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ABSTRACT

Immune reconstitution therapy (IRT) is an
emerging management concept for multiple
sclerosis, whereby a short course of treatment
provides long-lasting suppression of disease
activity. “Cladribine tablets 10 mg” refers to a
total cumulative dose of cladribine given over
2years (henceforth referred to as cladribine
tablets 3.5 mg/kg); it is a relatively new treat-
ment option that is hypothesised to act as an
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IRT acting preferentially on the adaptive
immune system. A randomised, 2-year, placebo-
controlled trial (CLARITY) showed that treat-
ment with cladribine tablets reduced indices of
disease activity (relapses, lesions on magnetic
resonance images, disability progression) and
that this effect outlasted the pharmacologic
effect of the treatment on the immune system
(mainly a reduction in circulating B and T cells,
with little effect on components of the innate
immune system such as monocytes). CLARITY
Extension, a 2-year extension to this trial,
demonstrated durable efficacy, also in patients
who received the standard 2-year course of
cladribine tablets 3.5 mg/kg and were re-ran-
domised to placebo for a further 2 years.
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Relative risk reductions for relapse rate with
cladribine tablets 3.5 mg/kg were similar for
patients with or without prior high disease
activity. Reductions in disability progression
with cladribine tablets 3.5 mg/kg were higher in
patients with prior high relapse rates with or
without prior treatment non-response. In this
review, we describe the therapeutic profile of
cladribine tablets 3.5 mg/kg and provide prac-
tical information on initiating this treatment
option in the most appropriate patients.

Keywords: Cladribine tablets; Disease-
modifying drugs; Immune reconstitution
therapy; Relapsing-remitting multiple sclerosis

Immune reconstitution therapy (IRT) is an
emerging management concept for
relapsing multiple sclerosis (RMS),
whereby a short course of treatment
provides long-lasting suppression of
disease activity.

“Cladribine tablets 10 mg” refers to a total
cumulative dose of cladribine given over
2 years (henceforth referred to as
cladribine tablets 3.5 mg/kg); it is a
relatively new treatment option,
hypothesised to act as an IRT acting
preferentially on the adaptive immune
system.
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Results from randomised trials and from
extensions to these trials have shown
reductions in relapse rates that clearly
outlasted the period of drug
administration, consistent with an IRT-
like mechanism.

Treatment with cladribine tablets 10 mg is
associated with a low rate of serious
infections.

The monitoring burden associated with
the treatment is also low compared with
other high-efficacy disease-modifying
drugs for RMS.

We describe the therapeutic profile of
cladribine tablets 3.5 mg/kg and provide
practical information on initiating this
treatment in the most appropriate
patients.

INTRODUCTION

The introduction of immune reconstitution
therapy (IRT) into the management of multiple
sclerosis (MS) has the potential to provide dur-
able efficacy over time without a need for sus-
tained maintenance treatment [1, 2] In this
review we describe the concept of pharmaco-
logic IRT and summarise its practical applica-
tion for the management of relapsing-remitting
MS (RRMS), with special focus on “cladribine
tablets 10 mg”, which refers to a total cumula-
tive dose of cladribine given over 2 years
(henceforth referred to as cladribine tablets
3.5 mg/kg). “cladribine tablets” is a new orally
active disease-modifying drug (DMD) approved
for use in RRMS in many countries, and
cladribine tablets 10 mg is hypothesised to act
as an IRT.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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BRIEF OVERVIEW OF IMMUNE
RECONSTITUTION THERAPY

The application of an IRT induces a transient
reduction in the number of circulating immune
cells following a short course of treatment (de-
scribed in more detail in subsequent sections)
[1]. Accordingly, in theory, IRT may minimise
the potential adverse consequences of long-
term immunosuppression (especially infections
and increased risk of malignancy), with a
reduction in the rates of MS relapse and disease
progression that outlasts the period of immune
suppression [1]. Autologous hemopoietic stem
cell therapy (aHSCT) is the most recognised
form of IRT, and has been described as “re-
booting” the immune system to provide long-
lasting remission of otherwise refractory
autoimmune and other diseases, including
RRMS [3, 4]. While this treatment has become
safer in recent years, it remains highly invasive,
requiring complete ablation of the immune
system, and it must be administered in special-
ist centres. Pharmacologic IRT has become an
alternative option in recent years. Alem-
tuzumab (injectable anti-CD25 antibody) and
cladribine tablets 3.5 mg/kg (oral administra-
tion) are currently available DMDs that have
been suggested to act as IRTs [5-7].

Cladribine tablets 3.5 mg/kg is administered
over 2 years (1.75 mg/kg/year) and given during
two treatment weeks, one at the beginning of
the first month and one at the beginning of the
second month of each treatment year [5]. There
is no requirement for further treatment in years
3 and 4 after the initiation of treatment
according to the drug’s European labelling [5].
Alemtuzumab is given as a course of five doses
of 12 mg/day on 5 consecutive days, followed
by a second treatment course of 12 mg/day on 3
consecutive days 1 year later (up to two addi-
tional courses can be given if needed) [6]. Pre-
treatment with corticosteroids is required before
the administration of alemtuzumab for the first
3 days of any treatment course [6].

Other interventions may have the potential
to act as IRTs. For example, the mechanism of
ocrelizumab is consistent with a potential to act
as an IRT; however, this agent is given

continuously (chronic administration), albeit
with a long (6-monthly) interval between suc-
cessive maintenance doses. It is not known
whether or not the efficacy of ocrelizumab
outlasts the period of administration, and this
agent is generally considered to be a continuous
or maintenance therapy [8, 9]. Accordingly, the
therapeutic profile of ocrelizumab is not
described in  detail here.  Autologous
haemopoietic stem cell transplantation has also
been applied to people with MS, but this highly
specialised intervention lies outside the scope of
our review, which focuses on pharmacologic
treatments.

THERAPEUTIC PROFILE

OF CLADRIBINE TABLETS 3.5 MG/
KG IN RELAPSING-REMITTING
MULTIPLE SCLEROSIS

Effects on the Immune System

The administration of cladribine tablets induces
a rapid and marked (about 50-85%) reduction
in CD4" T cells and to a lesser extent in CD8" T
cells [5]. Large reductions in CD19" B cells are
also seen, together with a reduction in CD16"/
CD561 natural Kkiller cells, with the latter cells
recovering faster than CD4" T cells [5]. In one
study, lymphocyte counts returned to normal
in more than three-quarters of patients by
144 weeks after the initial administration of
cladribine tablets. There was a lesser effect on
other immune cell types, including monocytes
and platelets, which typically remained within
the normal range, a pharmacologic profile
consistent with some degree of selectivity for
the adaptive immune system [9].

Clinical Efficacy

The clinical efficacy of cladribine tablets
3.5 mg/kg was evaluated in 1326 patients with
RRMS in the CLAdRIbine Tablets treating mul-
tiple sclerosis orallY (CLARITY) study, a ran-
domised, placebo-controlled, 96-week clinical
trial (Table 1) [10]. Briefly, compared to placebo,
cladribine tablets 3.5 mg/kg was associated with
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Table 1 Summary of efficacy outcomes for cladribine tablets 3.5 mg/kg in the CLARITY trial and its extension

Parameter Main finding (for cladribine tablets 3.5 mg/kg except where stated)”

Randomised phase

Annualised relapse rate Lower for cladribine tablets 3.5 mg/kg (0.14) vs. placebo (0.33) (p < 0.001)
(10]

% Relapse free [10] Higher for cladribine tablets 3.5 mg/kg (79.7%) vs. placebo (60.9%) (p < 0.001)
Disability progression Hazard rate 0.67 (95% CI 0.48-0.93) (p = 0.02) for sustained 3-month EDSS progression
[10]° for cladribine tablets 3.5 mg/kg vs. placebo

Extension phase

Relapse rates [15] Maintained efficacy in the 2-year extension phase for patients continuing on cladribine tablets

3.5 mg/kg or re-randomised to placebo—efficacy persisted after recovery of lymphocytes

About 75% re-randomised from cladribine tablets 3.5 mg/kg to placebo for 2 years remained

relapse free

Disability progression [15] No difference in 3-month confirmed EDSS progression between groups irrespective of order

of cladribine tablets 3.5 mg/kg or placebo administration

MRI activity [16]° 90.4% relative reduction in T1 Gd + lesions at the end of the extension compared with the
end of the randomised phase for patients re-randomised from placebo to cladribine tablets

3.5 mg/kg for the extension phase

There was some reactivation of MRI activity mainly associated with longer gaps between the

randomised and extension phases of the study
Post hoc and subgroup analyses
Sustained NEDA [11]*  Cladribine tablets 3.5 mg/kg vs. placebo (all comparisons are p < 0.001)
24 weeks: 67% vs. 39%; OR 3.31 (95% CI 92.46-4.46)
48 weeks: 54% vs. 24%; OR 3.80 (95% CI 2.77-5.22)
96 weeks: 44% vs. 16%; OR 4.25 (95% CI 3.05-6.02)

Patient subgroups [12] Consistent reductions in risk of relapse in patients stratified for gender, gender; age; MS
duration; prior DMD treatment (or not); relapses in prior year; EDSS; baseline MRI
lesions (all p < 0.05)

High baseline disease 47% reduction in the risk of 6-month EDSS progression in a subgroup with high disease

activity [13]° activity at baseline
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Table 1 continued

Parameter Main finding (for cladribine tablets 3.5 mg/kg except where stated)”

Health economics [14] Reduced need with cladribine tablets 3.5 mg/kg vs. placebo for inpatient treatment (difference

- 3.19 days, emergency room visits (= 0.09) or clinic visits (=0.68) (all p < 0.01)

CLARITY CLAdRIbine Tablets treating multiple sclerosis orallY, MRI magnetic resonance imaging, NEDA No Evidence
of Disease Activity, CI confidence interval, EDSS Expanded Disability Status Scale, OR odds ratio, Gd gadolinium, MS
multiple sclerosis, DMD disease-modifying drug

* This study evaluated cladribine tablets 3.5 mg/kg (3.5 mg/kg cumulative dose over 2 years) and also cladribine tablets
5.25 mg/kg. This latter dosage is not used clinically as it was associated with similar efficacy and more tolerability issues.

Accordingly, only data for cladribine tablets 3.5 mg/kg are shown here

® Sustained increase in the Kurtzke EDSS of > 1 point (or > 1.5 points if baseline EDSS was 0)

¢ Presence/absence of T1 Gd-enhancing lesions; T2 lesion volume

4 Free from relapse, 3-month sustained change in EDSS score and new MRI lesions (T1 Gd-enhancing lesions or active T2

lesions)
<

> 2 relapses during the year prior to study entry irrespective of prior DMD or with disease activity on treatment (as

before + patients with > 1 relapse during the year prior to study entry while on DMD and > 1 T1 Gd + or > 9 T2

lesions)

lower relapse rates, a higher proportion of
patients with no evidence of disease activity,
less progression of disability and a reduction in
disease activity as measured by magnetic reso-
nance imaging (MRI) [10-16]. The reduction in
disability progression was greater in patients
with higher indices of disease activity at base-
line than in those without higher baseline
indices of disease activity [13]. The efficacy of
cladribine tablets 3.5 mg/kg was similar in a
range of other patient subgroups [12]. Reduc-
tions in relapse rates or the appearance of new
MRI events (T1 gadolinium-enhancing lesions)
with cladribine tablets 3.5 mg/kg versus placebo
were comparable for the relatively higher or
lower risk subgroups, defined according to the
presence of higher disease activity at baseline,
with or without disease activity on previous
DMD treatment (treatment non-response;
Fig. 1) [13]. Reductions in disability progression
(6-month progression on the Expanded Dis-
ability Status Scale [EDSS]) and increases in
NEDA (No Evidence of Disease Activity) status
with cladribine tablets 3.5 mg/kg treatment
were significantly greater in the higher disease
activity subgroups (Fig. 1) [13]. Treatment with
cladribine tablets 5.25 mg/kg was also evaluated
in the CLARITY study, where it demonstrated a

similar efficacy in MS but a greater potential for
lymphopenia; accordingly, this dose is not used
clinically and is not described in this article.
CLARITY Extension was a 2-year extension
to CLARITY (n = 806) [15, 16]. The annualised
relapse rate was 0.10 (95% confidence interval
[CI] 0.06-0.13) for 186 patients who received
cladribine tablets 3.5 mg/kg in both CLARITY
and CLARITY Extension and 0.15 (95% CI
0.09-0.21) for 98 patients who received
cladribine tablets 3.5 mg/kg in CLARITY and
placebo in CLARITY Extension; 81.2 and 75.6%
of patients, respectively, remained relapse-free
over 4 years [15]. The relative risk (RR) reduc-
tion between these two cohorts (RR 0.65, 95%
CI 0.39-1.08) did not reach statistical signifi-
cance (p = 0.059). The authors concluded that
“Cladribine tablets treatment for 2 years fol-
lowed by 2 years’ placebo treatment produced
durable clinical benefits similar to 4 years of
cladribine treatment” [15]. The benefit-to-risk
considerations therefore favour 2years of
treatment with cladribine tablets 3.5 mg/kg,
rather than 4 years. This therapeutic response
supports the hypothesis that therapy with
cladribine tablets has the characteristics of an
IRT, in that a course of treatment given over
2 years provided protection against relapse for
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Annualised relapse rate ratio Pint
All patients - -
HRA -—
0.07
Non-HRA -
HRA+DAT ——
0.10
Non-HRA+DAT -

New T1 Gd+ MRI lesions

All patients - -
HRA ——
—— 0.42
Non-HRA
HRA+DAT ——
—— 0.16

Non-HRA+DAT
6-month EDSS progression

All patients —— -
Non-:ig —-
Non-:RRi*;DDﬁI' ——

6% 0.01 0.1 1 10

Odds ratio (95% CI)

Fig. 1 Effects of cladribine tablets 3.5 mg/kg (3.5 mg/kg
cumulative dose over 2 years) vs. placebo on outcomes
shown in subgroups with higher or lower multiple sclerosis
disease activity at baseline in a post hoc analysis from the
CLARITY (CLAdRIbine Tablets treating multiple scle-
rosis orallY) trial. CI Confidence interval, DAT high
relapse activity before randomised treatment (see HRA)
plus discase activity on treatment, EDSS Expanded
Disability Status Scale, G4* gadolinium-enhancing, HRA
high relapse activity before randomised treatment (> 2
relapses during the year prior to study entry), MRI
magnetic resonance imaging; no evidence of disease
activity = no relapses, no 3-month-confirmed EDSS wors-
ening, no T1 Gd™ lesions, no active T2 lesions. Adapted
from Giovannoni et al. [13], first published by Sage on 2
May 2018, under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License

the majority of patients for at least a further
2 years, without further treatment and despite
recovery of median total lymphocyte counts to
within the normal range.

There was some increase in lesion activity on
the MRI scans in patients in CLARITY Extension
who received cladribine tablets 3.5 mg/kg in the
initial (2-year) phase and then received placebo
in the extension phase [16]. This increased
lesion activity was mainly in patients who
entered the extension phase more than
43 weeks after the end of the randomised phase
[16].

Cladribine tablets reduced the risk of con-
version to clinically definite MS (CDMSY)

following a first demyelinating event in the
randomised, placebo-controlled, 96-week Oral
Cladribine in Early Multiple Sclerosis (ORACLE
MS) trial (hazard ratio 0.33, 95% CI 0.21-0.51;
p < 0.0001) [17]. It should be noted, however,
that cladribine tablets do not have a therapeutic
indication for use in people with clinically iso-
lated syndrome (CIS) either in Europe [6] or in
the USA [18]; indeed, its US labelling specifies
that cladribine tablets are not recommended for
the management of CIS [18]. However, the
ORACLE trial was published in 2014; a sub-
stantial proportion of patients diagnosed with
CIS at that time would now be considered to
have CDMS according to the updated McDon-
ald criteria for the diagnosis of MS [19].

Safety and Tolerability

Serious adverse events in the initial 2-year phase
of the CLARITY study occurred in 8.4% of the
cladribine tablets 3.5 mg/kg group and in 6.4%
of the placebo group [10]. Infections presenting
as a serious adverse event were uncommon in
the cladribine tablets 3.5 mg/kg treatment arm
(2.3% vs. 1.6% for placebo) and were mainly
reactivation of herpes zoster (all restricted and
dermatomal in nature) [10]. Three cases of
tuberculosis (TB) occurred in patients receiving
cladribine tablets 3.5 mg/kg for MS [5]. Screen-
ing for TB is now mandatory for all patients
before initiating therapy with cladribine tablets
3.5 mg/kg according to European labelling [S].
Progressive multifocal leukoencephalopathy
has not been observed at the time of writing this
review in patients with MS taking cladribine
tablets.

Limited data on malignancy are currently
available for cladribine tablets 3.5 mg/kg [20].
The European Summary of Product Character-
istics for cladribine tablets 3.5 mg/kg describes a
higher incidence of malignancy versus placebo
(0.29 wvs. 0.15/100 patient-years); a similar
statement is made in the US labelling using data
from slightly longer safety observations [5, 18].
The incidence of malignancy appears to be no
higher for cladribine tablets 3.5 mg/kg than for
other DMDs [21], and there has been no
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evidence of clustering of any given type of
malignancy [22].

Epidemiological comparisons with the inter-
national GLOBOCAN database reference popu-
lation demonstrated a standardised incidence
ratio (SIR; 95% CI) for any cancer (excluding non-
melanoma skin cancer) of 0.97 (0.44-1.85) for a
cohort who received oral monotherapy with
cladribine tablets 3.5 mg/kg and 0.48 (0.14-1.53)
for placebo [23]. Other cohorts provided similar
results: the corresponding SIR for a placebo-
controlled double-blind treatment cohort was
1.39 (0.59, 2.76) for cladribine tablets (no cases
on placebo), while the SIRs for placebo and
cladribine tablets for all exposed patients were
0.38 (0.11, 1.21) and 1.06 (0.70, 1.55) [23]. These
results indicate there is no difference between the
incidence of malignancies seen in patients who
received cladribine compared with the general
population. Overall, the apparent difference in
cancer rates between cladribine tablets 3.5 mg/kg
and placebo in the clinical trials database
described above may have arisen from the
unexpectedly low incidence of malignancy in
the placebo control group of CLARITY [21].

Patients taking cladribine tablets should be
advised to follow standard cancer screening
guidelines.

PRACTICAL USE OF CLADRIBINE
TABLETS 3.5 MG/KG

IN THE MANAGEMENT

OF MULTIPLE SCLEROSIS

Initiation—Who?

The (European) therapeutic indication is for
highly active RRMS (Box 1) [5]. The drug is
contraindicated in  immunocompromised
patients and in patients with active malignancy.
Other contraindications and precautions relate
mainly to populations that were not repre-
sented strongly in the clinical trials. Important
contraindications relate to avoidance of preg-
nancy and breastfeeding during treatment, and
these are summarised in Box 2 [5].
Lymphocyte counts must be normal before the
first treatment course. To be eligible for treatment

Box 1 Initiating treatment with cladribine tablets 3.5 mg/
kg for patients with multiple sclerosis

Therapeutic indication

Highly active relapsing—remitting multiple sclerosis

(on clinical or imaging features)
Contraindications

Infection with human immunodeficiency virus

Active tuberculosis or hepatitis infection

Immunocompromised patients (including iatrogenic

causes)

Moderate or severe renal impairment (creatinine

clearance < 60 mL/min)*

Active malignancy

Pregnancy and breastfeeding
Not recommended

Moderate or severe hepatic impairment”
Prescribe with caution

Elderly (> 65 years)®
Before first prescription

Measure lymphocyte count (must be normal)

Screen for/treat latent infections, especially

tuberculosis, hepatitis B and C, varicella zoster
Check for/treat acute infections

Vaccination recommended for varicella-zoster

antibody-negative patients

Baseline magnetic resonance imaging (< 3 months

after treatment initiation)

Compiled from Mavenclad® 10 mg tablets European
Summary of Product Characteristics [5]. Information
is paraphrased for brevity: local full labelling should
be checked before prescribing

*Due to insufficient clinical trial data available for

unrestricted indication in these populations

with cladribine tablets 3.5 mg/kg patients must be
free from existing significant infections (screen
especially for active TB or hepatitis and treat these
successfully before initiating treatment, and also
for latent or acute infections).

I\ Adis



18

Neurol Ther (2020) 9:11-23

Box 2 Specific requirements from the European labelling
relating to avoidance of pregnancy and breastfeeding dur-
ing and after treatment with cladribine tablets 3.5 mg/kg

Contraception

Counsel women of childbearing potential and men
who could potentially father a child on the need for
effective contraception during, and for at least

6 months after, administration of cladribine tablets

3.5 mg/kg

Women using systemic hormonal contraception
should add a barrier method during, and for 4 weeks

after, administration of cladribine tablets 3.5 mg/kg
Pregnancy”
Pregnancy must be excluded before initiation of

treatment with cladribine tablets 3.5 mg/kg

Stop treatment immediately if pregnancy occurs

during administration of cladribine tablets 3.5 mg/kg
Breastfeeding®

Women should not breastfeed during treatment with,
and for 1 week after, administration of cladribine

tablets 3.5 mg/kg

Compiled from Mavenclad® 10 mg tablets European
Summary of Product Characteristics [5]. Information
is paraphrased for brevity: local full labelling should
be checked before prescribing

*Requirements for avoidance of pregnancy and

breastfeeding apply to both treatment years 1 and 2

Vaccination for Herpes (varicella) zoster is
recommended for patients previously unex-
posed to this virus. Treatment with cladribine
tablets 3.5 mg/kg should be withheld for 4--
6 weeks after the administration of a live or
attenuated live vaccine, and other medications
should not be taken within 3 h of taking this
treatment.

Initiation—How?

As mentioned in the Introduction, “cladribine
tablets 3.5 mg/kg” refers to a total cumulative
dose of the drug given over 2 years. The tablet

strength is 10 mg, and its labelling describes
how many tablets a patient needs to take each
week, according to the individual’s body weight
[5, 18] Cladribine tablets are administered over
5 consecutive days initially (or 4 days for
patients with body weight 40-50 kg), both at
the start of treatment and again 1 month later.
This treatment course is repeated 1 year later
(subject to recovery of the lymphocyte count;
see Box 3 [5]), with no requirement for further
treatment (based on the CLARITY Extension
study, see above). In summary, patients need to
take one or two tablets daily, for 16 or 20 days in
a 2-year period depending on their body weight.

The therapeutic indication for cladribine
tablets is highly active MS (see Box 1 for the
European indication; the US indication specifies
that the treatment is “generally recommended
for patients who have had an inadequate
response to, or are unable to tolerate, an alter-
nate drug indicated for the treatment of MS”).

Box 3 Monitoring requirements for cladribine tablets
3.5 mg/kg in the management of multiple sclerosis

Measure lymphocyte counts immediately before each
treatment course, and at 2 and 6 months after each

treatment course

Lymphocyte count must be > 800 cells/mm?> before
the year 2 treatment course of cladribine tablets

3.5 mg/kg’

Initiate prophylactic treatment for herpes (varicella)

zoster lymphocyte if count drops to < 200 cells/mm”

Monitor for infections if lymphocyte count falls to <
500 cells/mm? (especially herpes zoster) and monitor

lymphocyte count actively until it recovers

Compiled from Mavenclad® European Summary of
Product Characteristics [5]. Information is
paraphrased for brevity: local full labelling should be
check before prescribing

*The second treatment course can be delayed for up to
6 months before the second treatment course is
started; withdraw treatment if lymphocyte count

remains insufficient
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Table 2 Suggestions for switching to cladribine tablets 3.5 mg/kg from other disease-modifying drugs

Prior treatment

Suggested time to wait before switching from prior treatment to cladribine tablets

Glatiramer acetate®
b
Interferon-f7,
Interferon-Py,
Dimethyl fumarate
Teriflunomide
Fingolimod
Natalizumab

Alemtuzumab

None, or until remission of treatment-specific effects

None, or until remission of treatment-specific effects

None, or until remission of treatment-specific effects

None, or until remission of treatment-specific effects

> 4 weeks, or until remission of treatment-specific effects

> 4 weeks, or until remission of treatment-specific effects

> 6-8 weeks, or until remission of treatment-specific effects

> 6-12 months, or until remission of treatment-specific effects

Suggestions are based on European Summary of Product Characteristics (SmPC) for each agent and the experience of the
authors. Lymphocyte count must be “normal” before initiating cladribine tablets 3.5 mg/kg in year 1 (see SmPC [5]).

Treatment-specific effects of DMDs include side-effects of each treatment and/or effects on blood counts

* 20 mg/mL or 40 mg/mL

b . . .
Includes subcutancous and intramuscular formulations and Peginterferon-f;,

Accordingly, in practice, most patients who
receive this treatment are likely to have
responded sub-optimally to a previous DMD.
Table 2 provides suggested guidance for
switching from commonly used first- or second-
line DMDs to cladribine tablets 3.5 mg/kg, such
as that based on the Furopean labelling for
these DMDs and the experience of the authors
[5, 24-28]. Immediate switching to cladribine
tablets 3.5 mg/kg is consistent with its clinical
indication [5] in cases where the previous DMD
is eliminated quickly and where long-lasting
suppression of lymphocyte counts is absent.
Teriflunomide persists in the body for a period
of months to years, and an accelerated washout
procedure is available [26], while a 6-week
washout of fingolimod should be sufficient to
allow this agent to clear the body [28].

Monitoring Requirements

Little monitoring is required during treatment
with cladribine tablets 3.5 mg/kg (Box 3).
According to the European labelling, lympho-
cyte counts should be monitored 2 and
6 months after each treatment; where the lym-
phocyte count falls to < 500/mm?, this should
be actively monitored until levels recover [5].
Labelling in the USA is similar, with a

requirement to monitor lymphocyte counts to
month 6 post-treatment where this is <
200/mm? [18]. Pregnancy and infection status
should be checked before the second course of
cladribine tablets [5, 18].

IMPLICATIONS OF IMMUNE
RECONSTITUTION THERAPY
FOR THE CARE OF PATIENTS
WITH MULTIPLE SCLEROSIS

Patient preferences are increasingly at the core
of clinical decision making [29]. The fear of
many patients with MS of disease progression
and disability can itself degrade quality of life
[30, 31]. Most patients wish to receive individ-
ualised information about their prognosis [32]
and may be prepared to make trade-offs
between the greater expected efficacy and more
challenging tolerability profiles of more effec-
tive DMDs. Preferences for oral versus
injectable treatment, and the burden of moni-
toring required, may also influence a patient’s
preference  between different treatments
(31, 33].

Planning for pregnancy is a further consid-
eration (see Box 3). Cladribine tablets 3.5 mg/kg
is contraindicated in this setting, and
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precautions to prevent pregnancy must be
maintained for at least 6 months after treatment
(of either partner), although its efficacy persists
well beyond this period, with no additional
treatment needed for several years in most
patients after the treatment course in the sec-
ond year.

Our aim in this review was to provide prag-
matic recommendations for the administration
of cladribine tablets as a relatively new thera-
peutic option for the management of MS. A
detailed account of the relative efficacy and
tolerability/safety of this agent is beyond the
remit of this review, and the reader is referred to
other sources for this information [34, 35]. One
network meta-analysis (of 44 studies that eval-
uated 12 DMDs) compared cladribine tablets
with other DMDs in people with MS [34]. The
findings of this meta-analysis were that
cladribine tablets were significantly more effec-
tive in reducing the annualised relapse rate than
the “platform” or “first-line” therapies (inter-
ferons, glatiramer acetate, teriflunomide), they
were similar to fingolimod and there was a non-
significant trend towards slightly lower efficacy
compared with alemtuzumab, natalizumab or
ocrelizumab. Broadly similar results were
obtained for measures of confirmed disability
progression over different time periods.
Cladribine tablets were more likely to result in
NEDA than platform therapies, where data were
available. There was no significant difference in
the risk of adverse events between cladribine
tablets and placebo, and most other DMDs,
with a trend for more such events when patients
were on alemtuzumab and interferon. It should
be noted that the European Medicines Agency
has recently restricted the indications for
alemtuzumab due to concerns over rare, but
serious, cardiovascular and autoimmune averse
events, in particular [36].

Indeed, NEDA is emerging as a treat-to-
target outcome for people with MS on a
highly active DMD [37, 38]. The greater effi-
cacy of cladribine tablets 3.5 mg/kg in pre-
venting EDSS progression and increasing the
likelihood of NEDA in patients with high dis-
ease activity at baseline in a post hoc analysis
of the CLARITY study [13] (see Fig. 1) suggests
that this agent is particularly suitable for

patients at greater risk of future relapses and
future disability. The CLARITY Extension
study was not designed to determine the
benefit of further courses of cladribine tablets
in response to clinical or MRI events, so it has
not been proven whether patients would
benefit from additional course should disease
recurrence occur. Additional courses of
cladribine tablets were associated with an
increased risk of certain safety events, partic-
ularly an increased risk of severe lymphopenia.
These risks will need to be assessed against the
potential benefits of additional courses, and
new clinical data are needed to guide physi-
cians in the long term. No formal therapeutic
indication exists for continued treatment with
cladribine tablets beyond 2 years at the present
time.

CONCLUSIONS

Immune reconstitution therapy provides a
radically different therapeutic approach to
continuously administered maintenance ther-
apies. Compared with DMDs that require
continuous administration, pharmacologic IRT
courses are short and intermittent, the
potential for immunosuppression is transient
and the period of suppression of MS disease
activity long outlasts both the period of
treatment and the duration of suppression of
lymphocyte counts. Experience to date sug-
gests that cladribine tablets 3.5 mg/kg acts like
an IRT, as it demonstrates efficacy against
disease activity for at least 2years following
the end of the second-year treatment. Therapy
with cladribine tablets 3.5 mg/kg has a low
potential for serious infections. An increased
incidence of malignancy was seen for cladrib-
ine tablets versus placebo in the clinical trials.
However, the placebo rate of malignancies was
unexpectedly low, and there appeared to be
no difference in malignancy rates for cladrib-
ine tablets compared to a matched reference
population. The monitoring requirements
associated with cladribine tablets are low,
compared with most other high-efficacy
DMTs, with minimal interference with
patients’ daily lives.
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