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ABSTRACT

Multiple sclerosis (MS) is a chronic neurode-
generative disease characterized by inflamma-
tion and demyelination for which there is
currently no cure; therefore, the aim of therapy
is to reduce the risk of relapse and disability
progression. The treatment options for MS have
increased greatly in recent years with the
development of several disease-modifying ther-
apies (DMTs) and the advent of immune
reconstitution therapy (IRT). IRTs are adminis-
tered in short-dosing periods to produce long-
term effects on the immune system. Treatment
with an IRT is based on the 3Rs: reduction,
repopulation, and reconstitution of lympho-
cytes, which leads to restoration of immune
effector functions. Cladribine tablets represent a
selective, high-efficacy, oral form of IRT for

patients with MS that targets lymphocytes and
spares innate immune cells. Patients require
only two weekly treatment courses, with each
course comprising two treatment weeks, in
Years 1 and 2; therefore, cladribine tablets are
associated with a lower monitoring burden than
many other DMTs, while short dosing periods
can help to improve adherence. This review
provides an overview of IRT and offers the
clinician’s perspective on the current MS treat-
ment landscape, with a focus on practical
advice for the management of patients under-
going treatment with cladribine tablets based
on the most recent evidence available, includ-
ing risks associated with COVID-19 and rec-
ommendations for vaccination in patients with
MS.
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Key Summary Points

The treatment landscape for multiple
sclerosis has greatly increased in recent
years with the development of new, high-
efficacy disease-modifying therapies.

Cladribine tablets are considered one such
high-efficacy, immune reconstitution
therapy, targeting lymphocytes and
sparing innate immune cells in patients
with multiple sclerosis.

Offering a clinician’s perspective, this
review covers the current treatment
landscape and provides practical advice
for the management of patients.

The review also discusses the risks
associated with COVID-19 and the current
recommendations for vaccination.

INTRODUCTION

Multiple sclerosis (MS) is a chronic neurode-
generative disease characterized by inflamma-
tion and demyelination, with over 2.8 million
cases globally and approximately 133 cases per
100,000 population in Europe [1]. There is cur-
rently no cure for this disease; therefore, the
aim of therapy is to reduce the risk of relapse
and disability progression [1]. The heterogene-
ity of MS symptoms, differing rates of progres-
sion among patients, and the ongoing changes
in diagnostic criteria limit direct comparisons of
studies for different drugs. As such, choosing
the right therapy on a per-patient basis remains
a difficult task [2].

The treatment options for MS have increased
greatly in recent years with the development of
several disease-modifying therapies (DMTs) [3].
However, many of these options are mainte-
nance therapies, which are dosed continuously
and associated with high treatment and moni-
toring burdens that may adversely impact on
treatment adherence [3, 4]. Recently, treatment

options have continued to evolve with high-
efficacy biologic and oral treatments, including
cladribine tablets (3.5 mg/kg cumulative dose
over 2 years). Cladribine tablets offer a high-ef-
ficacy oral treatment for patients with MS, with
only two weekly treatment courses required in
Years 1 and 2. The efficacy of cladribine tablets
was evaluated in the CLARITY study, a 96-week
placebo-controlled trial that assessed two doses
of oral cladribine (cumulative dose: 3.5 or
5.25 mg/kg) compared with placebo [5]. The
approved dose of cladribine tablets (3.5 mg/kg)
led to a significantly reduced annualized relapse
rate (0.14 vs. 0.33; P\0.001), lower risk of
3-month sustained disability progression (haz-
ard ratio: 0.67, 95% confidence interval:
0.48–0.93; P = 0.02), and a relative reduction in
the number of T1 gadolinium-enhancing (Gd?)
lesions (85.7%), active T2 lesions (73.4%), and
combined unique lesions (74.4%), compared
with placebo (Table 1) [5]. For the majority of
patients (75%), the clinical benefits, in terms of
relapse-free status, of cladribine tablets (3.5 mg/
kg) given in Years 1 and 2 in CLARITY were
maintained in Years 3 and 4 of the CLARITY
Extension trial when patients originally treated
with cladribine tablets were re-randomized to
placebo for an additional 2 years [6].

Cladribine tablets (3.5 mg/kg; herein termed
cladribine tablets) were approved in Europe in
August 2017 for the treatment of adult patients
with highly active relapsing MS (Box 1), fol-
lowed by approval in the USA in March 2019 for
relapsing–remitting multiple sclerosis (RRMS)
and active secondary progressive MS in adults
[7, 8], and subsequently in many other coun-
tries. This wider commercial availability has
been accompanied by published data that can
guide the clinical use of cladribine tablets,
including post-hoc analyses of the pivotal clin-
ical trials. Based on the evidence currently
available, this review provides an overview of
the principles of immune reconstitution ther-
apy (IRT), cladribine tablets and practical advice
for their use in patients with RRMS, including
risks associated with COVID-19 and recom-
mendations for vaccination in patients with
MS.

This article is based on previously conducted
studies and does not contain any new studies
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with human participants or animals performed
by any of the authors.

BOX 1 RECOMMENDATIONS
FROM THE EUROPEAN SUMMARY
OF PRODUCT CHARACTERISTICS
(SMPC) [7]

Cladribine tablets 10 mg are given as a cumu-
lative dose of 3.5 mg/kg body weight over
2 years, given as one treatment course of
1.75 mg/kg per year. Each treatment course
comprises two treatment weeks, one at the
beginning of the first month and one at the
beginning of the second month in each treat-
ment year.

Each treatment week consists of 4 or 5 days
during which patients receive 10 mg or 20 mg
(1 or 2 tablets) as a single daily dose (dependent
on body weight). Following the completion of
the two treatment courses, no further treatment
with cladribine tablets is required in Years 3 and
4.

Treatment with cladribine tablets should not
be initiated within the 4- to 6-week period after
vaccination with live or attenuated vaccines
due to the risk of active vaccine infection.
Vaccination with live or attenuated live vacci-
nes should be avoided during and after treat-
ment with cladribine tablets as long as the
patient’s white blood cell counts are not within
normal limits. Lymphocyte counts should be
monitored until they return to normal or at
least[800 cells/mm3.

Cladribine tablets are contraindicated in
patients with MS who have active malignancies.
An individual benefit-risk evaluation should be
performed before initiating treatment in
patients with prior malignancy.

Cladribine tablets are also contraindicated in
pregnant women. Based on experience with
other substances inhibiting DNA synthesis in
humans, cladribine could cause congenital
malformations when administered during
pregnancy.

IMMUNE RECONSTITUTION
THERAPY

IRTs (such as cladribine tablets or alem-
tuzumab) are administered intermittently dur-
ing short-dosing periods (up to 10 days in a
year) to produce long-term effects on the
immune system (Fig. 1) [3, 4, 9]. The risk of
adverse events (AEs) associated with IRTs is
greatest during the initial post-treatment period
and decreases over time. In contrast, the risk of
AEs with maintenance therapy increases pro-
portionally with cumulative exposure [4]. All
IRTs have a reduction or depletion phase, fol-
lowed by a repopulation phase and then by a
reconstitution phase (Fig. 1), during which the
immune system recovers normal effector func-
tion in relation to recognizing and responding
to infections and vaccines, both inactivated and
live vaccines, and tumor surveillance. However,
the reconstituted immune system is both qual-
itatively and quantitatively different to that
before treatment, which explains sustained
efficacy and/or prolonged remission. Oral IRT is
associated with fewer hospital visits and a
reduced treatment and monitoring burden
compared with other DMTs; with the former,
patients need only be treated for a maximum of
20 days over 2 years, and no further injections
or infusions are required (Fig. 2a, b).

Cladribine tablets and alemtuzumab are two
IRTs that are currently licensed for the treat-
ment of MS [7, 10]. Both agents deplete total B
cells by at least 90% and memory B cells to a
similar level (Fig. 1) [11]. Over time, however,
with alemtuzumab, B cells start to recover to
about 50% above baseline within the first
3 months after treatment due to homeostatic
naı̈ve B cell hyperproliferation, which poten-
tially increases the risk of secondary autoim-
munity [12], while with cladribine tablets, B
cells recover more slowly (within 6 months) and
there is no hyperproliferation or overshoot
above baseline [13]. Furthermore, treatment
with cladribine tablets is associated with con-
sistent and lasting B cell depletion, and B cell
recovery post-cladribine occurs in the presence
of adequate T cell regulation [14]. Interestingly,
the memory B cell population remains depleted
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with both alemtuzumab and cladribine tablets,
which may explain the persistent efficacy of
both therapies (Fig. 1) [11].

Alemtuzumab can deplete T cell numbers by
[ 95% [11], whereas the licensed dose of
cladribine tablets (3.5 mg/kg) leads to T cell
reductions of approximately 50% [13]. Impor-
tantly, during treatment with cladribine tablets,
absolute T cell numbers are maintained at a
level that ensures general T cell immune com-
petency [14]. This may explain why there is no
opportunistic infection signal with cladribine
tablets, unlike with alemtuzumab for which
Listeria monocytogenes, nocardiosis, Cytomegalo-
virus reactivation, Pneumocystis, and other
infections have been observed [15]. Further
characterization of the immunological effects of
IRTs may contribute to an improved under-
standing of the pathogenesis of MS and further
guide treatment selection [16–18].

Clinician’s Perspective

The evolving MS treatment landscape, includ-
ing IRTs, provides a range of high-efficacy
options for first-line treatment early in the

course of MS. IRTs are preferable to mainte-
nance therapies because they are given as short
courses, with the potential for long-term
remission, and are not associated with contin-
uous immunosuppression in accordance with
the 3Rs: reduction, repopulation, and reconsti-
tution (Fig. 1). Based on these principles, IRT
allows the immune system to rebuild itself,
which ultimately leads to restored effector
functions. Immunosuppression associated with
IRT is front-loaded and essentially disappears
once the immune system has reconstituted.
However, with the continuous administration
of maintenance immunosuppressive therapies
the risk increases with time.

CLADRIBINE MECHANISM
OF ACTION AND LYMPHOCYTE
SELECTIVITY

Cladribine (2-cholorodeoxyadenosine) is an
adenosine analogue pro-drug that is selectively
phosphorylated intracellularly by deoxycy-
tidine kinase (DCK) to the active moiety, CdA-
50-triphosphate (CdATP) [19, 20]. This activity is

Table 1 Key efficacy results from the CLARITY and CLARITY Extension trials (licensed dose only)

Key efficacy parameters CLARITYa CLARITY Extensiona

Cladribine tablets 3.5 mg/kg Placebo CP 3.5 mg/kg PC 3.5 mg/kg

Annualized relapse rate (CI)b,c 0.14 (0.12–0.17) 0.33 (0.29–0.38) 0.15 (0.09–0.21) 0.10 (0.07–0.13)

Patients relapse free, n (%) 345 (79.7) 266 (60.9) 68 (75.6) 180 (79.6)

Lesion activity on brain MRI, mean number

T1 Gd? lesions 0.12 0.91 0.28 0.07

Active T2 lesions 0.38 1.43 1.42 1.07

Combined unique lesions 0.43 1.72 NR NR

CI Confidence interval, CP cladribine tablets 3.5 mg/kg in CLARITY followed by placebo in CLARITY Extension, Gd?
gadolinium-enhancing, MRI magnetic resonance imaging, NR not reported, PC placebo in CLARITY followed by
cladribine tablets 3.5 mg/kg in CLARITY Extension
aNon-approved cladribine tablets doses and regimens from CLARITY and CLARITY Extension are not shown
bA relapse was defined as an increase of 2 points in at least one functional system of the Expanded Disability Status Scale
(EDSS) or an increase of 1 point in at least two functional systems (excluding changes in bowel or bladder function or
cognition) in the absence of fever, to have lasted for at least 24 h and to have been preceded by at least 30 days of clinical
stability or improvement
c95% confidence interval for CLARITY and 97.5% confidence interval in CLARITY Extension
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counterbalanced by 5-nucleotidase (50NTase).
Cladribine has well-defined and specifically
designed activity against lymphocytes that
leads to selective depletion and most impor-
tantly, cladribine only affects the adaptive
immune system whilst sparing innate immune
cells, thus reducing the risk of infections
[4, 13, 21, 22]. The high selectivity of cladribine
for lymphocytes is due to the high ratio of DCK
to 50NTase and the high ratio of DCK to ade-
nosine deaminase that leads to preferential
accumulation in these cells. Both dividing and
resting lymphocytes are affected [20], which
leads to transient reductions in their overall
number [23]. In resting cells, cladribine gives
rise to single-strand DNA breaks which lead to
apoptosis, whereas in dividing cells, cladribine
induces cytotoxicity by impairing DNA syn-
thesis [23]. Importantly, cladribine at the doses
used in MS exhibits only minor effects on neu-
trophil and platelet counts and hemoglobin and
hematocrit levels [7]. Flow cytometry studies
illustrated an important relationship between
DCK activity and the effect of cladribine on B
and T cells, according to their activation status.
Observations have indicated no differences in
DCK/50NTase ratio in progenitor and mature
immune cells while cladribine induced apop-
tosis in stimulated T and B cells and unstimu-
lated B cells, raising the possibility that DCK
activity could be studied as a potential bio-
marker of lymphocyte response to cladribine
tablets [24].

The pathogenesis of MS is mediated by sev-
eral immune cell types, including peripherally
derived T cells, B cells, and myeloid cells, and
resident cells of the central nervous system
(CNS), including microglia and astrocytes
[25, 26]. It is thought that B cells are one of the
predominant drivers of immune responses
within the CNS, with pathogenic B cells pos-
sessing the ability to act both centrally and
peripherally [27]. Studies have indicated that
cladribine has the potential to penetrate the
CNS and achieve a concentration in the cere-
brospinal fluid of up to 25% of its concentration
in plasma [28–30], which raises the possibility
that cladribine tablets may be able to reduce
lymphocyte numbers within the CNS as well as
those circulating in the periphery [31, 32].

However, a need exists to better understand if
the potential for direct effects of cladribine
within the CNS are clinically significant in terms
of additional benefits over and above treatment
effects on peripheral immune cells [33].

Various lymphocyte subsets are affected by
treatment with cladribine tablets; however,
CD19? B cells are the most heavily and rapidly
depleted cell type, reaching a nadir 13 weeks
after initial administration of cladribine tablets
[14]. Despite this rapid and pronounced
decrease, CD19? B cell counts recover to normal
limits within 48 weeks [14]. T cells are less
affected than CD19? B cells, although both
CD8? cells and CD4? T cells decrease following
treatment with cladribine tablets [13]. Relative
to CD4? T cells, naı̈ve T cell subtypes have been
shown to decrease after treatment with
cladribine tablets while the proportion of
memory T cell subtypes, which provide long-
term protective immunity against pathogens
[34], increase [14]. Further studies using
peripheral immune cell profiling have provided
evidence to confirm the depletion kinetics of
cladribine tablets on proinflammatory immune
cell subsets, including central memory T cells
and memory B cells, with a smaller effect on
cells involved in immune responses to patho-
gens [35]. In-depth analysis combining flow
cytometry with mass spectrometry has shown
that MS remission after treatment with
cladribine tablets is associated with an increase
in CD8? effector memory RA? and CD8? effec-
tor memory T cells, with a decrease in
CD8? naı̈ve T cells and decreases in CD27?

memory B cell populations [36, 37]. It has also
been reported that the number of naı̈ve T reg-
ulatory cells dropped in patients with MS after
treatment with cladribine tablets, then slowly
recovered over 12 months whereas the number
of activated T regulatory cells increased at
6 months after treatment initiation [38].

INDUCTION THERAPY AND RE-
DOSING WITH CLADRIBINE
TABLETS

Induction therapy is based on the early use of
immunosuppressive drugs, followed by
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maintenance treatment with immunomodula-
tory therapy. As licensed, cladribine tablets are
not used as an induction therapy as the major-
ity of patients experience long-term remission
up to Year 4 (and possibly beyond). IRT with
cladribine tablets leads to lymphocyte reduc-
tion, followed by repopulation with naı̈ve lym-
phocytes. Upon treatment initiation, patients
should undergo baseline assessments, as

depicted in the treatment algorithm shown in
Fig. 3. It is important to define each individual
patient’s disease activity and level of risk, taking
into account personal lifestyle goals [39].

Managing disease activity while on treat-
ment with cladribine tablets depends on the
level of disease activity and when it occurs; for
example, if relevant disease activity occurs in
Year 2 following the second course of cladribine
tablets, retreatment is not recommended under
the current label. However, based on the biol-
ogy of MS and the mode of action of IRT,
retreatment with cladribine tablets is an option,
similar to the way in which alemtuzumab is
licensed and currently used. Currently, there are
no data on re-initiation of treatment with
cladribine tablets after Year 4 [7].

bFig. 1 Mode of action of IRT: reduction, repopulation,
and reconstitution of lymphocytes—the 3Rs. CMV
Cytomegalovirus, HSV herpes simplex virus, IRR infu-
sion-related reaction, IRT immune reconstitution therapy,
LLN lower limit of normal, Tregs regulatory T cells, VZV
varicella-zoster virus

Fig. 2 a Treatment and monitoring burden of cladribine
tablets. b Yearly treatment burden for cladribine tablets
and other DMTs. aTotal number of administrations over
the first 12 months of treatment. b10 mg tablets given as a

cumulative dose of 3.5 mg/kg over 2 years, administered as
1 treatment course of 1.75 mg/kg per year for 2 years.
DMTs Disease-modifying therapies, IFNb interferon-beta,
MRI magnetic resonance imaging, sc subcutaneous
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Clinician’s Perspective

Assessing patient risk is an important aspect of
therapy for MS given the potential complica-
tions of immunosuppression, such as secondary
autoimmunity, opportunistic infections, and
malignancy. Risk mitigation should be applied
prior to initiating IRT, during active treatment,
and in the monitoring phase [40]. Patients
should undergo certain tests as standard before
starting treatment, including full blood count,
liver function tests, urea/electrolytes, and serum
immunoglobulins. An infection screen should
also be performed, including the following
tests: hepatitis B and C; tuberculosis (ELISpot or
QuantiFERON); human immunodeficiency
virus (HIV) 1 and 2; syphilis; varicella zoster
virus (VZV); vaginal human papillomavirus
(HPV) or cervical smear testing; and screening
for cutaneous warts. A vaccination review is
recommended, and it may be necessary to offer
patients specific vaccinations. However, the
advantage of IRT is that vaccination can be
delayed and given after immune reconstitution
while this is not an option with maintenance
immunosuppressive therapies.

EMERGING DATA
ON THE EFFICACY OF CLADRIBINE
TABLETS

Post-hoc analyses of pivotal clinical trials have
provided additional insights into the efficacy of
cladribine tablets that can be useful to the
clinician in practice. For example, it has been
shown that most baseline characteristics of
patients who entered and did not enter the
CLARITY Extension trial were similar, demon-
strating that the Extension study did not pref-
erentially enroll patients with less severe disease
at CLARITY baseline [41]. Consequently, the
findings of CLARITY Extension, including that
the majority of patients (75%) remained
relapse-free without need of treatment beyond
Years 1 and 2 [6], are relevant for the original
population enrolled in CLARITY. Post-hoc
analyses have also assessed the effect of treat-
ment with cladribine tablets on the frequency
and severity of relapses in the CLARITY study
and the durability of such effects in CLARITY
Extension. In this analysis, all relapses included
both qualifying and non-qualifying relapses
(i.e., relapses reported by the evaluating physi-
cian but not confirmed as meeting strict ‘qual-
ifying’ criteria, the latter being a 2-point
increase in C 1 Kurtzke Functional Systems
scores [KFS] or a 1-point increase in C 2 KFS
scores [excluding changes in bowel or bladder

Fig. 3 Treat-2-target algorithm of NEDA in relapsing forms of MS (adapted from Giovannoni et al. [39]). MS Multiple
sclerosis, NABs neutralizing antibodies, NEDA no evidence of disease reactivation, Rx treatment
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function, or in cognition] in the absence of
fever lasting for at least 24 h, and preceded by at
least 30 days of clinical stability or improve-
ment). The authors also considered severe
relapses, which were arbitrarily defined as
relapses that required either treatment with
steroids or hospitalization. Results showed that
patients receiving cladribine tablets had a sig-
nificantly lower risk of all (and qualifying)
relapses and severe relapses compared with
placebo, throughout CLARITY and the exten-
sion phase. Such findings confirm that the
effect of cladribine tablets in reducing the fre-
quency and severity of relapses in CLARITY was
sustained without further treatment [42].

Further evaluation of long-term disease sta-
bility after treatment with cladribine tablets in
the CLARITY and CLARITY Extension studies
showed that the Expanded Disability Status
Scale (EDSS) score remained stable for up to
5 years from the start of CLARITY in [ 50% of
patients treated with cladribine tablets [43].
Treatment with cladribine tablets in CLARITY,
and subsequently placebo or further cladribine
tablets in CLARITY Extension also resulted in
benefits for no evidence of disease activity
(NEDA-3; defined as no qualifying relapse, no
confirmed 6-month EDSS progression/worsen-
ing, and no T1 Gd? or active T2 MRI lesions)
being sustained during follow-up for to 6 years
from CLARITY baseline [44]. It has also been
shown that subgroups of patients with high
disease activity at baseline showed treatment
responses to cladribine tablets that were com-
parable with the clinical and magnetic reso-
nance imaging (MRI) outcomes seen in the
overall CLARITY population [45]. Furthermore,
there were consistent treatment benefits of
cladribine tablets during the CLARITY study
among patients who were either previously
treated with DMTs or were treatment naı̈ve, [46]
including those with high disease activity [47].

In the absence of head-to-head comparative
trials, a network meta-analysis (NMA) including
data from CLARITY and randomized clinical
trials of other oral DMTs reported that treat-
ment with cladribine tablets was significantly
more effective in achieving NEDA-3 (defined as
no clinical relapse, no 3-month confirmed dis-
ability progression, and no disease activity on

MRI) than dimethyl fumarate and terifluno-
mide, but there was no significant difference
compared with fingolimod [48]. A separate
NMA showed that treatment with cladribine
tablets was associated with a higher probability
of sustained recovery from disability on the
EDSS compared to fingolimod, natalizumab,
and alemtuzumab in patients with highly active
disease [49]. Using another approach, data from
treatment-naı̈ve patients in the CLARITY study
were propensity score matched to data from
patients in the Italian i-MuST database [50].
Cladribine tablets showed lower relapse rates
compared with matched patients who started
interferon, glatiramer acetate, or dimethyl
fumarate. Relapse rates with cladribine tablets
were similar to those of fingolimod but higher
than those observed with natalizumab. The
treatment effect of cladribine tablets was shown
to be greatest in a subgroup of patients with
high disease activity [50].

A post-hoc analysis of the ORACLE MS study
on the effects of cladribine tablets in patients
following a first clinical demyelinating event
(i.e., early MS) reported that treatment reduced
the number of lesions present on MRI scans
compared to placebo by the time of the first
evaluation conducted at 13 weeks after baseline.
Low lesion counts were maintained with
cladribine tablets throughout the 96 weeks of
the study [51].

Ongoing Studies with Cladribine Tablets

There are several ongoing studies investigating
the effects of cladribine tablets treatment in
patients with MS, including the onset of effects
after treatment which is being explored in the
MAGNIFY-MS study (NCT03364036) with fre-
quent and early MRI. Interim analysis has
reported changes in combined unique active
lesions during the first 6 months according to
patient subgroups (based on high relapse activ-
ity or not, whether patients were treatment
naı̈ve or previously treated, or combined unique
active lesion count[0 at baseline). This study
demonstrated an early onset of effect from
cladribine tablets for all subgroups. In the first
6 months, combined unique active lesion
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counts were reduced from baseline between the
first MRI scan at the end of Month 1 and the
MRI scan at the end of Month 6 [52]. A separate
analysis from MAGNIFY-MS reported on chan-
ges over time in peripheral immune cell subsets
and IgG and IgM levels during the first
12 months of treatment with cladribine tablets.
Data from 57 patients showed that effects on
lymphocyte dynamics occurred from the first
month and were sustained in different immune
cell subpopulations. In particular, this con-
firmed that treatment with cladribine tablets
exerted a profound effect on memory B cells,
while IgG or IgM levels were unaffected over
12 months [53].

The CLASSIC-MS (NCT03961204) trial is
investigating the long-term efficacy and dura-
bility of treatment with cladribine tablets
beyond the two annual treatment courses in
patients enrolled in the original phase 3 trials
(CLARITY, CLARITY Extension, and ORACLE
MS). Interim data from a population of 147
patients with a median follow-up of 10 years
suggest sustained efficacy of cladribine tablets
following two annual treatment courses, with a
substantial proportion of patients requiring no
further treatment with DMTs or with using an
assistive ambulatory device [54].

The aim of the CLARIFY-MS (NCT03369665)
trial is to assess the impact of cladribine tablets
on health-related quality of life and treatment
satisfaction in patients with highly active
relapsing MS. An interim analysis involving 482
patients found that, at 6 months after starting
treatment, patients were generally satisfied with
cladribine tablets. The convenience and side
effect profile were especially important to
patients. Safety results at 6 months after treat-
ment were reported to be consistent with the
known safety profile of cladribine tablets [55].
Data from patients with MS in Italy who par-
ticipated in randomized clinical trials with
cladribine tablets across 17 MS centers were
obtained from the Italian MS Registry, and
reported by the CLARINET-MS study. This study
provides an indirect measure of the long-term
effectiveness of cladribine tablets and confirmed
that more than half of the 80 patients analyzed
did not relapse or experience disability pro-
gression during the 60 months of follow-up

from the last dose administered in a clinical trial
[56].

CLICK-MS (NCT03933215) and MASTER-2
(NCT03933202) are single-arm, observational
studies being conducted in the USA that are
evaluating the effectiveness and safety of
cladribine tablets over 30 months in patients
with RRMS or active secondary progressive MS
who had a suboptimal response to prior
injectable or infusion/oral DMT. The primary
endpoint is 24-month annualized relapse rate.
Key secondary endpoints include patient-re-
ported outcomes on quality of life measures,
treatment adherence, and AEs [57].

Among other studies, CLOCK-MS
(NCT03963375) is a 24-month, open-label,
randomized study that is aimed to improve
current understanding of the mechanism of
action of cladribine tablets [58], while Char-
iotMS (NCT04695080) is examining whether
cladribine tablets can affect deterioration in
people with advanced MS who are largely or
completely wheelchair dependent (EDSS[ 6.5)
[59]. Lastly, CLOBAS (IRRID: DERR1-10.2196/
24969) is a 6-year study being conducted in
Australia that is collecting data on blood-based
biomarkers (lymphocyte subsets, serum neuro-
filament light chain, DNA methylation, and
RNA analysis), MRI outcomes, and cognitive
performance in users of clabribine tablets.
CLOBAS will be the first long-term efficacy trial
of cladribine tablets to offer re-initiation of
therapy after the initial two courses in Years 1
and 2. Outcomes will provide an indication of
whether biomarkers can predict treatment effi-
cacy or the need for re-initiation of cladribine
tablets in patients with MS [60, 61].

Real-World Data with Cladribine Tablets

Reports of data from cohorts of patients treated
with cladribine tablets under real-world pre-
scribing conditions are also valuable to com-
plement information from pivotal clinical trials.
For example, real-world observational data for
90 patients in Australia (captured as part of the
MSBase registry) suggested a disease-modifying
effect from treatment with cladribine tablets,
reflected by reduced disability progression and
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reduced frequency of relapses in a patient
cohort characterized by older age and more
disability than the clinical trial population [62].
Wider analyses of the MSBase registry, includ-
ing patients from a range of countries, reported
that between 13% and 17% of patients initiated
cladribine tablets as first-line therapy. Consis-
tent with clinical trial data, relapse rates were
reduced after treatment with cladribine tablets,
with few early discontinuations [63, 64].

Other reports confirming that the efficacy
and safety profile of cladribine tablets in real-
world prescribing are comparable to the find-
ings reported in randomized clinical trials come
from Portugal [65, 66], Scotland [67], United
Arab Emirates [68], Spain [69], Italy [70, 71], and
Germany [72].

Before the commercial availability of
cladribine tablets, some specialist centers had
experience administering the drug by injection,
either intravenously or subcutaneously, to
patients with MS. A retrospective study
reviewed all patients treated with alemtuzumab
or intravenous cladribine at the Ottawa Hospi-
tal MS Clinic (Ottawa, ON, Canada) with C 2
years of follow-up and reported that alem-
tuzumab and cladribine achieved similar rates
of NEDA-3 (no relapses, no 6-month EDSS pro-
gression, or no new activity on MRI) in long-
term follow-up, with overall fewer AEs with
cladribine [73]. Efficacy outcomes with subcu-
taneous cladribine also confirmed that efficacy
was in line with data from pivotal clinical trials
[74]. Recently, another study of subcutaneous
cladribine (with increased cumulative mainte-
nance dosing) reported disease stability and
favorable safety over a prolonged period of fol-
low-up (up to 20 years) in patients with relaps-
ing MS [75].

Cladribine Tablets and the Cost
of Managing Patients with MS

MS is associated with a high economic burden,
and spending on DMTs and associated moni-
toring is increasing [76, 77]. For example, the
availability of DMTs given by intravenous
infusion in the hospital over recent years has
resulted in increased resource use associated

with treatment administration and monitoring.
A simulation model assessing the efficiency of
cladribine tablets or DMTs delivered by infusion
from a facility perspective in the UK found that
cladribine tablets could decrease the burden of
hospital-based administration and monitoring
[78]. However, the cost of DMTs is an important
driver in many cost-assessment models, and
cladribine tablets has been found to be cost
effective compared to alternative treatments in
modeling based on use in many country-speci-
fic settings, including Finland [79], Portugal
[80], Spain [81], Saudi Arabia [82], Chile [83],
Iran [84], and Poland [85].

Clinician’s Perspective

Cladribine tablets are effective in the treatment
of patients with active MS who have a history of
recent relapses and MRI activity (new or Gd-
enhancing lesions). At present, the use of
cladribine tablets is limited based on the label
used in many countries. However, as real-life
pharmacovigilance data emerge indicating that
the cancer and infection risks highlighted in the
various labels are not a problem, the use of
cladribine tablets will hopefully be extended
into earlier MS, i.e., after a first attack, and later
in the disease course to reduce the risk of
chronic immunosuppression in older patients
with MS. In an era of patient choice, many
patients who choose oral cladribine are doing so
because of its low treatment and monitoring
burden and its many other attributes, such as
being good for pregnancy planning and the
recent observation that it does not impact on
vaccine responses.

MANAGEMENT OF PATIENTS
RECEIVING CLADRIBINE TABLETS

Switching from Prior DMTs

The range of available therapies for MS means
that switching treatments is a common occur-
rence [86]. The decision to switch is often dri-
ven collectively by physicians and patients, and
may take into account various factors such as
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efficacy, convenience, and monitoring burden
[86]. Importantly, switching DMTs should take
account the dynamics of lymphocyte changes
associated with both the initial and new treat-
ment and the potential AEs associated with
particular DMTs [87, 88]. A case series reported
clinical experience with 17 patients who swit-
ched from the anti-CD20 DMTs rituximab or
ocrelizumab to cladribine tablets after a mean of
27 weeks on treatment. The effect on lympho-
cytes remained predictable, despite initiating
cladribine tablets at or around the lower limit of
normal, with reported AEs comparable to those
reported in the literature [89].

Progressive multifocal leukoencephalopathy
(PML), caused by the John Cunningham virus
(or JC virus), has been observed in some
patients with MS, particularly in patients on
natalizumab due to the decreased immuno-
surveillance of the CNS while on treatment [90].
As such, there is a small risk of carryover PML
during the first 6–12 months of treatment in
patients switched from natalizumab to an IRT
[90, 91]. MRI and optional examination of
cerebrospinal fluid are therefore recommended
to exclude asymptomatic PML before cladribine
treatment is initiated. Experience with 46 pa-
tients being followed up in Germany for
between 6 and 12 months demonstrated that
switching from natalizumab to cladribine
tablets was safe, with no cases of PML observed
[92]. Some clinicians prefer to bridge patients
on a maintenance therapy, for example, fin-
golimod for 6 months, prior to initiating an IRT
post-natalizumab [93], the rationale being the
action of fingolimod can be reversed by stop-
ping the drug. In comparison, the effect of IRTs
on the immune system are irreversible and
reconstitution takes many months.

Clinician’s Perspective

Further analyses of clinical trials and published
data from real-world prescribing have con-
firmed that cladribine tablets is a high-efficacy
DMT and can be used in a wide range of set-
tings, including for treatment-naı̈ve and

previously treated patients, and those with high
disease activity.

In our opinion, cladribine tablets can be used
after any of the licensed DMTs with some
caveats. First, switching patients at high-risk of
PML from natalizumab needs to be done care-
fully to avoid carry-over PML. With mainte-
nance treatments that are associated with
lymphopenia, it is important to have a washout
period to allow lymphocyte recovery, e.g., when
switching from fingolimod we wait for the total
lymphocyte count to recover to[800 cells/
mm3 and then start treatment, typically around
3–4 weeks after the last dose. We do not wait for
the counts to exceed 1000 cells/mm3 because
this can put patients at risk of rebound post-
fingolimod [94].

In the case of anti-CD20 therapies, we would
advise delaying cladribine tablets until there is
evidence of B cell recovery. However, this would
depend on why the patient was being switched
to cladribine tablets. If the switch was due to
suboptimal response to an anti-CD20 therapy,
we would not recommend delaying treatment.
If switching from teriflunomide, which has a
long circulating half-life that may interfere with
the repopulation kinetics of IRT [95], it would
be advisable to use a rapid elimination protocol
before initiating treatment with cladribine
tablets. In the case of dimethyl fumarate, lym-
phocyte recovery can take much longer—in
some instances many months—which can put
patients at risk of increased disease activity [96].

When initiating cladribine tablets, experi-
ence from the UK has demonstrated that a
nurse/pharmacy-led support program can assist
patients in taking treatment as prescribed to
achieve the required cumulative dose. This is
achieved by providing support on treatment
days together with dose interpretation advice,
clinical appointment reminders, and a home-
based phlebotomy service [97]. This level of
patient support can reduce the potential for
medication errors, improve patient safety, and
allow any patients in need of additional support
to be more easily prioritized.
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Adverse Events and Adverse Events
of Special Interest

Approximately 90% of patients treated with
cladribine tablets in CLARITY completed the
course, and overall AE rates were low with very
few discontinuations due to AEs [5]. In CLARITY
Extension, approximately 90% of patients
completed treatment, with similar AE frequen-
cies observed in the cladribine tablets and pla-
cebo groups [6]. A post-hoc analysis of CLARITY
and ORACLE MS safety populations assessed the
incidence of AEs with cladribine tablets or pla-
cebo within the first 12 weeks after treatment
initiation. This analysis showed that 61.3% of
patients treated with cladribine tablets and
55.2% treated with placebo experienced an AE
within this time. The most common AEs
reported with cladribine tablets were headache
(7.2%), lymphopenia (6.8%), and nausea
(6.0%). This study also showed that cladribine
tablets were well tolerated based on a low inci-
dence of AEs leading to treatment discontinua-
tion [98].

Moreover, real-world data have demon-
strated a consistent AE profile that echoes the
results of clinical trials [66, 67, 69, 71, 89, 99].
For example, an observational study from 56 MS
centers in Italy reported that the risk of Grade 3
and 4 lymphopenia with cladribine tablets was
lower than that observed in randomized clinical
trials, and that when Grade 3 lymphopenia did
occur it was transient in most patients [99].

Skin reactions are listed in prescribing
information as potential AEs during treatment
with cladribine tablets [7, 8]. Reports from
clinical experience in two centers in Germany
indicated that within 3 months following the
last dose of cladribine tablets, hair thinning,
skin rash, mucositis, and pruritus can be
observed [100]. Case reports of three patients
who developed severe rash 3–192 days after
receiving subcutaneously administered cladrib-
ine have highlighted severe skin reactions as a
rare, but important, potential AE during treat-
ment. All of these patients were effectively
treated, and additional doses of subcutaneous
cladribine were administered after pre-treat-
ment with steroids and antihistamines [101].
There has also been a published case report of a

patient developing visual symptoms and a large
retinal cotton wool spot in association with
initiation of cladribine therapy, suggesting that
patients receiving cladribine tablets should be
advised to seek medical advice if they develop
new visual symptoms [102]. It has been sug-
gested that the possibility of secondary
autoimmunity cannot be entirely discounted in
patients treated with cladribine tablets follow-
ing a report of a case of anti-glomerular base-
ment membrane antibody-mediated
glomerulonephritis that occurred shortly after
the second treatment in Year 2 [103]. However,
this seems unlikely in view of the absence of the
more common autoimmune diseases associated
with alemtuzumab treatment, in particular
autoimmune thyroid disease and immune
thrombocytopenic purpura [104]. Finally, a
published case report noted severe neutropenia
occurring 1 week after the second dose of
cladribine tablets in the first year of treatment.
Although neutropenia resolved after 10 days
with granulocyte colony-stimulating factor
[105], in our opinion this case underlines the
need for clinical and blood monitoring during
the initial administration of cladribine tablets.

Lymphopenia

Lymphocyte counts must be determined before,
during, and after treatment with cladribine
tablets (Fig. 4). If the lymphocyte count
is\500 cells/mm3 (Grade 3 or 4 lymphopenia),
patients should be counseled and offered
antiviral prophylaxis against herpes viruses
where applicable. In the CLARITY and CLARITY
Extension studies, Grade 3 lymphopenia (abso-
lute lymphocyte count [ALC]: 200–499 cells/
mm3) and Grade 4 lymphopenia
(ALC:\ 200 cells/mm3) was experienced by
25% and\1% of patients treated with cladrib-
ine tablets, respectively [5, 6]. Lymphocyte
recovery begins soon after treatment with
cladribine tablets in Years 1 and 2, returning to
the normal range by 84 weeks following the first
course of treatment with cladribine tablets [13].
No patient had Grade 4 lymphopenia at the end
of Year 4 [6].
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Herpes Zoster

Herpes zoster is an opportunistic infection that
is common in immunosuppressed patients
[106]. During the CLARITY and CLARITY
Extension studies, the incidence of herpes zos-
ter was increased in patients treated with
cladribine tablets versus placebo [5, 6] (Fig. 5).
Moreover, the incidence of herpes zoster was
observed to be higher during periods of Grade 3
or 4 lymphopenia compared with Grade 0–2
lymphopenia, and the incidences of serious and
severe herpes zoster infections were higher with
cladribine tablets compared with placebo (ad-
justed-AE per 100 patient-years: 0.09 and 0.05,
respectively) [107]. Importantly, all cases were
dermatomal and followed a normal disease
course, with no cases of post-herpetic neuralgia;

however, as a precaution, patients who are
seronegative due to no previous exposure to
VZV should be vaccinated prior to initiation of
cladribine tablets and initiation of treatment
should be postponed for 4–6 weeks.

Clinician’s Perspective

Case reports underline the importance of blood
monitoring during treatment with cladribine
tablets, and physicians should also be alert to
the possibility of rare AEs. Lymphocyte counts
must be normal ([ 1000/mm3) before initiating
cladribine tablets in Year 1 and Year 2. If nec-
essary, the treatment course in Year 2 can be
delayed for up to 6 months to allow for lym-
phocyte recovery; however, if lymphocytes do

Fig. 4 Yearly monitoring burden for cladribine tablets and
other DMTs [7, 8, 10, 142–148]. CV Cardiovascular,
DMTs disease-modifying therapies, HBV hepatitis B virus,

HCV hepatitis C virus, MRI magnetic resonance imaging,
TB tuberculosis
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not recover within 6 months, no further treat-
ment should be given. If the lymphocyte count
drops to\200 cells/mm3, anti-herpes prophy-
laxis according to local standard practice should
be considered for the duration of Grade 4 lym-
phopenia. In patients with lymphocyte
counts\ 500 cells/mm3 (Grade 3 lymphope-
nia), antiviral prophylaxis should not be con-
sidered routine; however, patients should
potentially be provided with rapid access to
antiviral medication (e.g., acyclovir, valacy-
clovir, or famciclovir) with instructions on what
to look out for in relation to a herpes infection.
If uncertain, patients should contact their
healthcare professional, and provide images for
interpretation and advice. Famciclovir is gen-
erally favored over acyclovir or valacyclovir for
VZV as it has a longer intracellular half-life and
has been reported to be superior for VZV than
acyclovir [108].

Malignancy

Cladribine tablets are contraindicated in
patients with active malignancy, and careful
assessment of the risk–benefit profile should be

performed in patients with a prior history of
malignancy. However, analysis of clinical trial
and long-term safety data in a final report from
the clinical development program showed there
was no significant increase in the rate of
malignancies with cladribine tablets compared
with placebo; the incidence of malignancy was
0.26 per 100 patient-years in the treatment
group compared with 0.12 per 100 patient-years
in the placebo group [107, 109]. Moreover,
malignancies associated with immunosuppres-
sion were not increased in patients receiving
cladribine tablets. When this population of
patients was compared with an external refer-
ence population (GLOBOCAN matched refer-
ence population), the rates of malignancies
were similar between patients receiving
cladribine tablets and the matched cohort
[107, 109, 110]. The ongoing CLARION post-
approval safety study (EU PAS Register number:
EUPAS24484) will further characterize the real-
world safety profile of cladribine tablets,
including the risk of malignancy and other AEs
of special interest [111].

Fig. 5 Incidence of herpes zoster per 1000 patient years, across different multiple sclerosis treatments [107, 149, 150]. BID
Twice daily, MS multiple sclerosis
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Clinician’s Perspective

Apart from the cervical smear and/or PCR test-
ing for vaginal HPV, malignancies are not usu-
ally screened for outside of national screening
programs. IRT has the advantage of not causing
continuous immunosuppression and is theo-
retically safer than maintenance therapies
because tumor immune surveillance is generally
normal after immune reconstitution. Cladribine
tablets do not cause DNA mutations or
translocations like other chemotherapy agents
[112]; therefore, no specific malignancy signals
have been observed with cladribine tablets.
Furthermore, given the intermittent nature of
immunosuppression following treatment with
cladribine tablets, there have been no observa-
tions of the typical secondary malignancy sig-
nals that have been seen under continuous
immunosuppressive therapy, such as skin can-
cers and hematological malignancies, and in
particular lymphomas, that have been observed
following fingolimod treatment [113].

Use of Cladribine Tablets During
the COVID-19 Pandemic

Because of the effects of DMTs for MS on the
immune system there has been a great deal of
information during the SARS-CoV-2 (COVID-
19) pandemic about how patients should man-
age their treatment [114–120]. Published data
relevant to treatment with cladribine tablets
were included in a study that examined out-
comes reported in the Merck KGaA Global
Patient Safety Database in which a total of 272
reported cases of COVID-19 among patients
receiving cladribine tablets were described.
These patients were found to generally not be
any greater risk of serious disease and/or a sev-
ere outcome with COVID-19 compared with the
general population [121]. The evaluable cohort
comprised 261 patients (confirmed COVID-19,
n = 160; suspected, n = 101); an additional 11
patients had symptoms compatible with
COVID-19 but were not evaluated further
because of negative diagnostic tests. The med-
ian time to onset of COVID-19 from the most
recent treatment course of cladribine tablets

was 162 days (n = 139). Outcomes for the
evaluable patients were: recovered/recovering
(51%); not recovered/not resolved (7%); died
(0.4%); and not reported/missing/pending
(41%). Of the total cohort, 15% experienced
serious COVID-19 (patient hospitalized, medi-
cally significant, or fatal case). This report
included two cases that were described inde-
pendently in the literature [122, 123].

The study also examined the potential
impact of treatment with cladribine tablets on
the ability of patients to mount an antibody
response to the SARS-CoV-2 virus. A serology
test was reported for 17 patients treated with
cladribine tablets and all had a positive result, in
some cases several months after the infection.
Cases appearing in the literature have reported
positive serology for SARS-CoV-2 virus in some,
but not all patients treated with cladribine
tablets [124, 125] and that anti-SARS-CoV-2
antibody production can occur in patients with
lymphopenia after treatment with cladribine
tablets [126]. There are also case reports of
patients treated with cladribine tablets being
confirmed to have asymptomatic COVID-19
and developing anti-SARS-CoV-2 antibody
responses [127]. Physicians from Spain descri-
bed their experience with 14 patients with MS
who had been affected by SARS-CoV-2 (with a
clinical, positive PCR test, or serological diag-
nosis). This study showed that half of the
patients mounted an antibody response and
overall suggested that treatment with cladribine
tablets does not appear to worsen COVID-19
disease prognosis [128]. Finally, a case series
from Serbia reported that seven patients treated
with cladribine tablets and who suffered from
COVID-19 developed IgG antibodies 2.0–-
5.5 months after the last symptoms [129].

A report on clinical outcomes in patients
who developed COVID-19 infection during two
ongoing clinical studies of cladribine tablets
(CLARIFY-MS and MAGNIFY-MS) included
three patients who recovered or were recover-
ing, with none needing mechanical ventilation
[130].
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Vaccinations

The risk of infectious diseases is an important
consideration in managing patients with MS.
Counseling about vaccinations and the risk of
infections should be considered individually for
each patient before starting DMTs, and
reviewed regularly [131]. Patients receiving
cladribine tablets should be vaccinated accord-
ing to general recommendations for healthy
adults [131]. A small, retrospective investigation
in patients treated with cladribine tablets in the
ongoing MAGNIFY-MS study reported that
antibodies to seasonal influenza and VZV vac-
cines remained adequate in terms of providing
protective immunity [132]. A sub-study of
CLOCK-MS evaluated the potential impact of
prior treatment with cladribine tablets on the
development of antibody titers to influenza
vaccination. Preliminary results showed that
three patients with 4-week data all demon-
strated an increase in influenza titers. Two of
these patients were experiencing lymphopenia
around the date of vaccination and had
received treatment with cladribine tablets up to
4 months prior to vaccination [58].

Immunization against COVID-19 is strongly
recommended for all patients with MS regard-
less of age and comorbidities [131, 133–136].
The study of Achiron et al. [136] provided evi-
dence that cladribine treatment does not impair
the humoral response to COVID-19 vaccina-
tion. These investigators measured SARS-CoV-2
IgG response in 125 patients with MS 1 month
after the second dose of the Pfizer/BioNTech
mRNA COVID-19 vaccine. Patients were either
untreated or under treatment with cladribine
tablets or other DMTs, with a group of healthy
patients similarly vaccinated as control. The
results showed that within 29.5–55 days after
the second vaccine dose the antibody titer was
high in healthy patients, untreated patients
with MS, and patients with MS under cladribine
treatment [136].

There are also case reports confirming that
patients treated respectively with the adenoviral
vector-based vaccine from AstraZeneca or an
mRNA vaccine after 3 months from a second
administration of cladribine tablets produced a
protective antibody response despite an

incomplete recovery of lymphocyte levels [137].
In the case series reported by Drulovic et al. four
patients treated with cladribine tablets who
were vaccinated with an mRNA vaccine all
developed antibodies, as did three out of seven
vaccinated with the Sinopharm vaccine [129].

Clinician’s Perspective

Patients receiving cladribine tablets should be
vaccinated according to general recommenda-
tions for healthy adults and, if practical,
immunizations should be given before treat-
ment with cladribine tablets is initiated.
Patients with MS receiving cladribine tablets are
generally not at greater risk of serious disease
and/or a severe outcome with COVID-19 com-
pared with the general population, and deci-
sions to initiate or continue scheduled
treatment should be taken as normal, consid-
ering the benefit/risk to the individual patient.
Immunization against COVID-19 is recom-
mended for all MS patients regardless of age and
comorbidities.

Pregnancy and Family Planning

Cladribine tablets are contraindicated in preg-
nant women; therefore, pregnancy must be
excluded prior to treatment initiation [7, 8]. A
report of the outcomes of pregnancies occurring
during the clinical development program
showed that these were consistent with epi-
demiological data on pregnancy outcomes for
the general population or women with MS.
There were no congenital malformations in
pregnancies that occurred during treatment
with cladribine tablets or within 6 months after
the last dose [138]. Pregnancy planning can be
considered from 6 months after the final dose of
cladribine tablets in Year 2 [139, 140]. Cladrib-
ine tablets are eliminated relatively quickly
from the body, despite having a sustained
treatment effect, which is appealing for women
wanting to start or extend their families. There
is evidence from CLARITY Extension that
showed disease control was sustained for 4 years
following treatment in Years 1 and 2 [6].
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At present, there are limited data available
on the transfer of cladribine in human milk
[141], and women taking cladribine tablets
should avoid breastfeeding [7, 8].

Clinician’s Perspective

It is advised that women of childbearing age
and male partners receiving cladribine tablets
are given practical suggestions for contracep-
tion and family planning following completion
of Year 2 dosing. If a woman falls pregnant after
the first course of cladribine tablets it is advised
to delay the second course until after delivery
and breastfeeding. It is recommended that
breastfeeding should only start or recommence
10 days after the course of cladribine tablets is
complete.

CONCLUSIONS

Overall, IRT is associated with a lower risk of
cumulative side effects that are often observed
with maintenance therapies and chronic
immunosuppression. Cladribine tablets are a
high-efficacy, oral IRT for patients with RRMS
that selectively target lymphocytes; due to this
mechanism of action, an increase in lym-
phopenia is expected, but most patients’ lym-
phocyte levels return to normal in the long
term.

Cladribine tablets have a convenient and
unique posology that provides sustained effi-
cacy following two short, weekly treatments in
each of 2 years, which means there is a lower
monitoring burden in daily practice compared
with many other highly effective DMTs. From
the patient perspective, adherence is typically
not an issue compared with maintenance ther-
apies. In addition, cladribine tablets are not
associated with regular infusions or injections,
which reduces the overall burden by limiting
hospital visits and making treatment more
comfortable. Taken together, these factors free
up resources within MS services for other
activities, highlighting the advantages of
cladribine tablets and IRT in real-world practice.
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nancy and multiple sclerosis: an update. Curr Opin
Obstet Gynecol. 2021;33(5):378–83.

141. Datta P, Ciplea AI, Rewers-Felkins K, et al. Cladrib-
ine transfer into human milk: a case report. Mult
Scler. 2021;27(5):799–801.

142. Biogen Idec Ltd. TYSABRI 300 mg concentrate for
solution for infusion summary of product charac-
terisics https://www.medicines.or.guk/emc/
product/222. Accessed Oct 2021.

143. Sanofi Genzyme. AUBAGIO 14 mg film-coated
tablets summary of product characteristics. https://
www.medicines.org.uk/emc/product/5244. Acces-
sed Oct 2021.

144. Roche Products Limited. OCREVUS 300 mg con-
centrate for solution for infusion. https://www.
medicines.org.uk/emc/product/8898. Accessed Oct
2021.

145. Biogen Idec Ltd. Tecfidera 120 mg gastro-resistant
hard capsules. https://www.medicines.org.uk/emc/
product/5256/smpc. Accessed Oct 2021.

146. Novartis Pharmaceuticals UK Ltd. Gilenya 0.5 mg
hard capsules summary of product characterisitics
https://www.medicines.org.uk/emc/product/4545.
Accessed Oct 2021.

147. Bayer plc. Betaferon 250 microgram/ml, powder
and solvent for solution for injection. https://www.
medicines.org.uk/emc/product/1121. Accessed Oct
2021.

148. Teva Pharma B.V. Copaxone 40 mg/ml solution for
injection, pre-filled syringe summary of product
characteristics. https://www.medicines.org.uk/emc/
product/7046/. Accessed Oct 2021.

149. Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab
versus interferon beta-1a in relapsing multiple
sclerosis. N Engl J Med. 2017;376(3):221–34.

150. Arvin AM, Wolinsky JS, Kappos L, et al. Varicella-
zoster virus infections in patients treated with fin-
golimod: risk assessment and consensus recom-
mendations for management. JAMA Neurol.
2015;72(1):31–9.

Neurol Ther

https://www.medicines.or.guk/emc/product/222
https://www.medicines.or.guk/emc/product/222
https://www.medicines.org.uk/emc/product/5244
https://www.medicines.org.uk/emc/product/5244
https://www.medicines.org.uk/emc/product/8898
https://www.medicines.org.uk/emc/product/8898
https://www.medicines.org.uk/emc/product/5256/smpc
https://www.medicines.org.uk/emc/product/5256/smpc
https://www.medicines.org.uk/emc/product/4545
https://www.medicines.org.uk/emc/product/1121
https://www.medicines.org.uk/emc/product/1121
https://www.medicines.org.uk/emc/product/7046/
https://www.medicines.org.uk/emc/product/7046/

	Cladribine Tablets for Relapsing--Remitting Multiple Sclerosis: A Clinician’s Review
	Abstract
	Introduction
	Box 1 Recommendations from the European Summary of Product Characteristics (SmPC) [7]
	Immune Reconstitution Therapy
	Clinician’s Perspective

	Cladribine Mechanism of Action and Lymphocyte Selectivity
	Induction Therapy and Re-dosing with Cladribine Tablets
	Clinician’s Perspective

	Emerging Data on the Efficacy of Cladribine Tablets
	Ongoing Studies with Cladribine Tablets
	Real-World Data with Cladribine Tablets
	Cladribine Tablets and the Cost of Managing Patients with MS
	Clinician’s Perspective

	Management of Patients Receiving Cladribine Tablets
	Switching from Prior DMTs
	Clinician’s Perspective
	Adverse Events and Adverse Events of Special Interest
	Lymphopenia
	Herpes Zoster
	Clinician’s Perspective
	Malignancy
	Clinician’s Perspective
	Use of Cladribine Tablets During the COVID-19 Pandemic
	Vaccinations
	Clinician’s Perspective
	Pregnancy and Family Planning
	Clinician’s Perspective

	Conclusions
	Acknowledgements
	References




