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Introduction
Alemtuzumab (LEMTRADA®; Sanofi, Cambridge, 
MA) is a humanized monoclonal antibody approved 
in >70 countries for treatment of relapsing-remitting 
multiple sclerosis (RRMS).1,2 It is given as infusions 
of 12 mg/day on five consecutive days at baseline 
and on three consecutive days 12 months later, with 
up to two additional treatment courses (three con-
secutive days) in patients with MS disease activ-
ity.1–4 In phase 2 and 3 clinical trials, alemtuzumab 
had superior efficacy over 24–36 months versus 

subcutaneous interferon beta-1a (SC IFNB-1a; 
Rebif®) given three times per week.5–7 Relapses were 
significantly decreased with alemtuzumab versus SC 
IFNB-1a in each study, and the risk of confirmed dis-
ability worsening was significantly reduced with alem-
tuzumab in the phase 2 CAMMS223 trial and in the 
phase 3 Comparison of Alemtuzumab and Rebif 
Efficacy in Multiple Sclerosis (CARE-MS) II trial.5,7 
Alemtuzumab also reduced magnetic resonance imag-
ing (MRI) lesion activity and brain volume loss.6,7 
Efficacy was durable over 6 years in the absence of 
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continuous treatment in the CAMMS03409 extension 
study.8–10 Durable efficacy and a well-characterized, 
manageable safety profile give alemtuzumab a posi-
tive benefit:risk profile.

Alemtuzumab selectively targets cell surface CD52 to 
deplete circulating T and B cells,11 leading to a dis-
tinctive pattern of cellular repopulation.12 T cells 
repopulate steadily after each treatment course, but 
generally do not return to baseline by 12 months post 
treatment.13 B cell counts return to baseline or above 
3–6 months post treatment.13 Proportions of lympho-
cyte subsets are altered following alemtuzumab treat-
ment, including a relative increase in regulatory and 
memory T cells within the overall T cell population.12 
The suppressive function of T regulatory cells may be 
restored, and the cytokine profile shifts from proin-
flammatory to anti-inflammatory.14,15 Alemtuzumab 
minimally depletes subsets of innate immune cells 
due to their lower expression of cell surface CD52.13,16 
Immunoregulatory natural killer cell subsets may 
undergo a relative expansion after alemtuzumab treat-
ment, persisting for 24 months.17,18 Serum immuno-
globulin concentration and tissue-resident effector 
memory T cells are unaffected.19,20

In the phase 2 and 3 studies, overall infection inci-
dence ranged from 66% to 77% with alemtuzumab 
12 mg versus 45% to 66% with SC IFNB-1a.5–7 Most 
were not serious; the incidence of serious infections 
was 2%–4% with alemtuzumab 12 mg and 1%–2% 
with SC IFNB-1a.5–7 The modestly elevated infection 
incidence suggests that, despite immunosuppression, 
important components of innate and adaptive immu-
nity are left intact. Here, we use pooled 6-year data 
from phase 2 and 3 and extension studies to character-
ize infections in alemtuzumab-treated patients over 
the longer term and discuss possible mechanisms by 
which alemtuzumab suppresses MS disease processes 
while apparently preserving components of protective 
immunity.

Patients and methods
Core study methods are described fully elsewhere.5–7 
Patients in the phase 2 (CAMMS223; ClinicalTrials.
gov identifier NCT00050778) and phase 3 (CARE-MS 
I, NCT00530348; and CARE-MS II, NCT00548405) 
studies had active disease and were randomized to 
receive either alemtuzumab or SC IFNB-1a (Figure 1). 
Alemtuzumab 12 mg or 24 mg was administered by 
intravenous (IV) infusion on five consecutive days at 
the start of treatment and on three consecutive days 
12 months later (the 24-mg dose was not available 
in CARE-MS I). A third course (optional; per 

investigator’s discretion) consisting of infusions on 
three consecutive days at Month 24 was given to 21% 
of patients in the core CAMMS223 study. SC IFNB-1a 
44 μg was administered three times per week. 
Participants in each study could enroll in the extension 
study (CAMMS03409; NCT00930553) for further 
follow-up and as-needed alemtuzumab retreatment for 
clinical or radiologic activity (12 mg/day infusion on 
three consecutive days at least 12 months after the 
most recent course).8,9 Patients provided written 
informed consent at core study enrollment and before 
entering the extension study.

During the phase 3 studies, a protocol amendment 
introduced a requirement for herpes prophylaxis using 
acyclovir (200 mg by mouth twice daily) in alemtu-
zumab-treated patients, beginning on the first day of 
each alemtuzumab treatment course and continuing 
for 28 days after completion. No other infection 
prophylaxis was routinely provided.

The pooled data presented here represent a total 
6-year follow-up of patients in the alemtuzumab 
12-mg arm of CARE-MS I and II, CAMMS223  
(and its extended follow-up period),21 and the 
CAMMS03409 extension study. Data on SC IFNB-la- 
treated patients are presented for Years 1 and 2 only, 
as there was no SC IFNB-1a arm in the extension 
study. All patients with RRMS who received alemtu-
zumab 12 mg or SC IFNB-1a in the core studies were 
included. Several notable opportunistic infections that 
occurred in the alemtuzumab 24-mg arms are also 
discussed.

Serious infections were defined according to the World 
Health Organization: either life-threatening; requiring 
or prolonging inpatient hospitalization; causing persis-
tent or significant disability/incapacity, congenital 
anomaly, or death; or requiring medical/surgical inter-
vention to prevent these outcomes. Because of the tim-
ing of the introduction of acyclovir, its use during 
Course 3 and subsequent courses was limited to the 
CARE-MS extension population and one patient in 
CAMMS223, not a representative pooled population. 
Therefore, no analysis of infections in relation to acy-
clovir use following administration of Course 3 was 
carried out. Results are reported as incidences (per-
centage of patients with ⩾1 event). Incidence rates 
adjusted for follow-up time are also appropriate to 
report in trials with long-term follow-up.22 Therefore, 
exposure-adjusted incidence rates (EAIRs) per 100 
patient-years ([number of patients with specific event 
divided by total annual exposure time among patients 
at risk of initial occurrence of event] × 100) are 
reported in time intervals. EAIRs by treatment course 
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were calculated from the start of one course until the 
start of the next course. If no other course was given, 
the time frame was until the end of follow-up for the 
6-year period. EAIRs by month were calculated per 
100 patient-months. Opportunistic infections were 
identified based on medical review of each patient 
with infection, taking into account the pathogen, tem-
poral association with alemtuzumab treatment, medi-
cal history, and concomitant medications. Lymphocyte 
subset counts temporally related to the occurrence of 
treatment-emergent infections were evaluated using 
available data from the CARE-MS studies and 
CAMMS03409. For each post-baseline time point, 
infections were counted if they had onset within the 
specific time window of that time point. For patients 
who received retreatment, data up to Course 3 onset 
date were included.

Results

Patient disposition
A total of 1414 patients with RRMS were analyzed 
(alemtuzumab 12 mg: n = 918; SC IFNB-1a: n = 496; 
Figure 1). Most patients (97.4%) treated with alemtu-
zumab 12 mg received at least two courses; 37.8%, 
11.5%, and 2.8% received at least a third, fourth, and/or 
a fifth course, respectively. Baseline characteristics are 
presented in Table 1.

Overview of infections
Pooled results from the 6-year follow-up showed that 
infections were common across treatment groups, but 
more frequent with alemtuzumab 12 mg than with  
SC IFNB-1a (Table 2). The increased infection inci-
dence with alemtuzumab was apparent at every 
monthly time point, but was most marked in the first 
month after the first course of treatment (Figure 
2(a)). No corresponding increase was seen after the 
second course of alemtuzumab treatment at Month 
13, which may be due, in part, to more patients 

receiving prophylactic acyclovir with the second 
course. In alemtuzumab-treated patients, infection 
incidence by month was lower in Years 3–6 compared 
with Years 0–2. Infection EAIR was relatively stable 
with each successive alemtuzumab treatment course 
(Figure 2(b)).

The majority of infections were mild to moderate in 
severity (i.e. Grades 1 or 2 using the Common 
Terminology Criteria for Adverse Events; Table 2) 
and were most commonly upper respiratory tract 
infections including nasopharyngitis and sinusitis, 
urinary tract infections, and mucocutaneous herpes 
simplex infections (Table 3). One fatal infection 
occurred in the alemtuzumab arm (sepsis in Year 3; 
previously reported).6 No infection led to study dis-
continuation, although one led to treatment with-
drawal (HIV infection).

Serious infection incidences were higher with alem-
tuzumab 12 mg than with SC IFNB-1a (1.9% vs 
0.4%; Supplementary Table 1) during the first year of 
follow-up, but were stable in the alemtuzumab 12-mg 
group in Years 2 (1.0%), 3 (1.5%), 4 (1.6%), 5 (1.3%), 
and 6 (1.0%). The most common serious infections 
(occurring in more than one patient) were pneumo-
nia, varicella zoster, appendicitis, gastroenteritis, and 
sepsis.

Incidences of infections and serious infections were 
similar between the overall study population and 
patients who received only the initial two courses of 
alemtuzumab 12 mg at Months 0 and 12, and no further 
treatment through Year 6 (Supplementary Table 2).

Herpetic infections and acyclovir prophylaxis
Acyclovir prophylaxis was introduced after initiation 
of the phase 3 studies. Herpes infections were 
increased with alemtuzumab 12 mg versus SC IFNB-1a 
during Years 1 (11.1% vs 1.8%) and 2 (7.7% vs 1.3%). 
Herpes simplex infections with alemtuzumab were 

Table 1. Baseline characteristics of pooled population.

Characteristic SC IFNB-1a 44 µg  
(n = 496)

Alemtuzumab 12 mg  
(n = 918)

Age, years 34.2 (8.78) 33.8 (8.23)

Female, n (%) 323 (65.1) 599 (65.3)

Time since initial relapse, years 3.0 (2.50) 3.1 (2.42)
Number of relapses in years before randomization 1.7 (0.80) 1.7 (0.84)

SC IFNB-1a: subcutaneous interferon beta-1a.
Values shown are mean (standard deviation), unless otherwise stated.
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Figure 2. Incidence and rate of treatment-emergent infections. EAIR of treatment-emergent infections by month (a) and 
by treatment course (b). Alemtuzumab data for Months 0–72 are pooled from CAMMS223 (and its extended follow-up 
period), CARE-MS I, and CARE-MS II core studies and the extension study. SC IFNB-1a data are pooled from the three 
core studies for Months 0–24.
CARE-MS: Comparison of Alemtuzumab and Rebif Efficacy in Multiple Sclerosis; EAIR: exposure-adjusted incidence rate; SC IFNB-
1a: subcutaneous interferon beta-1a.

predominantly mucocutaneous and declined after the 
second year (for Years 1–6, respectively: 8.6%, 5.2%, 
2.7%, 2.2%, 1.9%, and 2.9%); this pattern is likely 
related to the lower proportion of patients receiving 
alemtuzumab treatment in Years 3–6 and an increased 
rate of herpes prophylaxis in those years. Incidence 
of herpes zoster was stable in each year (for Years 
1–6, respectively: 2.0%, 2.4%, 3.1%, 1.9%, 2.4%, 
and 2.6%). Other herpetic infections reported 
included varicella (n = 8 patients) and herpes menin-
gitis (n = 1). Acyclovir prophylaxis markedly reduced 
herpes simplex incidence in the first month after each 
treatment course (Course 1, 4.9% without prophy-
laxis vs 0.5% with prophylaxis; Course 2, 2.4% vs 
0.8%, respectively).

There were eight serious events of varicella zoster over 
the 6-year follow-up period in patients who received 
alemtuzumab 12 mg. One case was multidermatomal 
varicella zoster. One case of varicella zoster meningitis 
(Grade 3) was observed in Month 6, diagnosed by pol-
ymerase chain reaction testing of the cerebrospinal 
fluid. The infection resolved in 2 weeks on treatment 
with IV acyclovir, and the patient received the second 
course of alemtuzumab treatment without recurrence.

Opportunistic infections
Infections deemed opportunistic were reported in 
seven patients (0.8%) over the 6-year follow-up and 

https://journals.sagepub.com/home/msj
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included herpes infections (n = 3; varicella zoster 
meningitis, varicella zoster, and multidermatomal 
varicella zoster; described previously), candidiasis 
(n = 4), cytomegalovirus infection (n = 1), and acute 
disseminated tuberculosis (n = 1). Two patients had 
both herpes and Candida infections. Three opportun-
istic infections were serious (varicella zoster meningi-
tis, acute disseminated tuberculosis, and esophageal 
candidiasis). One patient (0.2%) in the SC IFNB-1a 
group developed an opportunistic infection (renal 
tuberculosis) during the core studies.

One case of active tuberculosis occurred with alemtu-
zumab 12 mg. Acute disseminated tuberculosis of both 
lungs (Grade 3; no extrapulmonary disease) occurred 
after two courses of alemtuzumab 12 mg. The case was 
from a region of known endemic infection and resolved 
with conventional antituberculosis treatment.6

Shortly after the second course of treatment, a patient 
receiving alemtuzumab 12 mg developed Grade 3 
esophageal candidiasis accompanied by gastritis and 
abdominal pain. The patient was treated with flucona-
zole and nystatin for candidiasis and also received 
antibiotics for management of preexisting diverticular 
disease. The patient received a second course of alem-
tuzumab, using nystatin prophylaxis for 1 month after 
treatment; no recurrence of candidiasis occurred.

Several notable opportunistic infections occurred in 
patients who received the 24-mg dose of alemtuzumab. 
Grade 2 Listeria meningitis occurred 12 days after 
completing Course 1 in a patient who had recently 
eaten unpasteurized cheese. The patient responded to 
treatment with amoxicillin and gentamicin, and 
received a second course of alemtuzumab, without 
recurrence of listeriosis. Patients are now advised to 
avoid undercooked meats or unpasteurized dairy prod-
ucts for 2 weeks prior to, during, and at least 1 month 
after alemtuzumab infusion. Second, a nonserious case 
of Grade 2 cytomegalovirus infection leading to a mon-
onucleosis-like syndrome developed 12 days after a 
patient received the first dose of alemtuzumab 24 mg 
and was diagnosed by polymerase chain reaction. The 
infection resolved 1 month later with no end-organ 
involvement, after treatment with acetaminophen, val-
ganciclovir, and sulfamethoxazole/trimethoprim. The 
patient continued in the study and received a second 
course of alemtuzumab. Screening for cytomegalovi-
rus was not routinely performed during the trials.

Other serious infections
Serious pneumonia was reported in 11 patients who 
received alemtuzumab 12 mg, with 4 patients in Year 2 T
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(1 patient had a recurrence of pneumonia), 1 patient in 
Year 3, 5 patients in Year 4, and 1 patient in Year 6. 
Severity was reported as Grade 2 (n = 5), 3 (n = 5), or 4 
(n = 1). Three cases occurred in patients who were cur-
rent smokers, of which all occurred in Year 4. All cases 
of serious pneumonia responded to antibiotic treatment 
and resolved within 1 month of onset.

Sepsis was documented in five patients treated with 
alemtuzumab 12 mg. In CAMMS223, a patient received 
a single course of alemtuzumab and subsequently 
received mitoxantrone and then cyclophosphamide for 
treatment of refractory MS. At 24 months post alemtu-
zumab treatment, during treatment with cyclophospha-
mide, the patient developed neutropenia and sepsis, 
which responded to treatment with broad-spectrum 
antibiotics and filgrastim. Two cases of sepsis associ-
ated with pancytopenia also occurred in the 
CAMMS03409 extension study, one of which was 
fatal. The fatal case had onset approximately 18 months 
after the second course of alemtuzumab. The patient 
developed Grade 4 autoimmune pancytopenia, was 
hospitalized 1 week later, treated with filgrastim, corti-
costeroids, and IV immunoglobulin, and the patient’s 
cell counts normalized. He was discharged after 
5 weeks. Thereafter, the patient did not continue corti-
costeroid therapy as prescribed, and 8 days later devel-
oped recurrence of pancytopenia with fever, 
mucocutaneous bleeding, and sepsis, from which he 
died.6 The other sepsis case associated with pancytope-
nia occurred 16 months after the last alemtuzumab dose 
in a patient who had previously developed immune 
thrombocytopenia and autoimmune hemolytic anemia, 
from which the patient had recovered. He was diag-
nosed with Grade 3 sepsis and pancytopenia, hospital-
ized, and treated with broad-spectrum antibiotics and 
corticosteroids. He recovered 9 days later, with no 
recurrence of sepsis or pancytopenia. Two additional 
cases of sepsis occurred in CAMMS03409 (Years 4 and 
5). In the first, the patient developed Grade 4 sepsis with 
neutropenia, 25 months after the second course of alem-
tuzumab. The patient was treated with filgrastim, ceftri-
axone, metronidazole, vancomycin, and piperacillin/
tazobactam, and recovered. In the second case, the 
patient developed Grade 3 sepsis 28 months after the 
third course of alemtuzumab and recovered after treat-
ment with meropenem, cephalexin, and ciprofloxacin.

Infections and lymphocyte subset counts
Lymphocyte analysis showed that alemtuzumab 
depleted circulating T and B cells, with nadir lympho-
cyte counts at the earliest post-treatment time point 
(Month 1).7,13 Innate immune cell counts (monocytes, 
neutrophils, eosinophils, and basophils) showed 

minimal or transient depletion.7,13 Regardless of 
whether patients developed an infection within the 
lymphocyte sampling window, their absolute counts 
of CD4+ T cell, CD8+ T cell, and CD19+ B cell subsets 
were similar at all the time points examined (Figure 
3). Furthermore, lymphocyte counts before an alem-
tuzumab treatment course did not predict subsequent 
infection risk.

Discussion
The highly effective reduction in MS disease activity 
observed with alemtuzumab compared with SC IFNB-1a 
is accompanied by an increased incidence of infections 
that are typically nonserious and that respond to con-
ventional therapies.5–7 This pooled 6-year analysis 
across the alemtuzumab clinical development program 
for RRMS demonstrated that infections were infre-
quently severe or serious, and infection risk peaked 
after the first course of alemtuzumab and then declined 
over time. Serious infections were uncommon. Herpes 
simplex infections were most frequent in the first 
month following each alemtuzumab treatment course 
and were reduced by acyclovir. In addition to acyclovir, 
product labeling recommends other measures to pre-
vent or manage infections after alemtuzumab treat-
ment, including screening for hepatitis B and C viruses, 
human papilloma virus, and tuberculosis infection; 
delaying treatment in patients with severe active infec-
tion; and vaccinating against varicella zoster virus 
(Table 4).1,2 Patients should also avoid potential sources 
of foodborne Listeria for at least 2 weeks before and 
1 month after alemtuzumab infusion2; however, guid-
ance also exists for treating patients with prophylactic 
co-trimoxazole for 1 month after alemtuzumab treat-
ment.23 In postmarketing surveillance reporting, 
Listeria monocytogenes was the most common oppor-
tunistic infection (0.26%), followed by cytomegalovi-
rus infection (0.13%).24

The risk of infection is only modestly elevated with 
alemtuzumab treatment, contributing to the overall 
positive benefit:risk profile of the drug. The alemtu-
zumab magnitude of therapeutic effect on relapse, 
disability improvement, and preservation of brain 
volume puts it into the category of high-efficacy 
agents, and these effects are durable over 6 years. In 
contrast to other high-efficacy agents,25,26 no cases of 
progressive multifocal leukoencephalopathy have 
been attributed to alemtuzumab, either in clinical tri-
als or in postmarketing surveillance.24

Considering the low blood lymphocyte counts observed 
acutely after alemtuzumab treatment and the time 
course for recovery of T cell counts, it may be 
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surprising that alemtuzumab did not lead to a marked 
increase in susceptibility to serious infections. 
However, these results are consistent with the observa-
tion that humoral responses to recall antigens, and vac-
cination responses to T-dependent and T-independent 
antigens, were largely normal in patients treated with 
alemtuzumab 1.5 to 86 months previously.27

The relatively modest observed increase in infection 
incidence with alemtuzumab is likely explained by five 
aspects of the drug’s pharmacodynamic effects. First, 
certain innate immune cell subsets (e.g. neutrophils, 
eosinophils, basophils, and natural killer cells) are min-
imally depleted by alemtuzumab treatment.11,13 Second, 
the concentrations of serum immunoglobulins and 
immunoglobulin G titers to common viruses are 
unchanged by alemtuzumab treatment,19,20 probably 
because long-lived, antibody-secreting plasma cells are 

CD52-negative.28 Third, studies have shown that alem-
tuzumab can lead to differential lymphocyte depletion 
from blood versus lymphoid organs and tissues.11,19 
Although circulating lymphocytes are efficiently 
depleted by alemtuzumab, they represent only a minor-
ity of the T cell population. Animal studies have shown 
that T cells in the spleen and lymph nodes are only par-
tially depleted,11,29 and human studies have demon-
strated the presence of tissue-resident effector T cell 
populations that do not recirculate and are thus resist-
ant to depletion by alemtuzumab.19 Fourth, experimen-
tal models of lymphocyte migration after alemtuzumab 
suggest preservation of responses to chemotactic stim-
uli and a retained ability to migrate into inflamed tis-
sue.30 Finally, the period of maximal T and B cell 
depletion following alemtuzumab administration is 
relatively brief; lymphocyte repopulation begins within 
weeks of treatment, continues throughout the year 

Table 4. Summary of key infection concerns and prevention measures.

Infection Clinical trial incidence 
over 6 years (12-mg 
treatment arms)a

Time frame of prevention1,2 Prevention measures1,2

Herpetic 
infection (any)

25.1%b Starting on the first day of alemtuzumab 
infusion and continuing for 1 month2, or 
for at least 2 months or until the CD4+ 
lymphocyte count is ⩾200 cells per µL, 
whichever occurs later1,c

Prophylaxis with an oral anti-herpes agent

Herpes zoster 11.9%b 6 weeks prior to alemtuzumab initiation Test for anti-VZV antibodies; consider vaccinating 
antibody-negative patients

HPV 0 Annually HPV screening (females)

Tuberculosis 0.1% Before alemtuzumab initiation Evaluate all patients for active and inactive 
tuberculosis before initiation of alemtuzumab; 
treat tuberculosis-positive patients before initiating 
alemtuzumab

Listeria 0 (1 case in the 24-mg 
treatment arm)

2 weeks before and at least 1 month 
after each alemtuzumab infusion course

Patients should avoid ingestion of uncooked or 
undercooked meats or unpasteurized dairy products

Hepatitis B 
and hepatitis C

No data available due 
to exclusion criteria of 
studies

Before alemtuzumab initiation Consider screening patients at high risk for hepatitis 
B or C before alemtuzumab initiation and exercise 
caution if administering alemtuzumab to identified 
carriers, to avoid virus reactivation and irreversible 
liver damage

General Before alemtuzumab initiation Delay treatment with alemtuzumab in patients 
with severe active infection; consider potential 
combined effects of alemtuzumab with any other 
immunosuppressive therapy; do not administer 
live viral vaccines to patients who have recently 
received alemtuzumab

VZV: varicella zoster virus; HPV: human papilloma virus.
aIncidence rates are given as 6-year cumulative incidence for the pooled phase 2 and phase 3 study populations, and differ from those given in product labeling 
(2-year incidence rates for pooled phase 3 populations).
bNot all patients received herpes prophylaxis with alemtuzumab treatment. Rates of herpes prophylaxis in patients receiving alemtuzumab in Years 1–6 were 
46%, 54%, 82%, 89%, 85%, and 83%, respectively.
cProduct labeling in the European Union recommends herpes prophylaxis for 1 month, consistent with clinical trial procedures. In the United States, product 
labeling approved by the Food and Drug Administration recommends at least 2 months of anti-herpes treatment, until the CD4+ lymphocyte count reaches ⩾200 
cells per µL.
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before a second treatment course, and resumes within 
weeks after the second course.13 Thus, intact innate 
immunity, pre-formed serum antibodies, relative spar-
ing of noncirculating lymphocytes, preserved traffick-
ing, and repopulation of T and B cells may all 
potentially contribute to immune competence in alem-
tuzumab-treated patients. Coupled with high therapeu-
tic efficacy, these data add to the positive benefit:risk 
profile of alemtuzumab.

Acknowledgements
All authors had full access to the study data and take 
responsibility for the integrity of the data and the accu-
racy of the data analysis. Darren P Baker, PhD, of 
Sanofi reviewed the manuscript for medical accuracy. 
Catherine Pennella of Sanofi is acknowledged for 
assistance with gathering material for individual cases. 
Linda Kasten, formerly of PROMETRIKA, LLC, is 
acknowledged for initial statistical analyses carried out 
early in manuscript development. Editorial support for 
this manuscript was provided by Valerie P Zediak, 
PhD, and David R Thomas, PhD, Envision Scientific 
Solutions, and was funded by Sanofi. Rebif® is a regis-
tered trademark of EMD Serono Inc. ClinicalTrials.
gov identifiers are as follows: CAMMS223 (https://
c l inical t r ia ls .gov/ct2/show/NCT00050778), 
CARE-MS I (https://clinicaltrials.gov/ct2/show/
NCT00530348), CARE-MS II (https://clinicaltrials.
gov/ct2/show/NCT00548405), and CAMMS03409 
(https://clinicaltrials.gov/ct2/show/NCT00930553).

Declaration of Conflicting Interests
The author(s) declared the following potential con-
flicts of interest with respect to the research, author-
ship, and/or publication of this article: S.W. reports 
receiving honoraria, speaking, and consulting fees 
from Bayer, Biogen, EMD Serono, Novartis, Sanofi, 
and Teva and research funding from Alkermes, 
Biogen, EMD Serono, Genentech/Roche, Novartis, 
Receptos, Sanofi, and TG Therapeutics. E.H. reports 
receiving honoraria and fees from Actelion, Biogen, 
Merck, Novartis, Receptos, Roche, Sanofi, and Teva 
for consulting services, speaking, and serving on sci-
entific advisory boards, and research support from the 
Czech Ministry of Education (PRVOUK-P26/LF1/4). 
D.R.S. reports receiving research grants from Actelion, 
Cubist, Merck, Summit, and Tetraphase, and serves as 
a consultant to Chimerix, Merck, Novartis, and 
Takeda. D.L.A. reports receiving personal compensa-
tion or research support from Acorda, Biogen, Celgene, 
Genentech, Roche, MedImmune, Mitsubishi Tanabe 
Pharma, Novartis, Receptos, and Sanofi. J.A.C. reports 
personal compensation for consulting for Adamas, 
Celgene, Novartis, and Pendopharm; speaking for 
Mylan; and for serving as Co-Editor of Multiple 

Sclerosis Journal—Experimental, Translational and 
Clinical. A.J.C. reports receiving consulting fees, lec-
ture fees, and institutional grant support from Merck 
Serono, Sanofi Genzyme, and UCB-Celltech. H.-P.H. 
reports receiving the approval of the Rector of 
Heinrich-Heine-University, for consulting, lectures 
and activities in Steering Committees of the following 
companies: Bayer HealthCare, Biogen, MedImmune, 
Merck Serono, Novartis, Roche, Sanofi, and Teva. 
K.W.S. reports receiving consulting fees from Biogen, 
Novartis, Roche, and Sanofi, lecture fees from Biogen, 
Bayer HealthCare, Merck Serono, and Novartis; and 
financial compensation, including travel, from Sanofi 
for scientific presentations. H.L.W. reports receiving 
consulting/honoraria from Biogen, EMD Serono, 
GlaxoSmithKline, Nasvax, Novartis, Sanofi, and Teva 
and research support from EMD Serono and 
GlaxoSmithKline. N.D. and M.C.C. report receiving 
personal compensation as employees of Sanofi. 
D.H.M. reports having received personal compensa-
tion as an employee of Sanofi during manuscript 
development and is now an employee of Cerevance. 
D.A.S.C. reports receiving consulting fees and grant 
support from Sanofi and lecture fees from Bayer 
Schering Pharma on behalf of the University of 
Cambridge, personal remuneration for lecture fees 
from Sanofi from July 2014, and fees as scientific 
advisor to the Lundbeck Foundation.

Funding
The author(s) disclosed receipt of the following finan-
cial support for the research, authorship, and/or publi-
cation of this article: The CAMMS223, CARE-MS I, 
and CARE-MS II studies were funded by Sanofi and 
Bayer HealthCare Pharmaceuticals. The sponsor was 
involved in design and conduct of the study; collec-
tion, management, analysis, and interpretation of the 
data; and preparation, review, or approval of the man-
uscript. E.H. was supported by the Czech Ministry of 
Education (PRVOUK-P26/LF1/4). Editorial support 
for this manuscript was provided by Sanofi.

References
 1. Genzyme Corporation. LEMTRADA (Alemtuzumab), 

for intravenous injection. Full Prescribing 
Information, http://products.sanofi.us/lemtrada/
lemtrada.pdf (2017, accessed 12 March 2018).

 2. Genzyme Therapeutics Ltd. Lemtrada™ (alemtuzumab 12 
mg concentrate for solution for infusion). EU summary 
of product characteristics, http://www.ema.europa.
eu/docs/en_GB/document_library/EPAR_-_Product_
Information/human/003718/WC500150521.pdf (2018, 
accessed 12 February 2018).

https://journals.sagepub.com/home/msj
https://clinicaltrials.gov/ct2/show/NCT00050778), CARE-MS I (
https://clinicaltrials.gov/ct2/show/NCT00050778), CARE-MS I (
https://clinicaltrials.gov/ct2/show/NCT00050778), CARE-MS I (
https://clinicaltrials.gov/ct2/show/NCT00530348
https://clinicaltrials.gov/ct2/show/NCT00530348
https://clinicaltrials.gov/ct2/show/NCT00548405
https://clinicaltrials.gov/ct2/show/NCT00548405
https://clinicaltrials.gov/ct2/show/NCT00930553
http://products.sanofi.us/lemtrada/lemtrada.pdf
http://products.sanofi.us/lemtrada/lemtrada.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003718/WC500150521.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003718/WC500150521.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003718/WC500150521.pdf


Multiple Sclerosis Journal 00(0)

12 journals.sagepub.com/home/msj

 3. Hartung HP, Aktas O and Boyko AN. Alemtuzumab: 
A new therapy for active relapsing-remitting multiple 
sclerosis. Mult Scler 2015; 21: 22–34.

 4. Menge T, Stüve O, Kieseier BC, et al. Alemtuzumab: 
The advantages and challenges of a novel therapy in 
MS. Neurology 2014; 83: 87–97.

 5. CAMMS223 Trial Investigators Coles AJ, Compston 
DA, et al. Alemtuzumab vs. interferon beta-1a in 
early multiple sclerosis. N Engl J Med 2008; 359: 
1786–1801.

 6. Cohen JA, Coles AJ, Arnold DL, et al. Alemtuzumab 
versus interferon beta 1a as first-line treatment for 
patients with relapsing-remitting multiple sclerosis: 
A randomised controlled phase 3 trial. Lancet 2012; 
380: 1819–1828.

 7. Coles AJ, Twyman CL, Arnold DL, et al. 
Alemtuzumab for patients with relapsing multiple 
sclerosis after disease-modifying therapy: A 
randomised controlled phase 3 trial. Lancet 2012; 
380: 1829–1839.

 8. Coles AJ, Cohen JA, Fox EJ, et al. Alemtuzumab 
CARE-MS II 5-year follow-up: Efficacy and safety 
findings. Neurology 2017; 89: 1117–1126.

 9. Havrdova E, Arnold DL, Cohen JA, et al. 
Alemtuzumab CARE-MS I 5-year follow-up: Durable 
efficacy in the absence of continuous MS therapy. 
Neurology 2017; 89: 1107–1116.

 10. Ziemssen T and Thomas K. Alemtuzumab in the 
long-term treatment of relapsing-remitting multiple 
sclerosis: An update on the clinical trial evidence and 
data from the real world. Ther Adv Neurol Disord 
2017; 10: 343–359.

 11. Hu Y, Turner MJ, Shields J, et al. Investigation of 
the mechanism of action of alemtuzumab in a human 
CD52 transgenic mouse model. Immunology 2009; 
128: 260–270.

 12. Cox AL, Thompson SA, Jones JL, et al. Lymphocyte 
homeostasis following therapeutic lymphocyte 
depletion in multiple sclerosis. Eur J Immunol 2005; 
35: 3332–3342.

 13. Kovarova I, Arnold DL, Cohen JA, et al. 
Alemtuzumab pharmacokinetics and 
pharmacodynamics in Comparison of Alemtuzumab 
and Rebif Efficacy in Multiple Sclerosis (CARE-MS 
I). In: Proceedings of the 22nd meeting of the 
European neurological society, Prague, 9–12 June 
2012.

 14. De Mercanti S, Rolla S, Cucci A, et al. Alemtuzumab 
long-term immunologic effect: Treg suppressor 
function increases up to 24 months. Neurol 
Neuroimmunol Neuroinflamm 2016; 3: e194.

 15. Zhang X, Tao Y, Chopra M, et al. Differential 
reconstitution of T cell subsets following 

immunodepleting treatment with alemtuzumab 
(anti-CD52 monoclonal antibody) in patients with 
relapsing-remitting multiple sclerosis. J Immunol 
2013; 191: 5867–5874.

 16. Rao SP, Sancho J, Campos-Rivera J, et al. Human 
peripheral blood mononuclear cells exhibit 
heterogeneous CD52 expression levels and show 
differential sensitivity to alemtuzumab mediated 
cytolysis. PLoS ONE 2012; 7: e39416.

 17. Gross CC, Ahmetspahic D, Ruck T, et al. 
Alemtuzumab treatment alters circulating innate 
immune cells in multiple sclerosis. Neurol 
Neuroimmunol Neuroinflamm 2016; 3: e289.

 18. Gilmore W, Lund BT, Traboulsee A, et al. 
Characteristics of leukocyte recovery following 
treatment with humanized anti-CD52 (alemtuzumab/
LEMTRADA) in multiple sclerosis. Mult Scler 2015; 
21: P1045.

 19. Clark RA, Watanabe R, Teague JE, et al. Skin 
effector memory T cells do not recirculate and 
provide immune protection in alemtuzumab-treated 
CTCL patients. Sci Transl Med 2012; 4: 117ra7.

 20. Coles AJ, Wing M, Smith S, et al. Pulsed monoclonal 
antibody treatment and autoimmune thyroid disease 
in multiple sclerosis. Lancet 1999; 354: 1691–1695.

 21. Coles AJ, Fox E, Vladic A, et al. Alemtuzumab more 
effective than interferon β-1a at 5-year follow-up 
of CAMMS223 clinical trial. Neurology 2012; 78: 
1069–1078.

 22. Liu GF, Wang J, Liu K, et al. Confidence intervals 
for an exposure adjusted incidence rate difference 
with applications to clinical trials. Stat Med 2006; 25: 
1275–1286.

 23. Coles AJ, Robertson N, Adnan Al-Araji A, et al. 
Guidance on the prevention of Listeria infection after 
alemtuzumab treatment of multiple sclerosis, https://
www.theabn.org/media/Guidance%20on%20the%20
prevention%20of%20Listeria%20infection%20
after%20alemtuzumab%20treatment%20of%20
multiple%20sclerosis.pdf (2017, accessed 13 July 
2018).

 24. Selmaj KW, Habek M, Bass A, et al. Efficacy and 
safety of alemtuzumab in patients with RRMS 
is durable over 10 years: Follow-up from the 
CAMMS223 study. Neurology 2017; 88: P5338.

 25. Bloomgren G, Richman S, Hotermans C, et al. Risk 
of natalizumab-associated progressive multifocal 
leukoencephalopathy. N Engl J Med 2012; 366: 
1870–1880.

 26. Food and Drug Administration. FDA Drug Safety 
Communication: FDA warns about cases of rare brain 
infection with MS drug Gilenya (fingolimod) in two 
patients with no prior exposure to immunosuppressant 

https://journals.sagepub.com/home/msj
https://www.theabn.org/media/Guidance%20on%20the%20prevention%20of%20Listeria%20infection%20after%20alemtuzumab%20treatment%20of%20multiple%20sclerosis.pdf
https://www.theabn.org/media/Guidance%20on%20the%20prevention%20of%20Listeria%20infection%20after%20alemtuzumab%20treatment%20of%20multiple%20sclerosis.pdf
https://www.theabn.org/media/Guidance%20on%20the%20prevention%20of%20Listeria%20infection%20after%20alemtuzumab%20treatment%20of%20multiple%20sclerosis.pdf
https://www.theabn.org/media/Guidance%20on%20the%20prevention%20of%20Listeria%20infection%20after%20alemtuzumab%20treatment%20of%20multiple%20sclerosis.pdf
https://www.theabn.org/media/Guidance%20on%20the%20prevention%20of%20Listeria%20infection%20after%20alemtuzumab%20treatment%20of%20multiple%20sclerosis.pdf


S Wray, E Havrdova et al.

journals.sagepub.com/home/msj 13

drugs, https://www.fda.gov/Drugs/DrugSafety/
ucm456919.htm (accessed 19 July 2017).

 27. McCarthy CL, Tuohy O, Compston DAS, et al. 
Immune competence after alemtuzumab treatment of 
multiple sclerosis. Neurology 2013; 81: 872–876.

 28. Kumar S, Kimlinger TK, Lust JA, et al. Expression 
of CD52 on plasma cells in plasma cell proliferative 
disorders. Blood 2003; 102: 1075–1077.

 29. Turner MJ, Pang PT, Chretien N, et al. Reduction 
of inflammation and preservation of neurological 
function by anti-CD52 therapy in murine 
experimental autoimmune encephalomyelitis. J 
Neuroimmunol 2015; 285: 4–12.

 30. Turner MJ, Havari E, Dodge J, et al. Preservation of 
lymphocyte migratory ability following anti-CD52 
therapy. Mult Scler 2013(11 Suppl.): P1207.

Visit SAGE journals online 
journals.sagepub.com/
home/msj

 SAGE journals

https://journals.sagepub.com/home/msj
https://www.fda.gov/Drugs/DrugSafety/ucm456919.htm
https://www.fda.gov/Drugs/DrugSafety/ucm456919.htm
https://journals.sagepub.com/home/msj
https://journals.sagepub.com/home/msj



