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TherapeuTic advances in 
neurological disorders

Introduction

Multiple sclerosis and new treatment options: 
focus on immune reconstitution therapies
Multiple sclerosis (MS) is a chronic immune-
mediated disease characterized by inflammation 
and neurodegeneration, affecting over 2.8 million 
people worldwide, with a mean age at diagnosis of 
20–30 years.1 Although the disease remains incur-
able, in the past three decades several disease-
modifying therapies (DMTs) have been 
developed,2 predominantly for the relapsing 

forms, with the aim of reducing disease activity 
and slowing disease progression by modulating, 
sequestering, or depleting immune cells. Many 
DMTs are immunomodulators and immunosup-
pressors that are administered continuously as 
maintenance therapy, while pulsed immune 
reconstitution therapies (IRTs) are administered 
intermittently, allowing long periods of drug-free 
remission and providing efficacy beyond the 
active treatment period.3 Among IRTs licensed 
for the treatment of MS, alemtuzumab4 and clad-
ribine5 are administered for a short period each 
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year (i.e. pulsed) and have durable but different 
effects on the immune system.3,6,7 Unlike mainte-
nance therapies, in which the risk of adverse 
events (AEs) increases with continued exposure, 
the risk of AEs with IRTs is higher in the post-
treatment period.6,8 Moreover, IRT therapies, 
especially oral IRT (e.g. cladribine tablets), 
require less intense monitoring, which positively 
impacts treatment adherence. Data from the ran-
domized controlled CLARITY trial showed a 
positive effect of cladribine tablets treatment on 
quality of life,9 in accordance with recent evi-
dence showing good tolerability and treatment 
satisfaction with cladribine tablets both in treat-
ment naïve and DMT-experienced patients.10 
Thus, the pulsed administration and favorable 
risk-benefit profile of cladribine tablets have a 
positive impact on treatment adherence.

Cladribine: mechanism of action
Cladribine (2-chlorodeoxyadenosine) is a nucleo-
side analog pro-drug that, when activated intra-
cellularly through phosphorylation by 
deoxycytidine kinase (DCK), interferes with 
DNA synthesis and repair in dividing and quies-
cent cells, leading to cell death.11 Cladribine is 
inactivated through de-phosphorylation by the 
enzyme 5’-nucleotidase (5’-NTase), preventing 
its accumulation in most cell types.11 Activated 
cladribine preferentially accumulates in T and B 
lymphocytes due to the high ratio of DCK to 
5’-NTase in these cells,12 and induces a marked 
reduction of CD19+ B cells within 4-8 weeks after 
initiation of treatment.13 Although recovery of the 
overall CD19+ B-cell pool is driven by naïve and 
regulatory B cells, levels of memory B cells remain 
reduced for at least 12 months,14,15 providing a 
long-term effect of cladribine on disease control. 
Furthermore, the rapid reduction of CD19+ B cells 
after cladribine administration may be responsi-
ble for the early reduction in combined unique 
activity (CUA) lesions at MRI starting 2 months 
after treatment initiation.16 In contrast to the 
rapid effect on B cells, cladribine has a slower and 
more moderate effect on the reduction of CD4+ 
and CD8+ T cells, reaching nadir 3-6 months 
after treatment initiation.15

Unlike the pronounced effect on mature and 
memory B cells, cladribine does not affect plasma 
cells,14 thereby ensuring preservation of acquired 
humoral response. This explains why cladribine-
treated patients have positive humoral responses 

to COVID-19 vaccines,17–21 and Hepatitis B vac-
cines.22 Finally, the minimal effect of cladribine 
on the innate immune system ensures general cel-
lular immune competency, providing a response 
to infection. Patients treated with cladribine are 
not at a greater risk of developing severe 
COVID-19.23

Cladribine efficacy and safety: focus on long-
term data
The approved cumulative cladribine dose for the 
treatment of relapsing MS is 3.5 mg/kg over 
2 years, administered orally for two treatment 
courses, with each course comprising two treat-
ment weeks in years 1 and 2, followed by 2 years 
without treatment.5 The efficacy of cladribine tab-
lets was initially demonstrated in the randomized, 
placebo-controlled CLARITY study that showed 
a significant reduction in both clinical and MRI 
activity with a higher proportion of patients 
achieving no evidence of disease activity (NEDA-
3) compared with the placebo group.24,25 The effi-
cacy observed in CLARITY was maintained in 
the CLARITY Extension. The majority of patients 
remained relapse-free without need of additional 
treatment beyond years 1 and 2,26 further demon-
strating the durable efficacy of cladribine tablets in 
reducing frequency and severity of relapses.27 Post 
hoc analysis showed that the Expanded Disability 
Status Scale (EDSS) score remained stable for up 
5 years both in patients receiving no further treat-
ment, or in those receiving additional courses of 
cladribine in years 3 and 4 of the CLARITY 
Extension study.28 Consistent with these findings, 
cladribine tablets also resulted in a benefit for 
achieving and maintaining NEDA-3.29 In addition 
to the exploratory analyses on efficacy, the 
CLARITY Extension study mainly investigated 
the safety profile of cladribine tablets.26 
Lymphopenia, expected due to the mechanism of 
action, constitutes the most common AE with 
cladribine;30 however, with proper management, 
including pre-treatment screening for active or 
latent chronic infections (e.g. hepatitis, herpes 
zoster, tuberculosis, varicella zoster) and assess-
ment of vaccinations, the risk of severe opportun-
istic infection is low.5 Lymphopenia occurred 
more frequently in patients treated with additional 
courses of cladribine tablets in years 3 and 4, com-
pared with patients receiving placebo in the 
Cladribine Tablets Treating Multiple Sclerosis 
Orally (CLARITY) study extension.26 It is impor-
tant to note that, because of the randomized study 
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design, the additional treatment with cladribine 
tablets was administered without observing the 
requirement to achieve a lymphocyte count of at 
least 800 cells/mm3 before initiating further treat-
ment.5 Analysis of only patients who had lympho-
cyte counts ⩾ 800 cells/mm3 before receiving 
additional treatment with cladribine tablets 
revealed a lymphopenia incidence of 11% to 12% 
in years 3 and 4.31

The lower incidence of autoimmune AEs after 
treatment with cladribine tablets,30 compared 
with alemtuzumab, is likely due to a rapid recov-
ery of regulatory B cells and to the repopulation 
occurring in the context of sufficient regulatory 
T cells.32

Clinical trial data revealed a higher frequency of 
malignancies in patients treated with cladribine 
tablets compared with placebo; however, further 
analyses showed that the incidence does not 
increase over time, is independent of the cladrib-
ine dose, and does not involve clusters of malig-
nancies.30,33 Patients should adhere to local 
cancer screening programs and cladribine tablets 
should not be administered to patients with active 
malignancy.5

Finally, data on cladribine tablets from the real-
world MS setting confirm efficacy and safety 
comparable to findings in phase 3 clinical trials 
and extensions.34–37 Real-world data from an 
Israeli cohort of patients with highly active relaps-
ing/remitting MS (⩾ 1 relapse in the previous 
year, and ⩾ 1 T1 gadolinium-enhancing lesion 
or ⩾ 9 T2 lesions while on treatment with another 
DMT; or ⩾ 2 relapses in the previous year regard-
less of treatment status) provided evidence that 
2 years of cladribine (cumulative dose 3.5 mg/kg) 
is effective for preventing relapse activity and 
neurological worsening in year 3 (59.0%; 36/61) 
and year 4 (74.3%; 26/35).38 All these findings 
raise the question of whether additional treat-
ment should be administered after year 4, based 
on the patient-profile, to provide better disease 
control.

Aim
Currently, many of the first patients who initiated 
treatment with cladribine tablets have transi-
tioned through the approved 4-year treatment 
regimen described in regulatory documents.5 

Management of these patients beyond year 4 
needs to be addressed,39 also considering that the 
Summary of Product Characteristic (SmPC) does 
not specify a maximum number of cladribine 
courses or list previous cladribine treatment as a 
contraindication for cladribine treatment.5 In this 
respect, little evidence is available about re-treat-
ment after year 4. Additional courses of cladrib-
ine tablets were administered between the end of 
the second and the third year in 5/270 patients in 
a German cohort who experienced disease reacti-
vation, defined as clinical relapse, 6-month con-
firmed worsening of disability, or new/enlarging 
T2-hyperintense MRI lesions.35 Similarly, nine 
patients in a UK real-world cohort were re-treated 
with a third course of cladribine (subcutaneous or 
oral) after year 2 because of disease activity based 
on MRI-evidence (n = 6), clinical relapse (n = 1), 
or both (n = 2).40 A retrospective study conducted 
in 41 patients with MS assessed subcutaneous 
cladribine administered (off-label) for longer than 
4 years, and/or at cumulative doses exceeding the 
approved dose of cladribine tablets, reporting 
long-term effectiveness and a favorable safety 
profile.41 A systematic review of real-world evi-
dence on the use of cladribine tablets for MS 
revealed that more real-world studies with longer 
follow-up periods are needed.42

Meanwhile, the ongoing ‘Cladribine, a Multicenter, 
Long-term Efficacy and Biomarker Australian 
Study’ (CLOBAS) is collecting prospective real-
world data on the safety and efficacy (NEDA-3) of 
cladribine tablets, including the option of early re-
treatment in year 3.43 Monitoring will include 
MRI, as well as cognitive performance and bio-
markers, including lymphocyte subsets, serum 
neurofilament light chain (sNfL), DNA methyla-
tion, and RNA analysis.

Regulatory agencies do not provide guidance on 
re-treatment with cladribine tablets after the ini-
tial regimen is completed, and it is unclear how to 
manage these patients. To address this issue, a 
group of 10 experts, including neurologists and 
radiologists with extensive experience in manag-
ing patients with MS in Italy, reviewed the avail-
able clinical trial data and real-world evidence 
during a virtual meeting held on 30 June 2022. 
The group proposed a classification for patients 
treated with cladribine tablets and suggested cri-
teria to identify cladribine-treated patients who 
might benefit from treatment beyond year 4. The 
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meeting was recorded and subsequently consoli-
dated into a draft manuscript that was extensively 
revised and approved by the participants.

Proposed patient classification and 
management after year 4
Patient monitoring and classification. Considering 
the chronic and incurable nature of MS and that 
patients who receive cladribine have been diag-
nosed with highly active MS, the panel agreed 
that close monitoring and/or re-treatment with 
cladribine tablets or another highly effective 
DMT is necessary.

NEDA is a concept used in monitoring disease 
activity in patients with relapsing-remitting 
multiple sclerosis (RRMS).44 Components of 
this composite measure may depend on the 
intended use and local resource availability. 
NEDA-3 criteria include (i) absence of clinical 
relapses, (ii) absence of Gd + T1 lesions 
and ⩽ 1 new T2 lesion within one year of the 
last MRI, and (iii) absence of confirmed disa-
bility (EDSS) over 3 months of ⩾ 1 point in 
patients with baseline score ⩽ 4.0, or ⩾ 0.5 points 
in patients with baseline score > 4.5. We sug-
gest NEDA-3 as the minimum criteria for mon-
itoring, with additional assessments used when 
available (Table 1). Disability progression can 

occur in the absence of overt inflammatory 
activity,45 and it has been suggested that moni-
toring of outcomes in addition to inflammation 
is needed to guide treatment to delay or prevent 
progression.46 Addition of brain atrophy as a 
fourth NEDA component has been proposed,47 
and shown to improve prediction of disability 
progression;48 however, standardized methods 
for serial measurement of brain volume are not 
widely available.

Low sensitivity of clinical and imaging parame-
ters may result in delayed diagnosis of reactiva-
tion or progression.49 Neurofilament light chain 
represents an established biomarker for acute 
MS disease activity and a good predictor of dis-
ease progression. Importantly, recent findings 
from Benkert et al.50 demonstrated that sNfL 
can also be used as a biomarker to monitor drug 
response, making it potentially useful as an indi-
cator of the need for additional cladribine treat-
ment courses after year 4. We agree that, when 
available, sNfL should be measured at the end of 
year 4 to establish a baseline, and every 
3–6 months thereafter.

Data from the CLASSIC-MS study suggest 
that the effect of cladribine tablets on mobility 
and disability outcomes is sustained in the long 
term: 90.0% of patients with relapsing MS were 

Table 1. Patient monitoring for treatment efficacy.

Minimum set of assessments Frequency

• MRI assessment with a standardized acquisition protocol
   New or enlarging T2-weighted lesions
   T1-weighted gadolinium-enhancinga lesions

6–12 months

• Clinical assessment
   Symptoms, signs of relapse
   Changes in disability (e.g., EDSS)

3 months

Additional assessments to consider, when available

• MRI assessment of brain volume loss 6–12 months

• Biomarker: serum neurofilament light chain 3–6 months

• Functional assessments
     Physical function (e.g., timed 25-foot walk, activity 

tracking)
   Cognitive function (e.g., symbol digit modalities test)

3–6 months

• Patient-reported outcomes (e.g., quality of life, fatigue) 3 months

EDSS, Expanded Disability Status Scale; MRI, magnetic resonance imaging.
aFollow guidelines and use gadolinium judiciously.
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not bedridden or wheelchair users, and 55.8% 
of the exposed cohort had not received further 
treatment after a median follow-up of 10.9 years 
from CLARITY/CLARITY Extension;51 how-
ever, approximately 25% of patients who had 
received cladribine tablets (3.5 mg/kg) in 
CLARITY and received placebo in the 
CLARITY Extension had relapsed by the end 
of CLARITY Extension (≈ 4 years after start-
ing cladribine therapy).26

The group of experts proposed a classification 
for patients based on their response to cladribine 

over time following the initiation of treatment 
(Table 2), and a treatment strategy (Figure 1).

The panel stressed the importance of continuous 
monitoring for disease activity during the treat-
ment-free period, agreeing that NEDA-3 is the 
minimum acceptable criterion for response when 
administering a highly effective DMT like cladrib-
ine tablets. Patients who do not achieve or main-
tain NEDA-3 should be candidates for re-treatment 
with cladribine tablets if they meet criteria,5 or for 
another highly effective DMT based on patient 
and disease characteristics.52,53

Table 2. Proposed treatment management according to response to cladribine treatment.

Classification Description Management

Responder A patient who is stablea after 
completing two cycles of 
cladribine tablets (years 1 and 2) 
and remains so throughout years 
3 and 4

Continue close disease 
monitoringb

Re-treatmentc with cladribine 
tablets in case of any newly 
occurring inflammatory disease 
activity or disease progression.d

Potential sustained responder A patient remaining stablea after 
year 4 and up to year 5 from the 
beginning of cladribine tablets 
treatment

Close disease monitoringb

Re-treatmentc with cladribine 
tablets in case of any early sign 
of newly occurring inflammatory 
disease activity or disease 
progression.d

Sustained responder A patient remaining stablea for at 
least 1 year beyond year 5

Close disease monitoringb

Re-treatmentc with cladribine 
tablets in case of any early sign 
newly occurring inflammatory 
disease activity or disease 
progression.d

Potential non-responder A patient showing signs of 
disease reactivation within 
24 months after starting 
cladribine tablets treatment (i.e., 
before completing two therapy 
cycles)

Cladribine re-treatmentc/switch 
to other highly effective DMT 
according to clinical judgment, 
based on relapse severity and 
treatment history

Non-responder A patient with clinical and/or  
MRI activity vs basal disease 
activity after year 2 but before 
year 4

Switch to another highly effective 
DMT

DMT, disease-modifying therapies; MRI, magnetic resonance imaging.
aNo signs of disease activity or progression during close monitoring.
bMinimum criteria for close monitoring: No evidence of disease activity (NEDA-3) defined as absence of new or enlarging 
T2 and/or T1 Gd+ lesions (every 6 months), clinical relapses and disability progression (every 3 months). Consider 
monitoring serum neurofilament light chain levels every 3–6 months, where available.
cRe-treatment is defined as a complete 4-year regimen of cladribine tablets, corresponding to 3.5 mg/kg over the course  
of 2 years in patients meeting criteria for treatment,5 followed by a treatment-free period of 2 years for responders, 3 years 
for potential sustained responders, and 4 years for sustained responders.
dPersistent inflammatory disease activity could be an indication to switch to another highly effective DMT.
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Patient management
The choice of treatment should be guided by clin-
ical and MRI parameters; other parameters (e.g. 
biomarkers) should be considered only when clin-
ical and radiological parameters are stable (i.e. no 
evidence of relapses, disability progression, or 
new or enlarging MRI T2 and MRI 
T1Gd + lesions).

MRI should be performed 6 months after the start 
of treatment, to establish a new baseline after 
residual disease has subsided, and from this point, 
there should be minimal tolerance for signs of 
MRI activity;54,55 (re-)treatment should be con-
sidered at the first sign of activity.

Conclusions
Results from the CLARITY Extension study sug-
gest that there may be a subpopulation of patients 
(e.g. responders, potential sustained responders, 
sustained responders) who could benefit from 
further treatment with cladribine tablets beyond 
year 4.29 The absence of guidance on this issue 
prompted us to elaborate a practical approach for 
identifying and managing such patients.

We suggest that long-term management is guided 
by responder-type classification as defined by 
clinical and MRI activity, and biomarker evalua-
tion. This approach would require regular disease 
monitoring for the onset of any sign of inflamma-
tory disease activity or progression, at which the 
reintroduction of cladribine tablets in the thera-
peutic sequence could ensure better treatment 
response and a durable effect on disease control.

The long-term safety of cladribine tablets and any 
cumulative effects of additional courses is of 
interest. Integrated safety analyses from the clad-
ribine tablets clinical program showed no 
increased rates of malignancies or infections in 
patients receiving higher doses and additional 
courses of cladribine tablets during clinical stud-
ies, however, more real-world cohort and registry 
data are needed.

The prolonged disease-free periods with cladrib-
ine tablets, without the necessity for continuous 
treatment, provide flexibility in redosing or 
switching to another highly effective DMT, which 
may be an advantage, for example when planning 
a pregnancy and breastfeeding. Cladribine tablets 

Figure 1. Proposed patient management based on response to cladribine tablets.
*Re-treatment, defined as a full course of cladribine tablets comprising 2 treatment years followed by 2 years of 
observation,5 is envisioned for responders, potential sustained responders, and sustained responders without 
contraindications who show any signs of new disease activity or progression. For potential non-responders, consider 
cladribine re-treatment or switching to another highly effective disease-modifying therapy DMT (HE-DMT); for  
non-responders [e.g. those with clinical and/or magnetic resonance imaging (MRI) disease activity or disease progression 
after year 2], consider switching to another HE-DMT.
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represent a therapeutic option to take time with-
out wasting time.
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