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Jesús Martı́n-Martı́nez . Adrián Arés Luque . Miguel A. Hernández Pérez .
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ABSTRACT

Cladribine is a disease-modifying selective
immune reconstitution oral therapy for adult
patients with highly active relapsing multiple
sclerosis (RMS). It was approved in the USA in
2019 and in Europe in 2017, thus there are still
gaps in existing guidelines for using cladribine
tablets in clinical practice. Nine experts with
extensive experience in managing patients with
multiple sclerosis in Spain identified some of

the unanswered questions related to the real-life
use of cladribine tablets. They reviewed the
available clinical trial data and real-world evi-
dence, including their own experiences of using
cladribine, over the course of three virtual
meetings held between November 2020 and
January 2021. This article gathers their practical
recommendations to aid treatment decision-
making and optimise the use of cladribine
tablets in patients with RMS. The consensus
recommendations cover the following areas:
candidate patient profiles, switching strategies
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Hospital Universitario Ntra. Sra de Candelaria, Santa
Cruz de Tenerife, Spain

J. M. Prieto González
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(to and from cladribine), managing response to
cladribine and safety considerations.
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Key Summary Points

Cladribine tablets are the first short-course
oral therapy indicated for adult patients
with highly active relapsing multiple
sclerosis (RMS).

Nine experts agreed on practical
recommendations to optimise the use of
cladribine tablets in patients with RMS
based on their extensive experience in
managing patients and available clinical
trial data and real-world evidence.

The consensus recommendations cover
the following topics: candidate patient
profiles, switching strategies (to and from
cladribine), managing response to
cladribine and safety considerations.

INTRODUCTION

Multiple sclerosis (MS) is a chronic inflamma-
tory disease of the central nervous system that
affects approximately 2.8 million people [1]. MS
is most commonly diagnosed in 20–30-year-
olds, with women being three times more likely
to be affected than men. MS can lead to physical
disability, cognitive impairment and decreased
quality of life.

Effective management of the disease requires
a multidisciplinary approach including disease-
modifying therapies (DMT), symptomatic
treatments, lifestyle modifications, psychologi-
cal support and rehabilitation interventions [2].
DMT for relapsing forms of MS reduce the fre-
quency and severity of MS relapses, reduce the
development of new areas of damage in the

central nervous system (CNS) and slow the
accumulation of disability. They have varying
mechanisms of action and routes of adminis-
tration, and include interferons, glatiramer
acetate, teriflunomide, sphingosine-1-phos-
phate receptor modulators, fumarates, different
types of monoclonal antibodies and cladribine.

Cladribine is a purine nucleoside analogue.
By causing selective B and T cell apoptosis,
cladribine interrupts the cascade of immune
events central to the pathogenesis of MS [3].
Cladribine tablets (Mavenclad�) are the first
short-course oral therapy indicated for adult
patients with highly active relapsing multiple
sclerosis (RMS) defined by significant clinical or
radiological activity [4]. Two courses of
cladribine tablets in consecutive years are
required to complete the treatment and sup-
press the disease for 4 years, according to the
pivotal studies, and for up to 10 years in some
patients according to real-world data [5–7]. Each
course involves taking cladribine tablets for 4–-
5 days in two consecutive months.

The efficacy and safety of cladribine were
confirmed in phase III trials, CLARITY,
CLARITY extension and ORACLE MS, the
phase II ONWARD study and the 8-year
prospective registry, PREMIERE [5, 8–12]. At
96 weeks, cladribine tablets can reduce the rate
of relapse by 58% and the median number of
new T1-Gd? lesions by 86% [8]. Two years after
the start of treatment, 91.1% of patients were
free of progression in the Expanded Disability
Status Scale (EDSS) [9] and after 5 years, 70%
were free of progression in the EDSS [13].

Interim data from the CLASSIC-MS phase IV
study (that includes patients from CLARITY,
CLARITY extension and ORACLE trials),
designed to evaluate the long-term efficacy of
cladribine tablets in the real-world setting,
shows in the CLARITY cohort that over the
median follow-up of 10.9 years there was mini-
mal increase in disability, with 78.8% of
patients not requiring an ambulatory device
(EDSS C 6) at any time since the last parent
study dose and 55.8% of patients did not
require further DMT treatment after the last
dose [14].

Cladribine tablets have been approved
worldwide by many different regulatory
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authorities, including the European Medicines
Agency (EMA) in 2017 [15] and the US Food and
Drug Administration (FDA) in 2019 [16].

Cladribine has a good tolerability and safety
profile. During the first 12 weeks of treatment,
patients receiving cladribine tablets and placebo
reported similar proportions of serious treat-
ment-emergent adverse events (TEAEs) (2.2%
vs. 1.7%) and TEAEs leading to treatment dis-
continuation (1.6% vs. 1.4%) [17]. Transient
lymphopenia is the most common adverse
effect (AE) at the recommended dose of 3.5 mg/
kg. In general, there is no increased risk for
infections with cladribine tablets, except for a
higher incidence of herpes zoster [12].

Given the increasing number of approved
DMT for RMS in the last few years, physicians
need to take into account the patients’ disease
severity, prognosis and their circumstances
when making treatment decisions [18]. Despite
clinical guidelines and detailed drug labels,
there are still many unanswered questions
related to the real-life use of these treatments.

Nine experts with extensive experience in
managing patients with MS in Spain identified
some of the gaps in existing guidelines for using
cladribine tablets. They reviewed the available
clinical trial data and real-world evidence
[19–21], and discussed their experiences of
using cladribine over the course of three virtual
meetings held between November 2020 and
January 2021.

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

Participants were asked whether they agreed
or not with statements made by a facilitator and
to discuss them until they reached consensus.
This document gathers the experts’ consensus
recommendations which cover the following
areas: candidate patient profiles, switching
strategies (to and from cladribine), managing
response to cladribine and safety considera-
tions. These practical recommendations aim to
aid treatment decision-making and optimise
the use of cladribine in patients with RMS.

CONSENSUS RECOMMENDATIONS

Profile of Candidates for Treatment
with Cladribine Tablets

According to the drug label, cladribine is indi-
cated for adult patients with ‘highly active’
RMS, but the term ‘highly active’ has not been
precisely defined and may include patients with
a wide range of disease severity [22] defined by
clinical or paraclinical tests. Hence, when initi-
ating treatment physicians must consider
prognostic factors and other patient intrinsic
factors.

The experts agreed that treatment-naı̈ve
patients who have experienced two relapses in
the last 12 months would be considered good
candidates for cladribine. In the case of treat-
ment-naı̈ve patients who have experienced only
one relapse, several prognostic factors need to
be carefully considered.

Key factors of poor prognosis include demo-
graphic factors, such as age at onset of disease
([40), sex (male) and smoking habit; clinical
features, such as relapse severity (defined in
Iacobaeus et al. [23]) and poor recovery; and
imaging features, such as high lesion load [24],
axonal damage (atrophy, black holes) or activity
(presence of gadolinium-enhancing lesions or
appearance of new lesions in critical areas such
as the brainstem/cerebellum and spinal cord)
(see also [25] for a review). Other factors such as
cognitive impairment and presence of oligo-
clonal lipid-specific IgM bands in the cere-
brospinal fluid should also be considered as
factors of poor prognosis [26, 27]. Serum NfL
(neurofilament light chain) level is emerging as
an important predictive biomarker of MS and
may soon also be considered a factor of poor
prognosis [28].

Treatment-naı̈ve patients who have experi-
enced more than two relapses in the last
12 months and show signs of highly active dis-
ease (with a large number of T2 lesions in the
baseline magnetic resonance imaging (MRI),
more than three enhancing lesions or high
spinal cord injury load) may not be good can-
didates for treatment with cladribine. Treat-
ment with very high efficacy therapies may be
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more appropriate to control disease activity in
these cases.

In the case of first-line treatment failure,
patients’ prognostic factors carry less weight
than in treatment-naı̈ve patients. The experts
agreed that cladribine is a valid treatment
option for patients who have had one relapse
after treatment with a moderately effective
DMT (such as glatiramer acetate, interferons,
teriflunomide, dimethyl fumarate), although
the treatment type and other treatment attri-
butes (tolerability, adherence) need to be con-
sidered. Switching to cladribine could also be
considered for patients who are stable on a
moderately effective DMT or sphingosine-1-
phosphate receptor modulators that develop
tolerability issues or have a medium-term plan
to conceive. In the latter case, the change in
treatment should be made with caution due to
the risk of rebound. If the risk of rebound is
high, a highly effective DMT should be consid-
ered instead of cladribine.

The experts would not recommend making a
change to cladribine tablets in highly active
patients who experience AEs with monoclonal
antibodies. In this scenario, treatment with
cladribine may not be enough to control disease
activity.

Because cladribine has an easy, short dosing
schedule and offers a good risk–benefit profile
with simple monitoring compared with other
treatments, there are several patient lifestyle
factors that should be taken into account when
deciding whether to use this drug. One is the
patient’s desire to become pregnant in the
short-to-medium term, which is possible
6 months after each course, and preferably once
treatment is completed after the second year.
Another is the patient’s convenience; cladribine
requires few visits to the hospital and is
administered at home from the first dose, so it is
compatible with the work and personal activity
of patients. The convenient dosing regimen of
cladribine tablets and the durability of their
effect make them a good option for patients
with adherence problems, with other comor-
bidities or who require many drugs, as well as
for patients in whom constant immunosup-
pression is not desired for safety reasons.

In summary, cladribine is a valid treatment
option to control RMS in the following treat-
ment-naı̈ve patient profiles:

• Patients who have had two clinical relapses
in the last year and moderate MRI activity

• Patients who have had one prior clinical
relapse with one or two poor prognostic
factors (clinical or radiological)

• Patients who have had one prior clinical
relapse and patient lifestyle factors (such as
poor adherence and pregnancy planning)

Cladribine is a valid treatment option to
control RMS in the following previously treated
patients:

• Patients without marked breakthrough dis-
ease who have had one relapse after treat-
ment with a moderately effective DMT

• Patients who are stable on a moderately
effective DMT that develop tolerability issues
or wish to become pregnant

• Patients who are stable on sphingosine-1-
phosphate receptor modulators that develop
tolerability issues or wish to become preg-
nant, bearing in mind their risk of rebound

Switching to Cladribine

Several considerations and precautions should
be taken before starting cladribine treatment.
These are described in the summary of product
characteristics (SmPC) and are highlighted here
because of their importance. Before starting
year 1 treatment with cladribine, the absolute
lymphocyte count (ALC) must be in the normal
range, a baseline MRI scan within 3 months
prior to starting treatment should be available
and patients should have antibodies against
varicella zoster virus. Active or latent infections
(tuberculosis [TB], hepatitis B, hepatitis C, HIV)
and other contraindications (pregnancy, renal
impairment) should be ruled out.

The experts agreed on some recommenda-
tions (additional to the ones on the drug label)
when switching to cladribine from another
DMT. These are collected in Table 1.
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Assessing Response During Treatment
with Cladribine

In most cases, unless patients experience a
worsening of symptoms or serious safety prob-
lems, the efficacy of cladribine should be asses-
sed once two full cladribine courses have been
completed (at least 14 months after starting
treatment). Data from the CLARITY study indi-
cate that only 2.5% of patients required a
change in treatment due to the appearance of
disease activity between year 1 and year 2 [8]. In
the event of relapse during cladribine treat-
ment, the timing and intensity of the relapse
need to be assessed thoroughly as they will
influence the treatment strategy.

Activity in Year 1
A relapse after one course of cladribine would
not be considered therapeutic failure as the
patient would not have completed treatment.
These patients should be scanned and moni-
tored closely to assess their clinical evolution.
Prior treatment(s) and clinical activity in the
previous year should be taken into account
when making the decision to complete treat-
ment administration in year 2 or switch to
another DMT.

If after the first course of treatment patients
have a higher activity than before treatment,
perhaps because the patient’s activity was
underestimated, the experts would consider
switching to another drug. If the activity is
caused by a rebound due to prior-treatment
washout or occurs nearly a year after the first
full course of cladribine, the experts recom-
mend administering the second course. In these
circumstances, physicians may consider bring-
ing the second course of cladribine forward
slightly (week 48) as was done in the CLARITY
trial [8], although this is not mentioned in the
SmPC.

Activity in Year 2
A relapse after two courses of cladribine could
indicate a suboptimal response and the need for
a switch in treatment. However, if the disease
activity is observed nearly a year after the sec-
ond course (months 22–24) or is lower than in

year 1, and the ALC is in the normal range (or at
least above 800 per mL as stated in the SmPC for
the beginning of the second year), the experts
would assess the risk–benefit balance and con-
sider the possibility of treating the patient with
a third course of cladribine. The decision whe-
ther to switch or give another course of
cladribine requires careful clinical judgment as
well as patient agreement and management of
their expectations (Fig. 1).

Activity in Year 3 or Year 4
If patients who have received two courses of
cladribine (complete treatment) have had no
disease activity in years 1 and 2 but experience a
relapse in year 3 (months 24–36) or year 4
(months 36–48), the experts would consider the
possibility of giving a third course of cladribine.

In patients who experience minor clinical
and/or radiological activity in year 3 or year 4
and had not experienced any safety or tolera-
bility issues, the experts would consider giving
an additional course of cladribine (with the
same safety considerations as for starting a sec-
ond course of cladribine). Safety data of up to
four courses of cladribine indicate that there are
no unexpected safety issues [5]. If patients
experience the same or higher activity than
before starting treatment in year 3 or year 4, the
experts would consider switching to another
DMT. The CLARITY extension study showed
that the percentage of patients requiring a
change in treatment due to the appearance of
disease activity between year 3 and year 4 was
3.1% [5] (Fig. 2).

Activity in Year 5 or Beyond
In patients who have received two courses of
cladribine (complete treatment) and have no
disease activity until year 5, the experts would
consider continuing treatment with cladribine.
According to the SmPC there is no contraindi-
cation to giving additional courses of cladrib-
ine, nor a maximum number of courses. Safety
data of up to four courses of cladribine indicates
that there are no safety issues.

In year 5 and beyond the monitoring of dis-
ease activity must be like that of any patient
with MS undergoing treatment. MS specialists
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should use all possible tools and techniques at
their disposal (clinical, radiological, new
biomarkers) to establish the benefit of addi-
tional courses of cladribine based on previously
established criteria.

Switching from Cladribine to Another
DMT

When switching to another DMT, physicians
should look for the most effective and safe
alternative. Data on the outcomes of patients
who have switched from cladribine tablets to
other DMT are limited and thus guidance on
managing this switch is lacking.

Before switching from cladribine to another
DMT, a baseline MRI from anytime in the
3 months immediately prior to starting the new
treatment should be available, and active or
latent infections should be ruled out. Ideally,
patients should have a normal ALC to prevent
the possible overlap of immunosuppressive
effects. Pharmacokinetic interactions are not
expected a week after the last dose as

cladribine’s estimated terminal half-life is
approximately 24 h [4].

The experts recommend starting the new
DMT 3–6 months after the last dose of cladrib-
ine. The washout period must be short, espe-
cially in patients that change therapy as a result
of breakthrough disease, but it is necessary for
lymphocyte recovery. In some patients with
highly active disease, it may not be possible to
wait for a normal ALC, and a count of greater
than 800 cells/mm3 would be enough for start-
ing a new DMT.

Table 2 collates expert-agreed recommenda-
tions for switching from cladribine to another
DMT that are additional to the corresponding
drug labels.

Cladribine Safety: Recommendations
to Maximize the Safety of Treatment
with Cladribine

Cladribine tablets have an acceptable and well-
characterised tolerability profile in adults with
early and advanced RMS. The most frequent AE

Fig. 1 Patient response and management during the first
24 months of treatment with cladribine. Depending on the
degree of clinical and/or radiological activity (y-axis) and
when it appears after the first or second course of

cladribine (x-axis), physicians should decide whether to
give cladribine courses or switch them to a different DMT.
Drug-related concerns differ in each scenario as depicted
by the different colours in the boxes

Neurol Ther (2022) 11:1475–1488 1481



reported are lymphopenia and decreased lym-
phocyte count [12]. Cladribine treatment
guidelines reduce the incidence of severe and
prolonged lymphopenia while preserving dur-
able efficacy.

Cladribine’s dosing schedule offers an
opportunity for pregnancy planning for women
6 months after each course. Because cladribine
is contraindicated for use during pregnancy, the
drug label recommends contraception (for both
sexes) for at least 6 months after the last
cladribine course. There are many publications
on family planning for patients with MS that
offer advice on pregnancy prevention methods
[30, 31].

In the small number of patients who show
persistent lymphopenia or serious opportunistic
infections (TB, varicella zoster, human papillo-
mavirus [HPV]) after the first course of cladrib-
ine (year 1), the risk–benefit ratio of
administering the second course needs to be
considered. The experts agreed that these
patients should be monitored and, if necessary,
switched to another DMT with lower risk of
lymphopenia.

To prevent the risk of having to discontinue
cladribine as a result of AE, patients should
follow the health guidelines provided to the
general population, such as routine cancer
screening and vaccination schedules. Patients
with active TB or hepatitis B or C need to be

Fig. 2 Management of patients that show significant new
disease activity during treatment with cladribine. The
decision whether to treat patients with further courses of
cladribine or switch them to a different DMT when they
show significant new disease activity (clinical and/or
radiological) should be made after a risk–benefit assess-
ment. The number of cases is likely to be small. a The
CLARITY and CLARITY extension studies showed that

the percentage of patients requiring a change in treatment
due to the appearance of disease activity between year 1
and 2 was 2.5% and between year 3 and year 4 was 3.1%
[5, 8]. b Recent data from the CLASSIC-MS study
showed that more than half of the patients (55.8%) who
received cladribine in the CLARITY study remained free
of additional treatment during a median follow-up of
10.9 years [14]
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Table 2 Switching from cladribine to another DMT

DMT Recommended
time since last
dose of
cladribine

Precautions Special recommendations

Glatiramer

acetate

Not necessary – ALC should be in normal range

IFNb Time needed until

ALC recovery

The ONWARD trial found cases of herpes

zoster in patients taking both therapies

together as a result of an increased risk of

lymphopenia

If the patient requires treatment before

ALC is normal, they should be

closely monitored

Teriflunomide Time needed until

ALC recovery

– Start treatment 3–6 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then

Dimethyl

fumarate

Time needed until

ALC recovery

Close surveillance of ALC if severe

lymphopenia with cladribine

Start treatment 3–6 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then

Fingolimod Time needed until

ALC recovery

Close surveillance of ALC if severe

lymphopenia with cladribine

Start treatment 3–6 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then

Natalizumab Time needed until

ALC recovery

Actively monitor for PML by testing for JC

virus during lymphocyte recovery

Start treatment 6 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then

Monitor positive cases closely by MRI Blood tests should be carried out before

switching and JC virus testing should

be carried out during lymphocyte

recovery, bearing in mind that anti-

JCV antibody index is not reliable in

patients who have received previous

immunosuppressive therapy

Ocrelizumab Time needed until

ALC recovery

Close surveillance of ALC if severe

lymphopenia with cladribine

Start treatment 6 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then. Blood tests should be

carried out before switching
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treated for these infections before starting
treatment with cladribine.

The Spanish demyelinating disease study
group recommends administering vaccines
included in the adult vaccination calendar and
some specific vaccines, depending on the
patient’s pre-existing immune status, before
receiving immunosuppressive treatment to
minimize risk of infection during treatment
[32]. When immunosuppressive treatment has
started, live attenuated vaccines are
contraindicated.

If a patient requires a live vaccine after
treatment with cladribine, they should wait for
the ALC to be within the normal range. Patients
should also be tested for high-risk HPV, and pre-
treatment vaccination considered. Unlike other
MS treatments, cladribine tablets have the
advantage that they do not constantly suppress
the immune system, which facilitates the vac-
cination process.

In most cases, inactive vaccines are not
contraindicated in patients taking a DMT and
there is evidence that their efficacy is similar to
that in healthy controls [33, 34]. Preliminary
data indicate that seasonal influenza vaccines
confer protection to patients with RMS close to
cladribine tablets initiation in year 1 and year 2
[35]. Seroprotective antibody levels were main-
tained or increased for at least 6 months, inde-
pendent of lymphocyte counts.

Studies to date indicate that the risk of
infection and associated morbidity of COVID-
19 in patients with MS is similar to that of the

population at large [36, 37]. Furthermore, there
is no evidence that patients with MS treated
with cladribine tablets and who acquire COVID-
19 are at more risk of severe disease [38–40].

In Spain, currently marketed COVID 19
vaccines (Pfizer-BioNTech, Moderna Oxford-
AstraZeneca and Janssen) are inactive, so they
are safe for people who are immunocompro-
mised. Several studies have shown that
cladribine treatment does not impair the
development of protective humoral immunity
following administration of the Pfi-
zer–BioNTech COVID-19 vaccine [41–44].
Moreover, time since last cladribine dose, age,
prior therapy, lymphocyte count as well as B
and T cell counts had no effect on seropositivity
of anti-SARS-CoV-2 IgG antibodies after vacci-
nation [42].

Although, theoretically, COVID-19 vaccines
could be given to patients taking cladribine at
any point during the course of treatment,
whenever possible, experts recommend admin-
istering inactive vaccines before initiating
cladribine treatment or 3 months after starting
treatment to allow lymphocyte recovery. How-
ever, there is evidence suggesting that the
response to COVID-19 vaccines in patients
taking cladribine is independent of lymphocyte
count as well as B and T cell counts [42]. In
stable patients who are about to start or receive
a second course of cladribine, they advise wait-
ing at least 3 weeks after the last dose of an
inactivated COVID-19 vaccine to achieve the
maximum possible immunity [32].

Table 2 continued

DMT Recommended
time since last
dose of
cladribine

Precautions Special recommendations

Alemtuzumab Time needed until

ALC recovery

Close surveillance of ALC if severe

lymphopenia with cladribine

Start treatment 6–12 months after last

dose of cladribine unless the patient’s

clinical need requires treatment

before then B and T cell count

should be in the normal range

AE adverse effects, ALC absolute lymphocyte count, IFN interferon, LCR ligase chain reaction, PCR polymerase chain
reaction
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Cladribine is contraindicated in patients
with an active malignancy. In the event of a
tumour appearing between the first and second
course, a second course should not be given
under any circumstances until the tumour has
been cleared. Evidence to date indicates that
cladribine does not increase the risk of cancer or
cause mutagenesis in lymphocytes [12, 45].

CONCLUSION

Cladribine offers an effective and generally safe
long-term therapy for patients with RMS com-
pared with other DMTs. The short dosing
schedule and low monitoring requirements
make it an attractive therapeutic option for
both treatment-naı̈ve patients and those who
relapse (or are stable but experience AE) on
moderately effective DMT.

Mounting real-world data suggest that start-
ing treatment early can lead to a better response
[46] and that a significant proportion of
patients do not require further DMT treatment
after a full course of cladribine [7]. A better
understanding of candidate patient profiles,
drug switching (to and from cladribine) and
response monitoring strategies could lead to
prolonged freedom from disease activity and
the prevention of disease progression in more
patients.

The recommendations in this document
reflect the current status of knowledge. Further
understanding of the criteria for failure or sub-
optimal response and more data on the poten-
tial benefits of additional courses of cladribine
tablets in patients who relapse in year 3 or
beyond will lead to better clinical management
plans and outcomes.
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