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ABSTRACT

Objective: To report the long-term safety and efficacy results from CAMMS223 comparing alemtuzumab with interferon ␤-1a in early, active relapsing-remitting multiple sclerosis (RRMS). What
are the long-term effects of alemtuzumab treatment, received 36 to 48 months previously, on
relapse and disability in early, active RRMS? This study provides evidence of the effectiveness of
alemtuzumab in reducing the relapse rate and accumulation of disability compared with interferon
␤-1a (IFN␤-1a) through extended follow-up (up to 60 months from baseline).
Methods: Of 334 patients originally randomized, 198 participated in the extension phase (151
[68%] alemtuzumab and 47 [42%] IFN␤-1a). Disability, relapses, and safety were assessed as in
the original study period. Efficacy outcomes were analyzed from baseline of the original trial
period to 60 months. Safety data extended beyond 60 months.

Results: Over 5 years, alemtuzumab lowered the risk of sustained accumulation of disability by
72% and the rate of relapse by 69% compared with IFN␤-1a (both p ⬍ 0.0001). The annualized
relapse rate from baseline to month 60 was 0.11 for alemtuzumab and 0.35 for IFN␤-1a. Complete safety follow-up reflected 988 and 376 person-years for alemtuzumab and IFN␤-1a patients, respectively. Serious infections were seen in 7% of alemtuzumab patients and 3% of
IFN␤-1a patients, and thyroid disorders were seen in 30% of alemtuzumab patients vs 4% of
IFN␤-1a patients. Immune thrombocytopenia occurred in 3% of alemtuzumab patients and 0.9%
of IFN␤-1a patients during the initial study period; no additional events were reported during the
extension phase. One alemtuzumab patient developed Goodpasture disease 39 months after the
second annual cycle of alemtuzumab.

Conclusions: Through extended follow-up, alemtuzumab remained significantly more efficacious
than IFN␤-1a, with a safety profile consistent with previous reports.
Classification of Evidence: This study provides Class III evidence that alemtuzumab is more effective than interferon ␤-1a in reducing relapses and disability in patients with RRMS in a long-term
follow-up of a rater-blinded, randomized clinical trial with 59.5% of patients participating in the
extended follow-up period. Neurology® 2012;78:1069–1078
GLOSSARY
AE ⫽ adverse event; ARR ⫽ annualized relapse rate; DMT ⫽ disease-modifying therapy; EDSS ⫽ Expanded Disability Status
Scale; GBM ⫽ glomerular basement membrane; IFN␤-1a ⫽ interferon ␤-1a; ITP ⫽ immune thrombocytopenia; LLN ⫽ lower
limit of normal; MS ⫽ multiple sclerosis; RRMS ⫽ relapsing-remitting multiple sclerosis; SAD ⫽ sustained accumulation of
disability; SAE ⫽ serious adverse event; SC ⫽ subcutaneous.

Alemtuzumab is an anti-CD52 humanized monoclonal antibody that alters the circulating
lymphocyte pool.1–3 It demonstrated significant efficacy as a treatment for relapsing-remitting
multiple sclerosis (RRMS) in preliminary studies4,5 and in a phase 2 clinical trial of more than
300 participants followed for up to 36 months (CAMMS223), reducing the rate of relapse and
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the risk of sustained accumulation of disability by more than 70% compared with subcutaneous (SC) interferon ␤-1a (IFN␤-1a).
Furthermore, the mean disability of alemtuzumab patients improved at month 36 in contrast with mean disability worsening in the
IFN␤-1a group.6 In post hoc analysis of the
improvement in disability, a sustained reduction in disability was more than twice as
likely to occur among alemtuzumab-treated
patients than among IFN␤-1a–treated patients.7 Treatment effects were evident 2 years
after the last treatment on all efficacy measures for the subset of patients who only received 2 cycles of alemtuzumab.7 Notable
adverse events (AEs) associated with alemtuzumab included infusion-associated reactions, infections of predominantly mild to
moderate severity, and secondary autoimmunity (primarily thyroid disorders and less
commonly immune thrombocytopenia).6
Patients in CAMMS223 were invited to
participate in an extension of CAMMS223 to
explore 1) the continued durability of the
treatment effect of alemtuzumab and 2) the
long-term safety profile.
METHODS The enrollment criteria and study design for the
original 36-month study period of CAMMS223 have been published previously6 and are summarized here.

Patients and procedures for CAMMS223 original 36month study. From December 2002 to July 2004, 334 people
with treatment-naive RRMS were enrolled at sites in 5 countries.
Enrollment criteria were Expanded Disability Status Scale
(EDSS)8 scores ⱕ3.0, disease duration ⱕ3 years, at least 2 relapses in the previous 2 years, and the presence of at least one
gadolinium-enhancing lesion on a screening MRI scan. Patients
were randomly assigned 1:1:1 to either IFN␤-1a (44 g/day 3
times weekly) or up to 3 annual IV cycles of alemtuzumab (3- to
5-day cycles) at a dose of 12 or 24 mg/day. Patients were not
blinded to treatment group but were assessed by blinded raters.
The planned study period for each patient was 36 months. The
last patient’s final study visit for the original study period was
September 2007. In September 2005, alemtuzumab therapy was
suspended after immune thrombocytopenia (ITP) developed in
3 patients with one fatality. During the dosing suspension, all
safety and efficacy assessments proceeded as planned, and patients who were receiving IFN␤-1a continued to receive that
drug. A program to ensure prompt identification and management of ITP was implemented, and the study duration was extended. The dosing suspension was lifted in April 2008.

Procedures for extension period of CAMMS223. The
extension phase started in August 2006. All CAMMS223 patients were encouraged to participate, including those who had
previously withdrawn. The use of disease-modifying therapies
(DMTs), including IFN␤-1a, was permitted, although these
1070
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treatments were not provided by the study. After the lifting of
the dose suspension in 2008, the sponsor introduced the option
of redosing alemtuzumab patients, at least 12 months after their
last alemtuzumab treatment. Retreatment alemtuzumab cycles
consisted of 3 consecutive days of 12 mg/day, with methylprednisolone premedication. Each patient was followed for 4 years or
until CAMMS223 ended in January 2010, when a new extension study opened for patients participating in CAMMS223 and
2 phase 3 clinical trials.

Outcome assessments. A blinded rater evaluated disability
quarterly and before a retreatment cycle using the EDSS and
sought objective signs required to confirm suspected relapses as
needed. Surveillance for thyroid abnormalities and ITP continued during the extension. Monthly serum creatinine and urinalysis testing for all alemtuzumab patients began after one patient
in this study developed anti-glomerular basement membrane
(GBM) disease (Goodpasture disease). Lymphocyte phenotyping occurred quarterly and at 1 month after each alemtuzumab
cycle during the original 36-month study period. During the
extension phase, lymphocyte phenotyping occurred annually for
all alemtuzumab patients and for patients retreated with alemtuzumab at alemtuzumab retreatment, 1 month after retreatment,
and semiannually.
Statistical analysis. The analyzed intention-to-treat dataset
included patients with continuous follow-up and those who discontinued during the original study period but re-enrolled in the
extension. Post hoc analyses were performed through 60 months
after randomization. Supplemental efficacy analyses were conducted using all available data (complete follow-up). Safety results used all available data through the closing of CAMMS223.
Sustained accumulation of disability (SAD) was defined as a
ⱖ1.0 point increase in EDSS score if the baseline EDSS score
was ⬎0 (or a ⱖ1.5 point increase if the baseline EDSS score was
0) sustained for a 6-month period. Time to SAD was assessed by
a proportional hazards model with covariates for treatment
group, country, and baseline EDSS score. Annualized relapse
rate (ARR) was estimated with Poisson regression with treatment
group as the only covariate. Treatment effects for relapse rate
were compared using an Andersen-Gill model with robust variance estimation and treatment group, country, and baseline
EDSS score as covariates. Treatment group comparisons for median change from baseline in EDSS scores were made using the
Wilcoxon-Mann-Whitney test. A proportional odds model was
used to assess improvement, stability, or worsening in EDSS
scores from baseline. Proportions of patients with and without
SAD and relapse were estimated with the Kaplan-Meier method.
All p values are 2-sided and were not adjusted for multiple hypothesis testing.
Sensitivity analyses were conducted, censoring patients at the
time when they received any nonstudy DMT during the first 36
months of the trial and any DMT, including IFN␤-1a or alemtuzumab retreatment, during the extension phase.
Because of incomplete follow-up and the possibility of informative dropout biasing the estimated treatment effects,9 sensitivity analyses were conducted using inverse probability weighting
methodology.10 The probability of dropping out of the study was
estimated for each patient by fitting a logistic regression model
with number of relapses and occurrence of a SAD event as explanatory variables and a variable indicating whether the patient
dropped out after 36 months as the outcome. Patients who initially withdrew after 36 months and then re-enrolled during the
extension period were not included. Time to SAD was then analyzed using a proportional hazards regression model with each

patient weighted by the inverse of the estimated probability that
they would drop out.
The median time to lymphocyte recovery for alemtuzumabtreated patients was estimated using the Kaplan-Meier method
from the time of the last alemtuzumab treatment. Patients were
censored at the time they were retreated with alemtuzumab or
received an alternative DMT.
AEs were summarized using all evaluable data from treated
patients’ baseline through complete follow-up ending in January
2010. The event rate per 100 patient-years for AEs was calculated and accompanied by an exact Poisson confidence interval.

Classification of evidence. This study provides Class III evidence for the 5-year efficacy (disability and relapse rate) of alemtuzumab (12 or 24 mg/day in 2 or 3 brief annual cycles) in
patients with early, active RRMS compared with 44 g 3 times
weekly IFN␤-1a; it summarizes the safety profile of alemtuzumab over 988 person-years of follow-up. Risk for SAD was
72% lower, and relapse rate was 69% lower through 5 years after
alemtuzumab compared with those for IFN␤-1a (both p values
⬍0.0001). ARR from baseline to month 60 was 0.11 for alemtuzumab and 0.35 for IFN␤-1a. The safety profile was consistent
with previous reports.

Standard protocol approvals, registrations, and patient
consents. CAMMS223 is registered at ClinicalTrials.gov number NCT00050778. All procedures were approved by local institutional ethics review boards of the participating sites. Patients
provided written informed consent.

Patient disposition and DMT
use during extended follow-up are presented in figure
1 and table e-1 on the Neurology® Web site at
www.neurology.org. More alemtuzumab patients
participated in the extension than IFN␤-1a patients.
The median duration of follow-up after the first
treatment was 57.3 months; the longest follow-up
was 80.6 months. Safety follow-up reflected 988
person-years for alemtuzumab patients and 376
person-years for IFN␤-1a patients. Baseline demographic and disease characteristics were similar between patients who participated and who did not
participate in the extension and were balanced across
treatment groups for those who participated in the
extension (table e-2). Alemtuzumab patients who did
or did not participate in the extension period did not
differ in ARR, but those who participated in the extension had a lower rate of SAD through the initial
36 months of the study than those who did not participate in the extension. IFN␤-1a patients who participated in the extension had a lower ARR and a
lower rate of SAD through month 36 than those who
chose not to continue in the study (table e-2). Patients receiving additional DMTs did not differ on
baseline demographic and disease characteristics
from those who did not receive additional DMTs.
Most alemtuzumab patients received no further
therapy in the extension study. Between 36 and 60
months, 9 alemtuzumab patients were retreated with
alemtuzumab, of whom one had no further EDSS

RESULTS Patients.

assessments. Forty-one alemtuzumab patients received a retreatment cycle after month 60. Each patient had just one alemtuzumab retreatment cycle. As
in the original CAMMS223 study phase, the 2 dose
groups of alemtuzumab did not significantly differ
on efficacy or safety outcomes so a pooled dose analysis is included.
Disability. The risk of SAD was lower for alemtu-

zumab patients compared with that for IFN␤-1a patients at month 60 (table 1, figure 2A). A similar
reduction in the risk of SAD was seen in those patients who received only 2 cycles of alemtuzumab
during the original study period, at months 0 and 12
(table e-3). The mean disability of alemtuzumab patients at month 60 was improved compared with
baseline, whereas it had worsened in IFN␤-1a patients, resulting in a net advantage of 0.76 EDSS
point for alemtuzumab patients (table 1, figure 2B).
This disability improvement was achieved by month
36; the change in mean or median disability from
month 36 to 60 did not differ between alemtuzumab
and IFN␤-1a patients, with both groups experiencing a small mean worsening over the longer-term
follow-up period (table 1). Results through complete
follow-up (table e-4) and after sensitivity analyses,
censoring for alemtuzumab retreatment and DMT
use, were similar (table e-5).
Relapse. The relapse rate of alemtuzumab patients
was lower than that of IFN␤-1a patients from baseline to 60 months of follow-up and was lower between months 36 and 60 (table 1, figure 2, C and D).
A similar ARR reduction was seen for alemtuzumab
patients who received only 2 cycles during the original study period compared with IFN␤-1a patients
(table e-3). The estimated percentage of relapse-free
patients at month 60 was significantly higher after
alemtuzumab than after IFN␤-1a (table 1). Results
through complete follow-up (tables e-4 and e-5) and
after sensitivity analyses censoring at the time of additional or alternative multiple sclerosis (MS) treatment were similar at month 60 with one exception.
Specifically, the ARRs from month 36 to month 60
for this sensitivity analysis were lower in both treatment groups and not significantly different between
treatment groups compared with the ARRs during
this time period for the overall (nonsensitivity) analysis (table e-5).
Sensitivity analysis for informative dropout. IFN␤-

1a–treated patients were less likely to participate in
the extension. An analysis for informative dropout
indicated that a SAD event was marginally related to
not participating in the extension period ( p ⬍ 0.1).
The total number of relapses was not significantly
related. The risk of SAD through complete followNeurology 78
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Figure 1

Patient disposition

Number of patients at each time point includes all patients who have at least one Expanded Disability Status Scale (EDSS)
assessment on or after that visit. Number of patients participating in extension includes all patients who have at least one
EDSS assessment during the extension period. ABCR ⫽ Avonex, Betaseron, Copaxone, and Rebif; IFN␤-1a ⫽ interferon ␤-1a.
*One patient who received alemtuzumab (12-mg group) was excluded from the efficacy analyses (but was included in the safety
analysis) because the initial diagnosis of MS was incorrect. The patient did not participate in the extension period.

up, adjusted by the estimated probability of a patient
dropping out, still yielded a significant treatment effect (67% reduced risk for the pooled alemtuzumab
group vs IFN␤-1a; p ⬍ 0.0001).
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Lymphocyte reconstitution. The estimated median

time to total lymphocyte counts rising to the lower
limit of normal (LLN) (1.0 ⫻ 109/L) was 9 months
after the last alemtuzumab cycle. CD4 and CD8

Table 1

Efficacy of alemtuzumab vs SC IFN␤-1a
Alemtuzumab
SC IFN␤-1a
(n ⴝ 111)

12 mg (n ⴝ 112)

24 mg (n ⴝ 110)

Pooled (n ⴝ 222)

Patients with event, n

30

13

11

24

KM estimate of no event, % (95% CI)

62 (49–73)

84 (73–90)

89 (81–94)

87 (81–91)

Outcome and statistic
SAD from baseline to month 60

Hazard ratio (95% CI)

0.31 (0.16–0.60) 0.25 (0.13–0.51) 0.28 (0.16–0.48)

Treatment effect, %

69

75

72

p Value

0.0005

0.0001

⬍0.0001

No. needed to treat to prevent 1 SAD event (95% CI)

4.18 (2.70–9.33)

Change in EDSS score from baseline to month 60
n

39

62

Mean change (SE)

0.46 (0.18)

p Value

71

133

⫺0.15 (0.15)

⫺0.44 (0.14)

⫺0.30 (0.10)

0.0056

0.0001

0.0002

Improved, n (%)

10 (25.6)

33 (53.2)

36 (50.7)

69 (51.9)

Stayed the same, n (%)

11 (28.2)

13 (21.0)

22 (31.0)

35 (26.3)

Deteriorated, n (%)

18 (46.2)

16 (25.8)

13 (18.3)

29 (21.8)

Odds ratio for improved disability (95% CI)

2.65 (1.22–5.76) 2.64 (1.22–5.71) 2.64 (1.32–5.31)

p Value

0.014

0.014

0.0063

Change in EDSS score from month 36 to month 60
n

36

61

68

129

Mean change (SE)

0.26 (0.15)

0.21 (0.12)

0.19 (0.13)

0.20 (0.09)

0.78

0.70

0.71

p Value
Improved, n (%)

6 (16.7)

16 (26.2)

13 (19.1)

29 (22.5)

Stayed the same, n (%)

19 (52.8)

24 (39.3)

36 (52.9)

60 (46.5)

Declined, n (%)

11 (30.6)

21 (34.4)

19 (27.9)

40 (31.0)

Odds ratio for improved disability (95% CI)

1.14 (0.52–2.49) 1.15 (0.52–2.51) 1.14 (0.56–2.32)

p Value

0.74

0.73

0.71

30

22

52

Relapses to month 60

a

Patients with any event, n

51

Total no. of events

112

50

49

99

KM estimate of no event, % (95% CI)

41 (29–52)

68 (56–77)

77 (67–84)

72 (65–78)

No. needed to treat to prevent 1 patient
from experiencing a relapse (95% CI)

3.56 (2.38–7.08)

ARR from baseline to month 60 (95% CI)b

0.35 (0.29–0.42) 0.12 (0.09–0.16) 0.11 (0.08–0.14) 0.11 (0.09–0.14)

Rate ratio (95% CI)

c

0.34 (0.20–0.57) 0.29 (0.17–0.50) 0.31 (0.20–0.48)

Treatment effect, %

66

71

69

p Value

⬍0.0001

⬍0.0001

⬍0.0001

ARR from month 36 to month 60 (95% CI)

b

0.28 (0.18–0.44) 0.12 (0.07–0.20) 0.15 (0.10–0.23) 0.14 (0.10–0.19)

Rate ratio (95% CI)c

0.44 (0.17–1.14) 0.52 (0.20–1.37) 0.48 (0.22–1.07)

Treatment effect, %

56

48

52

p Value

0.090

0.19

0.072

Abbreviations: ARR ⫽ annualized relapse rate; CI ⫽ confidence interval; EDSS ⫽ Expanded Disability Status Scale; IFN␤1a ⫽ interferon ␤-1a; KM ⫽ Kaplan-Meier; SAD ⫽ sustained accumulation of disability.
a
Assessed with the Kaplan-Meier method.
b
Assessed with Poisson regression.
c
Assessed with the Andersen-Gill model.

lymphocytes reconstituted gradually, reaching the
LLN range an estimated median of 12 months for
CD4 (LLN 0.3 ⫻ 109/L) and 11 months for CD8
(LLN 0.2 ⫻ 109/L for CD8) after the last alemtu-

zumab cycle. CD19 counts rose to the LLN range
(0.1 ⫻ 109/L) quickly after each alemtuzumab cycle
(median 3 months). The percentage of alemtuzumabtreated patients at month 60 with a total lymphoNeurology 78
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Figure 2

Efficacy outcomes through month 60 and complete follow-up

(A) Kaplan-Meier estimates of time to sustained accumulation of disability through complete follow-up with the number of at-risk patients listed below. (B)
The mean change from baseline of the original study period through years 5 and from year 3 to year 5 in EDSS score. (C) The cumulative relapse rate from
randomization through complete follow-up. (D) The annualized relapse rate from baseline of the original study through year 5 and from year 3 to year 5.
Alem. ⫽ alemtuzumab; IFN␤-1a ⫽ interferon ␤-1a; SC ⫽ subcutaneous.

cyte count within the normal range was 90%, for CD4
was 94%, for CD8 was 88%, and for CD19 was 96%.
Safety. The safety profile for alemtuzumab remained
similar to that found during the original study period,6 with notable AEs being infusion-associated reactions, infections, and secondary autoimmunity
(table 2). AEs associated with IFN␤-1a continued to
be consistent with its known safety profile, including
injection reactions, flu-like symptoms, mild selflimiting abnormalities in liver transaminases, and
thrombocytopenia. No additional deaths were reported in the alemtuzumab group, but one additional death due to an accident occurred in the
IFN␤-1a group. The alemtuzumab-treated patient
diagnosed off-study with Burkitt lymphoma, reported previously,6 died while off-study.
Infusion-associated reactions among the 50 patients retreated with alemtuzumab during complete
1074
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follow-up were qualitatively the same as those reported for the initial 3-year treatment period6 but
were reported by fewer patients (46% compared with
99% of patients at 3 years).
From the beginning of the extension phase to
complete follow-up, when the majority of alemtuzumab patients were untreated, the proportion of patients with infections in a given year ranged between
10 and 27%. We note that similar proportions of
patients (18 –31%) had infections after IFN␤-1a in
years 1–3 of the original study period (figure 3A). In
contrast, after treatment during the original study
period and retreatment during the extension period,
the proportion of alemtuzumab patients with infections in each year after an alemtuzumab cycle was
47% (102 of 216) after cycle 1, 37% (76 of 207)
after cycle 2, 43% (20 of 46) after cycle 3 in the
original study period, and dropped to 22% (11 of

Table 2

Adverse events summary through complete follow-upa
Alemtuzumab

Follow-up, person-years

SC IFN␤-1a
(n ⴝ 107)

12 mg (n ⴝ 108)

24 mg (n ⴝ 108)

Pooled (n ⴝ 216)

376

480

508

988

All events
Total no.

1,689

2,724

2,815

5,539

Events per 100 person-years, n (95% CI)

449 (428–471)

567 (546–589)

554 (534–575)

560 (546–576)

Patients with event, n (%)

29 (27.1)

30 (27.8)

33 (30.6)

63 (29.2)

Total no.

87

60

88

148

Events per 100 person-years, n (95% CI)

23 (19–29)

13 (10–16)

17 (14–21)

15 (13–18)

Patients with event, n (%)

1 (0.9)

1 (0.9)

2 (1.9)

3 (1.4)

Events per 100 person-years, n (95% CI)

0.3 (0.007–1.5)

0.2 (0.005–1.2)

0.4 (0.05–1.4)

0.3 (0.06–0.9)

13 (12.1)

5 (4.6)

2 (1.9)

7 (3.2)

Total events through complete follow-up

NA

922

1,035

1,957

Any event, n (%)

NA

106 (98.1)

107 (99.1)

213 (98.6)

SAEs, n (%)

NA

4 (3.7)

1 (0.9)

5 (2.3)

Patients with any event, n (%)

54 (50.5)

77 (71.3)

79 (73.1)

156 (72.2)

Total no.

133

299

301

600

Events per 100 person-years, n (95% CI)

35.4 (29.6–41.9)

62.2 (55.4–69.8)

59.2 (52.7–66.3)

60.7 (56.0–65.8)

Patients with SAE, n (%)

3 (2.8)

6 (5.6)

9 (8.3)

15 (6.9)

Total no. of SAEs

3

7

9

16

SAEs per 100 person-years, n (95% CI)

0.8 (0.2–2.3)

1.5 (0.6–3.0)

1.8 (0.8–3.4)

1.6 (0.9–2.6)

Patients with any event, n (%)

1 (0.9)

2 (1.9)

4 (3.7)

6 (2.8)

Patients with SAE, n (%)

0

1 (0.9)

4 (3.7)

5 (2.3)

Patients with any event, n (%)

4 (3.7)

36 (33.3)

28 (25.9)

64 (29.6)

Total no.

6

44

39

83

Events per 100 person-year, n (95% CI)

1.6 (0.6–3.5)

9.2 (6.7–12.3)

7.7 (5.5–10.5)

8.4 (6.7–10.4)

Patients with SAE, n (%)

0 (0.0)

1 (0.9)

3 (2.8)

4 (1.9)

Total no. of SAEs

0

1

3

4

SAEs per 100 person-year (95% CI)

0

0.2 (0.005–1.2)

0.6 (0.1–1.7)

0.4 (0.1–1.0)

SAEs

Death

AEs leading to withdrawal
Patients with event, n (%)
Infusion-associated reactions

Infections

Protocol-defined ITPb

Thyroid-associated events

Abbreviations: AE ⫽ adverse event; CI ⫽ confidence interval; IFN␤-1a ⫽ interferon ␤-1a; ITP ⫽ immune thrombocytopenia;
NA ⫽ not applicable; SAE ⫽ serious adverse event; SC ⫽ subcutaneous.
a
One alemtuzumab patient was diagnosed with anti-glomerular basement membrane disease during the extension period,
which was considered an SAE. Four (1.9%) alemtuzumab patients had a total of 6 malignancies (considered an SAE in 3
patients) and one (0.9%) IFN␤-1a patient had a malignancy, which was considered an SAE.
b
The protocol definition of ITP was normal hemoglobin, normal white blood cell count (other than lymphopenia due to
alemtuzumab treatment), no splenomegaly, normal peripheral smear except for a decrease in platelets without clumping,
and either a confirmed platelet count ⱖ50,000/L but ⬍100,000/L on at least 2 consecutive occasions over a period of
at least 1 month or a confirmed platelet count ⬍50,000/L without clumping documented on at least 2 consecutive occasions over any period of time.

50) in the year after retreatment during the extension. The incidence of infections was highest during
the month after an infusion. Infections through complete follow-up were predominantly mild or moder-

ate (96%) in severity, with upper respiratory tract
infections reported most frequently. No infections
were life-threatening or fatal. Rates of infection were
similar between patients who received 2 and 3 cycles
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Figure 3

Proportion of patients with infections and first autoimmune event

(A) Proportion of patients with infections. Percentages of patients with an infection in each year of the study were based on
the number of patients with evaluable safety data during that year. (B) Proportion of patients with first autoimmune event
each year. Percentages of patients with first autoimmune event were based on number of patients with evaluable safety
data and no prior autoimmune event other than multiple sclerosis. IFN␤-1a ⫽ interferon ␤-1a; SC ⫽ subcutaneous.

of alemtuzumab. Herpes infections (herpes simplex
and primary and reactivation varicella zoster virus)
and superficial fungal infections occurred more commonly in alemtuzumab-treated patients (17%) than
in INFB-1a-treated patients (4%), but there were no
disseminated infections. After year 3, annual rates of
herpes simplex and superficial fungal infections were
similar to rates in IFN␤-1a-treated patients in years
1–3. Only herpes zoster continued to be reported at a
slightly higher frequency than that in IFN␤-1atreated patients at ⬍2% per year. The background
rate for herpes zoster in the US population is about
3.2 per 1,000 person-years, comparable to European
rates.11
The incidence of secondary autoimmune disease
after alemtuzumab declined during the extension
period (figure 3B). The most common autoimmune event was thyroid disease, seen in 30% of
alemtuzumab-treated patients, with onset ranging
from 6 to 61 months after the first alemtuzumab
exposure, compared with 4% of IFN␤-1a–treated
patients. The incidence of secondary autoimmune
disease after the initial alemtuzumab treatment increased each year to a maximum in year 3 (14%) and
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then declined during the extension period. Patients
developing thyroid autoimmunity responded to conventional therapy. No additional cases of ITP were
seen in the extension period. All 5 surviving patients
of the original 6 patients with ITP have maintained
normal or near-normal platelet counts without additional ITP therapy or clinical sequelae for at least 41
months. One case of anti-GBM disease occurred in a
12-mg alemtuzumab-treated patient 39 months after
the second annual cycle of alemtuzumab.12 The patient was successfully treated with a course of plasmapheresis, cyclophosphamide, and corticosteroids.
She has stable mild renal impairment, is not receiving
treatment, and has not required dialysis or renal
transplant.
During the extended follow-up, 3 additional malignancies (thyroid papillary carcinoma and 2 events
of basal cell carcinoma) were reported in one 24-mg
alemtuzumab patient who had left the study and entered into another investigational drug trial.
DISCUSSION We have shown that the efficacy of
alemtuzumab over 3 years, as previously reported,6
was durable for at least a further 2 years. Alemtu-

zumab continued to suppress relapses more than
IFN␤-1a. The rate of SAD during the extension was
low as in the earlier years. Alemtuzumab patients still
had less disability at month 60 than at baseline. The
positive effects of alemtuzumab on disability compared with IFN␤-1a observed in the first 36 months
were maintained. This was true even for patients
who had received only 2 cycles of alemtuzumab
during the first year of the original study period,
suggesting maintenance of efficacy 4 years after dosing, although between month 36 and 60, a slight
worsening in mean disability occurred for both alemtuzumab and IFN␤-1a groups.
As with many extension studies, a limitation is the
differential attrition across treatment arms. Sensitivity analyses, however, suggest that alemtuzumab’s
apparent long-term treatment effects are real and
robust.
The safety profile reported here is consistent with
our previous reports. Infection risk decreased over
time from the last alemtuzumab treatment. The infection rate after retreatment during the extension
was lower than rates observed during the first 36
months of the study. No discernible increased risk
for malignancy is evident after alemtuzumab. As
with other agents,13,14 the rate of reported infusionassociated reactions fell with each repeated alemtuzumab cycle, perhaps suggesting increasing familiarity
and skill with administration and management of
alemtuzumab infusions.
The major safety concern after alemtuzumab continued to be secondary autoimmunity, most commonly autoimmune thyroid disease and less
frequently ITP. Anti-GBM disease developed in one
patient in this study and has been seen after alemtuzumab treatment of MS in 2 patients from other
studies, who both developed end-stage renal disease
requiring transplantation, as reported previously.4,15
In this trial, early detection of anti-GBM disease
led to effective treatment with minimal morbidity.
To date, the secondary autoimmunity after alemtuzumab is treatable and can be reduced by early
detection, achieved through education and vigilance of patient and physician and regular laboratory testing.
This extension study of the CAMMS223 trial has
shown that alemtuzumab remains significantly more
efficacious than IFN␤-1a over at least 5 years, with
no previously unrecognized safety concerns, in patients with early, active RRMS. Risk minimization
procedures to identify infrequent but serious adverse
events, such as ITP and anti-GBM disease, thus far
appear effective and should be an important consideration for the safe future use of alemtuzumab.
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