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Introduction
Multiple sclerosis (MS) immunotherapy is 
intended to prevent inflammatory demyelination 
and axonal loss, thereby reducing long-term dis-
ability accumulation.1 However, trials typically 
report only 2–3 years of therapy exposure.1 Here, 

we report 6-year efficacy and safety of alemtu-
zumab—a high-efficacy disease-modifying ther-
apy (DMT) for MS that selectively targets 
CD52-expressing cells for depletion, allowing  
for subsequent  repopulation2,3—and examine the 
impact of early versus delayed alemtuzumab 
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resonance imaging outcomes, including BVL, in IFN–alemtuzumab patients; however, disability 
outcomes were less favorable versus alemtuzumab-only patients. Safety profiles, including 
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Conclusion: This study demonstrates the high efficacy of alemtuzumab over 6 years, with a 
similar safety profile between treatment groups.
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treatment in two patient populations: treatment-
naive patients and patients who were treated 
 previously with other DMTs.

Alemtuzumab demonstrated significantly greater 
efficacy versus subcutaneous interferon beta-1a 
(SC IFNB-1a) in clinical and magnetic resonance 
imaging (MRI) outcomes in the two 2-year phase 
III clinical trials of relapsing–remitting MS 
(RRMS) patients [CARE-MS I (treatment-naive; 
NCT00530348) and II (inadequate response to 
prior therapy; NCT00548405)].4,5 The most fre-
quent adverse events (AEs) with alemtuzumab in 
clinical trials were infusion-associated reactions 
(IARs); other treatment-associated AEs included 
autoimmune AEs, which were mostly thyroid AEs 
[less often immune thrombocytopenia (ITP) and 
nephropathies], leading to a comprehensive risk 
management plan.4,5 In the postmarketing setting, 
there have been reports of rare, but severe and 
potentially fatal, AEs in alemtuzumab-treated 
patients. These cases have included opportunistic 
infections, such as listeriosis, cytomegalovirus 
infection, pulmonary aspergilosis, and cerebral or 
pulmonary nocardiosis; autoimmune cytopenias; 
autoimmune hepatitis; autoimmune hemolytic 
anemia; hemophagocytic lymphohistiocytosis; 
acute acalculous cholecystitis; and potentially 
 infusion-related cardiovascular and pulmonary  
events.4–21 Patients who completed the CARE-MS 
core studies could enter a 4-year extension 
[CAMMS03409 (NCT00930553)]. Previous 
interim analyses have shown 5- and 6-year efficacy 
and safety in alemtuzumab-treated patients, but 
did not provide outcomes beyond year 2 in patients 
who were first randomized to SC IFNB-1a.22–24

Here we report the final 6-year follow-up of alem-
tuzumab-randomized patients who received treat-
ment (alemtuzumab-only group). We also report 
for the first time follow-up through year 6 in the 
SC IFNB-1a-randomized patients who switched 
to alemtuzumab at the start of the extension 
(IFN–alemtuzumab group), and provide statisti-
cal comparisons between treatment arms from 
core study baselines to the end of the extension. 
In addition, we assessed the efficacy of alemtu-
zumab on SC IFNB-1a-randomized patients who 
did or did not show disease activity during the 
2-year core study before receiving alemtuzumab. 
Differing disability levels and disease durations 
between the populations at core study baseline 
enabled assessment of the impact of initiating 
alemtuzumab at different stages of MS disease.4,5

Methods

Patients and procedures for the CARE-MS core 
studies
The 2-year CARE-MS core study designs have 
been published previously.4,5 Briefly, the CARE-MS 
I and II core studies were randomized, rater-
blinded, active-controlled, head-to-head trials of 
alemtuzumab (12 mg/day; core study baseline: 5 
consecutive days; 12 months later: 3 consecutive 
days) versus SC IFNB-1a 44 µg 3 times/week.

Procedures for the extension study
The group who received alemtuzumab in the core 
studies (“alemtuzumab-only” group) could receive 
as-needed additional courses in the extension study 
(12 mg/day intravenous; 3 consecutive days 
⩾12 months after the previous course) for disease 
activity, defined as ⩾1 protocol-specified relapse or 
⩾2 unique lesions on brain or spinal cord MRI 
consisting of new/enlarging T2 hyperintense and/or 
gadolinium (Gd)-enhancing lesions. The group 
who received SC IFNB-1a in the 2-year core stud-
ies (“IFN–alemtuzumab” group) discontinued SC 
IFNB-1a at the start of the extension study, and 
received alemtuzumab 12 mg/day (extension base-
line: 5 consecutive days; 12 months later: 3 consec-
utive days), with as-needed additional alemtuzumab 
courses (as described above). All patients could 
also receive other licensed DMT at the treating 
neurologist’s discretion. Although the extension 
study also enrolled CARE-MS II patients who 
received a 24 mg/day alemtuzumab dose and 
patients from a phase II alemtuzumab study, these 
patients are not included in this report.

Efficacy assessments
Relapse events were confirmed by the Relapse 
Adjudication Panel during the core studies and by 
the investigator during the extension. Confirmed 
relapses met protocol-specified criteria including 
an objective change on neurological examination 
lasting ⩾48 h in the absence of fever. Expanded 
Disability Status Scale (EDSS) evaluations were 
conducted quarterly and at the time of suspected 
relapse by raters blinded to treatment assignment. 
Annual MRI scans were obtained locally and 
scored, blinded to treatment, by imaging special-
ists at NeuroRx Research (Montréal, Canada; for 
lesion-based analyses) and at the Cleveland Clinic 
MS MRI Analysis Center [Cleveland, OH; for 
brain parenchymal fraction (BPF) analysis].
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Clinical efficacy endpoints included: annualized 
relapse rate (ARR); proportion of relapse-free 
patients; mean change in EDSS score relative to 
core study baseline EDSS score; proportions of 
patients with EDSS scores that were improved 
(⩾1.0-point decrease), worsened (⩾1.0-point 
increase), or stable (⩽0.5-point change in either 
direction) versus core study baseline; 6-month con-
firmed disability worsening [CDW; ⩾1-point 
EDSS score increase (⩾1.5 if core study baseline 
EDSS = 0)], formerly termed sustained accumula-
tion of disability;25 and 6-month confirmed disabil-
ity improvement (CDI; ⩾1.0-point decrease from 
core study baseline EDSS score, assessed in patients 
with core study baseline EDSS scores ⩾2.0), for-
merly termed sustained reduction of disability.26 
Brain volume loss (BVL), both cumulatively from 
core study baseline and as an annual rate, was 
based on median percentage changes in BPF (i.e. 
volume of the brain parenchyma divided by the 
outer contour volume),27 which were determined 
using proton density and T2-weighted MRI scans.

Safety monitoring
Patients were monitored for safety for ⩾48 months 
following their last alemtuzumab administration, 
according to the recommended risk minimization 
protocol, which included hematology (complete 
blood counts with differential; at least monthly), 
renal examinations (serum creatinine and urinal-
ysis with microscopy; monthly), and thyroid func-
tion (at least quarterly). All AEs, serious AEs, and 
medical events of interest were recorded. Any AE 
with onset during or ⩽24 h after the end of infu-
sion was defined as an IAR.

Statistical analysis
Analyses included all alemtuzumab-only and 
IFN–alemtuzumab patients, and were based on 
all available data (without imputation) through 
year 6. Efficacy endpoints were compared within 
the IFN–alemtuzumab group before and after 
alemtuzumab initiation. Endpoints included 
ARR using repeated negative binomial regression 
with robust variance estimation, and the propor-
tions of patients free of MRI disease activity, new 
Gd-enhancing lesions, and new/enlarging T2 
hyperintense lesions using the McNemar test.

Comparative efficacy between the alemtuzumab-
only and IFN–alemtuzumab groups was also ana-
lyzed. ARR was modeled using negative binomial 

regression with robust variance estimation. Mean 
EDSS scores from core study baseline through year 
6 were evaluated using a mixed model for repeated 
measures with treatment, visit, visit-by-treatment 
interaction, geographic region, and core study 
baseline EDSS score as fixed effects. Percentages of 
patients with improved, stable, or worsened EDSS 
scores were compared between groups using the 
chi-square test. Kaplan–Meier estimates were used 
to determine the percentages of patients free of 
6-month CDW or with 6-month CDI; these per-
centages were compared between groups using the 
Cox proportional hazard model with robust vari-
ance estimation and adjustment for geographic 
region. Percentages of patients free of MRI lesions 
were compared using logistic regression adjusted 
for core study baseline lesion status. No evidence of 
disease activity (NEDA) was defined as the absence 
of relapse, 6-month CDW, and MRI disease activ-
ity (i.e. Gd-enhancing lesions and new/enlarging  
T2 hyperintense lesions). Assessments in IFN–
alemtuzumab patients who did or did not achieve 
NEDA in the core studies for changes in EDSS 
score, 6-month CDI, and cumulative change in 
brain volume (BV), were carried out after rebaselin-
ing at extension start. Percentage change in BPF 
from core study baseline was evaluated at each time 
point using the ranked analysis of covariance model 
with adjustment for geographic region and core 
study baseline BPF. All statistical tests used a two-
sided 5% significance level without adjustment for 
multiple comparisons.

Safety data are reported as incidences (percent-
age of patients with ⩾1 event) and exposure-
adjusted incidence rates per 100 patient-years 
[100 × (number of patients with the specific event 
divided by total follow-up time in years among 
patients at risk of initial occurrence of the event 
during the specified time interval)].28 Incidence 
of IARs was analyzed independently for each 
alemtuzumab course.

All analyses were carried out using SAS statistical 
software (version 9.4, The SAS Institute, Cary, 
NC, USA).

Standard protocol approvals, registrations, and 
patient consents
CARE-MS I, CARE-MS II, and CAMMS03409 
are registered with ClinicalTrials.gov (NCT00 
530348; NCT00548405; NCT00930553). Patients  
provided written informed consent, and all 
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procedures were approved by local institutional 
ethics review boards of participating sites.

Results

Patients and treatment
Patient characteristics at core study baseline were 
comparable between study arms within each 
study, specifically mean EDSS scores and median 
disease durations, and have been reported previ-
ously.4,5 Of those patients who were randomized 
to and received alemtuzumab 12 mg in the  
core studies (alemtuzumab-only group), 93% 
(349/376) from CARE-MS I and 91% (387/426) 
from CARE-MS II entered the extension. 
Proportions of randomized patients who received 
SC IFNB-1a in the core study, entered the 
 extension, and received alemtuzumab (IFN–
alemtuzumab group) were 74% (139/187) for 
CARE-MS I and 71% (143/202) for CARE-MS 
II. After initiating alemtuzumab treatment at 
core study baseline (alemtuzumab-only group), 
85% (321/376) and 78% (332/426) of CARE-MS 
I and II patients, respectively, remained on study 
at year 6. Of those who initiated alemtuzumab at 
extension study baseline (IFN–alemtuzumab 
group), 88% (122/139) and 86% (123/143) of 
CARE-MS I and II patients, respectively, 
remained on study at year 6 (Figure 1).

Through year 6, 221/349 (63%) alemtuzumab-
only patients and 104/139 (75%) IFN–
alemtuzumab patients from CARE-MS I, and 
192/387 (50%) alemtuzumab-only patients and 
101/143 (71%) IFN–alemtuzumab patients from 
CARE-MS II received neither additional courses of 
alemtuzumab nor another DMT in the extension 
(Table 1). Over the 4-year extension study (years 
3–6), 23%, 8%, 3%, and 0.3% of CARE-MS I 
alemtuzumab-only patients, and 29%, 13%, 2%, 
and 1% of CARE-MS II alemtuzumab-only 
patients, received a total of 3, 4, 5, and 6 courses of 
alemtuzumab, respectively (Supplemental material 
Table 1 online). In the last 2 years of the extension 
study (years 5 and 6), 21% and 4% of CARE-MS I 
IFN–alemtuzumab patients, and 20% and 5% of 
CARE-MS II IFN–alemtuzumab patients, received 
a total of 3 or 4 courses of alemtuzumab, respec-
tively (as IFN–alemtuzumab patients did not 
receive their first and second courses of alemtu-
zumab until years 3 and 4, respectively, and addi-
tional courses could not be given until ⩾12 months 
after the previous one, the maximum number of 

courses this group could receive was four within the 
6-year trials; Supplemental Table 1).

The mean interval (SD) and the median between 
courses 2 and 3 for CARE-MS I patients were 2.2 
(1.2) and 2.0 years for the alemtuzumab-only 
group and 1.7 (0.7) and 1.5 years for the IFN–
alemtuzumab group. The mean interval (SD) and 
the median between courses 2 and 3 for 
CARE-MS II patients were 2.3 (1.1) and 2.1 years 
for the alemtuzumab-only group and 1.8 (0.7) 
and 1.8 years for the IFN–alemtuzumab group 
(Table 2). Time between courses 3 and 4 for the 
alemtuzumab-only and IFN–alemtuzumab groups, 
and between courses 4 and 5, and 5 and 6 for the 
alemtuzumab-only group in the CARE-MS I and 
II trials is shown in Table 2.

Efficacy outcomes: CARE-MS I (treatment-naive 
patients)
Alemtuzumab-only group. Relapse rates remained 
low throughout the extension. ARR at year 6 was 
0.12 (Figure 2A), and cumulative ARR over years 
0–6 was 0.16; 84–89% of patients were free of 
relapse annually over years 3−6. Mean EDSS 
score change over years 0–6 was +0.09 (Figure 
2B). At year 6 compared with core study baseline, 
21% of patients had improved and 60% had sta-
ble EDSS scores (Figure 2C), 78% were free of 
6-month CDW (Figure 2D), and 34% achieved 
6-month CDI (Figure 2E). At year 6, 66% of 
patients were free of MRI disease activity (Figure 
2F–H). Over years 0–6, median cumulative 
change in BV was −1.44% (Figure 2I) and annual 
median change in BV ranged from −0.19% in 
year 3 to −0.17% in year 6 (Figure 2J).

IFN–alemtuzumab group. Compared with year 2 
of SC IFNB-1a, ARR was significantly improved 
after initiating alemtuzumab at year 3, and this 
improvement was maintained through year 6 
(0.16 at year 6 compared with 0.31 at year 2; 
p < 0.05; Figure 2A). Cumulative ARR over years 
0–6 was 0.22. After receiving alemtuzumab, 
cumulative ARR in years 3–6 was 0.12, compared 
with 0.34 in years 0–2 while receiving SC IFNB-
1a. Over years 3–6, 86–91% of patients were 
relapse-free each year, increasing from 79% at 
year 2 with SC IFNB-1a. The overall change in 
mean EDSS score from core study baseline 
through year 6 was +0.11 (Figure 2B). Com-
pared with core study baseline, 24% of patients 
had improved and 63% had stable EDSS scores 
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Figure 1. CARE-MS I and II patient disposition.
Schematic of the as-randomized patient population from the core CARE-MS studies through the extension study, 
CAMMS03409. Patients randomized to SC IFNB-1a 44 μg who received treatment in the core studies discontinued SC 
IFNB-1a before initiating alemtuzumab 12 mg in the extension. (A) CARE-MS I patients who were randomized to either 
alemtuzumab or SC IFNB-1a at core study start. (B) CARE-MS II patients who were randomized to either alemtuzumab or SC 
IFNB-1a at core study start.
CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; IFN, interferon; SC IFNB-1a, 
subcutaneous interferon beta-1a.

https://journals.sagepub.com/home/tan
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Table 1. CARE-MS I and II patients who received no as-needed additional alemtuzumab treatment or no other DMT in the extension.

No as-needed additional courses of 
alemtuzumab and no other DMT

No as-needed additional 
courses of alemtuzumab

No other DMT

CARE-MS I, n (%)

Alemtuzumab-only group over years 3–6
n = 349

221 (63.3%) 225 (64.5%) 340 (97.4%)

IFN–alemtuzumab group over years 5 and 6
n = 139

104 (74.8%) 105 (75.5%) 137 (98.6%)

CARE-MS II, n (%)

Alemtuzumab-only group over years 3–6
n = 387

192 (49.6%) 210 (54.3%) 348 (89.9%)

IFN–alemtuzumab group over years 5 and 6
n = 143

101 (70.6%) 107 (74.8%) 134 (93.7%)

CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; DMT, disease-modifying therapy; IFN, interferon.

Table 2. Times between alemtuzumab courses in CARE-MS I and II patients.

Time between courses, years

 Course 2 to course 3 Course 3 to course 4 Course 4 to course 5 Course 5 to course 6

CARE-MS I

Alemtuzumab-only group over 
years 3–6

n = 124 n = 42 n = 13 n = 1

 Mean (SD) 2.2 (1.2) 1.8 (0.9) 1.4 (0.5) 1.0 (NE)

 Median 2.0 1.5 1.2 1.0

IFN–alemtuzumab group over 
years 5 and 6

n = 34 n = 5 − −

 Mean (SD) 1.7 (0.7) 1.3 (0.4) − −

 Median 1.5 1.1 − −

CARE-MS II

Alemtuzumab-only group over 
years 3–6

n = 178 n = 63 n = 13 n = 4

 Mean (SD) 2.3 (1.1) 1.7 (0.7) 1.3 (0.3) 1.1 (0.2)

 Median 2.1 1.6 1.2 1.0

IFN–alemtuzumab group over 
years 5 and 6

n = 36 n = 7 − −

 Mean (SD) 1.8 (0.7) 1.2 (0.1) − −

 Median 1.8 1.2 − −

CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; IFN, interferon; NE, not estimable.

https://journals.sagepub.com/home/tan
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(A) (B)

(C) (D)

(E) (F)

(G) (H)

(I) (J)

Figure 2. (Continued)
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at year 6 (Figure 2C). Over 6 years, 80% were free 
of 6-month CDW (Figure 2D), and 40% achieved 
6-month CDI (Figure 2E). The percentage of 
patients free of MRI disease activity increased sig-
nificantly from year 2 with SC IFNB-1a treat-
ment (61%) to year 3 with alemtuzumab (79%; 
p < 0.05) and was 67% at year 6 (Figure 2F–H). 
Over years 0–6, median cumulative change in BV 
was −1.73% (Figure 2I) and annual median 
change in BV ranged from −0.16% to +0.01% 
over years 3–6, improving from −0.50% at year 2 
with SC IFNB-1a (Figure 2J). To determine 
whether NEDA during years 0–2 while receiving 
SC IFNB-1a affected outcomes after switching to 
alemtuzumab, data prior to and after switch were 
calculated. Mean change in EDSS score in those 
who did (27%) and did not (73%) achieve NEDA 
during years 0–2 was −0.62 and −0.06, respec-
tively; 32% and 26% of patients achieved 6-month 
CDI across this interval and cumulative change in 
BV was −1.47% and −1.52%, respectively. After 
rebaselining at the start of the extension, mean 
change in EDSS score was +0.56 and +0.02 
through year 6 with alemtuzumab in those who had 
and had not achieved NEDA during years 0–2, 
respectively; of these, 23% and 27% achieved 
6-month CDI, and cumulative change in BV was 
−0.40% and +0.08%, respectively (Supplemental 
Figure 1A, C, and E).

CARE-MS I: alemtuzumab-only group versus IFN–
alemtuzumab group. ARR at year 2 and cumula-
tive ARR over years 0–6 were significantly lower, 

and proportions of patients free of MRI disease 
activity at year 2 were significantly higher in the 
alemtuzumab-only group than in the IFN–alem-
tuzumab group (all p < 0.05; Figure 2A and F–H). 
In the CARE-MS I core trial, there were no sig-
nificant differences in clinical disability outcomes 
between the alemtuzumab-only group and the 
IFN–alemtuzumab group. Over years 3–6, differ-
ences in disability outcomes between the treat-
ment groups were marginal (Figure 2B–E). 
Median annual change in BV at year 2 was less in 
the alemtuzumab-only group versus the IFN–
alemtuzumab group, with annual changes ⩽0.19% 
for both groups thereafter in the extension (Figure 
2J). Differences between the treatment groups in 
cumulative change in BV since core study baseline 
were statistically significant each year over years 
1–5 (p < 0.05), but not at year 6 (Figure 2I). The 
greatest difference in cumulative BVL was at year 
2 when patients were still receiving different thera-
pies. After IFN–alemtuzumab patients began 
receiving alemtuzumab, the cumulative BVL tra-
jectories became less divergent and were only non-
statistically different at year 6.

Efficacy outcomes: CARE-MS II (previously 
treated patients)
Alemtuzumab-only group. Relapse rates remained 
low throughout the extension, with ARR of 0.15 
during year 6 and 0.24 over years 0–6 (Figure 3A); 
79–87% of patients were relapse-free annually in 
years 3–6. At year 6 compared with core study 

Results are shown for the CARE-MS I alemtuzumab-only and IFN–alemtuzumab groups. (A) Yearly ARR from year 2 of the core study to the end of the 
CAMMS03409 extension study, and cumulative ARR from core study baseline through year 6. Core study ARR values are presented for year 2 only in 
this analysis, and were reported previously for years 0–2 cumulatively (alemtuzumab: 0.18; SC IFNB-1a: 0.39).4 (B) Change in mean (SE) EDSS score 
from core study baseline through year 6. (C) Percentages of patients with improved, stable, and worsened EDSS scores at year 2 and year 6 from core 
study baseline. Percentages may not sum to 100% due to rounding. (D) Kaplan–Meier estimates of the percentages of patients free of 6-month CDW. 
(E) Kaplan–Meier estimates of the percentages of patients with 6-month CDI. (F) Percentages of patients free of MRI disease activity each year from 
core study baseline through year 6. For IFN–alemtuzumab patients, MRI disease activity values for year 1 and year 2 are presented only for patients 
who entered the extension only. (G) Percentages of patients free of new Gd-enhancing lesions each year from core study baseline through year 6. 
Core study values for proportions of patients free of new Gd-enhancing lesions are presented separately for year 1 and year 2 in this analysis, and 
were reported previously for year 2 only (alemtuzumab: 93%; SC IFNB-1a: 81%).4 (H) Percentages of patients free of new/enlarging T2 hyperintense 
lesions each year from core study baseline through year 6. Core study values for proportions of patients free of new/enlarging T2 hyperintense 
lesions are presented separately for year 1 and year 2 in this analysis, and were reported previously for years 0–2 cumulatively (alemtuzumab: 52%; 
SC IFNB-1a: 42%).4 For IFN–alemtuzumab patients, values for proportions free of Gd-enhancing lesions and new/enlarging T2 lesions for year 1 and 
year 2 are presented for patients who entered the extension only, and were reported previously for all patients who received SC IFNB-1a in the core 
study.4 (I) Median cumulative percentage BVL from core study baseline to the end of CAMMS03409. (J) Median annual percentage BVL.
Alemtuzumab-only group versus IFN–alemtuzumab group: *p < 0.05 indicates significant between-treatment group differences in favor of the 
alemtuzumab-only group and †p < 0.05 indicates significant between-treatment group differences in favor of the IFN–alemtuzumab group. Year 2 of 
SC IFNB-1a treatment versus each year (years 3–6) after initiating alemtuzumab treatment: ‡p < 0.05.
ARR, annualized relapse rate; BPF, brain parenchymal fraction; BVL, brain volume loss; CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in 
Multiple Sclerosis; CDI, confirmed disability improvement; CDW, confirmed disability worsening; CI, confidence interval; EDSS, Expanded Disability Status 
Scale; Gd, gadolinium; IFN, interferon; MRI, magnetic resonance imaging; SC IFNB-1a, subcutaneous interferon beta 1-a; SE, standard error; Y, year.

Figure 2. Efficacy outcomes in CARE-MS I patients through year 6.
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Figure 3. (Continued)
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baseline, the mean EDSS score change was +0.18 
(Figure 3B) and EDSS scores were improved in 
24% of patients and stable in 54% (Figure 3C). 
Through year 6, 72% of patients were free of 
6-month CDW (Figure 3D) and 43% achieved 
6-month CDI (Figure 3E). At year 6, 70% of 
patients were free of MRI disease activity (Figure 
3F–H). Median cumulative change in BV over 
years 0–6 was −0.96% (Figure 3I), with annual 
median change in BV during the extension rang-
ing from −0.19% to −0.09% (Figure 3J).

IFN–alemtuzumab group. Compared with year 2 
of SC IFNB-1a, ARR was significantly improved 
after initiating alemtuzumab at year 3, and this 
improvement was maintained through year 6 
[0.17 at year 6 compared with 0.44 at year 2; 
p < 0.0001 (Figure 3A)]. Cumulative ARR over 
years 0–6 was 0.32; cumulative ARR was 0.15 in 
years 3–6 after receiving alemtuzumab, compared 
with 0.55 in years 0–2 while receiving SC IFNB-
1a. In years 3–6 with alemtuzumab, 85–90% of 
patients were relapse-free annually, increasing 
from 70% at year 2 with SC IFNB-1a. Change in 
mean EDSS score from core study baseline was 
+0.46 at year 6 (Figure 3B). In year 6 versus core 
study baseline, 16% had improved and 53% had 
stable EDSS scores (Figure 3C). Over years 0–6, 
67% remained free of 6-month CDW (Figure 3D) 
and 27% achieved 6-month CDI (Figure 3E). 
There was a significant increase in the percentage 
of patients free of MRI disease activity in year 6 
with alemtuzumab compared with year 2 of SC 

IFNB-1a treatment (71% versus 47%, p < 0.05; 
Figure 3F–H). Median cumulative change in BV 
over years 0–6 was −1.25% (Figure 3I), and 
annual change in BV slowed from −0.35% at year 
2 with SC IFNB-1a to ⩽0.15% each year follow-
ing alemtuzumab initiation (Figure 3J). To deter-
mine whether NEDA during years 0–2 while 
receiving SC IFNB-1a affected outcomes after 
switching to alemtuzumab, data prior to and after 
switch were calculated. Mean change in EDSS 
score in those who did (14%) and did not (86%) 
achieve NEDA during years 0–2 was −0.26 and 
+0.29, respectively; 23% and 13% of patients 
achieved 6-month CDI across this interval and 
cumulative change in BV was −0.89% and 
−0.81%, respectively. After rebaselining at the 
start of the extension, mean change in EDSS score 
was +0.43 and +0.19 through year 6 with alem-
tuzumab in those who had and had not achieved 
NEDA during years 0–2, respectively; of these, 
13% and 23% achieved 6-month CDI, and cumu-
lative change in BV was +0.27% and −0.26%, 
respectively (Supplemental Figure 1B, D, and F).

CARE-MS II: alemtuzumab-only group versus IFN–
alemtuzumab group. Compared with the IFN–
alemtuzumab group, the alemtuzumab-only group 
had significantly lower ARR at year 2 and cumula-
tively over years 0–6 (p < 0.05; Figure 3A), a smaller 
worsening of EDSS score at year 6 [mean EDSS 
score difference between groups: −0.28 (95% con-
fidence interval: −0.54 to −0.02); p < 0.05; Figure 
3B], and significantly more patients free of MRI 

Results are shown for the CARE-MS II alemtuzumab-only and IFN–alemtuzumab groups. (A) Yearly ARR from year 2 of the core study to the end of the 
CAMMS03409 extension study, and cumulative ARR from core study baseline through year 6. Core study ARR values are presented for year 2 only in 
this analysis, and were reported previously for years 0–2 cumulatively (alemtuzumab: 0.26; SC IFNB-1a: 0.52).5 (B) Change in mean (SE) EDSS score 
from core study baseline through year 6. (C) Percentages of patients with improved, stable, and worsened EDSS scores at year 2 and year 6 from core 
study baseline. Percentages may not sum to 100% due to rounding. (D) Kaplan–Meier estimates of the percentages of patients free of 6-month CDW. 
(E) Kaplan–Meier estimates of the percentages of patients with 6-month CDI. (F) Percentages of patients free of MRI disease activity each year from 
core study baseline through year 6. For IFN–alemtuzumab patients, MRI disease activity values for year 1 and year 2 are presented for patients who 
entered the extension only. (G) Percentages of patients free of new Gd-enhancing lesions each year from core study baseline  through year 6. Core 
study values for proportions of patients free of new Gd-enhancing lesions are presented separately for year 1 and year 2 in this analysis, and were 
reported previously for year 2 only (alemtuzumab: 91%; SC IFNB-1a: 77%).5 (H) Percentages of patients free of new/enlarging T2 hyperintense lesions 
each year from core study baseline  through year 6. Core study values for proportions of patients free of new/enlarging T2 hyperintense lesions are 
presented separately for year 1 and year 2 in this analysis, and were reported previously for years 0–2 cumulatively (alemtuzumab: 54%; SC IFNB-1a: 
32%).5 For IFN–alemtuzumab patients, values for proportions free of Gd-enhancing lesions and new/enlarging T2 lesions for year 1 and year 2 are 
presented for patients who entered the extension only, and were reported previously for all patients who received SC IFNB-1a in the core study.5 (I) 
Median cumulative percentage BVL from core study baseline to the end of CAMMS03409. (J) Median annual percentage BVL.
Alemtuzumab-only group versus IFN–alemtuzumab group: *p < 0.05 indicates significant between-treatment group differences in favor of the 
alemtuzumab-only group and †p < 0.05 indicates significant between-treatment group differences in favor of the IFN–alemtuzumab group. Year 2 of 
SC IFNB-1a treatment versus each year (years 3–6) after initiating alemtuzumab treatment:  ‡p<0.0001, §p<0.001, and ¶p<0.05.
ARR, annualized relapse rate; BPF, brain parenchymal fraction; BVL, brain volume loss; CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy 
in Multiple Sclerosis; CDI, confirmed disability improvement; CDW, confirmed disability worsening; CI, confidence interval; EDSS, Expanded Disability 
Status Scale; Gd, gadolinium; IFN, interferon; MRI, magnetic resonance imaging; SC IFNB-1a, subcutaneous interferon beta 1-a; SE, standard error; 
Y, year.

Figure 3. Efficacy outcomes in CARE-MS II patients through year 6.
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disease activity at years 1 and 2 (p < 0.05; Figure 
3F–H). The percentage of patients with 6-month 
CDI was significantly greater in the alemtuzumab-
only group compared with the IFN–alemtuzumab 
group at each year from year 1 through year 6 
(p < 0.05; Figure 3E); the percentage difference 
between both groups remained approximately the 
same throughout the extension as that at the end of 
the core study, with IFN–alemtuzumab patients 
maintaining the same trajectory as alemtuzumab-
only patients. After 2 years, the alemtuzumab-only 
group accumulated less clinical disability than the 
IFN–alemtuzumab group. Compared with the 
IFN–alemtuzumab group over the subsequent 4 
extension years, the alemtuzumab-only group 
experienced marginal increases in percentages of 
patients with improved or stable EDSS scores dur-
ing year 6 (Figure 3C) and patients free of 6-month 
CDW at year 6 (Figure 3D). Slowing of median 
annual change in BVL was numerically greater  
for alemtuzumab-only patients compared with 
IFN–alemtuzumab patients at year 2, but was simi-
lar between groups (⩽0.19% change) after IFN–
alemtuzumab patients switched to alemtuzumab 
(Figure 3J). Nonetheless, by year 6, the cumulative 
change in BVL was numerically greater in the  
IFN–alemtuzumab group than in the alemtu-
zumab-only group who received alemtuzumab 
2 years sooner. However, the differential between 
the treatment groups was established by year 2 
when the two groups were on separate treatments 
and cumulative BVL trajectories diverged; once 
alemtuzumab was initiated in the extension, the 
rate of cumulative BVL in IFN–alemtuzumab 
patients was aligned with that in the alemtuzumab-
only patients (Figure 3I).

Safety
The safety profile of alemtuzumab in the pooled 
CARE-MS I and II alemtuzumab-only group over 
6 years was consistent with the 2-year core study 
and interim 5-year reports.4,5,22,23 Annual inci-
dences of any AE in the pooled CARE-MS alem-
tuzumab-only group decreased across each study 
year (Table 3), with serious AE incidence ⩽12.3% 
per year. Incidences of infections peaked at year 1 
(59.9%) after initiating alemtuzumab, with seri-
ous infection incidences not exceeding 1.8% 
throughout the study. Thyroid AE incidence 
peaked at year 3 (16.2%) and serious thyroid AE 
incidence was ⩽3.5% per year. In the extension, 
there were a total of 14 cases of ITP; annual inci-
dence of ITP ranged from 0.1% to 1.1%. A total 

of two cases of immune-mediated nephropathy 
were reported. As reported previously, one 
CARE-MS I patient initially presented with 
nephrotic syndrome in year 3; however, there was 
evidence only of mild membranous nephropathy 
with anti-glomerular basement membrane (anti-
GBM) antibodies in the absence of typical anti-
GBM disease. The patient experienced small 
increases in serum anti-GBM antibody titer, 
which subsequently prompted treatment with 
plasmapheresis, glucocorticosteroids, and cyclo-
phosphamide. The patient was considered to be in 
remission 39 months after the last treatment for 
nephropathy, with no detectable anti-GBM anti-
bodies or proteinuria, serum creatinine within 
normal limits, and no need for medication.22,29 
One CARE-MS II patient was reported previously 
as having confirmed membranous glomerulone-
phritis in year 2 and received four treatments for 
nephrotic syndrome (furosemide, valsartan, 
metolazone, and oral potassium chloride).23,29 All 
ITP and nephropathy events occurred within 
48 months after receiving the last dose of alemtu-
zumab and while undergoing routine protocol-
specified safety monitoring; of 342 total thyroid 
events over 6 years, 11 (3.2%) occurred in year 6 
beyond the 48-month monitoring period after the 
last dose of alemtuzumab. Incidence of malig-
nancy was ⩽0.4% per year. Three deaths occurred 
during the extension phase in the alemtuzumab-
only group [one death deemed unrelated to treat-
ment: non-small cell lung cancer (year 6); two 
deaths deemed possibly related to treatment: sep-
sis (year 3, reported previously4) and pulmonary 
embolism (year 6)].

The safety profile of alemtuzumab in the pooled 
CARE-MS I and II IFN–alemtuzumab group 
was similar to that in the pooled alemtuzumab-
only group, with decreasing annual incidences of 
AEs following initiation of alemtuzumab in year 3 
(Table 3). Most AEs in the IFN–alemtuzumab 
group were mild to moderate in severity, with 
serious AE incidences ⩽10.6% per year after 
switching to alemtuzumab. Incidences of infec-
tions declined each year following initiation of 
alemtuzumab treatment, with serious infection 
incidences ⩽4.0% in years 3–6. Thyroid AE inci-
dences peaked in year 5, the third year after initi-
ating alemtuzumab treatment (thyroid AEs: 
12.0%; serious thyroid AEs: 1.5%). In the exten-
sion, two cases of ITP (both in CARE-MS II 
IFN–alemtuzumab patients in year 5; incidence 
of 0.7% in that year), no nephropathies, and eight 
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malignancies (incidence ⩽1.4% per year) were 
reported. Two deaths occurred in the IFN–
alemtuzumab group. The cause of one death 
could not be ascertained, as the patient lived 
alone and was found at home approximately 
4–5 days after death (year 5; unable to determine 
relationship to alemtuzumab treatment). The 
other death was due to a suicide (year 6; classified 
as unrelated to alemtuzumab treatment).

In both treatment groups, IAR incidences peaked 
during alemtuzumab course 1 and decreased with 
each exposure to subsequent treatment courses 
(Table 4). Serious IAR incidence over all courses 
of alemtuzumab ranged from 0% to 2.0% in the 
alemtuzumab-only group and 0–1.4% in the 
IFN–alemtuzumab group.

Discussion
We have shown that both first-line treatment with 
alemtuzumab and switching to alemtuzumab 
from SC IFNB-1a lead to sustained reduction in 
disease activity, along with slowing of disability 
accumulation and brain atrophy. However, pro-
longed delay in switching to alemtuzumab leads 
to potentially unrecoverable loss of function. 
Principal differences at core study baseline 
between the cohorts in this study were disability 
and disease duration, and history of prior treat-
ment for RRMS.4,5 These findings suggest that 
initiating a high-efficacy therapy, as either a first-
line therapy or after switching from another ther-
apy, has greatest impact when done early in the 

disease course, and resonates both with the 
reduced conversion to secondary-progressive MS 
(SPMS) with higher- versus lower-efficacy thera-
pies reported in a recent registry-based study,30 
and with the SPMS conversion rates of 1.2% and 
4.2% among CARE-MS I and II alemtuzumab-
only patients, respectively, through year 6.31 
Despite findings supporting early switch to high-
efficacy therapy, no substantial differences were 
observed in the year 6 outcomes for CARE-MS I 
and II IFN–alemtuzumab patients who did or did 
not achieve NEDA in years 1 and 2 (Supplemental 
Figure 1).

When alemtuzumab was used as a first-line treat-
ment for patients with RRMS, it offered superior 
efficacy on clinical and MRI disease activity out-
comes compared with SC IFNB-1a over 2 years, 
as demonstrated in the phase III CARE-MS I 
trial.4 Furthermore, alemtuzumab slowed brain 
atrophy by 42% compared with SC IFNB-1a over 
2 years, although this did not translate into signifi-
cant differences in clinical disability outcomes; 
the lack of significance for the 30% reduction in 
6-month CDW with alemtuzumab (p = 0.22) may 
be partly attributed to reduced power for statisti-
cal calculations due to the lower-than-expected 
rate of CDW among SC IFNB-1a patients.4 We 
now report that disease activity remained sup-
pressed in the CARE-MS I alemtuzumab-only 
group over an additional 4 years, with 63% of 
patients requiring no further treatment. 
Importantly, the IFN–alemtuzumab group had 
improved clinical and MRI disease activity 

Table 4. IARs by course in pooled CARE-MS I and II patients.

Incidence, n (%)

 Course 1 Course 2 Course 3 Course 4 Course 5 Course 6

Alemtuzumab-only group n = 811a n = 791 n = 302 n = 105 n = 26 n = 5

Any IAR eventsb 687 (84.7) 544 (68.8) 188 (62.3) 66 (62.9) 11 (42.3) 2 (40.0)

Any serious IAR eventsb 16 (2.0) 8 (1.0) 2 (0.7) 0 0 0

IFN–alemtuzumab group n = 282 n = 266 n = 70 n = 12 – –

Any IAR eventsb 232 (82.3) 174 (65.4) 45 (64.3) 5 (41.7) − −

Any serious IAR eventsb 1 (0.4) 2 (0.8) 1 (1.4) 0 − −

aSafety analysis included nine patients who received alemtuzumab 12 mg/day in the CARE-MS II core study, despite randomization to the 
alemtuzumab 24 mg/day core study arm.
bIARs were any adverse event that occurred during or within 24 h after the end of the infusion.
CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; IAR, infusion-associated reaction; IFN, interferon.
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outcomes after switching to alemtuzumab, along 
with slowing of BVL, such that cumulative BVL 
at year 6 was not statistically different from the 
alemtuzumab-only group.

When alemtuzumab was given to patients who had 
⩾1 relapse on prior therapy (i.e. the CARE-MS II 
population), clinical and MRI disease activity out-
comes were superior over 2 years compared with SC 
IFNB-1a treatment.5 We now show that alemtu-
zumab-only patients continued to experience disease 
suppression over 4 more years, with 50% needing no 
further treatment. The IFN–alemtuzumab group 
benefited rapidly from alemtuzumab treatment, with 
improved clinical efficacy and MRI disease activity 
outcomes, which translated into slowed BVL and 
reduced disability accumulation but not to the extent 
of the alemtuzumab-only group. Interestingly, the 
IFN–alemtuzumab patients did not experience 
improvement in disability through year 6 as often as 
the alemtuzumab-only group.

Taken together, these results indicate that either 
first-line treatment (i.e. the CARE-MS I alemtu-
zumab-only group) or early elective switching to 
alemtuzumab (i.e. the CARE-MS I IFN–
alemtuzumab group) and earlier initiation of 
treatment (i.e. the CARE-MS II alemtuzumab-
only group) offers control of disease activity and 
slowing of BVL over 6 years, whereas delaying 
treatment with alemtuzumab (i.e. the CARE-MS 
II IFN–alemtuzumab group) may reduce its 
potential positive impact.

The 6-year safety profile of alemtuzumab was 
consistent between both treatment groups, 
regardless of whether patients had received previ-
ous treatment with SC IFNB-1a. AEs were mostly 
mild to moderate in severity, and incidences gen-
erally diminished with time. Autoimmune events, 
including thyroid AEs and serious thyroid AEs, 
were reported with similar frequency in both 
groups. No nephropathies and two cases of ITP 
were reported in the IFN–alemtuzumab group. 
One of the IFN–alemtuzumab patients with ITP 
was in complete remission for 15 months at the 
time of last follow-up; the other patient was in 
remission following a splenectomy.32 These find-
ings highlight the value of continued clinical 
monitoring for at least 48 months after alemtu-
zumab treatment, which is consistent with the 
required risk management programs specified 
under product labeling.6,7 In the postmarketing 
setting, rare but serious AEs have been observed 

in alemtuzumab-treated patients, including cases 
of ischemic or hemorrhagic stroke or dissection of 
the cervicocephalic arteries soon after alemtu-
zumab infusion, and less common autoimmune 
events, such as autoimmune hepatitis and 
hemophagocytic lymphohistiocytosis.33,34 It is 
notable that, in this controlled trial with a com-
paratively lower number of patients compared 
with the postmarketing experience, these poten-
tial safety concerns recently identified through 
postmarketing surveillance were not seen. Owing 
to the postmarketing evidence, limitations have 
been implemented in the European Union that 
confine alemtuzumab treatment to patients with 
highly active RRMS treated previously with a full 
and adequate course of treatment with at least 
one other DMT, or those who have rapidly evolv-
ing severe disease defined by ⩾2 disabling relapses 
in 1 year and with ⩾1 Gd-enhancing lesions on 
brain MRI or a significant increase in T2 lesion 
load compared with recent MRI.7

Infrequent dosing, consisting of 5 consecutive days 
of infusions at treatment initiation followed by 3 
consecutive days of infusions 12 months later, with 
optional additional courses per approved local labels, 
is a distinct advantage of alemtuzumab treatment.6,7 
After the initial two courses, a majority of CARE-MS 
patients did not require further alemtuzumab treat-
ment or another DMT through year 6; however, 
those meeting criteria for additional courses mostly 
needed only 3 more days of infusions (i.e. course 3). 
Although the therapeutic mechanism of alemtu-
zumab is not fully elucidated, it is partly reflected  
by the persistent alteration of the immune cell 
 repertoire by T- and B-cell reconstitution after 
 alemtuzumab-induced lymphocyte depletion.35,36 
Following alemtuzumab treatment and depletion of 
T and B cells, rebalance of the immune system 
occurs within 1 year, with relative increases in immu-
noregulatory T-cell, B-cell, and natural killer-cell 
populations and a less inflammatory cytokine pro-
file.2,37,38 Potential neuroprotective effects have also 
been seen in in vitro murine models, including reduc-
tions in spinal cord inflammation, demyelination, 
and axonal damage.36 Imaging data of alemtu-
zumab-treated patients in exploratory studies have 
demonstrated potential neuroprotective effects, with 
increased retinal nerve fiber layer thickness consist-
ent with reduced neurodegeneration,39 increased 
myelin water fraction suggestive of remyelination,40 
and stabilized magnetization transfer ratio indicative 
of preserved myelination.41,42 Whether apparent 
neuroprotective effects of alemtuzumab are due to 
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direct effects on neural cells or to reduction of the 
immunological assault associated with MS has yet to 
be determined.

We conclude that alemtuzumab offers the great-
est benefit when administered earlier in the dis-
ease course, whether as first-line therapy in 
treatment-naive patients or after switching sooner 
from other DMTs. Long-term safety and efficacy 
follow-up continue in the subsequent 5-year long-
Term follow-up study for multiple sclerOsis 
Patients who have completed the AlemtuZumab 
extension study (TOPAZ; NCT02255656).43
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