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PERSPECTIVE

Long-term management of multiple sclerosis patients treated with cladribine 
tablets beyond year 4
Sven G Meuth a, Antonios Bayas b, Boris Kallmannc, Ralf Linker d, Peter Rieckmann e, Mike P Wattjes f, 
Mathias Mäurerg and Christoph Kleinschnitz h
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Würzburg Klinikum Würzburg Mitte gGmbH, Würzburg, Germany; hKlinik für Neurologie, Universitätsklinikum Essen, Essen, Germany

ABSTRACT
Introduction: Oral cladribine is a highly effective pulsed selective immune reconstitution therapy 
licensed for relapsing multiple sclerosis (RMS) since 2017. A full treatment course comprises two 
treatment cycles given 1 year apart, followed by two treatment-free years. The management of 
cladribine-treated patients beyond year 4 needs to be addressed as patients have now passed the 
initial 4 years since European Medical Agency approval.
Areas covered: A panel of neurologists and a neuroradiologist experienced in MS treatment/monitor
ing evaluated clinical trial data and real-world evidence and proposed recommendations for the 
management of cladribine-treated patients beyond year 4.
Expert opinion: Continuous monitoring of disease activity during the treatment-free period is impor
tant. Subsequent management depends on the presence or absence of inflammatory disease activity, 
determined in the absence of consistent guidelines via practice-driven neurological decision criteria. 
Persisting or newly occurring inflammatory disease activity is an indication for further treatment, i.e. 
either re-initiation of cladribine or switching to another highly effective disease-modifying therapy. The 
decision to retreat or switch should be based on clinical and radiological evaluation considering disease 
course, treatment history, and safety aspects. In the absence of disease activity, either retreatment can 
be offered, or the treatment-free period can be extended under structured monitoring.
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1. Introduction

Oral cladribine is a highly effective pulsed selective immune 
reconstitution therapy approved by the European Medical 
Agency (EMA) since August 2017 for the treatment of adult 
patients with highly active relapsing multiple sclerosis (MS) as 
defined by clinical or imaging features and by the US Food 
and Drug Administration (FDA) since March 2019 to treat 
relapsing-remitting MS and active secondary progressive dis
ease in adults. The aim of pulsed selective immune reconstitu
tion therapy with cladribine is a long-term response to 
treatment achieved by a full treatment course comprising 
two brief treatment phases administered with 1 year of inter
mission. The established cumulative dose over 2 years is 
3.5 mg/kg body weight. Further dosing is not recommended 
in years 3 and 4 [1].

The efficacy, safety, and tolerability of cladribine have been 
confirmed in an extensive clinical study program [2,3], includ
ing long-term follow-up in open-label extensions [4,5] and 
post-marketing studies [6–8]. In the open-label study CLASSIC- 
MS, 93 patients were followed with a median time since the 
last Parent Study dose of 10.4 years (range 9.5–14.2) [7]. 

A positive effect on treatment satisfaction and quality of life 
was demonstrated in the randomized controlled trial CLARITY 
[9] and the non-interventional studies CLARIFY [10], CLADQoL 
[11] and CLEVER [12]. The long-term effectiveness of cladribine 
tablets is being further investigated in several clinical studies 
including the non-interventional, prospective study CLADQoL 
(focus on quality of life), CLARIFY-MS Extension, CLARION, and 
the interventional 2-year extension study MAGNIFY-MS 
Extension.

Cladribine tablets exert their effect mainly via selective 
depletion of dividing and non-dividing T and B cells. The 
active metabolite of cladribine is 2-chlorodeoxyadenosine tri
phosphate (Cd-ATP). Its intracellular accumulation leads to the 
disruption of cellular metabolism, the inhibition of DNA synth
esis and repair, and subsequent apoptosis [13]. Cladribine 
preferentially affects lymphocytes due to their relatively high 
deoxycytidine kinase (DCK) to 5′-nucleotidase ratio and 
dependence on adenosine deaminase activity to maintain 
the equilibrium of cellular triphosphorylated nucleotide con
centrations. The accumulation of the cladribine nucleotide 
produces rapid and sustained reductions in T and B cell 
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subsets [14,15], whereby other immune subsets are relatively 
spared, consistently with the rapid onset of treatment effects 
[16]. Additionally, cladribine has been shown to reduce levels 
of proinflammatory cytokines, serum, and cerebrospinal fluid 
chemokines, adhesion molecule expression, and mononuclear 
cell migration [13,17–21], and to penetrate the blood–brain 
barrier, leading to concentrations of up to 25% of plasma level 
in the CSF [22]. The recovery of the immune system preserves 
long-term therapeutic options with existing or upcoming 
drugs. While cladribine is able to penetrate the blood–brain 
barrier, it is currently unknown whether the substance affects 
RMS directly via effects in the CNS [23]. Cladribine tablets are 
further characterized by a fast onset of action shown in the 
interim analysis of the MAGNIFY-MS study (NCT03364036), 
with reported changes in combined unique active lesions 
during the first 2 months after initiating treatment [16], 
a short half-life of 1 day enabling co-exposition with other 
drugs, and absence of a rebound effect [3,24].

As of July 2021, cladribine tablets have been administered 
in 35,668 patients comprising 49,783.5 patient-years of expo
sure [25]. As patients who started cladribine tablets immedi
ately following the European marketing authorization in 2017 
have now passed the initial 4 years, the management of 
cladribine-treated patients beyond year 4 needs to be 
addressed. For this purpose, a panel of neurologists and 
a neuroradiologist experienced in treating and monitoring 
MS patients evaluated clinical trial data and real-world evi
dence to propose recommendations for the management of 
cladribine-treated patients beyond year 4.

2. Methods

In 2020, a panel of 8 neurologists proposed a long-term 
management approach focused on the initial 4 years guided 
by responder type [26]. The same panel, extended by the 
additional expertise of a neuroradiologist, reconvened in 
a virtual meeting in February 2022. The aim of the meeting 

was to reach consensus on a best practice approach for the 
management of cladribine-treated patients beyond year 4. 
Based on the currently available literature and guideline 
recommendations for MS, the panel proposed an algorithm 
that included consensus statements for decision criteria. The 
results of the meeting were recorded and then consolidated 
into a draft manuscript.

3. Evidence review of long-term efficacy and 
benefits of pulsed selective immune reconstitution 
therapy

Standard cladribine tablets therapy during the initial 4 years 
produced a durable and effective clinical response on clinical 
and magnetic resonance imaging (MRI) outcome measures in 
the majority of patients. Interim data of the CLASSIC-MS 
(NCT03961204) trial 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 (63.3%) requiring 
no further treatment with disease-modifying therapies 
(DMTs) [27]. Long-term follow-up of CLARITY participants in 
the PREMIERE registry revealed that 66% of 941 patients did 
not receive any DMT over 4.5 years after the last dose of 
cladribine tablets [28]. Concurrently, real-world data from the 
Italian CLARINET-MS study indicated that 57.2% and 63.7% of 
the participants were relapse- and progression-free 60 months 
after the last cladribine dose, respectively [29].

This treatment-free period within the pulsed selective 
immune reconstitution therapy concept provides several 
advantages compared to continuous therapy regimens, such 
as flexibility for women who want to become pregnant. While 
pregnancy must be ruled out during the treatment periods, 
women with optimized disease control can conceive 6 months 
after the last dose [30]. The treatment-free period also offers 
a window for vaccinations, albeit first real-world data suggest 
a vaccination response following cladribine treatment regard
less of the time of application and the lymphocyte count 
[31,32]. The concept of pulsed selective immune reconstitu
tion therapy has a lower treatment burden, less cumulative 
risk, a favorable risk–benefit ratio, and attested high treatment 
convenience due to short courses of oral application. The brief 
pulsed treatment period facilitates patient adherence com
pared to long-term therapies [33] and leads to improved 
quality of life [9]. Apart from the structured clinical monitoring 
for evaluating disease activity, at least yearly brain MRI assess
ments are recommended [26]. No additional monitoring mea
sures during the treatment-free years are required according 
to the summary of product characteristics [1], but have been 
implemented in routine clinical practice. Bearing these argu
ments in mind, extending the treatment-free period 
beyond year 4 in the case of stable disease is a potential 
option.

Nevertheless, some patients from the CLARITY Extension 
experienced relapses (24.4%) and/or disability progression 
(27.6%) during or after the formal core period of treatment 
[5]. However, the CLARITY study population included only 
patients who were treatment-naive or previously treated 
with platform therapies. Upon marketing authorization, 

Article highlights

● Pulsed oral cladribine is a highly effective and selective immune 
reconstitution therapy for relapsing multiple sclerosis.

● Efficacy, safety, and tolerability of cladribine tablets have been con
firmed in a clinical study program, complemented with long-term 
open-label studies. After completing two cycles (in years 1 and 2), 
further treatment with cladribine is not recommended in years 3 and 
4.

● We propose an algorithm for the management of cladribine-treated 
patients beyond year 4, based on persistent and/or new and/or 
absent inflammatory disease activity either clinically or on brain 
and/spinal cord magnetic resonance imaging (MRI) and individual 
patient history.

● Presence of disease activity by the end of year 4 is an indication for 
further treatment, i.e. either retreatment with cladribine or switching 
to a different disease-modifying therapy. In the absence of disease 
activity, either retreatment can be offered, or the treatment-free 
period can be extended under a structured monitoring approach.

● The concept of pulsed selective immune reconstitution therapy with 
extended treatment-free periods without drug exposure is character
ized by a low burden of treatment and monitoring and offers 
patients flexibility in family planning and vaccination.
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a sizable number of patients were pre-treated with other high- 
efficacy drugs. Increased relapse rates and a higher risk of 
disability progression in patients from CLARITY Extension, 
who received placebo in the core study, emphasize the ratio
nale for earlier treatment initiation with oral cladribine [3]. As 
a non-negligible proportion of patients experienced returning 
disease activity, consideration of redosing with oral cladribine 
beyond year 4 is a viable option and compatible with the 
licensed indication.

4. Proposed treatment management beyond year 4

Evidence from the CLARITY extension trial indicated a return 
of inflammatory disease activity in some patients already by 
the end of year 4 [5]. Therefore, in line with the previously 
published expert opinion [26], the expert panel underlined the 
importance of continuous monitoring for disease activity dur
ing the treatment-free period. The recommended monitoring 
procedures are summarized in Panel 1 of Figure 1. Subsequent 

Figure 1. Proposed treatment algorithm.
DMT, disease-modifying therapy; EDSS, expanded disability status scale; Gd+, gadolinium-enhancing; MRI, magnetic resonance imaging; NfL, neurofilament light chain; PRO, patient- 
reported outcome; SDMT, symbol digital modality test
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management beyond year 4 depends on the presence or 
absence of disease activity. The expert group proposed the 
clinical practice-driven clinical and neurological decision cri
teria compiled in Panel 2 of Figure 1 concerning disease 
activity: The major criteria indicative of disease activity are 
≥1 relapse, EDSS worsening by ≥1 EDSS point confirmed 
over 3 months in patients with a baseline EDSS score ≤4.0, 
≥0.5 EDSS points confirmed over 3 months in patients with 
a baseline EDSS >4.5, and emergence of ≥2 T2 lesions or ≥1 
Gd+ T1 lesion within one year from a reference MRI. Of note, 
the stated definition for EDSS worsening is based on the 
consensus of the expert panel; however, the definition of 
sustained progression based on the use of EDSS in a clear 
and consistent manner is unlikely to be possible in the real- 
world clinical setting [34]. MRI for monitoring purposes in 
order to detect (sub)clinical inflammatory disease activity 
should ideally be performed in a standardized way according 
to 2021 MAGNIMS-CMSC-NAIMS recommendations [35], how
ever, centers in certain countries worldwide may not be able 
to fully follow the standards suggested by MAGNIMS. 
Referring the patient to a specialized MRI center may be 
a feasible option in those cases. Relevant inflammatory disease 
activity can be detected either by brain or spinal cord MRI or 
both. Additional MRI applications such as optic nerve imaging 
should not be considered [36]. For this purpose, brain MRI is 
the most relevant diagnostic procedure. In general, the use of 
gadolinium-based contrast for treatment monitoring is not 
strictly needed and can be considered as optional [35]. 
However, in certain clinical situations (e.g. inconclusive 
relapse, suspected comorbidity), contrast-enhanced MRI 
should be considered. Image analysis should be performed 
by an experienced (neuro)radiologist. New lesions should be 
interpreted according to recent guidelines in order to exclude 
misinterpretations of comorbidities (e.g. lesion due to 
ischemic small vessel disease) as MS lesions [37]. In addition, 
the expert panel formulated supportive parameters that may 
raise awareness to suboptimal control of disease activity. For 
instance, a deterioration in cognition assessed via the symbol 
digital modality test (SDMT), worsening of fatigue or decrease 
in a quality-of-life assessment may trigger an alert to perform 
an unscheduled brain (and/or optionally spinal cord) MRI of 
the patient. Therefore, it is important to assess these suppor
tive parameters on a regular basis. Remote continuous mon
itoring of walking ability via digital apps may provide a more 
thorough assessment than performing the timed 25-foot walk 
test during the patient visit. As an example of digital tools, the 
Floodlight Proof-of-concept app has recently shown moder
ate-to-good test-retest reliability and significant correlations 
between the test features from the app and standard clinical 
and MRI measures [38]. Additional explorative parameters can 
be obtained for further in-depth assessment but are not part 
of the clinical routine and therefore not suited for mandatory 
monitoring. Brain atrophy is recognized as an important bio
marker for disease worsening but is difficult to implement in 
clinical routine. Assessing quality of life is an important 
patient-reported outcome that may provide useful additional 
information on the patient’s overall assessment. A variety of 
tools are available to assess quality of life, such as EuroQoL 

(EQ-5D), short-form questionnaire (SF-36), Multiple Sclerosis 
Quality of Life questionnaire (MSQoL-54), or Multiple 
Sclerosis International Questionnaire of Quality of Life 
(MusiQoL). The panel merely encourages the assessment of 
quality of life without favoring any specific tool, thus leaving 
the choice to the preference of the treating physician.

Presence of disease activity is an indication for further 
treatment, i.e. either retreatment with oral cladribine or 
another highly effective DMT. The decision should be aligned 
with clinical judgment based on disease course and treatment 
history. Panel 3 of Figure 1 comprises a list of factors to be 
considered in the decision process. The time interval since the 
last treatment should be taken into account along with the 
severity of disease activity compared to baseline activity 
before treatment was initiated. Recurrent radiological disease 
activity should also be considered in comparison to persisting 
disease activity [26]. If the patient was stable during year 3 and 
4, retreatment with oral cladribine may be an option. 
Furthermore, the extent of inflammatory disease activity is 
a deciding factor for switching treatment or maintaining cla
dribine therapy. In the case of breakthrough disease after year 
4 with a severe flare requiring plasmapheresis, inflammatory 
activity on MRI such Gd+ lesions (e.g. ≥3), or a high number of 
new T2-lesions (e.g. ≥5) or relapse-related worsening, a switch 
of therapy is indicated. Based on the mode of action, i.e. 
selective and transient targeting of T and B cells, there are 
no restrictions expected regarding the choice of the subse
quent DMT. To date, there are no data from clinical studies 
available investigating the superiority of one DMT over 
another after cladribine tablets. Long-term studies indicated 
no safety issues associated with switching to another highly 
effective DMT [7,28]. In case of atypical cessation of cladribine 
tablets during the initial 4 years, data from the German 
Multiple Sclerosis Registry indicated that most patients (60%) 
were switched to ocrelizumab in clinical practice [39]. Studies 
investigating post year 4 scenarios considering disease activity 
prior to cladribine, previous immunotherapies, demographic 
factors, and comorbidities are currently ongoing. For mild-to- 
moderate disease activity with relapses without disability 
accumulation, a second course of oral cladribine can be admi
nistered. Prior therapies should also be considered in the 
decision process [40]. In a real-world cohort from Finland, 
patients with two or more previous DMTs before switching 
to cladribine had a shorter time to first relapse when com
pared to patients with none or one previous DMT. This was 
driven mostly by early relapses experienced by patients 
switching from fingolimod, and likely represented rebound 
after fingolimod [41]. As pointed out in the previously pub
lished expert opinion, for patients requiring a treatment 
switch, follow-up therapies should not be started earlier than 
6 months after the last pulsed selective immune reconstitution 
therapy treatment cycle to allow repopulation of lymphocytes, 
while high disease activity may require a shorter interval in 
individual cases [26,42]. In the case of switch to another highly 
effective DMT, standard MRI re-baselining after 6 months 
according to the recent recommendation should be consid
ered [26,42]. If the patient is retreated with cladribine, the 
experts favored a full treatment course comprising two 
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treatment years in accordance with the summary of product 
characteristics of oral cladribine [1]. Before starting the second 
course, a differential blood count must be obtained and safety 
aspects evaluated.

In the absence of inflammatory disease activity, either 
retreatment can be offered, or the treatment-free period can 
be extended under a structured monitoring approach, similar 
to the ‘as needed’ strategy currently applied after two cycles 
of alemtuzumab, another pulsed immune reconstitution ther
apy [43]. The individual decision should be based on factors 
such as the patient’s prior therapies and history of disease 
activity (Panel 4 of Figure 1). Procedures as a part of the 
structured monitoring approach are listed in Panel 5 of 
Figure 1 and include periodical clinical and radiological assess
ments. Obtaining an annual brain MRI is highly recommended; 
optionally, additional spinal cord MRI may be considered. 
Clinical appointments should be scheduled every 3 to 
6 months and include EDSS assessments, cognitive assess
ments (SDMT) as well as evaluation of patient-reported para
meters, such as fatigue. Digital apps are suitable for 
monitoring of physical activity. As treatment is provided in 
an outpatient setting, it is important that also practice-based 
neurologists can perform the monitoring. Therefore, obtaining 
neurofilament light chain (NfL) levels has been included as an 
optional parameter. Since treatment with cladribine was initi
ally selected based on high disease activity, the experts voted 
unanimously against de-escalation to a platform therapy, 
unless patient individual factors or safety issues oppose con
tinuing treatment with cladribine tablets or another highly 
effective DMT. Patient age and the associated potential effects 
of immunosenescence on the effectiveness of DMTs, along 
with the risks mediated by these treatments, such as neo
plasms and infections, in particular progressive multifocal leu
koencephalopathy, should also be considered when 
determining the further treatment course. Independent of 
whether cladribine is resumed or the treatment-free period 
extended, the decision criteria listed in Panel 2 of Figure 1 
provide guidance for further management.

5. Conclusion

The proposed algorithm for the management of cladribine- 
treated patients beyond year 4 takes various response scenar
ios into account and aims to provide guidance on an indivi
dual patient level. Dependent on the absence or presence of 
disease activity, options include an extension of the treat
ment-free period, retreatment with oral cladribine or switching 
to a different high-efficacy DMT.

6. Expert opinion

The benefit of pulsed selective immune reconstitution therapy 
with oral cladribine is the occurrence of long-lasting modifica
tion of the immune system by brief periods of treatment 
followed by treatment-free years. As the original treatment 
concept covered 4 years, to date there is neither prospective 
clinical data nor guidance available regarding the outcome 
and treatment beyond the initial 4 years. Based on the 
absence or presence of disease activity, the experts proposed 

an algorithm, with the aim of providing guidance for the 
decision-making process regarding therapy management 
beyond year 4. The pros and cons of resuming cladribine 
treatment in year 5 were discussed extensively among the 
experts. The majority favored the option of extending the 
treatment-free period in the absence of disease activity. The 
advantages of the treatment-free period in year 3 and 4 have 
been outlined above. An extension would presumably further 
affect patients’ quality of life in a positive way. It is also 
important to identify patients at high risk of recurrent disease 
activity in order to offer them retreatment. Factors taken into 
consideration in the decision-making process include prior 
therapies [40]. In the case of retreatment with cladribine, the 
experts recommended a full treatment course of 3.5 mg/kg as 
licensed. Whether an increased cumulative maintenance dose 
of oral cladribine would provide a superior benefit for RMS 
patients remains a subject of future research. In this context, 
a retrospective study using an off-label subcutaneous cladri
bine formulation indicated that treatment with increased 
cumulative maintenance dosing was associated with disease 
stability and a favorable safety profile over a prolonged follow- 
up period of up to 20 years [44]. A switch to another highly 
effective DMT may be warranted in the case of breakthrough 
disease. Future study of treatment sequence is needed to 
provide evidence for recommendations regarding which 
highly effective DMT is best suited following cladribine. 
Preliminary data from the real-world study CLASSIC-MS indi
cated neither safety nor efficacy issues when switching to 
other DMTs [7]. However, no conclusion can be drawn regard
ing the superiority of one DMT over another. In clinical prac
tice ocrelizumab is used most frequently following cladribine 
tablets [39]. In case of mild recurring disease activity, the 
experts do not recommend de-escalation to a platform ther
apy because the diagnosis of highly active MS remains, and 
there are no known risks associated with switching to another 
highly effective DMT [7,28].

The experts expect the implementation of the algorithm 
into clinical practice to be feasible as the assessments required 
for the decision criteria are already part of current clinical 
routine. Additional assessments termed explorative para
meters, such as NfL and brain atrophy, which can be obtained 
for further in-depth evaluation, have not been integrated into 
mandatory monitoring because they are not yet routinely 
accessible in clinical practice for various reasons. Serum NfL 
is increasingly seen as a potential biomarker to be implemen
ted in clinical routine [45], but has not been investigated as 
a monitoring tool for subclinical disease activity in cladribine- 
treated patients yet. Barriers to employ the regular assessment 
of brain atrophy include lack of financial resources and insuffi
cient experience among neurologists to interpret MRI data as 
a part of routine practice. Although patient-reported out
comes are an important tool in assessing disease activity, 
their value is limited because it is unclear which cutoffs are 
clinically meaningful in a heterogenous real-world population. 
However, on an individual patient basis, a deteriorating 
patient-reported outcome parameter can trigger an alert to 
watch more closely for recurring disease activity in this 
patient. In this context, the panel encourages the assessment 
of patient-reported outcomes as additional supportive 
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parameters to trigger possible alerts in terms of worsening. 
Overall, the management approach outlined by the expert 
group still leaves the treating physician the freedom of indi
vidual decisions. In light of varied clinical response and the 
specific circumstances of individual patients, a range of avail
able treatment options is an important step toward persona
lized medicine. Future prospective studies are required to 
evaluate the feasibility of the proposed algorithm in clinical 
practice. As of today, it should be kept in mind there is an 
absolute lack of data in the literature supporting a specific 
strategy after using cladribine tablets.

The experience gained within the next 4 years will dictate 
whether the proposed algorithm can be implemented as 
standard procedure into clinical practice. In 4 years from 
now, patients being retreated with a full course of oral cladri
bine followed by two treatment-free years will have to be 
reevaluated in order to assess if the proposed algorithm can 
be followed as guidance for years 9–12 or requires adaptation. 
In particular, safety data have to be analyzed in order to gain 
insight into the effect of cumulative cladribine dosing beyond 
the initial 3.5 mg/kg. In line with the expanding treatment 
landscape, drugs addressing the cause of the disease rather 
than controlling the symptoms may be the therapeutics of 
tomorrow, offering new options in case of recurrent disease 
activity. In addition, a shift in treatment goals is currently 
ongoing. Whereas reduction of relapse rate and attenuation 
of disease progression were the primary goals after the initial 
introduction of DMTs into the market, with the development 
of new and highly effective MS therapeutics, reduction of the 
relapse rate alone is no longer considered sufficient in daily 
practice. In consequence, composite endpoints such as NEDA 
(no evidence of disease activity) [46], PIRA (progression inde
pendent of relapse activity) and RAW (relapse-associated wor
sening) [47] have become additional outcome parameters. 
These all contribute to quality of life in patients, which sup
ports the fact that patient-centered outcomes have gained 
more attention in recent years and will continue to be the 
focus of future studies. Furthermore, digital assessments 
enable continuous monitoring in everyday life and the ten
dency toward digital biomarkers is already reflected in clinical 
studies.
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