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Abstract

Background: Few data exist concerning conversion to secondary progressive MS in patients treated
with disease-modifying therapies.

Objective: Determine the proportion of alemtuzumab-treated patients converting from relapsing-
remitting to secondary progressive MS during the CARE-MS core and extension studies.

Methods: Patients (N = 811) were analyzed post hoc for secondary progressive MS conversion. Optimal
conversion definition: Expanded Disability Status Scale (EDSS) score >4, pyramidal functional system
score >2, and confirmed progression over >3 months including confirmation within the functional
system leading to progression, independent of relapse.

Results: Over 6.2 years median follow-up, 20 alemtuzumab-treated patients converted (Kaplan-Meier
estimate, 2.7%; 95% confidence interval, 1.8%—4.2%). Sensitivity analysis accounting for dropouts
showed similar results (3%), as did analyses using alternative definitions with different EDSS thresholds
and/or confirmation periods, and analysis of core study subcutaneous interferon beta-1la-treated patients
who received alemtuzumab in the extension. Patients converting to secondary progressive MS were
older, and had higher EDSS scores and greater brain lesion volumes at baseline, but did not need
additional alemtuzumab or other therapies.

Conclusions: The 6-year conversion rate to secondary progressive MS was low for alemtuzumab-treated
patients, supporting further study of the role alemtuzumab may play in reducing risk of secondary
progression.

ClinicalTrials.gov identifiers: NCT00530348, NCT00548405, NCT00930553.

Keywords: Relapsing-remitting multiple sclerosis, secondary progressive multiple sclerosis, alemtuzu-
mab, disease progression
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relapses” and burden of illness is higher than in
patients with relapsing-remitting MS.> Over half of
untreated relapsing-remitting MS patients progress to
secondary progressive MS within 10 years of diagno-
sis.* Delaying progression from relapsing-remitting

Introduction

Conversion to secondary progressive MS is an
important predictor of long-term prognosis in
patients with relapsing-remitting MS." Following
conversion, disability accumulates independently of
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to secondary progressive MS is an important treat-
ment goal; however, little information exists con-
cerning how current treatments may delay
conversion.'?

Lack of a consensus definition for secondary progres-
sive MS presents a major challenge. In 2016,
Lorscheider et al. developed an objective definition
for secondary progressive MS using data from a large
registry of MS patients (MSBase): Expanded
Disability Status Scale (EDSS) score >4, pyramidal
score >2, and disability progression by 1 EDSS point
(if EDSS score <5.5) or 0.5 EDSS points (if EDSS
score >6) without relapse, with confirmed progres-
sion over >3 months including confirmation within
the functional system leading to the progression
event.® Using this definition, approximately 18% of
registry patients converted to secondary progressive
MS over a median 5.8 years (range, 3.4-9.6).°

Alemtuzumab (LEMTRADA®; Sanofi Genzyme,
Cambridge, MA), a humanized monoclonal antibody
approved for relapsing-remitting MS, significantly
improved clinical and MRI outcomes over 2 years
in patients with active relapsing-remitting MS
versus subcutaneous interferon beta-la (SC IFNB-
la; Comparison of Alemtuzumab and Rebif
Efficacy in Multiple Sclerosis [CARE-MS] I
[NCT00530348]" and II [NCT00548405]%). An
extension study demonstrated continued efficacy
for 4 additional years.”'® Adverse events associated
with alemtuzumab treatment in clinical trials and
postmarketing  experience  include  infusion-
associated reactions, increased frequency of infec-
tion and the potential for opportunistic infections,
secondary  autoimmunity  (thyroid  disorders,
immune thrombocytopenia, nephropathies, autoim-
mune cytopenias, autoimmune hepatitis, and other
less common autoimmune events), acute acalculous
cholecystitis, and cardiovascular and pulmonary
events possibly related to infusion.” '

Here we describe a post hoc analysis of CARE-MS
patients to determine the proportion converting from
relapsing-remitting to secondary progressive MS
through 6years using the definition developed by
Lorscheider et al.® Additional sensitivity analyses
are also presented.

Methods

Design of CARE-MS and extension studies
The CARE-MS core and extension study designs
were described previously.” ' Briefly, the 2-year,

phase 3 CARE-MS studies compared alemtuzumab
with SC IFNB-1a in patients with active relapsing-
remitting MS who were either treatment-naive
(CARE-MS I; aged 18-50years)’ or had inadequate
response to prior therapy (CARE-MS II; aged 18—
55 years).® Patients received alemtuzumab 12mg/
day intravenously on 5 consecutive days at baseline
and 3 consecutive days 12months later. Patients
completing the phase 3 studies could enter the
4-year CARE-MS extension (NCT00930553),
wherein they could receive additional alemtuzumab
courses (12mg/day on 3 consecutive days
>12 months after most recent course) as needed
for relapse or MRI activity, or other licensed
disease-modifying therapy (DMT) at the investiga-
tor’s discretion; core study SC IFNB-la-treated
patients who entered the extension switched to 2
alemtuzumab courses (extension Dbaseline and
12 months later), followed by as-needed additional
alemtuzumab, or other DMT at investigator’s discre-
tion.”!” Local institutional ethics review boards of
participating sites approved all procedures. Patients
provided written informed consent.

Primary definition of secondary progressive MS
conversion

The primary definition of secondary progressive MS
in our analysis was based on the optimal definition
from Lorscheider et al.® (following personal commu-
nication with Dr. Lorscheider to clarify algorithmic
derivation of conversion, to ensure appropriate appli-
cation to the CARE-MS data): disability progression
by 1 EDSS point if baseline EDSS score <5.5 or by
0.5 EDSS points if baseline EDSS score >6, both
without relapse (i.e. progression start date is
>180days after prior relapse); minimum EDSS
score of 4 and minimum pyramidal functional
system score of 2; confirmed progression over
>3 months, including confirmation within the func-
tional system leading to the progression event. EDSS
was assessed quarterly by raters blinded to core study
treatment assignment and treatment history.”'°

Statistical analyses

Statistical analyses included patients who received
>2 courses of alemtuzumab 12mg in the CARE-
MS studies (‘alemtuzumab-only’) and core study
SC IFNB-la-treated patients who received >2
courses of alemtuzumab 12mg in the extension
(‘IFN-alemtuzumab’); analyses were carried out for
the pooled CARE-MS studies (and for the separate
CARE-MS studies in alemtuzumab-only patients);
data cut-off was September 15, 2015.
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The percentage of patients with secondary progres-
sive MS® was derived using the Kaplan-Meier
method, which accounted for patients who discon-
tinued prematurely or did not enter the extension.
Cumulative estimates and 95% confidence intervals
(CIs) are reported. Baseline characteristics were
assessed descriptively for patients who did or did
not convert to secondary progressive MS and for
alemtuzumab-only patients who discontinued or
did not enter the extension. In patients who con-
verted to secondary progressive MS, further descrip-
tive analyses in alemtuzumab-only patients included
percentage of patients who received additional alem-
tuzumab and/or treatment with another DMT, rea-
sons for additional alemtuzumab, temporal
relationship  between additional alemtuzumab
courses and conversion to secondary progressive
MS, efficacy endpoints (annualized relapse rate
[ARR], mean EDSS score, and number of new gad-
olinium [Gd]-enhancing and new/enlarging T2
hyperintense lesions [also assessed for IFN-
alemtuzumab]) by year over 6years, and quality-
of-life (QoL) assessments (Functional Assessment
of Multiple Sclerosis [FAMS; version 41,'® Short-
Form-36 [version 2] physical component summary
and mental component summary [SF-36 PCS and
MCS],"” and European Quality of Life-5
Dimensions Visual Analog Scale [EQ-VAS])'®
from baseline to Year 6 (higher scores indicate
better QoL on all instruments assessed; p values
were based on Wilcoxon signed-rank test)."”

Sensitivity analyses of the optimal definition from
Lorscheider et al.’® in alemtuzumab-only patients
included varying confirmation periods (6, 12, or
24 months) and an alternative threshold using a
minimum EDSS score of 3 with confirmation peri-
ods of 3, 6, 12, or 24 months. Definitions using
EDSS score >3 were found by Lorscheider et al.
to have lower specificity and lower overall accura-
cy than definitions using EDSS score >4 (particu-
larly when using 6-month confirmation).® In
addition, sensitivity analysis investigating the
number of patients who may have converted to
secondary progressive MS was carried out on
those from the primary analysis lacking the full
6-year data. These patients were used to determine
the impact on the primary estimate of conversion to
secondary progressive MS using the optimal defi-
nition from Lorscheider et al.

All statistical analyses used SAS (version 9.4, The
SAS Institute, Cary, NC).

Results

Patients

Of the 811 CARE-MS alemtuzumab-only patients
(mean age, 34.0years; standard deviation [SD],
8.24), 669 (82%) completed Year 6. Twenty-one
patients discontinued the core studies, 48 did not
enroll in the extension, and 73 discontinued from
the extension (due to lack of efficacy [extension;
n=4]; adverse event [core studies; n=1];
Figure 1). Through 6years, 56% of alemtuzumab-
only patients received neither additional alemtuzu-
mab nor another DMT (no additional alemtuzumab:
59%; no other DMT: 93%). Total follow-up time in
the pooled CARE-MS alemtuzumab-only population
was 4740 patient-years; median follow-up time was
6.2 years. Among 282 IFN-alemtuzumab patients
(mean age, 34.5 years; SD, 8.81), 245 (87%) com-
pleted Year 6 (follow-up: 1169 patient-years;
median, 4.2 years).

Secondary progressive MS conversion

In the pooled alemtuzumab-only population, 20
patients over 6years (Kaplan-Meier estimate,
2.7%; 95% CI, 1.8%-4.2%; CARE-MS I, n=4;
CARE-MS 11, n=16) converted to secondary pro-
gressive MS according to the Lorscheider et al. opti-
mal definition (median time to meet definition
criteria for conversion, 37.5 months; range, 3.2—
68.6).° Conversion was less frequent when longer
confirmation periods (6 and 12 months) were used
(Figure 2, Table 1). No patients converted to second-
ary progressive MS when a 24-month confirmation
period was used. Estimates of secondary progressive
MS conversion in the individual CARE-MS studies
were similar to the pooled population (Table 1). The
most common reason for patients meeting the sec-
ondary progressive MS definition at 3 months but
not at 24 months was failure to achieve the required
EDSS increase (n=11, 55%). Other reasons were:
insufficient time available for the confirmation
period to reach the required duration (n =15, 25%),
pyramidal functional system score <2 (n =2, 10%),
patient decision to discontinue the study early (n =1,
5%; reason for discontinuation unknown), and
EDSS score decrease to <4 (n=1, 5%; this patient
received 1 additional alemtuzumab course between
the start and end of secondary progression). Ten
IFN-alemtuzumab patients (3.6%; 95% CI, 2.0%—
6.7%; median time to conversion, 41.8 months;
range, 23.7-60.0) converted to secondary progres-
sive MS (optimal definition).
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Alemtuzumab-Only Group

IFN-Alemtuzumab Group

Randomized to
alemtuzumab 12 mg
N =822

Discontinued
N=21

Randomized to
SC IFNB-1a 44 pg

Discontinued

Patient request, n =9 ‘

Physician decision, n = 4

N =426 N=41
* Withdrawal of consent, n = 14
Adverse event, n = 11

Received

Received

Death, n = 3? Lack of efficacy, n =8
alemtuzumab 12 mg SC IFNB-1a 44 ug
Lost to follow-up, n =2 N =811 N =389 Physician decision, n = 4
Other reason, n = 2 Pregnancy, n =2
Adverse event, n =1 ‘ l Lost to follow-up, n = 1
C d Year 2 Completed Year 2 Other reasons, n =1
of core study of core study
N =790 N =348
Did not enter extension
N =48 A R e
A 4 v
. : Entered the extension . )
Discontinued Entered the ived Discontinued
N=73 N =742 alemtu;umzasbzﬁ mg N=35
Withdrawal of consent, n = 42 Withdrawal of consent, n = 13
Lost to follow-up, n = 13 < » Physician decision, n = 8
Other reason, n =6 h 4 v Other reason, n =7
Physician decision, n = 5 Completed Year 6 Completed Year 6 Death, n = 2¢
N = 669/811 (82%) N = 245/282 (87%)
Lack of efficacy, n = 4 Lost to follow-up, n = 2

Death, n = 3°

Adverse event,n =1
Lack of efficacy, n =1

Pregnancy, n =1

Figure 1. Patient disposétion in the CARE-MS core and extension studies. Abbreviations: CARE-MS, Comparison of
Alemtuzumab and Rebif Efficacy in Multiple Sclerosis. “Deemed unrelated to alemtuzumab treatment (3 deaths).
"Deemed unrelated (1 death) and possibly related (2 deaths) to alemtuzumab treatment. “Deemed unrelated to alemtu-
zumab treatment (1 death) and relationship to alemtuzumab treatment unable to be determined (1 death).

Baseline characteristics of patients who converted to
secondary progressive MS or discontinued

Because alemtuzumab-only patients who discontin-
ued or did not enter the extension might have had a
higher likelihood of converting to secondary pro-
gressive MS had they remained on study, we com-
pared baseline characteristics of that subgroup with
those of patients who did or did not convert to sec-
ondary progressive MS over 6 years of follow-up. At
baseline, patients who converted to secondary pro-
gressive MS were older and had higher EDSS scores,
numbers of Gd-enhancing lesions, and T1 and T2
lesion volumes compared with those who did not
convert (Table 2). CARE-MS II patients who con-
verted also had longer disease duration than those
who did not convert (eTable). The baseline charac-
teristics of patients who discontinued or did not enter
the extension (n=138) were similar to those of
patients who did not convert to secondary progres-
sive MS over 6 years (Table 2), except for T2 lesion
volume in CARE-MS I, which showed more simi-
larity between patients who discontinued and those
who converted to secondary progressive MS
(eTable).

At baseline in the IFN-alemtuzumab group, patients
who converted to secondary progressive MS were

older and had higher EDSS scores, lower numbers
of Gd-enhancing lesions, and lower T1 and T2 lesion
volumes compared with those who did not convert
(Table 3).

Efficacy and QoL over 6 years

Over 6 years, clinical and MRI efficacy were similar
in patients who did or did not convert to secondary
progressive MS, except for increased and less stable
EDSS scores in patients who converted (eFigures 1
and 2). Among alemtuzumab-only patients who con-
verted, QoL scores worsened over 6years on the
FAMS (mean [SD] baseline score, 113.8 [24.0];
Year 6, 95.3 [40.0]; p=0.02), SF-36 PCS (39.7
[9.6]; 35.1 [8.2]; p=0.08), SF-36 MCS (43.0
[13.9]; 40.8 [14.4]; p=0.20), and EQ-VAS (63.5
[19.7]; 62.0 [21.1]; p=0.33).

Percentage of alemtuzumab-only patients who
received additional treatment and temporal rela-
tionship between additional alemtuzumab courses
and conversion to secondary progressive MS

Of 20 alemtuzumab-only patients who converted to
secondary progressive MS, 11 received neither addi-
tional alemtuzumab nor another DMT, 6 received
additional alemtuzumab only (due to relapse and/or
MRI activity), 2 received both additional alemtuzu-
mab and another DMT, and 1 received another DMT

www.sagepub.com/msjetc
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5 - Core Studies Extension
— Optimal definition (3-month confirmation)

— 6-Month confirmation
— 12-Month confirmation

2.7% (1.8%-4.2%)

1.6% (0.9%-2.9%)

Patients Converting to
Secondary Progressive MS, %

0.9% (0.4%-1.9%)

0 6 12 18 24 30 36 42 48 54 60 66 72

No. of Patients: Follow-up Month

3-Month

confirmation: 811 809 806 799 770 731 723 708 697 686 680 660 600
6-Month

confirmation: 811 811 808 801 773 734 726 711 701 690 684 663 606
12-Month

confirmation: 811 811 808 801 773 734 727 713 703 693 687 667 611

Figure 2. Kaplan-Meier estimate of secondary progressive MS conversion in the pooled CARE-MS alemtuzumab@-only population (EDSS
threshold >4; different confirmation periods). Abbreviations: CARE-MS, Comparison of Alemtuzumab and Rebif Efficacy in Multiple
Sclerosis; EDSS, Expanded Disability Status Scale. No patients converted to secondary progressive MS when a confirmation period of 24 months
was used.

Table 1. Kaplan-Meier estimates of proportions of alemtuzumab-only patients converting to secondary progressive MS.*

www.sagepub.com/msjetc 5
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Table 2. Baseline characteristics of alemtuzumab-only patients who did and did not convert to secondary progressive MS*
(optimal definition), and who discontinued or did not enter the extension: pooled CARE-MS I and II studies.

Table 3. Baseline characteristics of I[FN-alemtuzumab patients who did and did not convert to secondary progressive MS* (optimal
definition).

www.sagepub.com/msjetc
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only. Of 8 who received any additional alemtuzu-
mab, 4 received 1 additional course (i.e. Course 3)
and 4 received 2 additional courses (Courses 3 and
4). Additional courses were received before conver-
sion to secondary progressive MS in 4 of 8 patients
and after conversion in 3 of 8 patients; in the remain-
ing patient, conversion occurred between Courses 3
and 4.

Sensitivity analyses

An EDSS score threshold >3 indicated generally
higher percentages of alemtuzumab-only patients
converting to secondary progressive MS; however,
conversion was low (<8%) overall (Table 1).

Among 811 alemtuzumab-only CARE-MS patients,
195 did not have full 6-year data. We further inves-
tigated the number of potential secondary progres-
sive MS converters in this subgroup. Fifty of these
195 patients had at least 5.75 years of follow-up and
did not convert to secondary progressive MS, so they
could not have converted over 6years; these 50
patients were thus excluded from this sensitivity
analysis. A further 4 patients were identified as con-
verting to secondary progressive MS before leaving
the study and were therefore also excluded from this
sensitivity analysis, since they had already been
counted among the 20 patients who converted to
secondary progressive MS in the main analysis. Of
the remaining 141 patients, we assumed a conver-
sion rate of 2.7% (i.e. the proportion converting in
the main analysis), yielding a further 4 potential
patients who could have converted, and thus an over-
all total of 24 patients, i.e. 3.0% of the 811 patients
in the main analysis population, meeting the second-
ary progressive MS definition through 6 years.

Discussion

This exploratory analysis demonstrated that 2.7% of
CARE-MS alemtuzumab-only patients converted to
secondary progressive MS over 6 years of follow-up,
according to criteria developed by Lorscheider et al.®
The 3-month confirmation had the highest sensitiv-
ity and reduced diagnostic uncertainty, with minimal
compromise on specificity (86% compared with
physicians’ diagnosis).® Although it could be pro-
posed that the patients who discontinued our study
may have had a higher likelihood of developing sec-
ondary progressive MS, leading to underestimation
of the percentage of patients who converted in our
analysis, our evidence argues against this. The base-
line characteristics of the patients who discontinued
were similar to those of patients who did not convert
to secondary progressive MS, and were not

consistent with those of patients who did convert.
Nonetheless, we carried out an additional sensitivity
analysis to address the possibility that some of the
patients for whom full 6-year data were not available
could have converted to secondary progressive MS.
This conservative analysis, in which we assumed
that the proportion converting to secondary progres-
sive MS among the patients who discontinued would
have been the same as for the entire study population
(2.7%), still yielded an overall proportion of only
3% converting to secondary progressive MS.
Results from other sensitivity analyses in the
whole study population using longer confirmation
periods and a lower EDSS threshold, or including
the 4 patients previously determined to have con-
verted to secondary progressive MS while on
study, also showed low proportions converting to
secondary progressive MS (<8% in the pooled pop-
ulation). In addition, no patients met the 24-month
confirmation period for conversion to secondary pro-
gressive MS, further underscoring the low rate of
conversion in alemtuzumab-treated patients. These
findings also align with the significant improve-
ments in disability often observed with alemtuzumab
compared with SC IFNB-1a,® and the subsequent
longevity of those effects through 8years.” '’
Importantly, no relationship was evident between
conversion to secondary progressive MS and
administration of additional alemtuzumab courses
or other DMTs.

A low rate of conversion to secondary progressive
MS in alemtuzumab-treated patients has important
clinical implications. Compared with relapsing-
remitting MS, patients with secondary progressive
MS experience more frequent neurologic symptoms,
increased disability, and further decreases in physi-
cal functioning, negatively affecting overall QoL
including ability to engage in work and activities
of daily living.* The onset of secondary progressive
MS is also associated with increased rates of hospi-
talization and increased economic costs.’ Treatments
that delay disease progression to secondary progres-
sive MS, therefore, may increase QoL and decrease
overall costs associated with the disease.

Comparison of our data with other studies is con-
founded by patient heterogeneity across data sets,
including disease duration, methods to evaluate dis-
ability and secondary progressive MS conversion,
and variable DMT use.® However, the 2.7% conver-
sion rate in CARE-MS patients is consistent with
other estimates. For example, a review of other ret-
rospective analyses of patients treated with IFNB
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over a similar timeframe indicated a 9.2% conver-
sion rate over 5.7years,”® while an observational
cohort study of patients with active relapsing-
remitting MS showed that 5% of patients treated
with alemtuzumab experienced secondary progres-
sion (4 of 87 patients) over a median of 7years,
using an operational definition of 2 consecutive dis-
crete confirmed disability worsening events, inde-
pendent of relapses.>' In another observational
study involving a population mostly derived from
the MSBase cohort, lower proportions converting
from relapsing-remitting to secondary progressive
MS were reported with alemtuzumab, fingolimod,
or natalizumab compared with IFNB or glatiramer
acetate (hazard ratio, 0.66; 95% CI, 0.44-0.99;
p=0.046; N=615; median follow-up, 5.8 years).*
Follow-up of IFNB-treated clinical trial patients
over a time frame similar to our study (7-8years
after study baseline) revealed 19.7% of patients con-
verting to secondary progressive MS.?* In patients
treated with DMTs after secondary progressive MS
conversion, some benefits in reducing relapses and
slowing disability worsening have been reported
with siponimod,®* teriflunomide,”> and alemtuzu-
mab®®?’; only recently have DMTs started to receive
approval for use in patients with secondary progres-
sive MS.**

Older age and early disability accumulation are well
established as predictors of a secondary progressive
course.''"3 While statistical comparisons for base-
line characteristics in the present study were not
performed due to the small numbers of patients con-
verting to secondary progressive MS, patients who
converted were older and had higher EDSS scores at
baseline. The baseline MRI lesion burden in the
patients who converted was greater in the
alemtuzumab-only group but lower in the IFN-
alemtuzumab group. In a recent study of the
MSBase cohort, no correlation between MRI activity
and clinical course was established.®® Further
research, using more reliable and standardized
MRI assessments, may help to resolve this
“clinicoradiological paradox.”> As expected, over
6 years among patients who converted to secondary
progressive MS, EDSS scores steadily increased
whereas relapse rates and MRI lesion counts did
not worsen. Worsened QoL in these patients was
in contrast to the improved or stable QoL recently
reported in the overall CARE-MS II population.'’

Results of this post hoc analysis must be interpreted
with caution. Currently, no consensus diagnostic cri-
teria exist for secondary progressive MS. We used

an objective definition developed by an independent
group, using functional system scores to increase
diagnostic accuracy and a short confirmation
period to reduce the period of diagnostic uncertainty
while maintaining specificity.® We also acknowl-
edge the lack of a comparator for rates of secondary
progressive MS conversion, although we did assess
the group who switched to alemtuzumab in the
extension after core study SC IFNB-1a, and found
that the proportion converting to secondary progres-
sive MS over 6 years was similar to, albeit slightly
higher than, that of the alemtuzumab-only group.
Finally, the 6-year follow-up time for which func-
tional systems scores were available limited our abil-
ity to detect conversion to secondary progression.
Follow-up over a longer term presumably would
have increased the number of patients converting.

Conclusions

Our data suggest alemtuzumab may affect the natu-
ral history of MS by slowing progression to more
severe stages of the disease. Over 80% of patients
remained in the extension study at Year 6, support-
ing the robustness of these data. Further confirma-
tion of these results over longer time periods and in
real-world cohorts will be important.
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