for continuous variables; frequencies
and percentages for categorical variables). No for-
mal hypothesis testing was done, although the two-
sided 95% CI was calculated where appropriate.

Standard protocol approvals, registrations,

and patient consents

The study was conducted in accordance with the
principles laid out in the Declaration of Helsinki
and all applicable local, national, and international
regulations and guidelines. The approving ethics
boards are listed in the Supplemental Material. All
participants signed an informed consent form
before enrolling in the study. This trial is registered
with ClinicalTrials.gov INCT02255656).

Results
Participants

CARE-MS Il. Among participants who enrolled in
the CARE-MS II study, 207/435 (48%) initially

randomized to alemtuzumab, and 78/202 (39%)
initially randomized to SC IFNB-1a continued in
the study extensions through Year 11 (Figure 1).
Follow-up continued for up to two additional
years for some participants. In the alemtuzumab-
only group, 61 participants completed Year 12
and 8 completed Year 13; in the IFN-alemtu-
zumab group, 24 completed Year 12 and 3 com-
pleted Year 13.

In the extension studies, 222/393 (56.5%) par-
ticipants in the alemtuzumab-only group and
61/143 (42.7%) in the IFN-alemtuzumab group
received at least one additional course of alemtu-
zumab [i.e. three or more courses; Figure 2(a)];
30.0% (alemtuzumab-only) and 28.0% (IFN-
alemtuzumab) of participants received exactly
three courses. A total of 150/393 (38.2%) partici-
pants in the alemtuzumab-only group and 74/143
(51.7%) in the IFN-alemtuzumab group did not
receive additional alemtuzumab courses or other
DMT. During the first year of TOPAZ (Year 7),
31/336 (9.2%) participants in the alemtuzumab-
only group and 18/123 (14.6%) in the IFN-
alemtuzumab group received an additional course
[Figure 2(b)—(c)]. Participants received a median
(interquartile range) of 1 (1-2) additional alemtu-
zumab courses during the extension and TOPAZ
studies. A total of 37.7% of participants in the
alemtuzumab-only group who completed TOPAZ
received no additional courses, with 31.4%
receiving one, 18.4% receiving two, 9.7% receiv-
ing three, and 2.9% receiving four or more.

Characteristics of participants at CARE-MS II
baseline and at entry to TOPAZ are presented in
Table 1. Participants who received at least one
additional alemtuzumab course during the exten-
sion were slightly younger than participants who
did not receive additional courses, whereas par-
ticipants who received three or more additional
courses had higher mean Gd-enhancing lesion
counts 2years after treatment initiation
(Supplemental Table 1). There were no notable
differences in baseline characteristics between
participants who completed Year 11 and those
who enrolled in TOPAZ (data not shown).

CARE-MS |. Among participants who initially
enrolled in CARE-MS 1, 257/376 (68%) assigned
to alemtuzumab, and 109/139 (78%) assigned to
SC IFNB-1a, continued through Year 11 (Sup-
plemental Figure 2). Follow-up continued for up
to two additional years for some participants.
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| CARE-MS Il (V = 637) |

I

| Alemtuzumab 12 mg (n = 435) |

| subcutaneous IFNB-1a (n = 202) |

Discontinued (n=42)
Adverse event, n =1
Death,n=2
Other®, n=9
Did not enroll in CARE-MS
extension, 7 = 30

Discontinued (n = 56)
Lack of efficacy, n = 6
Adverse event, N=6
Other, n =15
Did not enroll in CARE-MS
extension/did not receive
alemtuzumab, n=29

v

Entered CARE-MS extension (n = 393)
189 (48%) received no additional treatment
43 (11%) received another DMT

Entered CARE-MS extension (7 = 146)
97 (66%) received no additional treatment®
14 (10%) received another DMT

Discontinued (n = 83)
Lack of efficacy,n =2
Death, n=1
Other®, n =52
Unknown/did not enroll in TOPAZ,
n=28

Discontinued (1 = 24)
Adverse event, n=1
Death,n =1
Other®, n= 21
Unknown/did not enroll in TOPAZ,
n=1

Entered TOPAZ (n = 310)
139 (45%) received no additional treatment
31 (10%) received another DMT

Entered TOPAZ (n = 122)
77 (63%) received no additional treatment

11 (9%) received another DMT

Discontinued (n = 103)
Adverse event, n =4
Other®, n=99

y

Discontinued (n = 44)
Other®, n = 44

Completed Year 11 of follow-up
n =207/435 (48%)

Completed Year 11 of follow-up
n=78/202 (39%)

Figure 1. Disposition of participants from the 2-year core CARE-MS Il study through to the CARE-MS and

TOPAZ extension studies.

aReasons included lost to follow-up, physician’s decision, withdrawal of patient’s consent, study terminated by the sponsor

or other, non-specified reasons.

PAll participants initially randomized to receive SC IFNB-1a in the core study received two courses of alemtuzumab in the

CARE-MS extension.

DMT, disease-modifying therapy; SC IFNB-1a, subcutaneous interferon beta-1a.

In the alemtuzumab-only group, 140 completed
Year 12 and 17 completed Year 13; in the IFN-
alemtuzumab group, 49 completed Year 12 and 4
completed Year 13.

In the extension studies, 160/349 (45.8%) par-
ticipants in the alemtuzumab-only group and
63/139 (45.3%) in the IFN-alemtuzumab group
received at least one additional course of alemtu-
zumab during the study extensions [Supplemental
Figure 3(a)]; 20.9% (alemtuzumab-only) and
26.6% (IFN-alemtuzumab) of participants
received exactly three courses. A total of 181/349
(51.9%) participants in the alemtuzumab-only
group and 73/139 (52.5%) in the IFN-
alemtuzumab group did not receive additional
alemtuzumab courses or other DMT. During the
first year of TOPAZ (Year 7), 38/321 (11.8%)
participants initially randomized to alemtuzumab
and 13/122 (10.7%) initially randomized to

SC IFNB-la received an additional course
[Supplemental Figure 3(b)—(c)].

Characteristics of participants at CARE-MS 1
baseline and at entry to TOPAZ are presented in
Supplemental Table 2.

Safety endpoints

CARE-MS |I. Alemtuzumab had a consistent
safety profile over 13 years (Table 2). During the
overall time period of alemtuzumab treatment,
TEAEs were reported for 434/435 (99.8%) of
participants in the alemtuzumab-only group
(Years 0-13) and for 140/143 (97.9%) in the
IFN-alemtuzumab group (Years 3-13), with the
incidence of TEAEs and AESIs generally declin-
ing over time. Serious TEAEs were reported for
208/435 (47.8%) and 57/143 (39.9%) of partici-
pants, respectively, during the same period.
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Follow-up year
(No. of participants enrolled)

Figure 2. (a) Total number of alemtuzumab courses during the CARE-MS Il core study and CARE-MS and TOPAZ
extension studies. Participants in the IFN-alemtuzumab group were eligible to receive SC IFNB-1a during

Years 1-2 and alemtuzumab during Years 3-11. (b and c) Receipt of alemtuzumab courses 3-8 by study year for
participants in the CARE-MS (Years 3-6) and TOPAZ (Year 7-13) extension studies in the (b) alemtuzumab-only
group (n=393) and (c] IFN-alemtuzumab group (n=143). SC IFNB-1a, subcutaneous interferon beta-1a.

Among all participants who received at least one
course of alemtuzumab, the cumulative incidence
of thyroid TEAEs was 44.6% and the cumulative
incidence of immune thrombocytopenia was

3.7%. Infusion-associated reactions were reported
for 399/435 (91.7%) participants in the alemtu-
zumab-only group and for 130/143 (90.9%) in
the IFN-alemtuzumab group. TEAEs led to

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

AJ Coles, A Achiron et al.

Table 1. Demographics and disease characteristics for participants from TOPAZ at CARE-MS Il core study baseline and at the start

of TOPAZ.

CARE-MS Il baseline Start of TOPAZ

IFN-alemtuzumab? Alemtuzumab- IFN-alemtuzumab? Alemtuzumab-

(n=202) only (n=435) (n=122) only (n=310)
Age, years 35.8 (8.8 34.7(8.3) 42.4(8.8) 41.9 (8.4)
Female, n (%) 131 (64.9) 287 (66.0) 76 (62.3) 205 (66.1)
White, n (%) 187 (92.6) 392 (90.1) 114 (93.4) 285(91.9)
EDSS score 2.7(1.2) 2.7(1.3) 3.0(1.7) 2.8(1.7)
Years since initial episode 4.7 (2.9) 4.5(2.7) 11.6 (2.8) 11.0 (2.6)
Relapses
Previous year 1.5(0.8) 1.7(0.9) 0.2(0.4) 0.2(0.4)
Previous 2years 2.6 (1.0) 2.8(1.2) 0.4 (0.6) 0.3(0.7)
Gd-enhancing lesion count 2.1 (4.9) 2.3(6.0) 0.3(1.6) 0.3(1.2)
Participants with Gd-enhancing 87/199 (43.7) 181/429 (42.2) 14/122 (11.5) 31/210(10.0)
lesions, n/N (%)
T2-hyperintense lesion volume, cm3 9.0 (10.4) 10.0 (12.2) 9.0(10.2) 10.2(12.2)
Brain parenchymal fraction, median ~ 0.82 0.82 0.81 0.81

aParticipants in the IFN-alemtuzumab group were eligible to receive SC IFNB-1a during Years 1-2 and alemtuzumab during Years 3-11.

Values shown are mean (SD) except where stated.

EDSS, Expanded Disability Status Scale; Gd, gadolinium; SC IFNB-1a, subcutaneous interferon beta-1a.

treatment withdrawal for 22/435 (5.1%) and
8/143 (5.6%) of participants in the alemtuzumab-
only and IFN-alemtuzumab groups, respectively.

In exploratory subgroup analyses, the AE profile of
alemtuzumab was similar between participants who
received zero, one, or two additional courses during
the extension phase (Supplemental Table 3). The
38 participants who received a third additional
course generally experienced fewer TEAEs.
Infusion-associated reactions were the most com-
mon TEAE:s in the first 30days post-infusion, with
infections and MS relapse most common in the
31days to 2years after infusion. Considerably fewer
TEAEs were observed more than 2years after
infusion.

Participants who received their third alemtu-
zumab course within 2years of the previous two
courses experienced similar safety events for the
remainder of the study to those who received their
third course 2 or more years later, with somewhat
higher frequency (Supplemental Table 4).

CARE-MS |. During the overall time period of
alemtuzumab treatment, TEAEs were reported
for 370/376 (98.4%) of participants in the alem-
tuzumab-only group (Years 0-13) and for
136/139 (97.8%) in the IFN-alemtuzumab group
(Years 3-13) (Supplemental; Table 5). Serious
TEAEs were reported for 152/376 (40.4%) and
53/139 (38.1%) of participants, respectively,
during the same time period. TEAEs led to treat-
ment withdrawal for 6/376 (1.6%) and 2/139
(1.4%) of participants, respectively.

A total of 11 deaths occurred during TOPAZ,
including two from cancer, three from septic shock,
one from suicide, one acute and organizing bron-
chopneumonia, one from atrioventricular block
during an unrelated medical procedure, and three
from unknown causes. The two cancer deaths,
which occurred in men who participated in
CARE-MS I, were deemed related to alemtuzumab
by the treating physician. One participant was diag-
nosed with metastatic rectal cancer 9 years 8 months
after the initial course of alemtuzumab, and died
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Table 2. Incidence (%) of AEs for participants from CARE-MS II.

Year e 2 3 4 5 6 7 8 9 10 1 12 13 EAIR
per 100
patient-
yearsb
(Years
0-13)

Alemtuzumab-only, n 435 434 412 387 367 357 336 310 299 287 271 100 9 435

Any AE 94.7 926 833 81.4 79.8 77.0 63.7 54.2 54.2 51.2 36.9 19.0 1.1 670.47
Serious AEs 126 9.9 10.2 14.5 10.4 9.2 9.5 8.7 7.0 9.8 3.0 2.0 0 8.17
Infections 63.2 618 50.0 50.6 44.7 44.0 36.3 29.0 25.4 22.3 18.5 10.0 0 52.25
Serious infections 2.1 1.8 1.2 2.3 1.9 1.7 3.3 1.3 2.3 3.5 0.7 0 0 1.65

Autoimmune AEs¢
Thyroid AEs 5.1 8.8 17.2 5.4 3.3 4.2 2.4 1.0 0 0.7 0.4 1.0 0 7.76
Serious thyroid AEs 0 0.5 3.2 1.3 0 0.3 0.3 0.3 0 0 0 0 0 0.63
ITP 0.2 0.7 0.2 1.8 0.3 0.6 0 0 0.3 0 0 0 0 0.43
Nephropathies 0 0.2 0 0 0 0 0.3 0 0 0 0 0 0 0.05
Malignancies 0 0.5 0.5 0 0 0.6 0.6 0.6 0.3 1.4 0 1.0 0 0.35
Deaths 0 0.5 0 0 0 0.3 0.6 1.3 0 0 0.4 0 0 0.26
IFN-alemtuzumab?, n 143 142 143 140 137 132 123 120 117 114 107 34 3 143
Any AE 90.9 88.7 95.8 85.7 80.3 75.0 70.7 65.0 56.4 5885 41.1 11.8 0 787.18
Serious AEs 16.1 155 133 10.7 10.2 13.6 3.3 7.5 6.0 4.4 2.8 0 0 7.06
Infections 51.0 52.8 573 52.1 51.8 40.9 34.1 27.5 27.4 211 131 5.9 0 47.3
Serious infections 0.7 0.7 2.1 5.0 1.5 3.0 0.8 0.8 2.6 1.8 0 0 0 1.67
Autoimmune AEs¢
Thyroid AEs 1.4 1.4 2.1 10.7 12.4 53 4.1 1.7 0 0.9 0 0 0 6.21
Serious thyroid AEs 0 0 0 0.7 0.7 0 0 0.8 0 0.9 0 0 0 0.37
ITP 0 0 0 0 1.5 0 0 0 0 0 0 0 0 0.18
Nephropathies 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Malignancies 0.7 0 1.4 1.4 0 0 0 0 0 0.9 0 0 0 0.28
Deaths 0 0 0 0 0 0.8 0 0 0 0 0 0 0 0.09

2lncludes 9 CARE-MS Il participants who were randomized to receive alemtuzumab 24 mg, but were administered the 12mg dose.
PEAIR was calculated as follows: (number of participants with first AE in the time interval)/(total follow-up duration (years) of all participants within the time interval,

censoring at the time of AE for participants counted in the numerator) X 100.

cFirst occurrence of AE for a patient.

dParticipants in the IFN-alemtuzumab group were eligible to receive subcutaneous interferon beta-1a (SC IFNB-1a) during Years 1-2 and alemtuzumab during Years

3-11.

AE, adverse event; EAIR, exposure-adjusted incidence rate; ITP, immune thrombocytopenia.

8months later at 55years of age due to this cancer.
The other participant was diagnosed with meta-
static carcinoma of unspecified localization 2years

7 months after the first course of alemtuzumab, and
died 7weeks later at 52years of age due to this
cancer.
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Efficacy endpoints

CARE-MS Il. ARRs across the study extension
period (Years 3-13) were 0.17 (95% CI 0.15—
0.20) in the alemtuzumab-only group and 0.14
(0.11-0.17) in the IFN-alemtuzumab group
[Figure 3(a)]. During the extension studies, ARRs
decreased from 0.22 (95% CI 0.18-0.27)
at Year 3-0.10 (0.06-0.15) at Year 11 in the
alemtuzumab-only group and from 0.12 (0.07—
0.19) atYear 3—0.09 (0.04-0.19) atYear 11 in the
IFN-alemtuzumab group.

Mean changes in EDSS score from baseline to
Year 11 were +0.28 (95% CI 0.03—-0.54) points
in the alemtuzumab-only group and +0.08 (95%
CI 0.22-0.38) points in the IFN-alemtuzumab
group [Figure 3(b)]. Over this time period, 45.9%
of participants in the alemtuzumab-only
group and 47.0% of participants in the
IFN-alemtuzumab group had stable EDSS scores
(i.e. =<0.5-point change from baseline); 20.5% and
23.5%, respectively, had improved EDSS scores
[i.e. =1.0-point increase; Figure 3(b)]. The mean
(SD) EDSS score at baseline was slightly higher
for participants who had improved EDSS scores at
Year 11 [3.0 (1.2)] compared with participants
who had stable [2.5 (1.1)] or worsened [2.6 (1.6)]
EDSS scores at Year 11. At Year 11, 58% and
51% of participants in the alemtuzumab-only and
IFN-alemtuzumab groups, respectively, were free
of 6-month CDW; 49% and 37%, respectively,
had 6-month CDI [Figure 3(c)—(d)].

A Sankey plot was used to visualize EDSS score
trajectories in participants with stable, improved,
orworsened EDSS scores at Year 2 (Supplemental
Figure 4). Of the 87.5% of participants with sta-
ble or improved EDSS scores at Year 2 who were
assessed at Year 10 or later, 76.2% remained sta-
ble or improved relative to baseline at follow-up.
Of the 12.5% of participants with worsened
EDSS scores at Year 2 who were assessed at Year
10 or later, 93.8% had worsened EDSS scores
relative to baseline at follow-up.

Exploratory post hoc analyses of ARR and EDSS
data over time for participants who received four
or more (4+) and, separately, five or more (5+)
alemtuzumab courses were performed. ARRs
were reduced by 86.6% and 42.9% 12months
after course 4 and 5, respectively, compared with
12months prior [Supplemental Figure 5(a)].
EDSS remained stable following 4+ courses,
though sample sizes were small and estimates

more variable for 5+ courses [Supplemental
Figure 5(b)].

Freedom from MRI disease activity during
Years 3-11 was observed for 29.3% (95%
CI 20.0-38.7%) of participants in the alemtu-
zumab-only group and 23.1% (9.9-36.3%) in the
IFN-alemtuzumab group (Figure 4). During
Years 3-11, similar proportions (95% CI) of
participants in the alemtuzumab-only and
IFN-alemtuzumab groups remained free of
Gd-enhancing lesions [58.7% (48.6-68.8%) and
64.1% (49.0-79.2%)], new/enlarging T2 hyper-
intense lesions [28.4% (19.4-37.5%) and 23.1%
(9.9-36.3%)], and new TI1 hypointense
lesions [59.8% (49.8-69.8%) and 59.0%
(43.5-74.4%)].

The annual extent of brain atrophy, measured as
annual percentage change in BPF, stabilized over
time (Figure 5). At Year 11, the median percent
change from baseline in BPF was —1.58%
(95% CI —1.92 to —1.30%) in the alemtuzumab-
only group and —1.68% (-2.30 to —1.22%) in the
IFN-alemtuzumab group.

Participants who discontinued the extension
studies early had similar or slightly lower ARRs
compared with the overall population (Year 11:
0.071 wersus 0.097, respectively), reduced CDI
(Year 9 onwards: 37.0% wersus 42.7%), and
higher baseline EDSS (2.9 versus 2.7), albeit with
comparable CDW by the end of the extension
(36.3% wersus 35.4%) and a similar proportion of
participants experiencing at least one relapse dur-
ing the extension (51.5% versus 56.5%).

An exploratory Kaplan—Meier analysis of incident
relapse after the last alemtuzumab course received
by the number of additional courses received dur-
ing the extension studies was conducted
(Supplemental Figure 6). The percentage of par-
ticipants without relapse was similar for zero to
two additional courses until approximately
36 months, after which a higher percentage of
participants who received no additional courses
remained relapse free than participants who
received one or two additional courses. Sample
sizes for three or more additional courses were
insufficient for further comparison.

CARE-MS |. ARRs across the study extension
period (Years 3—13) were 0.14 (95% CI 0.12-0.17)
in the alemtuzumab-only group and 0.14
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Figure 3. Changes in clinical outcomes among participants from CARE-MS Il. (a) ARR was estimated using

a negative binomial model. (b) Mean EDSS score from baseline to Year 11 and the percentage of participants
for whom EDSS score was stable (<0.5-point change in either direction) or improved (=1.0-point decrease)
relative to baseline. (c] Proportion of participants free of 6-month CDW, defined as =1.0-point increase in
EDSS score or =1.5-point increase if the baseline EDSS score was 0, confirmed over 6 months. (d) Proportion
of participants with 6-month CDI, defined as =1.0-point decrease in EDSS score from baseline (assessed only
in participants with baseline EDSS =2.0), confirmed over 6 months.

aKaplan-Meier estimates.

ARR, annualized relapse rate; CDI, confirmed disability improvement; CDW, confirmed disability worsening; Cl, confidence
interval; EDSS, Expanded Disability Status Scale; SC IFNB-1a, subcutaneous interferon beta-1a; SE, standard error.

(0.11-0.17) in the IFN-alemtuzumab group
[Supplemental Figure 7(a)]. During the exten-
sion studies, ARRs were 0.19 (95% CI 0.15-0.25)
at Year 3 and 0.11 (0.07-0.17) at Year 11 in the
alemtuzumab-only group, and 0.10 (0.06-0.17)
at Year 3 and 0.15 (0.09-0.26) at Year 11 in the
IFN-alemtuzumab group.

At Year 11, there was a marginal accumulation of
disability with mean changes in EDSS score from
baseline of +0.22 (95% CI 0.05-0.40) points in
the alemtuzumab-only group and +0.50 (95% CI
0.21-0.79) points in the IFN-alemtuzumab group
[Supplemental Figure 7(b)]. At Year 11, 65% and
64% of participants in the alemtuzumab-only and
IFN-alemtuzumab groups, respectively, were free

of 6-month CDW; 42% and 39%, respectively, had
6-month CDI [Supplemental Figure 7(c)-(d)].

Freedom from MRI disease activity during Years
3-11 was observed for 27.7% (95% CI 20.7-
34.6%) of participants in the alemtuzumab-only
group and 33.8% (23.2-44.3%) in the IFN-
alemtuzumab group (Supplemental Figure 8).
Similar proportions of participants in the alemtu-
zumab-only and IFN-alemtuzumab groups
remained free of Gd-enhancing lesions and, sepa-
rately, new/enlarging T2 lesions.

The median annual percent change from the pre-
vious year in BPF stabilized over time
(Supplemental Figure 9). At Year 11, the median
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Figure 4. MRI lesion outcomes through Year 11 among participants from CARE-MS II. (a and b) Freedom from
MRI disease activity each year for participants who received (a) alemtuzumab-only and (b) SC IFNB-1a in
Years 0-2, then alemtuzumab in Years 3-11. (c] Freedom from MRI disease activity, Gd-enhancing lesions, and
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the core study (Years 1-2) and extension studies (Years 3-11). Cl, confidence interval; Gd, gadolinium;

SC IFNB-1a, subcutaneous interferon beta-1a; MRI, magnetic resonance imaging.
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Figure 5. Brain volume loss through Year 11 in participants from CARE-MS Il who received (a) alemtuzumab-
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BPF, brain parenchymal fraction; Cl, confidence interval; SC IFNB-1a, subcutaneous interferon beta-1a.
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percent change from baseline in BPF was —2.20%
(95% CI —-2.51 to —2.06) in the alemtuzumab-
only group and —2.30 (95% CI —2.45 to —1.78)
in the IFN-alemtuzumab group.

Discussion

To our knowledge, this report represents the
longest prospective follow-up of people with
RRMS who received alemtuzumab and is the
most comprehensive description of alemtuzum-
ab’s benefit-risk profile for RRMS. Over 13 years,
approximately one-half of participants received
additional alemtuzumab courses after their first
two courses, with 30% of CARE-MS II partici-
pants and 21% of CARE-MS 1 participants
receiving only one additional course. Safety risks
associated with alemtuzumab treatment declined
over time in people with RRMS who had failed
to attain disease control on another DMT
(i.e. CARE-MS II participants) or were previ-
ously treatment-naive (i.e. CARE-MS 1 partici-
pants), and were similar for participants who did
or did not receive additional courses. Efficacy
findings suggest that the clinical benefit of alem-
tuzumab is maintained for at least 11years after
the initial course in most people with RRMS,
with disability improvement or stabilization being
more common for CARE-MS II participants who
initiated alemtuzumab treatment 2years earlier
than participants who received alemtuzumab
after 2-year treatment with SC IFNB-1a.

Potential AEs associated with alemtuzumab treat-
ment are well characterized, detectable with regu-
lar monitoring, and generally manageable if
identified early.!” Data from long-term trials,
including TOPAZ and post-marketing studies,
show that the benefit-risk profile of alemtuzumab
becomes more favorable over time as AE inci-
dence declines.!820 In a previous analysis of
TOPAZ data, participants receiving additional
courses of alemtuzumab had a consistent safety
profile up to Year 8 compared with those who
received two courses and the overall study
cohort.?® There was no evidence of increased
rates of infections, malignancies, or autoimmune
AEs with additional alemtuzumab courses. The
present analysis supports and extends these find-
ings by showing that participants who received
their third course 2 or more years after their sec-
ond course experienced fewer AEs than partici-
pants who received their third course within
2years. It is important to note that these results

may be influenced by a possible lead bias result-
ing from AEs with delayed onset, particularly thy-
roid AEs which are most commonly reported
within 2 years after a course of alemtuzumab.!1:19
Further insights on the timing of additional alem-
tuzumab courses and other best practices for
maximizing safety are expected to arise from
ongoing, prospective real-world studies.!8:21

Efficacy results from the present phase III/IV
studies support previous findings. An analysis of
pooled data from two open-label studies of 87
participants who received alemtuzumab over a
median follow-up of 7years reported that about
one-half of participants required additional alem-
tuzumab courses.?2 In agreement with the present
results, this previous analysis reported that alem-
tuzumab treatment was associated with low mean
ARR (0.16), stable mean EDSS score, and
6-month CDI and CDW in 44% and 32% of par-
ticipants, respectively. In several large, real-world
studies, 44-67% of people with RRMS achieved
no evidence of disease activity (NEDA-3) status
at 2—3years after initiation of alemtuzumab treat-
ment.?>2° Results from TOPAZ indicate that
alemtuzumab’s efficacy is durable beyond 7 years.
Particularly notable is the consistently higher per-
centage of alemtuzumab-only than IFN-
alemtuzumab participants from CARE-MS II
with 6-month CDI during TOPAZ, suggesting
that early switching to alemtuzumab treatment
has the greatest probability of reversing preexist-
ing disability in people with RRMS who have
inadequate disease control on another DMT.

There is debate about whether high-efficacy
DMTs, such as alemtuzumab, should be used as
first-line RRMS therapies for people with or with-
out highly active disease or only after unsuccess-
ful treatment with other DMTs that carry fewer
safety concerns.3%31 These different treatment
strategies are currently being examined in two
randomized clinical trials.3? Available evidence
from real-world studies indicates that early versus
delayed initiation of high-efficacy DMT's is asso-
ciated with improved long-term disability out-
comes.3335 However, in the USA, the prescribing
information for alemtuzumab indicates that treat-
ment should generally be reserved for people with
MS who have had an inadequate response to two
or more approved therapies. In Europe, the
European Medicines Agency has issued a provi-
sional measure that new treatment with alemtu-
zumab should only be initiated in adults with

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

AJ Coles, A Achiron et al.

highly active RRMS who have received at least
two other DMTs, or in adults with highly active
RRMS where all other DMTss are contraindicated
or otherwise unsuitable. The present work does
not provide direct evidence in support of or
against these regulatory guidelines since efficacy
comparisons for participants from CARE-MS 1
and II are limited due to differences in baseline
characteristics. Nevertheless, participants who
initially randomized to alemtuzumab in
CARE-MS I versus CARE-MS 1II were less likely
to require additional alemtuzumab courses or
other DMT (14% point difference) and were
more likely to remain free from 6-month CDW
(7% point difference at Year 11).

Strengths of this work include a long duration of
follow-up, a large population, and broad inclu-
sion criteria which maximize the generalizability
of the findings. In addition, this study had a high
retention rate relative to follow-up duration
(54.3% of participants from the core trials com-
pleted TOPAZ), possibly due to effective control
of disease activity. Considering the limitations of
this study, it is possible that a selection bias exists
since participants who discontinued during the
extension period had slightly higher baseline dis-
ability than the overall population, which may
have skewed EDSS results. Selection bias may
also apply for analyses grouped by additional
alemtuzumab courses as participants with mild
disease would have required fewer alemtuzumab
courses than participants with more aggressive
disease. However, participants were allowed to
continue in the extension studies even if they did
not receive additional alemtuzumab courses,
though they were required to discontinue other
DMTs prior to receiving additional alemtuzumab
courses.

In conclusion, this analysis supports a positive,
long-term benefit-risk balance of alemtuzumab
for people with RRMS who had an inadequate
response to other DMT's or were previously treat-
ment-naive. Over 11 years, alemtuzumab’s thera-
peutic effects on ARR, disability, and MRI
outcomes, including annual brain volume loss,
were maintained and most participants either did
not require additional courses or needed just one
additional course. Risks accompanying the bene-
ficial therapeutic effects of alemtuzumab reduced
over time, and no new safety signals emerged with
additional courses.
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