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ABSTRACT

Article History:

Intro duction: Alemtu zumab is a new gen eration mon oclonal antibody with anti -CD52 action and
wi th specific indication for relapsing -remitting multipl e scl erosis . In recent years, how ever, "offlab el" appli cations in the immun ological fiel d have begun , su ch as immun os uppression in trans plants
or the treatment of other dysi mmun e dis eases . The purpos e of this articl e is, starting from its
characteristi cs, to des crib e th ese us es and the tol erability pro fil e. Materials and methods: A
compu terized search was carried out for the articles insert ed through the use of international datab ases
su ch as pub med, scopus , researchg ate, googl e schol ar, selecting articles about alemtu zumab with
particular regard to pharmacovigil ance and new off-lab el applications . The research was carried out
by selecting recent arti cles , obviously also in cluding those relating to authorized uses. We also use the
AIFA sit e and so me books for th e chapter on pharmacovigilan ce together with the "cod ifa" si te to
evaluat e the technical data sheet. Dis cussio n and Co nclusio n: Alemtu zumab is an interesting drug,
very potent and usable for both inducing and maintaining remission from hi ghly active forms of
mul ti ple sclerosis . How ever, induced immun o-reconstitution has prompt ed researchers to test its use
bo th in th e transpl ant field, esp ecially for the immun os upp ression indu ction regi men in the immedi ate
po st-surgi cal period, and for immun o-mani pul ation in the management of autoi mmun e diseas es such
as some rheumati c forms. refractory to convention al treatments. How ever, it mus t be said that safety
is not alw ays favo rabl e, as it is asso ciat ed with two impo rtant risks; severe opportunisti c infections
(in cluding P ML) and induction of secondary autoi mmun ity, particularly on th e thy roid gland.
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INTRODUCTION
Alemtuzumab is an highly potent biotech drug classified as a
selective-acting immunosuppressant, available as a 12
1
milligram concentrate for solution for in fusion (codifa). It is a
humanized monoclonal antibody, of the IgG1 class, with a
variable hum an structure, constant regions and regions that
determine complement arity obtained from a mouse monoclonal
antibody, produced by recombinant DNA technology in a
suspension culture of cells of mammalian origin (Chinese
hamster ovary) and indicated as single diseas e-modi fying
therapy in adults with relapsing-remitting multiple sclerosis.
(RRMS) for the following patient groups:

 Patients with highly active disease despite a complete and
adequate course of treatment with at l east one diseasemodifying therapy (DMT);
 Patients with rapidly evolving severe rel apsing-remitting
multiple sclerosis, defined by 2 or more disabling relapses
in one year and with 1 or more gadolinium-enhancing
lesions on brain MRI or with a signifi cant increase in T2
2
lesion load compared to recent previous MRI
In MS patients it is administered by venous infusion at a
particular dos age, 12 mg/day, administered by intravenous
infusion for 2 initial treatment courses, with up to 2 additional
courses as needed3 .
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The initial treatment for 5 consecutive d ays can be followed by
a second cycle o f more reduced, 12 mg/day for only 3 days and
administrable after at least 12 months after the first treatment
cycle. It’s possible then consider up to two additional courses
of t reatment as needed, always only 3 days and never b efore a
year apart. 4 Such a regimen can stabilize th e patient from the
disease up to more than 5 years after the last in fusion. 5 It is
recommended that patients be pre-treated with corticost eroids
immediately prior to drug administration on e ach o f the fi rst 3
days o f each treatment cycle, usually with methylprednisolone
or with antihistamines and / or antipyretics. Oral prophylaxis
for herpetic in fections should be administered to all patients
starting with the first day of each treatment cycl e and for at
least 1 month after alemtuzumab treatment. In addition to these
offi cial indications, alemtuzumab has been tested in other
medical conditions other than MS and in particular:
 Randomized controlled trials had demonstrated low levels
of rejection in renal transpl ant recipients compared with
other induction agents, albeit m ainly in the early months
following transplantation. 6 Studies have shown that
alemtuzumab enables the us e o f lower calcineurin inhibitor
(CNI) maintenance drugs; however, this reduction in
nephrotoxic immunosuppression has not consistently been
matched by an improvement in renal function
 In diseases such as rheum atoid arthritis, vasculitis and other
refractory systemic rheumatism, as a third line of
7
intervention
 In the treatment of IVIG-dependent dysimmune peripheral
neuropathies such as CIDP
The purpose of this article is to evaluate these possible
applications in light of the pharm acological basis and the
8
possible adverse reactions (ADRs) in the short and long term.

MATERIALS AND METHODS
A computerized search was carried out for the articles inserted
through the use of international databases such as pubmed,
scopus, researchgate, google scholar, selecting articles about
alemtuzumab with particular regard to pharmacovigilance and
new off-l abel applications. The research was carried out by
selecting recent articles, obviously also including those relating
to authorized uses. We also use th e AIFA site and som e books
for the chapter on pharmacovigilance together with the "codifa"
site to evaluate the technical data sheet.

 Change in the number, percentages and properties o f
some subgroups of lymphocytes aft er treatment
 Increased presence o f subgroups of regulatory T cells
 Increased presence o f memory T and B lymphocytes
 Transient effects on components of innate immunity (e.g.,
neutrophils, macrophages, NK cells) The decrease in the
concentration of circulating B and T cells, and the
consequent repopulation, they can decrease the potential
for rel apse, without substantially delaying the progression
of the disease.12

Imag e 1. Alem tuzuma b-mediated cytol ysis and apo ptos is of T-and
B -lympho cytes. Abbreviations : ADCC, anti body-dependent cellmediated cytoto xici ty; CDC, compl ement-dependent cytoto xici ty;

MAC, membrane attack complex; FcγR, Fc-gamma r eceptor.
From: Intractable and highly active relapsing multiple
sclerosis – Role of alemtuzumab (DOI:10.2147/NDT.S90473)
Specifically, alemtuzumab A depletes circulating T and B
lymphocytes after each treatment cycle, reaching the lowest
values low 1 month after a cours e of treatment. Lymphocytes
repopulate over time with B cell recovery usually completed
within 6 months. CD3 + and CD4 + lymphocyte counts r each
normal values mo re slowly, but do not generally return to
baseline within 12 months after treatment. 13 ,14 Approximately
40% of patients had total lymphocyte counts reaching the lower
limit of norm al range (LLN) within 6 months after e ach cycl e
of treatment and approximately 80% of patients had total
lymphocyte counts reaching the LLN within 12 months after
each cycle. Neutrophils, monocytes, eosinophils, basophils and
15
natural killer cells were only transiently affected by use.
Focus on: alemtuzuma b and lymphopenia

DISCUSSION
Alemtuzumab has a very p articular action pro file as it binds to
CD52 (cluster of di fferentiation), an expressed surface
glycoprotein antigen present in high concentrations on T (CD3
+) and B (CD19+) lymphocytes and, in lower concentrations,
9
on natural killer (NK) cells, monocytes and macrophages.
CD52 is detectable in low concentrations (o r und etectable) on
neutrophils, plasma cells or bone marrow cells. Alemtuzumab
acts by antibody-dependent cell cytolysis and complement
mediated lysis following the binding of the cell surface to T
and B lymphocytes. 10 The mechanism by which it exerts its
11
therapeutic effect on MS is not yet fully understood.
However, research indicates that with lymphocyte depletion
and repopul ation there are immunomodulatory effects, which
include (Image 1):

Ly mphop eni a is the reduction in the absolute count of
ly mph ocytes in th e blood count , whi ch can be classified
according to the number of ly mphocytes per cubi c milli meter
(mm3) in 4 different degrees:
Grade 1 (mil d ly mph openia) AL C<lower li mit of no rmal to
80 0/mm3
Grade 2 (mod erate lymphop eni a) AL C<800–500/mm3
Grade 3 (sev ere lymph openia) ALC<500–200/ mm3
Grade 4<200/ mm3
16

It should be bo rne in min d that , in periph eral blood ,
app roximatel y 75% of lymph ocytes are T
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Cell s, 20% B cells , and 5% natural killer cells. Normal
ly mph ocyte counts in adults are 1000 -4800/ mcl but di fferent
laboratori es may hav e slightly different no rmal valu es. Almos t
65 % of the T cells in the blood are CD4 + (helper) T cells . Thus,
mos t pati ents with lymph ocytop eni a hav e a redu ction in th e
absolut e number of T cells, particul arly in the number of CD4 +
T cell s. The mean number of CD4 + T cells in the blood of adult
in dividuals is 1100 / mcL (range, 300-1300 / mcL [1.1 × 109 / L
wi th a range of 0.3 to 1.3 × 109 / L]) and the mean nu mber of
cells of th e ot her larg e subgroup of T cell s, thos e CD8 +
(supp ressors ), is 600 / mcL (range, 100-900 / mcL).17
Deficiencies in particul ar lymph ocyt e subg roups (eg, CD4 +,
CD8 +, B, nat ural killer cells) may not be reflect ed in blood
ly mph ocyte counts but can cause fun ctional lymphocytopenia. It
is also impo rtant to note that lymph ocyt es in the blood represent
on ly a small percentage of the total pool. Ly mphocytopenia itsel f
ty pically do es not caus e sy mptoms. Howev er, signs of an
associ ated disord er may be fou nd such as:
•
•
•
•

Ab sent or small tonsils or lymph nod es, in dicativ e of
cellul ar immun od efici ency
Ski n abno rmaliti es (eg, alopeci a, eczema, pyod erma, or
tel angiect asi a)
Fin dings of hemato logic dis ease (eg, pal eness, petechiae,
jaundice, or oral ul cers)
Gen erali zed lymph adenop athy with splenomegaly18

Following treatment, mean monthly IVIG use fell 26% from
202 to 149 g and IVIG administration frequency from 22 to
22
136 days. Two patients had prolonged remission, two
patients had a partial response and no clear benefit was
observed in the remaining three p atients (2 Males, 1 Females).
Responding patients had a younger age at onset (19.5 years)
and shorter disease duration than non-responders. Three
patients developed autoimmune disease following treatment.
Alemtuzumab may offer an alternative treatment for a subset
of early onset IVIG dependent CIDP patients failing
conventional immunosuppressive agents, but concerns about
toxicity may limit its use.In a cas e report (image 2 ), a patient
with intravenous immunoglobulin (IVIg) dependent relapsing
chronic in fl ammatory demyelinating polyneuropathy (CIDP),
unresponsive to st eroids or conventional immunosuppressive
agents, had a remission following treatment with
alemtuzumab. After several relapses with standard therapy, the
infusion of the drug allowed to obtain clinically considerable
benefits, even i f followed by further relapses but of lower
severity.2 3

CD4 +T cells displ ayed a longer-lasting depletion (only 10–20%
of pati ents with CD4+cells abov e th e LLN by mon th 12 ). In
addition to the reduction in ly mphocytes , in 16 % of th e
alemtu zumab-treated patients mil d neutropenia could be
ob served, wh ereas severe neutropenia occurred in 0.6%. 20

Patients with lymphocytopenia have recurrent in fections or
develop
infections
with
atypical
microorganisms.
Pneumocystis jirovecii pneumonia, cytomegalovirus, measles
and chickenpox are frequently fatal. Lymphocytopenia is also
a risk factor for the development o f cancer and for autoimmune
diseases. Alemtuzumab in fusion results in a substantial and
sustained depletion of circulating lymphocytes (grades 3 and 4
lymphopenia: 99.9% of patients). Immune reconstitution varies
for lymphocyte subpopulations. After each treatment cycle,
approximately 40% and 80% of patients reached lymphocytes
at the lower limit of normal (LLN) by 6 and 12 months,
respectively.19 While the repopulation of B cell counts
(CD19+) occurred early (LLN in≥85% by 6 months), CD8+T
cells showed similar repopul ation kinetics as compared with
the ALC, while. In the neurological field, off-label,
alemtuzumab has been tested in patients with peripheral
demyelinating neuropathies refractory to conventional
treatment.
Chronic
in flammatory
demyelinating
polyneuropathy (CIDP) is an idiopathic immune mediated
neuropathy causing demyelination and conduction block
thought to occur as the result of an aberrant autoimmune
response resulting in peripheral nerve in flammation mediated
by T cells and humoral factors. Diagnosis commonly prompts
initial treatment with steroids or intravenous immunoglobulin
(IVIG) on which 5–35% subs equently become dependent to
maintain function. 21 Despite a number o f small scale tri als, the
role for alternative long-term immunosuppression remains
unclear. In a study, a single intravenous in fusion results in
rapid and profound lymphopoenia lasting >12 months.
We report its use and clinical outcome in a small series of
patients with severe IVIG-dependent CIDP. Seven patients (4
Males; 3 Females) who had failed to respond to conventional
immunosuppression were treat ed in 5 centres receiving 9
courses o f alemtuzumab (dose r ange 60–150 mg).

Imag e 2. Rela tio n of relapses requiri ng hospital admi ssion and
intra venous immunoglobulin (IVIg ) to treatment with
prednis olo ne, azathiopri ne, and al emtuzuma b and the
lympho cyte count. From : Remissio n of chroni c inflammato ry
demyeli nati ng pol yneuropathy af ter alemtuzuma b (Cam path 1H)
DOI: 10 .1136/ jnnp.2005.076869

Another possible fi eld of application of the drug is rel apsed
and refractory chronic lymphocytic l eukemia (CLL), the most
common indolent leukemia. Two pilot phase II studies and one
larger international phase II study of single-agent intravenous
alemtuzumab were conducted in the mid 1990. In one of the
pilots, Osterborg and colleagues, in Europe, evaluated the
overall r esponse r ate (ORR), as defin ed by the 1988 NCI-WG
guidelines, in 29 patients who had been previously treated (not
necessarily with purine analogs, including fludarabine). A total
24
of 38% of patients achi eved a partial response (PR). In the
second pilot, Rai and colleagues, in the USA, evaluated 24
heavily pretreated patients who had progressed aft er
flud arabine-containing therapy. A total of 33% of th ese
patients achi eved a PR, with a median duration of response
of15.4 months. The largest trial, CAM-211, was conducted at
21 different c enters in Europe and th e USA, and evaluated 93
heavily pretreated patients, who had rel apsed a ft er fludarabine,
for ORR. A total of 31 of these patients experienced a response
(ORR 33%), including two CRs; 50 patients (54%) had stable
disease (SD). A recent o ff-l abel application of alemtuzumab is
for the prevention of rejection in kidney t ransplantation in
particular, for which it has already been tested with interesting
results. The use of this drug in post-transplant
immunosuppression derives from two evidences: the very
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potent cell suppression action, which is sustained for several
months after a single in fusion, and the fact that many of the
drugs used for transplant immunosuppression they are
themselves nephrotoxic, primarily cyclosporine and mT OR
25
inhibitors. Trials were conducted using alemtuzumab as an
induction regimen and then continuing with other oral
maintenance drugs( image 3).

Imag e 3. Inductio n protocol with lo w-dose alemtuzuma b and
tailo red imm unos uppressio n. Tac: tacrolimus , MMF:
mycopheno late mof etil, CS: corticosteroids

The safety o f this drug has always been a significant limit to its
use, especially in the long term. In fact, in addition to the
classic in fusion reactions (flushing, headache, urticaria,
hypotension, fever and malaise), predictable and partly
avoidable with the aforementioned pre-m edication, the major
problem are medium-long term ADRs which can be
summarized in three categories:
Development of secondary autoimmunity, referable in
particular to dystyroidism (up to 20-30% of treated subjects)
and, less commonly, thrombotic thrombocytopenic purpura
(1%) and goodpasture syndrome-like nephropathies (<1%).
lymphopenia alone does not induce autoimmunity but Two
important facto rs that play a role in this mechanism are the
depletion of the regul atory T cells (Tregs ) and the
26
overproduction of interleukin (IL) -21.
Lymphocyte
depletion is driven by levels of IL-21 that are genetically
higher in patients who develop autoimmunity even before
starting treatment. Thyroid autoimmune dys function may
occur in approximately 20% –30% o f the patients who receive
alemtuzumab for MS, and Graves' diseas e is the most common
presentation (60% –70%). The annual incidence of the first
episode o f thyroid dys function increases each year for 3 years,
and during follow-up, the prevalence of thyroid dys function
increas ed to 30%, with the ons et ranging from 6 to 61months
after fi rst administration. For these reasons, many authors
recommend thyroid evalu ation prior to alemtuzumab and
quarterly during its administration for 48months. Daniels and
colleagues proposed to prolong the surveillance period of these
patients up to a median time of 57.3months and a maximum of
80.6months. Graves' disease is the most common
alemtuzumab-associated thyroid dys function (60% - 70%).
There is a speci fic susc eptibility to develop Graves' disease. In
a phase 2 t rial of patients with RRMS treated with
alemtuzumab, positive antibodies were found in 84.7% of
27
episodes of overt or sub clinical hyperthyroidism.
The
presence of TRAb is usually specific for Graves' syndrome,
despite this can turn to Hashimoto's thyroiditis and
hypothyroidism and vice versa.the infection risk, related with
rapid and protracted peripheral lymphopenia. Infective adverse
events were observed in more than 70% of patients in phase
2/3 RCTs, mainly of mild-to-moderate s everity. JC virus
(JCV)-associ ated diseases include a partially overlapping

spectrum of entities, with pIn immunocompromised patients,
JCV may cross the blood brain barrier, possibly via infected Bcells, and cause a lytic in fection of oligodendrocytes,
astrocytes and neurons leading to PMLrogressive multifocal
leukoencephalopathy (PML) being the most well known.
Natalizumab is by far the drug most frequently associated with
JCV-associated complications but PML has also been observed
in patients with MS treated with fingolimod, dimethyl
fum arate, alemtuzumab and ocrelizumab. 28 Other types of
CNS infections reported in pharmacovigilance are
Herpesvirus es-related diseases, including herpes simplex
encephalitis (HSE), predominantly caused by reactivation of
the HSV-1 virus, and Varicella zoster virus (VZV), also belong
to the family of herpesviruses, has been r eported to caus e CNS
infections, such as VZV encephalitis. Prophylactic acyclovir
treatment is recommended for 1 month following initiation of
each course o f alemtuzumab. Other in fections such as cerebral
cryptococcosis and listeriosis have b een reported but very rare
29
compared to other mAbs. Non-infectious adverse events like
Reversible cerebral vasoconstri ction syndrome (RCVS) and
Primary central nervous system lymphoma (PCNSL), have
also been reported as associated with alemtuzumab, esp ecially
the first. (RCVS) is believed to be caused by s egmental
constriction of cerebral art eries which often is spontaneously
reversible within 3 months after onset, and generally presents
with thunderclap headache and, less frequently, with focal
neurological d eficits or sei zures. RCVS is associated with the
posterior reversible encephalopathy syndrome (PRES) and can
be complicated by stroke, subarachnoidal or intracerebral
haemorrage which are report ed in 39%, 34% and 20% of cases,
respectively.

CONCLUSION
Alemtuzumab has opened the way to a new possibility not only
in the neurological fi eld but also in transplant medicine and in
the treatment of lymphoproliferative disorders, even i f it is still
off-label for thes e applications. Immune reconstitution therapy
allows for the management of complex clinical cases with
rapidly progressive diseas e resulting in rapid and sustained cell
depletion up to several months post-infusion, allowing, in the
case of MS, to arrest th e progression of the dis ease in most
cases and to increase the probabilities of transplant success
allowing the establishment o f immunotolerance. However, the
sometimes particularly marked side effects should be noted,
especially as regards the infectious risk and the development of
secondary immunological self-reactivity, especially at the
thyroid level, with the need for close follow-up not only during
but also at the end of therapy for at least two years.
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