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Abstract

Background: In CARE-MS II (Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclero-
sis; NCT00548405), alemtuzumab (12mg/day; baseline: 5days; 12months later: 3 days) significantly
improved health-related quality of life (HRQL) outcomes versus subcutaneous interferon beta-la (SC
IFNB-1a) in relapsing-remitting multiple sclerosis (RRMS) patients over 2 years. Patients completing
CARE-MS II could enter a 4-year extension study (NCT00930553).

Objective: The aim of this study is to assess 6-year HRQL outcomes in alemtuzumab-treated CARE-MS
II patients, including those with highly active disease (HAD).

Methods: During extension, patients could receive additional alemtuzumab for clinical/magnetic reso-
nance imaging (MRI) activity or other disease-modifying therapies per investigator’s discretion. Assess-
ments include Functional Assessment of Multiple Sclerosis (FAMS), 36-Item Short-Form Health Survey
(SF-36), and EQ-5D visual analog scale (EQ-VAS).

Results: Alemtuzumab-treated patients improved or stabilized all HRQL measures over 6years with
significant improvements from baseline at all time points on EQ-VAS and for up to 5years on FAMS,
SF-36 MCS, and SF-36 PCS. Alemtuzumab-treated patients with HAD showed significant improvements
versus baseline at Year 2 on all HRQL measures, and significant improvements versus SC IFNB-1a on
SF-36 PCS and EQ-VAS; however, the improvements did not reach the threshold for clinical relevance.
Conclusion: Alemtuzumab-treated CARE-MS 11 patients improved or stabilized HRQL versus baseline
over 6 years. This is the first study to show long-term HRQL benefits in patients with HAD.

Keywords: Alemtuzumab, FAMS, SF-36, EQ-VAS, health-related quality of life, patient-reported
outcomes, relapsing-remitting multiple sclerosis
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Introduction other RRMS patients. Frequent relapses in the first

Multiple sclerosis (MS) is a chronic immune-medi-
ated inflammatory disease of the central nervous sys-
tem that affects more than 2 million people worldwide.!
The majority (85%) of patients are initially diagnosed
with relapsing-remitting multiple sclerosis (RRMS),
in which periods of active neurological deterioration
are separated by periods of recovery.??

RRMS patients with highly active disease (HAD)
have increased inflammatory activity compared with

few years after clinical onset may lead to more rapid
disease progression,* so preventing relapses may help
minimize disability worsening.>¢ Systematic reviews
and meta-analyses have concluded that alemtuzumab
is among the most efficacious disease-modifying
therapies (DMTs) for reducing MS relapse rates.”

The CARE-MS II trial (Comparison of Alemtuzumab
and Rebif® Efficacy in Multiple Sclerosis;
NCT00548405) evaluated the efficacy and safety of
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alemtuzumab treatment in patients with active RRMS
who had inadequate response to prior DMTs.?
Alemtuzumab  significantly reduced relapses
(»<<0.001) and disability worsening (p=0.0084)
compared with subcutancous interferon beta-la (SC
IFNB-1a) over 2years.” Other clinical and magnetic
resonance imaging (MRI) outcomes, including
6-month confirmed disability improvement (CDI),
and brain volume loss (BVL) were significantly
favorable in patients treated with alemtuzumab versus
SC IFNB-1a.? The long-term efficacy of alemtu-
zumab was evaluated in an extension of the alemtu-
zumab clinical trials, including patients from
CAMMS223  (NCT00050778), CARE-MS 1
(NCT00530348), and CARE-MS II. Results of the
extension study (CAMMSO03409; NCT00930553)
showed that alemtuzumab maintained efficacy on
clinical and MRI outcomes through Year 6.10-11

Adverse events (AEs) in alemtuzumab-treated
patients include infusion-associated reactions (IARs),
infections, and autoimmune AEs (mainly thyroid
events, and less frequently, immune thrombocytope-
nia [ITP] and nephropathies [including anti-glomeru-
lar basement membrane disease]).>!! The incidence
of IARs decreased with the second course of alemtu-
zumab and each additional course thereafter.!> The
risk of infections also decreased over time from ~60%
in Year 1 to ~40% in Year 5; over 95% of infections
were mild to moderate with serious infections occur-
ring in less than 2% of patients per year.!* Thyroid
events occurred in 42% of patients over 6 years, peak-
ing in the third year and declining over time.!!
Throughout the alemtuzumab clinical development
program for MS (up to 12years, depending on the
study), ITP occurred in ~2% of patients, and the inci-
dence of nephropathies was 0.34%.1415

In CARE-MS I, patient-reported outcome (PRO)
measures were used to evaluate the impact of alemtu-
zumab on patients’ health-related quality of life
(HRQL). At 2 years, the alemtuzumab group showed
statistically significant improvements compared with
SC IFNB-1a on PRO scores.!® These results affirmed
the importance of improvement in clinical and MRI
endpoints to patients and demonstrated that alemtu-
zumab treatment can have a meaningful positive
impact on patients’ lives.

To extend and broaden these results, we report 6-year
HRQL outcomes for alemtuzumab-treated patients
followed from entry in CARE-MS II through comple-
tion of the CARE-MS extension study, including a
subgroup analysis of patients with HAD.

Methods

Study design

The CARE-MS 1I study design has been published
elsewhere.’ Briefly, CARE-MS II was a global, rand-
omized, rater-blinded, active comparator, Phase 3
trial of patients with active RRMS (defined as =2
relapses in prior 2years and =1 in prior year).
Participation was limited to adult patients 1855 years
of age who had experienced MS symptom onset dur-
ing the 10years prior to enrollment, had at least one
relapse during prior DMT (defined as =6 months of
treatment with IFNB or glatiramer acetate), and had
an Expanded Disability Status Scale (EDSS) score of
0-5 at baseline.

Participants were randomized in a 2:1 ratio to receive
intravenous (IV) alemtuzumab 12mg administered
once daily on five consecutive days at baseline and on
three consecutive days 12 months later, or SC IFNB-1a
44 g administered three times weekly. The core
CARE-MS 1I study lasted 2 years (baseline to Month
24) and was followed by a 4-year extension study
(Months 24-72). During the extension study, patients
could receive as-needed treatment for relapse or MRI
activity with alemtuzumab (three consecutive days,
=12 months from the previous course) or other DMTs
at the investigator’s discretion. All procedures were
approved by local institutional ethics review boards
of participating sites. Patients provided written
informed consent.

Study population

The populations of interest in this analysis were the
RRMS patients who initiated alemtuzumab 12 mg at
entry in CARE-MS 1II and the subgroup of those
patients with HAD (characterized by =2 relapses in
the year prior to randomization and =1 gadolinium-
enhancing lesion at baseline, per definition in previ-
ous alemtuzumab publications).!”

HRQL assessments

The main outcomes for this analysis were the changes
from baseline scores in the following PRO
instruments.

Functional Assessment of Multiple Sclerosis (version
4). The Functional Assessment of Multiple Sclerosis
(FAMS) is a validated, MS-specific, patient-reported
HRQL questionnaire with 44 scored items comprising
six scales (mobility, symptoms, emotional well-being,
general contentment, thinking and fatigue, family/
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social well-being).!'® FAMS total scores range from 0
to 176, with higher scores indicating better function-
ing. A clinically meaningful change in FAMS total
scores in RRMS was not predetermined in the study
protocol. However, in the absence of other informa-
tion, 0.5 standard deviation (SD) is a conservative and
scientific estimate of a clinically meaningful effect.!
The FAMS was administered at baseline, every
6months during the core study and Year 1 of the
extension period, and every 12 months thereafter.

Short-Form-36 (version 2). The Short-Form-36 (SF-
36) is a validated generic self-assessment question-
naire that captures patients’ perceptions of their health
and how it affects their quality of life.20 It contains 36
items that are organized in eight scales and combined
into two summary measures: the mental component
summary (MCS; an aggregate score comprising the
eight scales emphasizing the mental health, role-emo-
tional, social functioning, and vitality [i.e. energy
level/tiredness] scales) and the physical component
summary (PCS; an aggregate of the eight scales
emphasizing the physical function, role-physical,
bodily pain, and general health scales). Norm-based
scores ranged from 0 to 100 for both the MCS and
PCS. A clinically meaningful change in PCS or MCS
was defined as a decrease or increase of =5 points
from baseline norm-based scores.?!-23 The SF-36 was
administered at baseline, every 12 months during the
core study, every 6 months during Year 1 of the exten-
sion period (per protocol), and every 12months
thereafter.

EuroQOL-Visual Analog Scale. The EuroQOL-
Visual Analog Scale (EQ-VAS; part 2 of the EQ-5
Dimension 3-Level Questionnaire) is a validated,
standardized, generic measure in which patients mark
their self-rated current health status on a vertical scale
ranging from 0 (worst imaginable health state) to 100
(best imaginable health state).>* A conservative
approximation of what constitutes a clinically mean-
ingful change in EQ-VAS scores for patients with
RRMS is 0.5 SD.!? The EQ-VAS was administered at
baseline, every 6 months during the core study and
Year 1 of the extension period, and every 12 months
thereafter.

Statistical analysis

Analyses were based on all available data (without
imputation) for patients treated with alemtuzumab
12mg from the first alemtuzumab dose in the
CARE-MS 1I core study through 6years. Subgroup
analyses were performed on alemtuzumab-treated
patients with HAD at core study baseline.

Baseline characteristics for all participants were sum-
marized using descriptive statistics. Changes from
baseline in HRQL measured by PRO questionnaires
at each time point after baseline were analyzed using
a mixed-effects model for repeated measurements
(MMRM) including treatment, geographic region,
visit, baseline HRQL value, and treatment-by-visit
interaction as fixed effects with an unstructured vari-
ance-covariance structure. Visit was treated as a cate-
gorical variable. Results are presented as least-squares
means with 95% confidence intervals (Cls).

Results

Study population and baseline characteristics

Of the 435 alemtuzumab-treated patients who com-
pleted 2 years in CARE-MS 11, 393 (90%) enrolled in
the extension study; of those, 338 (86%) remained on-
study through end of Year 6. Of a total of 145 patients
in the HAD subgroup, 103 were treated with alemtu-
zumab 12mg in the CARE-MS 1I core study and 42
with SC IFNB-1a. Of the 103 alemtuzumab-treated
HAD patients, 92 (89%) entered the extension study
and 84 (91%) remained on-study through Year 6.
Compared with the overall population, patients with
HAD were slightly younger on average and had a
higher mean number of relapses in the previous year
(Table 1). Overall, 50% of patients received no addi-
tional alemtuzumab and no other DMT after complet-
ing the second alemtuzumab course at Month 12.

HRQL outcomes over 6 years

Alemtuzumab arm in the overall population. As pre-
viously reported,!¢ alemtuzumab-treated patients
showed significant improvements from baseline on
FAMS, SF-36 MCS, SF-36 PCS, and EQ-VAS at Year
2. Significant improvements were also observed ver-
sus SC IFNB-1a at Year 2 on FAMS, SF-36 PCS, and
EQ-VAS (Figure 1). CARE-MS Il patients maintained
statistically significant improvements from baseline
for up to 6years on EQ-VAS, and up to Syears on
FAMS, SF-36 MCS, and SF-36 PCS; none of the
observed improvements reached the threshold for
clinical relevance. FAMS, and SF-36 MCS and PCS
change from baseline scores showed numerical
improvements at Year 6 in alemtuzumab-treated
patients; however, the differences from baseline did
not reach statistical significance or the threshold for
clinical relevance (Figure 1 and Table 2).

Alemtuzumab arm in the HAD subpopulation. At
Year 2, alemtuzumab-treated patients with HAD
showed statistically significant improvements from
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Table 1. Baseline characteristics of overall CARE-MS II population and HAD subpopulation.

Demographics

Age (years)

Mean (SD) 34.7 (8.3) 35.8(8.8) 32.7(7.7) 34.1(8.7)

Min—max 18.0-55.0 18.0-54.0 18.0-50.0 18.0-54.0
Sex, n (%)

Female 287 (66.0) 131 (64.9) 69 (67.0) 27 (64.3)

Male 148 (34.0) 71 (35.1) 34 (33.0) 15(35.7)
Region, n (%)

United States, Canada, Australia 220 (50.6) 102 (50.5) 56 (54.4) 26 (61.9)

Latin America, Europe,? Israel 215 (49.4) 100 (49.5) 47 (45.6) 16 (38.1)
Race, n (%)

White 392 (90.1) 187 (92.6) 97 (94.2) 40 (95.2)

Others® 43(9.9) 15(7.4) 6(5.8) 2 (4.8)
Relapses in previous year

Mean (SD) 1.7 (0.9) 1.5(0.8) 2.4(0.8) 2.3 (0.5)

Median (range) 1.0 (0.0-5.0) 1.0 (0.0-4.0) 2.0 (2.0-5.0) 2.0 (2.0-3.0)
EDSS score

Mean (SD) 2.7(1.3) 2.7(1.2) 2.6 (1.2) 2.7(1.2)

Median (range) 2.5(0.0-6.5) 2.5(0.0-6.0) 2.5(0.0-5.0) 2.5(0.0-5.0)
Duration of previous MS drug use,® months

Mean (SD) 35.0 (24.5) 36.0 (23.6)

Median (range) 28 (2—-131) 29 (6-115)
Number of previous MS drugs used,® n (%)

1 304 (69.9) 151 (74.8)

2 96 (22.1) 41 (20.3)

3 24 (5.5) 9(4.5)

=4 11(2.5) 1(0.5)

Mean (SD) 1(0.7) 1(0.6)

Median (range) 1(1-5) 1(1-4)
Previous MS drugs used, n (%)

IFNB-1a 237 (54.5) 108 (53.5)

IM IFNB-1a 125 (28.7) 46 (22.8)

SC IFNB-1a (22 or 44 ug) 146 (33.6) 73 (36.1)

IFNB-1b 157 (36.1) 63 (31.2)

Glatiramer acetate 149 (34.3) 69 (34.2)

Natalizumab 17 (3.9) 7(3.5)

Immunoglobulin 9(2.1) 1(0.5)

Azathioprine 6(1.4) 5(2.5)

baseline on FAMS, SF-36 MCS and PCS, and EQ- (Figure 2). However, the improvements did not reach
VAS, and statistically significant improvements ver- the threshold for clinical relevance. The change from
sus SC IFNB-la on SF-36 PCS and EQ-VAS basecline scores in all HRQL measures showed
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Figure 1. Change from baseline in HRQL over 6 years in RRMS patients from CARE-MS II. Change from core

study baseline in (a) FAMS total, (b) SF-36 MCS, (c) SF-36 PCS, and (d) EQ-VAS scores. FAMS and EQ-VAS were
administered at baseline (Month 0), every 6 months thereafter up to Year 3, and every 12 months from Years 3 to 6. The
SF-36 was administered at baseline (Month 0), every 12 months thereafter up to Year 2, every 6 months from Years 2 to 3,

and every 12 months from Years 3 to 6.

CARE-MS: Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; CI: confidence interval; EQ-VAS: European
Quality of Life-5 Dimensions-3-level visual analog scale; FAMS: Functional Assessment of Multiple Sclerosis, version 4; HRQL:
health-related quality of life; MCS: mental component summary; PCS: physical component summary; RRMS: relapsing-remitting
multiple sclerosis; SC IFNB-1a: subcutaneous interferon beta-1a; SD: standard deviation; SF-36: 36-Item Short-Form Survey,

version 2.
aData are least-squares means (95% Cls).

bAlemtuzumab baseline mean (SD) scores: FAMS total score, 119.1 (31.6); SF-36 MCS score, 44.9 (11.8); SF-36 PCS score, 42.7

(10.2); EQ-VAS score, 70.1 (19.1).
*p<0.05 versus baseline (alemtuzumab-treated patients).
p<<0.05 versus SC IFNB-1a.

numerical improvements at Year 6 in patients with
HAD; improvements did not reach statistical signifi-
cance and were not clinically relevant (Figure 2 and
Table 2).

Discussion

Long-term HRQL evidence is critical to understanding
treatment effects in chronic diseases such as RRMS
and is an important indicator of treatment success
from the patients’ perspective.2’ Alemtuzumab-treated
RRMS patients, including the HAD subpopulation,
showed improvements from baseline in HRQL, which
were maintained over 5 or 6years, depending on the
PRO measure. The Year 6 FAMS and SF-36 PCS
changes from baseline scores were numerically greater

than the 2-year changes for SC IFNB-la-treated
patients; however, the changes did not reach statistical
significance and were not clinically relevant based on
a responder definition of half an SD.19:22

Although the magnitude of improvement versus base-
line was greatest in Years 1 and 2 after alemtuzumab
treatment, patients’ scores did not fall below baseline
in Years 4, 5, and 6 in each of the HRQL measures.
This is an important finding given that patients with
MS typically experience worsening in HRQL over
time.26  Alemtuzumab-treated patients showed
improvements, or at least stabilization, in both generic
and disease-specific HRQL measures that were sus-
tained over 6years, and this was achieved with 50%
of patients not receiving additional treatment (neither
alemtuzumab nor another DMT) after Month 12.
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Table 2. Mean FAMS total, SF-36 MCS and PCS, and EQ-VAS scores at baseline and Year 6 in patients from the

CARE-MS 1I study.

Overall HAD subgroup
Alemtuzumab SC IFNB-1a Alemtuzumab SC IFNB-1a
(N =435) (N=202) (n=103) (n=42)
FAMS total
Baseline 119.1 (31.6) 118.9 (32.7) 122.0 (29.1) 124.9 (34.5)
Year 6° 123.4 (36.2) 125.3 (34.6)
SF-36 MCS
Baseline 449 (11.8) 43.9 (12.0) 45.0 (11.6) 44.7 (11.7)
Year 62 46.3 (12.7) 48.7 (11.8)
SF-36 PCS
Baseline 42.7 (10.2) 42.4 (10.2) 43.3(9.7) 44.7 (10.4)
Year 62 44.1 (11.3) 44.6 (10.8)
EQ-5D VAS
Baseline 70.1 (19.1) 70.3 (17.7) 72.0 (17.4) 71.6 (18.4)
Year 62 74.0 (20.3) 75.8 (19.3)

FAMS: Functional Assessment of Multiple Sclerosis, version 4; SF-36: 36-Item Short-Form Survey, version 2; MCS: mental
component summary; PCS: physical component summary; EQ-VAS: European Quality of Life-5 Dimensions-3-level visual
analog scale; CARE-MS: Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; HAD: highly active disease;
SC IFNB-1a: subcutaneous interferon beta-1a; SD: standard deviation.

Data are expressed as mean (SD).

aYear 6 data were not available for SC IFNB-1a due to discontinuation of the active comparator arm after the 2-year core study

period.

These HRQL results reflect the improvements in dis-
ability, reduced relapses, and slowed BVL reported
previously for these patients.*!!

For the SF-36 PCS and MCS measures, the minimally
important difference (MID) was established as a
5-point change, equivalent to half an SD.22 This MID
threshold was established in healthy individuals rather
than those with chronic disease, so it is unclear
whether the threshold would be the same for patients
with MS. An MID of half an SD has been suggested
for the other PRO instruments as well.'"” Although
CARE-MS 1I patients did not reach this MID, their
score increases were higher than those achieved in
Phase 3 studies of natalizumab.?? Previous analyses to
explore an MID in MS patients correlated changes in
PRO scores with changes in EDSS.'8 A 1-point change
in SF-36 PCS and MCS scores and a 3-point change
in FAMS score may represent MIDs for MS patients
as those thresholds correlated with a 0.5-point EDSS
change.?’ In CARE-MS 11, 43% of patients achieved
6-month CDI (defined as a =1.0-point decrease in
EDSS score from core study baseline confirmed over
6months) over 6years.!! Further analyses using an
anchor-based approach to compare improvements in
PRO scores with changes in EDSS are needed to
determine the clinical relevance of this result.

There are few long-term HRQL studies of treatments
for MS. Most studies were short-term (<2 years) and
the majority used generic PRO instruments such as
the SF-36,2 SF-12,28 or EQ-VAS.? Few RRMS
studies have randomized participants to two active
treatments (rather than placebo) and used both dis-
ease-specific and generic PROs to evaluate HRQL.
It is difficult to compare these studies due to differ-
ences in patient populations, PRO measures used,
and length of follow-up.

This analysis is the first assessment of long-term
HRQL in RRMS patients with a clearly defined
HAD subpopulation. Although there is no standard
definition of HAD, our definition (=2 relapses in the
year prior to randomization and =1 gadolinium-
enhancing lesion at baseline) is consistent with defi-
nitions of rapidly evolving severe RRMS from the
European Medicines Agency and the National
Institute for Health and Care Excellence (=2 disa-
bling relapses in 1 year plus =1 gadolinium-enhanc-
ing lesions on brain MRI or a significant increase in
T2 lesion load compared with a previous recent
MRI).30:31 Other definitions include patients who
had at least one relapse in the previous year while on
therapy plus at least one gadolinium-enhancing
lesion or nine or more T2-hyperintense lesions.3?
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Figure 2. Change from baseline in HRQL over 6 years in the HAD subpopulation of RRMS patients from CARE-MS
II. Change from core study baseline in (a) FAMS total, (b) SF-36 MCS, (c) SF-36 PCS, and (d) EQ-VAS scores. FAMS
and EQ-VAS were administered at baseline (Month 0), every 6 months thereafter up to Year 3, and every 12 months from
Years 3 to 6. The SF-36 was administered at baseline (Month 0), every 12 months thereafter up to Year 2, every 6 months

from Years 2 to 3, and every 12 months from Years 3 to 6.

CARE-MS: Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; CI: confidence interval, EQ-VAS: European
Quality of Life-5 Dimensions-3-level visual analog scale; FAMS: Functional Assessment of Multiple Sclerosis, version 4; HAD: highly
active disease; HRQL: health-related quality of life; MCS: mental component summary; PCS: physical component summary; RRMS:
relapsing-remitting multiple sclerosis; SC IFNB-1a: subcutaneous interferon beta-1a; SD: standard deviation; SF-36: 36-Item Short-

Form Survey, version 2.
2Data are least-squares means (95% Cls).

bAlemtuzumab baseline mean (SD) score: FAMS total score, 122.0 (29.1); SF-36 MCS score, 45.0 (11.6); SF-36 PCS score, 43.3 (9.7);

and EQ-VAS score, 72.0 (17.4).
*p<<0.05 versus baseline.
p<<0.05 versus SC IFNB-1a.

HRQL data from randomized controlled trials are
lacking for patients with HAD and represent a sig-
nificant unmet need. The findings from this study
support the hypothesis that use of effective therapies
in patients with HAD can improve their quality of
life outcomes.6

This study also had limitations. First, as discussed in
our previous analysis,!® the SF-36 and EQ-VAS are
generic instruments and therefore may not be as sensi-
tive to MS-related HRQL changes as the disease-spe-
cific FAMS. Second, the CARE-MS II extension study
was not powered to detect differences in HRQL out-
comes (tertiary endpoints) among the alemtuzumab-
treated RRMS population, and the HAD subgroup
analyses were post hoc. Third, patients had knowl-
edge of their treatment assignment and both groups
used active treatments, which may have influenced

patients’ HRQL responses. Fourth, not all patients had
values for HRQL at each time point. Missing data
over time can contribute to biased estimates of change
by not accounting for the status of patients with
incomplete/missing assessments. Finally, this analy-
sis compared 6-year PROs with baseline scores for
alemtuzumab-treated patients, as 6-year active com-
parator data were not available due to discontinuation
of SC IFNB-1a after the 2-year core study period.

Conclusion

Over 6years, alemtuzumab-treated RRMS patients
with inadequate response to prior treatment reported
improvement or stabilization in HRQL compared
with baseline, including the subset of patients with
HAD. Patients with HAD showed significant
improvements in HRQL outcomes (as measured by
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SF-36 PCS and EQ-VAS) at 2years after treatment
with alemtuzumab compared with SC IFNB-1a; how-
ever, the improvements did not meet the threshold for
clinical relevance.
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