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ABSTRACT

Cladribine tablets (CladT) is a highly active oral
disease-modifying therapy (DMT) for the man-
agement of relapsing multiple sclerosis (RMS).
CladT acts as an immune reconstitution ther-
apy, in that two short courses of treatment
1 year apart have been shown to suppress dis-
ease activity for a prolonged period in most
patients, without need for continued DMT.
Each course of CladT induces a profound
reduction in B lymphocytes that recovers over
months, and serious lymphopenia (Grade 3–4)
is uncommon. Smaller reductions in levels of T
lymphocytes occur slightly later: on average,

these remain within the normal range and
repopulate progressively. A larger effect occurs
on CD8 vs. CD4 cells. Reactivation of latent or
opportunistic infections (e.g. varicella zoster,
tuberculosis) is mostly associated with very low
lymphocyte counts (\200/mm3). Screening
and managing pre-existing infections, vacci-
nating non-exposed patients and delaying the
2nd year of treatment with CladT to allow
lymphocytes to recover to[800/mm3 (if nec-
essary) are important for avoiding infections
and higher-grade lymphopenia. There was no
demonstrable or apparent effect of CladT on the
efficacy of vaccinations, including against
Covid-19. Adverse events consistent with drug-
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Université, INSERM 1136, Institut Pierre Louis
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induced liver injury (DILI) represent a rare but
potentially serious complication of CladT ther-
apy in spontaneous adverse event reporting;
patients should be screened for liver dysfunc-
tion before starting treatment. Ongoing hepatic
monitoring is not required, but CladT must be
withdrawn if signs and symptoms of DILI
develop. There was a numerical imbalance for
malignancies when comparing cladribine to
placebo in the clinical programme, particularly
in short-term data, but recent evidence shows
that the risk of malignancy with CladT is similar
to the background rate in the general popula-
tion and to that with other DMTs. Overall,
CladT is well tolerated with a favorable safety
profile appropriate for the management of RMS.

Keywords: Multiple sclerosis; Cladribine
tablets; Disease-modifying therapy; Immune
reconstitution therapy; Drug safety

Key Summery Points

Cladribine tablet (CladT) is a high-efficacy
disease-modifying therapy (DMT) for
relapsing multiple sclerosis (RMS) that
acts as an immune reconstitution therapy

Treatment with CladT is associated with a
low risk of severe lymphopenia and of
opportunistic infections when
recommended prophylaxis for common
infections is given before treatment

CladT does not appear to impair the
efficacy of vaccinations, including for
Covid-19

Rare cases of serious liver dysfunction
have occurred during treatment with
CladT and labelling now contains
monitoring and management
recommendations on this

CladT does not appear to increase the risk
of malignancy

Overall, CladT is well tolerated with a
safety profile appropriate for the
management of RMS

IMMUNE RECONSTITUTION
THERAPY IN THE CARE
OF RELAPSING MS

Most highly active disease-modifying therapies
(DMTs) used in the management of relapsing
multiple sclerosis (RMS) are administered regu-
larly according to a fixed dosing schedule and
act via continuous suppression of the immune
system [1, 2]. This approach has led to concerns
regarding the potential for increased risk of
serious infections and/or malignancy in
patients with compromised immune systems
[3]. Pharmacological immune reconstitution
therapy (IRT; currently exemplified by cladrib-
ine tablets [CladT] and alemtuzumab) takes a
different approach [1, 3, 4]. Two short courses of
IRT given 1 year apart induce a temporary
reduction in the number of circulating immune
cells (B and T cells) that reverses over a period of
months, with no requirement for further con-
tinuous treatments in the subsequent 2 years in
patients who respond to the treatment.

Clinical evidence, summarised briefly below,
confirms that IRT is effective in reducing MS
disease activity. In the 2-year randomised phase
of the CLARITY trial, which recruited a popu-
lation with at least one MS relapse during the
previous year, 79.7% of patients who received
the recommended total dose of 3.5 mg/kg of
CladT remained relapse-free vs. 60.9% for pla-
cebo (odds ratio [OR] 2.5 in favour of CladT,
p\0.001) [5]. An extension to this trial showed
that similar proportions of patients who
received the initial two courses of CladT fol-
lowed by 2 years of placebo, or those who
received four annual courses of treatment,
remained relapse-free over 4 years (75.6% vs.
81.2%) [6]. Further follow-up of the trial
extension population showed that almost half
(up to 44%) of patients achieved the outcome of
‘‘no evidence of disease activity’’ (NEDA-3) for
up to 6 years following the initiation of treat-
ment [7]. Durable efficacy (reduced relapse rates
and MS disease activity) was also seen with
alemtuzumab, following its pivotal CARE-MS-I
and CARE-MS-II randomised trials [8, 9]. Simi-
larly, about one-third (30%) of patients treated
with alemtuzumab reported a similar benefit
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during 4 years of follow-up [10]. Long-term
treatment with both of these IRTs was associ-
ated with reduced progression of disability
[11, 12]. Real-world evidence has shown that
treatment with IRT can lead to years of life free
of disease activity in a substantial proportion of
patients in the absence of continuous treatment
with a DMT [13–19].

Durable efficacy that far outlasts the period
of suppression of levels of immune cells, as
described above, is therefore the hallmark of
IRT. However, the benefits of any treatment
must be determined by its overall balance of
efficacy and safety. The use of alemtuzumab is
currently restricted in France (the location of
the authors of this article) because of safety
concerns [20–22]. Accordingly, this article
focuses mainly on current data on the safety of
CladT in the management of RMS.

POSOLOGY OF CLADRIBINE
TABLETS

CladT acts in a manner consistent with an IRT,
as described above. An understanding of the
mode of administration of this treatment is
essential for consideration of its efficacy and
safety, and this is described briefly here. Treat-
ment is given as two annual courses of treat-
ment 1 year apart (Fig. 1) [23]. A treatment
course consists of two periods of treatment,
given during the 1st week of the first and 2nd
month of each year. In each treatment period,
one or two 10 mg tablets of CladT daily for 4 or
5 consecutive days, depending on body weight,
are administered (i.e. a cumulative dose of
1.75 mg/kg per annual treatment course,
resulting in an overall cumulative dose of
3.5 mg/kg over the full 2 years). There is no
requirement for further treatment in years 3 and
4 in the absence of disease reactivation.

OVERVIEW OF ADVERSE EVENTS

The incidence of all-cause adverse events (AE) in
the randomised Phase 3 CLARITY trial was
80.7% for CladT 3.5 mg/kg and 73.3% for pla-
cebo [5]. The most common all-cause AEs in the

CladT/placebo groups were headache (24.2%/
17.2%), lymphopenia (21.6%/1.8%),
nasopharyngitis (14.4%/12.9%), upper respira-
tory tract infection (12.6%/9.7%) and nausea
(10.0%/9.0%). All-cause serious AEs occurred in
8.4% of the CladT group and 6.4% of the pla-
cebo group. AE led to discontinuation of ther-
apy in 3.5% of the CladT group and 2.1% of the
placebo group in the randomised phase of
CLARITY.

The most comprehensive overview of serious
adverse events (SAE) with CladT is available
from an integrated review of the CLARITY trial,
its extension, the ORACLE-MS trial and the
PREMIERE registry [24]. This analysis included
923 patients exposed to CladT and 641 patients
exposed to placebo for up to 8 years (the CladT
group was larger because some patients were
switched from placebo to CladT in the CLARITY
Extension study and are thus counted in the
CladT group). Figure 2 shows the incidence of
SAE overall and SAEs of particular interest (de-
scribed in more detail below) for the CladT and
placebo groups. Table 1 shows data on AEs of
special interest from an integrated analysis of
clinical trials and the PREMIERE registry [25]
compared with real-world incidences of these
AE from a post-approval cohort [25]. The inci-
dences of these AE were generally lower in the
post-approval cohort, and no adverse safety
signal for CladT appeared over time. A separate
analysis of AEs occurring during the first
12 weeks of administration of CladT found a
higher incidence of AE for CladT vs. placebo
(61% vs. 55%, respectively) as well as a higher
incidence of AE considered to be drug-related
(35% vs. 23%, respectively) but similar propor-
tions of AE leading to discontinuation (1.6% vs.
1.4%, respectively) [26].

A recent (2022) network meta-analysis [27]
found generally similar rates of AE and SAE
between CladT 3.5 mg/kg and other high-effi-
cacy DMTs, except for a higher rate of AE for
CladT vs. ozanimod (odds ratio [OR] 1.8 [95%
CI 1.1–2,8] or placebo (OR 1.5 [1.1–2.1]); SAEs
were more frequent for CladT vs. ocrelizumab
(OR 2.9 [1.0–4.7]), with no other significant
differences between CladT and other DMTs.
There were no differences between CladT and
other high-efficacy DMTs for AE leading to

Neurol Ther (2023) 12:1457–1476 1459



Fig. 1 Posology of cladribine tablets for the management
of multiple sclerosis. Cladribine tablets are given as two
treatment courses 1 year apart. Red and blue arrows show
treatment days at the beginning of month 1 and month 2

of each treatment course (5 treatment days are shown for
each course, but in practice this could be 4 or 5 days,
depending on body weight). Compiled from information
presented in Ref. [23]

Fig. 2 Incidence of serious adverse events and SAE of interest in an integrated analysis of randomised evaluations of
cladribine tablets for the management of multiple sclerosis. Drawn from data presented in Ref. [24]
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treatment discontinuation in this analysis. An
earlier network meta-analysis (2018) did not
find differences in tolerability or safety between
CladT and other high-efficacy DMTs [28].

Most (84.1%) of 270 patients reported at
least one treatment-emergent AE and 5.4%
reported at least one SAE in the 2-year MAG-
NIFY-MS Phase 4 trial [29]. Real-world data from
Europe suggested that the safety of CladT was
similar for patients above and below 50 years of
age (suggesting that immunosenescence was
not an important factor here); female gender
and disability were the main predictors of AEs
on CladT treatment [30]. Additional data from
6 months of CladT treatment from the CLAR-
IFY-MS Phase IV study cohort showed that
18.7% and 9.1% reported mild and moderate AE
respectively and 0.6% severe AE: the incidence
of these AEs did not vary clearly or consistently
according to receipt or not of prior DMT ther-
apy [31]. The mean score for side effects from
the Treatment Satisfaction Questionnaire for
Medication was high (91.9 [SD 17.68]/100,
where 100 = the highest level of satisfaction).

ADVERSE EVENTS OF SPECIAL
INTEREST

Effects on Immune Cells

Immune Cell Counts
The randomised CLARITY study and its exten-
sion conducted in 685 patients with RMS
receiving the recommended cumulative total
dose of CladT 3.5 mg/kg over two annual cour-
ses are the largest individual studies evaluating
the effects of CladT on levels of immune cells
[32]. Figure 3 shows the time course of key
subsets of lymphocytes during the randomised
and extension phases of the study. Median
absolute lymphocyte count (ALC) fell rapidly
after the first course of CladT, reaching a nadir
of 1 9 109 mm-3 at 2 months. Median ALC
recovered steadily (to a level of 1.2 9 109/l)
until the time of the second course of treatment
in year 2, after which a new nadir of 0.8 9 109/l
occurred again about 2 months later. The
median ALC returned within the normal range
([1 9 109/l) at 36 weeks after the second
treatment course. The reduction in B lympho-
cytes (CD19 ?) was rapid and profound, with
median levels of these cells reduced from
0.2 9 109/l to 0.02 9 109/l for the year 1 course
and 0.02 9 109/l following the year 2 course.
Lymphopenia recovery was again rapid, with
recovery to a nominal normal value occurring
at about 30 weeks following each treatment
course. Effects on T helper lymphocytes
(CD4 ?) or cytotoxic T cells (CD8 ?) were less
marked (median T cell count was never reduced
below the normal range), with slower reduction

Table 1 Incidences [n(%)] of selected adverse events from
an integrated analysis of the safety and tolerability of
cladribine tablets and from real-world post-approval data

AE Integrated
safety analysis
(N = 923)a

Post-approval
cohort
(N = 56,300)

Severe or serious

lymphopenia

24 (2.60) 112 (0.20)

Herpes zoster 28 (3.03) 514 (0.91)

Tuberculosis 2(0.22) 23 (0.04)

Severe or serious

infections

29 (3.14) 754 (1.34)

Progressive multifocal

leukoencephalopathy

0 0

Malignancies 10 (1.08) 187 (0.33)

Congenital

abnormality

0 3 (0.005)

aCLARITY Study and its extension, ORACLE-MS and
the PREMIERE Registry. Compiled from data presented
in Ref. [25]

Summary of Clinical Relevance
CladT was generally well tolerated in terms of
the incidence of AE and SAE. The incidence
of AE was generally higher for CladT than for
placebo, but lymphopenia was the only
individual AE with a large difference in inci-
dence between groups (this AE is described
separately below). Also, liver injury as an AE
of interest did not arise during the trials
reviewed above, and this is also reviewed
separately below.
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and recovery phases (nadirs in cell counts
occurred at 3–4 months following each treat-
ment course, with a slow recovery thereafter).
The lowest nadirs in year 2 of treatment indi-
cated reductions in cell counts of about 55% for
CD4 ? and about 40% for CD8 ? , based on
changes in median counts.

It should be noted when considering effects
of CladT on lymphocyte counts in the CLARITY
study that the year 2 course of CladT was
administered irrespective of ALC, and most
Grade 3 or 4 lymphopenia occurred in the 2nd
year of treatment [5, 32]. Drug labelling was
amended subsequently to require ALC to be[
800/mm3 before administration of the 2nd year

treatment course (with the possibility of delay-
ing treatment up to 6 months to allow lym-
phocytes to recover) to limit the risk of
potential severe lymphopenia during year 2 (see
below). The incidence of severe or serious

lymphopenia was much lower in an observa-
tional post-approval cohort compared with the
incidence from an integrated clinical trial
analysis (Table 1), which is consistent with this
change in practice [25].

Another analysis evaluated the effects of the
first annual course of CLadT (i.e. a cumulative
dose of 1.75 mg/kg) including study popula-
tions of CLARITY and its extension and also
subjects from the randomised ORACLE-MS trial
in patients with a clinically isolated syndrome,
as defined at the time [33]. Although this study
does not tell us about the recommended clinical
dosage of CladT (the CLARITY study showed us
that full efficacy was not achieved until after the
year 2 dose [5]), it is of interest as it measured
effects on subsets of immune cells. Effects on
ALC, CD19 ?, CD4 ? and CD8 ? cells were
similar to those described above. There was a
modest effect of CLadT on natural killer T cells

Fig. 3 Time course of effects on lymphocytes following treatment with cladribine tablets in the CLARITY study and its
extension. [32] Reproduced with permission from Ref. [32]
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(CD16 ?/56 ?; average 30–44%% reduction
from baseline across the studies). An extended
analysis of effects on immune cell subtypes
from the ORACLE-MS population revealed
reductions in naı̈ve (CD4 ?/CD45RA ?) and
memory (CD4 ?/CD45RO ?) T helper cells, in
naı̈ve (CD8 ? /CD45RA ?) and memory
(CD8 ?/CD45RO ?) cytotoxic T cells, and cen-
tral (CD4 ? RO ? CCR7 ?) and effector
(CD4 ?/RO ?/CCR7–) memory T cells of
30–65%. Changes in Th1-type helper T cells and
T regulatory cells were similarly relatively
modest after CladT. Importantly, there were no
substantive effects on the innate immune sys-
tem: monocytes were essentially unaffected and
neutrophil counts remained in the normal
range and had recovered by 5 weeks post-
treatment.

There is no rebound in ALC or in any subset
of lymphocyte counts above the pre-treatment
level following immune reconstitution with
CladT [32, 33]. Such rebounds have been
observed in patients receiving alemtuzumab or
autologous haematopoietic stem cell trans-
plantation and are thought to contribute to the
occurrence of secondary non-MS (especially
thyroid) autoimmunity, which is a recognised
side effect of these treatments [34–36]. The
mechanism of action of CladT does not include
sequestration of lymphocytes, so there is no
clinical rebound of MS disease activity after
treatment, in contrast to the potentially severe
MS relapses that have been observed following
withdrawal of S1P inhibitors or natalizumab
[37–40].

Clinical Lymphopenia
During the randomised CLARITY study and its
extension (96 weeks overall), administration of
CladT 3.5 mg/kg resulted in reports of Common
Terminology Criteria for Adverse Events
(CTCAE) lymphopenia of Grade 1
(800–1000 mm-3) in 26.3% of patients, Grade 2
lymphopenia (500–800 mm-3) in 37.7%, Grade
3 lymphopenia (200–500 mm-3) in 24.9% and
Grade 4 lymphopenia (\200 mm-3) in 0.7%
[5]. All 3 cases of Grade 4 lymphopenia occurred
in patients redosed with CladT while still
demonstrating Grade 3 lymphopenia. The ALC
remained within the normal range for 10% [5].

Severe lymphopenia was of limited duration for
most patients, consistent with the data on cell
counts described above; data submitted for the
approval of CladT in the USA showed that the
median time to recover from Grade 3 lym-
phopenia was 28 weeks [41]. Post hoc integrated
analyses of data from the CLARITY and ORA-
CLE-MS studies showed that the aggregate
incidence of lymphopenia as an SAE was 0.1
event/100 patient-years for CladT [24] and
0/100 patient-years for placebo (Fig. 2) and that
the time course of effects of CladT on immune
cells was similar for patients above or below age
50 years [42].

A recent real-world safety analysis of CladT
included spontaneous AE reports and data from
post-marketing studies, among other sources,
and reflected clinical experience from 56,300
patients treated with CladT over a total dura-
tion of exposure to drug of 95,664 patient-years
[25]. There were 112 reported cases of serious
lymphopenia (incidence 0.12/100 patient-years
[95% CI 0.10–0.14]); the potential clinical con-
sequences of severe lymphopenia, particularly
with reference to reactivation of herpes zoster,
are described in a later section. In another real-
world evaluation, longitudinal data on lym-
phocyte counts were available for 226 patients
followed for 2 years [43]. Grade 3 and 4 lym-
phopenia developed in 18% and 1% of patients,
respectively. The incidence of Grade 3–4 lym-
phopenia in this study was slightly lower for
patients who had received platform DMTs, fin-
golimod or natalizumab before CladT compared
with DMT-naı̈ve patients (13% vs. 19%,
respectively). However, half (50%) of patients
previously treated with dimethyl fumarate
(DMF) developed Grade 3–4 lymphopenia,
although there was no difference in mean ALC
for patients receiving different prior DMTs at
baseline. A retrospective study showed that 3/12
people with MS demonstrated delayed lym-
phopenia[1 year after initiation of DMF
treatment, and 5/9 patients switched from DMF
to other DMTs experienced recurrent lym-
phopenia afterwards [44]. Further study is
required to understand this phenomenon and
to evaluate to what extent it contributes to cases
of lymphopenia attributed to CladT. Other real-
world experience from a number of different
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countries demonstrated comparable or lower
rates of lymphopenia than those seen following
randomised treatment [45–52].

A 6-month analysis of Phase IV data con-
cerning people with MS who received CladT
demonstrated an incidence of lymphopenia of
8.3%, with an incidence approximately three-
fold higher in patients who had received prior
DMT therapy (10.1%) vs. DMT-naı̈ve patients
(3.6%) [31]. Grade 3 lymphopenia occurred in
in 24.4% and Grade 4 lymphopenia in 0.7%
during 2 years of treatment in the MAGNIFY-MS
study [29]. Pre-treatment ALC was a predictor of
lymphopenia during treatment with CladT in
another real-world analysis [53].

Infections

Overview of Infections
Two principal analyses of Phase III clinical trial
data are available, based on the CLARITY study
[5] and from an integrated analysis that inclu-
ded data from patients enrolled in CLARITY, its
extension phase and the ORACLE-MS trial [24].
The incidence of any infections/infestations in
the randomised phase of the CLARITY study
was 47.7% for CladT 3.5 g/kg and 42.5% for
placebo, of which 99.6% and 98.6%, respec-
tively, were graded as being of mild or moderate
severity by investigators [5]. The frequency of
infections/infestations reported as SAE in the

randomised phase of the CLARITY study was
2.3% for CladT 3.5 mg/kg and 1.6% for placebo
[5]. In the integrated analysis [24], infections/
infestations reported as SAE occurred in 2.5% of
the CladT group (0.6 events/100 patient-years)
and in 1.6% of the placebo group. (0.4 events/
100 patient-years) (Fig. 2). The incidence of
infections rated as severe was low in both
groups in this analysis (0.76/100 patient-years
for CladT and 0.81/100 patient-years for
placebo).

Opportunistic infections were also infre-
quent in the integrated analysis (incidence
0.31/100 patient-years for CladT 3.5 mg/kg vs.
0.17/100 patient-years for placebo), with loca-
lised fungal infections making up most of the
difference between treatments [24].

Infections occurring following treatment
with CladT were driven mainly by an increased
incidence of reactivation of latent herpes zoster.
Eight patients receiving CladT 3.5 mg/kg
reported herpes zoster in the main analysis of
the CLARITY trial [5], while the integrated
analysis reported a twofold higher incidence of
herpetic infections (not defined further) for
CladT (1.61/100 patient-years) vs. placebo
(0.81/100 patient-years) [24]. The risk of herpes
zoster was markedly higher during periods of
Grade 3 or 4 lymphopenia vs. periods of higher
ALC (incidences of 4.15/100 patient-years ver-
sus 0.64/100 patient-years, respectively) [24]. A
significant correlation between low ALC and
higher risk of zoster had been noted previously
in the CLARITY Study [5].

An analysis of infections is available from the
CLARION cohort, a long-term real-world safety
evaluation measuring the incidence of AE of
interest in patients with MS newly initiating
CladT (N-742) or fingolimod (N = 583) [54].
Similar incidence rates ([95% CI]/1000 patient-
years) were observed in the CladT and fin-
golimod groups for any severe infection (7.4
[2.8–19.6] vs. 6.6 [2.5–17.4), herpes zoster (5.5
[1.8–17.1] and opportunistic infections (0 vs.
1.6 [0.2–11.5]) [55]. Other real-world evalua-
tions included single-centre evaluations in
Norway [56], Qatar [57] and Canada [58], where
3/90, 1/49 and 3/111 patients, respectively,
reported reactivation of herpes zoster after
receiving CladT, and a study of a nationwide

Summary of Clinical Relevance
Overall, the severity of the lymphopenia fol-
lowing treatment with CladT is modest in
severity and of limited duration for most
patients, with limited potential to promote
infection unless severe. Notably, the current
European Summary of Product Characteris-
tics allows a delay in the second treatment
course of up to 6 months to allow recovery of
lymphocytes, or for other medical reasons,
based on experience in CLARITY [23]. This
guidance also states that ALC must be normal
before initiation of treatment and[ 800/
mm3 (0.8 9 109/l) before administration of
the second course.
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database in Sweden in which 8/208 patients
developed infections or infestations on CladT
[59]. Two of 138 patients in a real-world study
in Portugal experienced herpes zoster as a SAE
[60]. Effective prophylaxis for zoster was shown
to prevent occurrence of this infection in one
real-world study [51].

Post-approval surveillance data (Table 1)
have shown an incidence of serious infections
of 0.79/100 patient-years and of herpes zoster of
0.54/100 patient-years [25]. Similarly low rates
of opportunistic infections/100 patient-years
were reported for tuberculosis (TB; 0.02) and
opportunistic infections (0.02) in this analysis.
An updated safety analysis for CladT, drawing
data from the trial and real-world settings,
estimated crude incidences of infections as
0.008 for herpes zoster, 0.0004 for TB, 0.009 for
severe infections and 0.001 for opportunistic
infections [61].

Progressive Multifocal Leukoencephalopathy
No cases of confirmed progressive multifocal
leukoencephalopathy (PML) have been reported
to date in patients receiving CladT for the
management of RMS, including during post-
approval follow-up (Table 1) [25, 61].

Covid-19
Data from real-world cohorts, including the
MAGNIFY-MS and CLARIFY-MS cohorts, sug-
gest that treatment with CladT does not appear
to increase either the risk of infection with
Covid-19 or the risk of adverse clinical out-
comes once Covid-19 infection is established;
real-world data showed that most CladT-treated
patients experienced a mild or moderate sever-
ity of Covid-19 infection [62–67]. By contrast, a
higher risk of Covid-19 outcomes appears to be
associated with anti-CD20 therapies, especially
where corticosteroids were given within the
previous month [68, 69]. The effects of CladT
on the response to vaccination against the
SARS-CoV2 virus is described below.

Effects on Efficacy of Vaccinations
Expert consensus statements have considered
vaccination against SARS-CoV2 to be safe for
people with MS and have provided strong

support for the vaccination of CladT-treated
patients with MS against Covid-19 [70, 71]. A
study in 32 patients who received the Pfizer/
BioNTech SARS-CoV2 vaccine 2–3 weeks after
the second course of CladT demonstrated simi-
lar production of antibodies against the SARS-
CoV2 spike protein compared with 30 healthy
controls [72]. Another study showed that the
humoral response to this vaccine was unim-
paired compared with healthy control subjects
in people with MS treated with CladT, interfer-
ons, dimethyl fumarate, natalizumab or teri-
flunomide, with a decreased humoral response
in patients treated with ocrelizumab, fin-
golimod or alemtuzumab [73, 74]. Similar
results were obtained elsewhere, with main-
tained antibody responses to CladT and other
DMTs used in MS, except for anti-CD20 agents
and fingolimod, where responses were blunted
[75, 76].

The efficacy of other vaccines is also main-
tained in people with MS treated with CladT
(reviewed elsewhere [77–79]). Treatment with
CladT did not diminish pre-existing humoral
immunological memory from previous vaccines
commonly given in childhood (measles,
mumps, rubella, zoster, hepatitis B, diphtheria
and tetanus): loss of seroprotection from those
diseases was seen in\1% of patients treated
with CladT [80].

Summary of Clinical Relevance
CladT does not seem to be associated with a
markedly increased risk of infection, apart
from reactivation of zoster or other herpetic
viruses. More real-world evidence on this
aspect of CladT’s therapeutic safety is
required, however.

The European labelling for CladT for the
management of RMS states that patients
without exposure to varicella zoster should be
vaccinated against it (impaired response to
vaccination has not been observed following
treatment with CladT). Careful monitoring
for infections should occur, with oral anti-
herpes prophylaxis (valaciclovir) given, if
ALC falls below 500/mm3 and 200/mm3,
respectively. Moreover, any active infections,
such as TB or hepatitis B or C, should be
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Liver Injury

The Phase III studies with CladT did not reveal
any signal for serious hepatic AE. However,
reports of rare but potentially serious liver tox-
icity have arisen from post-approval AE report-
ing [81, 82]. Initially, a single case was noted,
where a patient developed elevations of liver
transaminases of up to 33 9 the upper limit of
normal approximately 1 month following the
conclusion of the first treatment course of
CladT [81]. Liver transaminases returned to
within the normal range over approximately
2 months. Examination of the CladT clinical
trials database revealed five further cases (0.3%
of patients) of CladT-related liver SAEs that were
serious or led to treatment discontinuation [41].
In all but one case these arose 2–4 weeks after
the end of the first treatment course (all sur-
vived). There were no cases of autoimmune
hepatitis. A total of 60 spontaneous AE reports
of liver dysfunction that were in temporal
association with CladT administration have
been made to date [25]. Of the 60 cases, 44 were

rated as serious, of which two were Grade 3 AEs
and one was a Grade 4 AE (all others were Grade
1 or 2). One patient with a Grade 4 AE died
because of liver toxicity associated with the use
of isoniazid; this elderly patient had a history of
alcohol-related liver disease and persistent TB.

Malignancies

Analysis of patient populations treated within
controlled clinical trials of CladT and their
extensions revealed rates of malignancy of 0.27
events/100 patient-years with CladT compared
with 0.13 events/100 patient-years for placebo
[41]. These data drove an apparently higher

managed before CladT is given. As elevated
rates of infection on CladT treatment appear
to be related to lymphopenia, delaying
administration of the second course of CladT
until ALC has recovered to[ 800/mm3 is
important, as this is likely to reduce the risk
of lymphopenia and viral reactivation or
opportunistic infections.

Vaccination (other than with live or
attenuated live vaccines) is safe for people
with MS receiving CladT and, in principle, a
vaccine can be given any time during treat-
ment with CladT; however, for prophylaxis
against viral infection, etc. (see above), the
EU labelling for CladT recommends an
interval of 4–6 weeks between vaccination
and initiation of CLadT, where possible to
allow the efficacy of the vaccine to develop
(do not give live or attenuated live vaccines)
[23]. Expert guidance recommends a delay of
2–4 weeks after vaccination before initiating
CladT, with no need to delay vaccination
after the final dose [70].

Summary of Clinical Relevance
Rare cases of liver injury have been associated
with other DMTs used in the management of
MS, as detailed in the European Summaries of
Product Characteristics (SmPCs) for dimethyl
fumarate [83], natalizumab [84], terifluno-
mide [85], fingolimod [86], glatiramer acetate
[87] and interferons [88].

Liver injury has been reported as an
uncommon adverse event of CladT. The fac-
tors (if any) that predispose to it are also
unclear at present, so that caution is needed
before extrapolating the 0.3% with drug-in-
duced liver injury in the Phase III trial pop-
ulations to real-world populations receiving
CladT. Nevertheless, it is appropriate to
withhold CladT treatment from patients who
may be at risk of liver injury. The EU labelling
for CladT has been updated to cover the topic
of liver injury with advice on pre-treatment
monitoring. Table 2 summarises key recom-
mendations from the EU Summary of Product
Characteristics for CladT [23] and also from
the UK’s National Institute for Health and
Care Excellence [89]. These recommenda-
tions are consistent in calling for careful
consideration of any clinical history of liver
injury, measurement of liver function tests
before treatment (all patients) and following
treatment if signs or symptoms of liver injury
occur and being prepared to withdraw CladT
if drug-induced liver injury is suspected.
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incidence of malignancy for CladT 3.5 mg/kg in
the integrated analysis (Fig. 2) [24]. In contrast,
a meta-analysis showed that the incidence of
malignancy in placebo-treated patients in CladT
trials was lower than observed in other placebo-
treated clinical trial populations and that the
incidence of malignancy was not higher with
CladT vs. other DMTs: excess risk = 0.20 events

(95% CI - 0.08 to 0.39)/100 patient-years
(p = 0.46) [90]. In addition, the integrated
analysis showed that the longer-term (5 years
onwards) rate of malignancy on CladT was not
higher than that on placebo (0.17 vs. 0.29
events/100 patient-years [24]. The integrated
analysis of CladT trials also showed that the
predicted rate of malignancy in the population
that received CladT did not differ significantly
from that from a matched population from the
Global Cancer Observatory (GLOBOCAN) data-
base (Fig. 4) [24]. These data confirmed the
results of earlier integrated analyses [91, 92].
There has been no suggestion of clustering of
specific cancer types or haematological cancers
in CladT-treated populations to date [24, 42].

Post-approval AE reporting to date provided
a rate for malignancy of 0.20 (95% CI
0.17–0.23), which is consistent with the rates
observed in clinical trials (Table 1) [25]. In
another study, spontaneous AE reports made to
the US Food and Drug Administration between
2004 and 2020 found no difference in the age-
and gender-adjusted risk of malignancy for any
DMT (including CladT) compared with inter-
feron b1a [92]. Finally, experimental evidence
showed that cladribine inhibited proliferation
of a cultured melanoma cell line irrespective of

Table 2 Recommendations for reducing the risk of drug-
induced liver injury before initiation of treatment with
cladribine tablets for people with multiple sclerosis

EU SmPC NICE

• Take comprehensive

patient history of previous

liver injury with other

drugs or underlying liver

disorders

• Assess serum

aminotransferase, alkaline

phosphatase and total

bilirubin before initiation

of therapy in year 1 and 2

• Monitor liver enzyme and

bilirubin during treatment

based on clinical signs and

symptoms

• Measure serum

transaminases and total

bilirubin promptly If a

patient develops clinical

signs, unexplained liver

enzyme elevations or

symptoms of hepatic

dysfunction

• Interrupt or discontinue

treatment with CladT as

appropriate

• Check the patient’s

history for liver disorders

• Monitor liver function

tests (including total

bilirubin) before each

treatment course in years

1 and 2, and during

treatment if clinically

indicated

• Urgently check liver

function tests (including

bilirubin) in patients with

signs or symptoms of liver

injury

• Discontinue or interrupt

treatment in patients with

hepatic dysfunction or

unexplained increases in

liver enzymes

EU SmPC: European Summary of Product Characteristics
for CladT [23]; NICE: National Institute for Health and
Care Excellence [89]. Recommendations have been para-
phrased for conciseness: always read the full guidance
before prescribing

Fig. 4 Comparison of rates of malignancy from the
cladribine tablets clinical database for use in the manage-
ment of multiple sclerosis with the expected background
incidence from the Global Cancer Observatory (GLOBO-
CAN) database. Reproduced from Ref. [24] under the
Creative Commons CC-BY-NC-ND license (https://
creativecommons.org/licenses)
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the oncogene/mutational status of the cells,
which is not consistent with a risk of promotion
of malignancy [93].

Pregnancy

Many diagnoses of MS occur during or before
young adulthood; for example, one real-world
study from Germany found that 65% of women
receiving CladT for MS were aged\40 years
[95]. Pregnancy is a contraindication for CladT:
women receiving the drug are required to avoid
pregnancy until 6 months after the last dose
and male patients should ensure pregnancy
does not occur in their partner during this time
period [23]. Should a pregnancy occur during
treatment, further treatment with CladT should
be withheld until after delivery.

Some pregnancies have occurred during or
soon after treatment with CladT. An analysis of
70 pregnancies in patients exposed to oral or
parenteral CladT for MS (n = 49) or placebo
(n = 21) in CladT trials or from registry data
found comparable rates of live births (39% vs.
43%), spontaneous abortions (22% vs. 24%,
respectively) and therapeutic abortions (10% for
each group) [96]. The rate of elective termina-
tions was numerically higher for CladT (29%)
vs. placebo (19%), likely due to this being
offered to CladT recipients in view of the asso-
ciation of the pregnancy with treatment. Two
cases of birth malformation (one for each

treatment group) occurred more than 2 years
after the last ingestion of cladribine. Restricting
the analysis to pregnancies occurring strictly
within the period of contraindication (during
or\6 months after treatment) limited the
study population to 27 pregnancies; 10/16
pregnancies (63%) in women in the CladT
group were terminated electively, rendering
comparisons with the placebo-exposed group
difficult (2/11 pregnancies [18%] ended with
elective terminations in this group). The rate of
spontaneous termination was 2/16 (13%) vs.
3/11 (27%) for the CladT- and placebo-exposed
cohorts, respectively, and there were no con-
genital malformations in either group. Similar
data were presented from an analysis of the
trials database and the German Multiple
Sclerosis and Pregnancy Registry [97]. An
ongoing cohort study of 39 pregnancies in
women who received cladribine \ 6 months
before, or after, their last period before preg-
nancy has described 27 live births so far that
included a single major congenital malforma-
tion [98]. There are no reports to date of adverse
pregnancy outcomes from pregnancies fathered
by male partners who received CladT during the
at-risk period [96, 97].

Summary of Clinical Relevance
Early concerns about a possible increase in
the risk of malignancy with CladT have been
eased by further studies that indicate a risk of
malignant disease with CladT that is similar
to populations receiving other DMTs and the
background population without MS. Active
malignancy remains an absolute contraindi-
cation for the therapeutic use of CladT and
use in patients with previous malignant dis-
ease is conducted on a risk-benefit basis [23].
An expert consensus from 2020 generally
supported this position, with the recom-
mendation that patients receiving CladT
make use of their national cancer screening
services [94].

Summary of Clinical Relevance
Although the results of pregnancies in
women (or their partners) exposed to CladT
near or within the contraindicated period are
reassuring, it is important to follow labelling
requirements that women or men receiving
this treatment ensure that no pregnancy
occurs during and for at least 6 months fol-
lowing the last CladT dose, as recommended
[23]. Family planning is a major issue for
women with MS and their families [99–102].
MS per se does not adversely affect pregnancy
outcomes, but most DMTs are contraindi-
cated or subject to precautions relating to
their use at this time (interferon and glati-
ramer acetate may be continued into preg-
nancy, and most experts support the use of
natalizumab to 30 weeks’ gestation, subject
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CONCLUSIONS

CladT was generally well tolerated in clinical
trials, with the main AE reported consisting of
lymphopenia and reactivation of latent infec-
tions, particularly varicella zoster. Grade 3 or 4
lymphopenia was relatively uncommon, and
lymphocytes recovered over a period of months
for most patients. The two issues are linked, as
the risk of reactivation or latent infections or of
opportunistic infections increased markedly
where lymphopenia was more profound
(ALC\200 mm3). Pragmatic alterations to the
administration regimen of CladT since the
conduct of the pivotal Phase III trials (especially
the requirement that ALC must be[800/mm3

before administration of the second course and

that the second cycle can be delayed for up to
6 months to allow ALC to recover sufficiently)
have limited the potential for severe lym-
phopenia (and thus for opportunistic infec-
tions). There appears to be no increased risk of
malignancy with CladT vs. untreated, non-RMS
populations or vs. other DMTs used in the
management of RMS. Finally, the emergence of
drug-induced liver disease as a new and poten-
tially serious (if uncommon) SAE associated
with CladT emphasises the importance of
withholding CLadT treatment from people with
pre-existing liver disease and maintaining vigi-
lance for the emergence of liver disease during
treatment (further information on the aetiology
of this AE is required). The CLARION registry
will continue to collect real-world efficacy and
safety data on the use of CladT in the manage-
ment of RMS [54].

SUPPORTING INFORMATION

Search Strategy for this Review

A PubMed search was conducted for cladribine
AND ‘‘multiple sclerosis’’ AND safety (abstracts of
137 hits, restricted to articles in English, were
examined manually for articles of interest).
Recent presentations to conferences (for the
most up-to-date information), references in
identified publications and authors’ reference
collections provided further material for review.
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to individualised risk:benefit considerations
[99–102]). Withdrawal of DMT leaves the
patient at risk of MS disease reactivation or,
in the case of fingolimod or natalizumab,
potentially severe rebound MS activity
[103, 104]. The immune reconstitution
approach may support planning a pregnancy
for some patients: a responder to IRT may
expect a prolonged period free of either DMT
or significant MS disease activity, providing a
window of opportunity to complete a preg-
nancy from 6 months following the last dose
of CladT (Fig. 1). Women with MS should be
encouraged to breastfeed because of the pro-
ven benefits for mother and child [99].
Women should not breastfeed for 1 week
following the last CladT dose [23, 99].

The serum half-life of cladribine is short
(about 6–20 h [105]), and the drug is cleared
from the system rapidly, although CladT may
persist in cells for longer. The 6-month
washout period for CladT before a pregnancy
may occur is arbitrary and reflects a suitably
cautious approach. Registry data will be
instrumental in future for delineating the
true duration of post-CladT washout to
effectively protect pregnancies. The MAPLE-
MS Registry is following outcomes of preg-
nancies exposed to CladT and publication of
data is awaited.
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