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Abstract

Cladribine is a purine nucleoside analog initially developed in the 1970s as a treatment for various blood cancers. Due to
the molecule’s ability to preferentially reduce T and B lymphocytes, it has been developed into an oral formulation for the
treatment of multiple sclerosis (MS). The unique proposed mechanism of action of cladribine allows for the therapy to be
delivered orally over two treatment-week cycles per year, one cycle at the beginning of the first month and one cycle at the
beginning of the second month of years 1 and 2, with the potential for no further cladribine treatment required in years 3
and 4. This review summarizes the clinical development program for cladribine tablets in patients with MS, including the
efficacy endpoints and results from the 2-year phase III CLARITY study in patients with relapsing—remitting MS (RRMS),
the 2-year CLARITY EXTENSION study, and the phase IIl ORACLE-MS study in patients with a first clinical demyelinat-
ing event at risk for developing MS. Efficacy results from the phase I ONWARD study, in which cladribine tablets were
administered as an add-on to interferon-f} therapy in patients with RRMS, are also summarized. A review of all safety data,
including lymphopenia, infections, and malignancies, is provided based on data from all trials in patients with MS, includ-
ing the initial parenteral formulation studies. Based on these data, cladribine tablets administered at 3.5 mg/kg over 2 years
have been approved across the globe for various forms of relapsing MS.

common causes of serious neurological disability in young
adults, and one of the most prevalent neurological disor-
ders in the world [1]. In 2016, the estimated global preva-
lence of MSS was 2.2 million, an increase of 10.4% from the
age-standardized MS prevalence in 1990 [2]. Among the
more than 2 million people with MS, more than 900,000 are
thought to reside in the United States (US) [3]. About 85%
of patients with MS present with relapsing—remitting MS
(RRMS), which is characterized by periodic acute exacerba-
tions of disease activity (relapses) punctuated by periods of
clinical stability. Relapses may be associated with partial or
complete recovery [4].

1 Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, immune-
mediated demyelinating and neurodegenerative disease of
the central nervous system (CNS). It is one of the most
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MS is associated with poor health-related quality of
life and can have a profound effect on social functioning,
employment status, and healthcare costs [5, 6]. The mean
age at onset of symptoms is 30 years, and approximately
75% of patients are female [7]. Therefore, many patients
are women of childbearing age, and MS can impact fam-
ily planning due to risks associated with treatments that
may affect pregnancy [8]. While there are no adequately
controlled studies of disease-modifying drugs (DMDs) and
pregnancy, there is a significant body of evidence on the
safety of DMDs during pregnancy, generated primarily
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Multiple sclerosis (MS) is a neurodegenerative disease
that affects more than 2 million people globally and

is associated with poor quality of life. MS involves an
aberrant immune system attacking the central nervous
system, and disease-modifying drugs are thought to act
by suppressing or modulating the immune system.

Cladribine tablets are the first oral therapy with a short-
course, limited cycle dosing schedule approved for
patients with relapsing forms of MS (RMS). In clinical
studies, cladribine tablets have demonstrated efficacy in
patients across the RMS spectrum.

The safety profile of cladribine tablets monotherapy at
the recommended dosage of 3.5 mg/kg includes data
from > 3700 patient-years of cladribine exposure at this
dose, and from > 2200 patient-years of placebo expo-
sure in clinical trials. The most common adverse events
reported with cladribine tablets include headaches and
lymphopenia. Additional adverse events examined
include malignancy and infections.

from clinical experience and pregnancy registries. Large
interferon (IFN)-p registry studies have found no evidence
for differences in infant size [9], congenital anomalies, or
miscarriages [10], and recently updated IFN-f Summaries
of Product Characteristics recommend to continue treat-
ment during pregnancy and while breastfeeding if clinically
needed [11, 12]. Glatiramer acetate is also generally consid-
ered to be safe for use during pregnancy [13, 14]. However,
the labels for the majority of DMDs for patients with MS
either state to use ‘only if clearly needed’ [15], to avoid these
therapies unless the benefits outweigh the risks [16-19], or
not to use at all, and a washout period is recommended prior
to pregnancy [20-26]. Longitudinal studies indicate that life
expectancy is shorter for patients with MS compared with
the general population (approximately 7 years shorter in a
Norwegian population studied over a 60-year period) [27],
but rising prevalence without parallel changes in incidence,
and a shift in peak age towards older age groups, suggest
that survival is improving (based on Canadian data col-
lected over 2 decades) [28]. An aging MS population may
be associated with significant disability; in a self-reporting
postal survey conducted in a Canadian cohort of MS patients
aged > 55 years who had been living with MS for a mean of
approximately 33 years, 28% either required a wheelchair or
were bedridden [29].

Lymphocytes play a central role in the pathogenesis of
MS, with the actions of both B and T cells in the periphery
and in the CNS implicated from an early stage in the disease
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process. Immune cells activated in the periphery enter the
CNS, facilitated by chemokines [30, 31]. Autoreactive T
cells are present in acute CNS lesions in early MS [30, 32];
their reaction to myelin protein-derived antigens [32] con-
tributes to direct cytotoxic effects and stimulation of mac-
rophages [31, 33]. B cells have a role in the proliferation and
reactivation of T cells, acting as antigen-presenting cells,
and fully differentiated B cells further contribute to demyeli-
nation via the production of antibodies to myelin by plasma
cells [30, 31, 33, 34]. Thus, the combined actions of T cells,
B cells, and macrophages contribute to demyelination and
axonal damage, triggering neurodegenerative processes from
disease onset [30, 31]. Later in the course of the disease,
chronic CNS inflammation drives ongoing neurodegenera-
tion, possibly via neurotoxic inflammatory mediators pro-
duced by activated microglia and astrocytes [32].

Treatment options for relapsing forms of MS (RMS) com-
prise a number of immunosuppressive and immunomodu-
latory agents. The first DMD, IFN-B-1b, was approved by
the US Food and Drug Administration (FDA) for RMS in
1993 [19] and by the European Medicines Agency (EMA) in
1995 [35]. Alternative forms of IFN-f (subcutaneous [SC]
and intramuscular [IM] IFN-p-1a) and glatiramer acetate
entered the market between 1996 and 2002, becoming stand-
ard treatment over the ensuing years [36]. The introduction
of natalizumab, a recombinant monoclonal antibody against
cell adhesion molecule a4-integrin [23] (initially approved
in 2004, withdrawn from the market, then reintroduced in
2006 [37]), marked a shift in the treatment paradigm for MS
[38]. While this molecule was perceived to be more effective
than the IFNs and glatiramer acetate [39], it is associated
with greater risks, including progressive multifocal leukoen-
cephalopathy (PML), which is rare but carries significant
morbidity and a mortality rate of approximately 23% [40].
After a span of nearly 20 years of injectable therapies, oral
DMDs became available. While patients have generally pre-
ferred oral DMDs over injections when given the choice
[41], most approved oral DMDs, including fingolimod, terif-
lunomide, dimethyl fumarate and siponimod, require regular
and ongoing dosing once- or twice-daily [20-22].

More recently, therapies with different hypothesized
mechanisms of action (MOA) that require less frequent dos-
ing have become available. Ocrelizumab is an anti-CD20
antibody, administered via intravenous (IV) infusion every
6 months (after the initial dose, which is split across two
infusions 2 weeks apart) [25, 42]. Alemtuzumab is an anti-
CD52 antibody with an infrequent dosing regimen, involv-
ing infusions over a course of 5 days in year 1, followed
by 3 days in year 2, with further 3-day courses adminis-
tered as needed thereafter, separated by intervals of at least
12 months [24, 43]. Both antibodies are thought to deplete
lymphocytes via cytolysis and complement-mediated lysis,
with different profiles based on expression of their respective
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target antigens on B cells, T cells, and other immune cells
[24, 25, 44-46].

Cladribine tablets are the first oral therapy with an infre-
quent dosing schedule, administered in two yearly treatment
courses, each divided into two treatment cycles compris-
ing 4-5 days of treatment [12, 26]. Cladribine tablets are
thought to exert their clinical effects via a transient reduction
of selective lymphocyte subtypes, followed by a recovery
period during which cell numbers return to the normal range
[47, 48]. While immune function is restored as cell num-
bers recover, cell subtype ratios are thought to be altered,
resulting in a reduction in autoreactive lymphocytes [47-49].
Thus, a short dosing period is thought to achieve sustained
effects on lymphocytes that persist for an extended period
after the treatment period has ended.

Cladribine tablets have been approved worldwide by
many different regulatory authorities, including the EMA
in 2017 [50] and the FDA in 2019 [51]. In this review, we
provide an overview of the development of cladribine tablets
as a therapy for patients with MS, from initial discovery and
development of the molecule to its putative MOA in MS. We
also review the pertinent efficacy data from clinical studies,
and an integrated safety analysis of > 3700 patient-years’
clinical trial experience with cladribine tablets monotherapy
at the recommended dosage.

1.1 Discovery and Development

Cladribine (2-chlorodeoxyadenosine [2-CdA]) was first
synthesized nearly 50 years ago [52] (Fig. 1). It is a syn-
thetic purine nucleoside analog of deoxyadenosine that was
developed to selectively target lymphocytes in lymphopro-
liferative diseases (e.g. hairy cell leukemia) and autoimmune
disorders [53-55]. The design of cladribine was inspired
by the consequences of adenosine deaminase (ADA) defi-
ciency in children [55, 56]. The selective vulnerability of
lymphocytes in this autosomal recessive genetic disorder
was described by Carson and colleagues as resulting from
the preferential accumulation of cytotoxic deoxyadenosine
nucleotides in lymphocytes, causing lymphocytopenia [54,
57]. Based on this understanding, several nucleoside analogs
were synthesized, including cladribine in the early 1970s
[54, 58, 59]. Following the efficacy observed in lymphoid
leukemias and the ability of cladribine to selectively target
lymphocyte populations, the drug was considered for poten-
tial use in MS [53].

1.2 Mechanism of Action

Cladribine (2-CdA) is a small molecule (molecular mass
285.7 g/mol [60]) prodrug that is taken up by cells via
nucleoside transporter proteins and becomes active in cer-
tain cells upon phosphorylation to 2-chlorodeoxyadenosine

triphosphate (2-Cd-ATP). 2-CdA undergoes sequential intra-
cellular phosphorylation, first to 2-chlorodeoxyadenosine
monophosphate (2-Cd-AMP) mediated by deoxycytidine
kinase (DCK), and subsequently to 2-chlorodeoxyadenosine
diphosphate (2-Cd-ADP) and 2-Cd-ATP by other kinases.
De-phosphorylation by 5'-nucleotidases (5'-NTases) pre-
vents accumulation of 2-Cd-ATP in most cells [31]. Phos-
phorylation preferentially occurs in B and T lymphocytes
due to their unique constitutively high DCK and relatively
low 5'-NTase levels, compared with other cell types. DCK
is a rate-limiting enzyme in the nucleoside salvage path-
way that provides deoxyribonucleosides (ANTPs). The high
DCK level is thought to be important for lymphocyte clonal
expansion during development and immune reactions [61,
62]. Lymphocytes are therefore susceptible to accumulation
of 2-Cd-ATP (Fig. 2). In cells where 2-Cd-ATP accumulates,
it incorporates into deoxyribonucleic acid (DNA) strands,
disrupting DNA synthesis and cell cycle progression, and
inhibits enzymes involved in DNA synthesis, leading to cell
death in both proliferating and quiescent lymphocytes [31,
59, 63].

While the precise mechanisms by which cladribine exerts
its therapeutic effects in patients with MS is not known, its
effects on B and T lymphocytes are thought to play a central
role. Cladribine preferentially reduces cells of the adaptive
immune system, while leaving the innate immune system
relatively spared. Absolute lymphocyte counts (ALC) and
B- and T-cell subset counts rapidly reach nadir following
administration of cladribine tablets, and gradual lymphocyte
count recovery begins soon after treatment and continues
for months afterwards [64]. In the phase IIl CLARITY and
CLARITY Extension studies [65, 66], median ALC reached
nadir, at the lower limit of normal (LLN) at week 13, and
was followed by recovery of cell counts back to the nor-
mal range (Fig. 3). In year 2, median ALC fell below the
LLN but recovered into the normal range by week 84, or
approximately 30 weeks postdose after completion of the
second treatment cycle in year 2. Reduction of CD19+ B
cells in year 1 also reached nadir at about week 13 (below
LLN and approximately 80% change from baseline), fol-
lowed by recovery towards baseline values (Fig. 4). CD19+
B-cell counts also fell below LLN in year 2, and recovered
to LLN by week 84. CD4+ T-cell median counts showed a
lesser decline from baseline to nadir (approximately 50%
change from baseline, also reached at week 13) in year 1, fol-
lowed by a more gradual recovery towards baseline (Fig. 5).
While CD4 + T cells did not reach the LLN in year 1, they
fell below the LLN in year 2 and reached threshold values
for recovery by week 96, approximately 43 weeks post last
therapy dose. Median CD8 + T cells never dropped below
LLN (Fig. 6) [64]. Analysis of CD4 + T-cell subtypes in
ORACLE-MS showed that subpopulations displayed dif-
ferent repopulation dynamics, leading to changes in the
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Clinical Development of Cladribine Tablets
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Fig. 1 Cladribine tablets development milestones [51, 52, 65, 66, 94,
100, 102, 122-131]. *Naive and treatment-experienced patients with
RRMS. "Treatment-naive patients at high risk for developing MS.
“Patients with active RRMS in combination with TFN-B. “Including
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relative proportions of the CD4 + T-cell subpopulations
[67]. Median monocyte and neutrophil counts remained
within the normal range throughout the CLARITY and
CLARITY Extension studies (Figs. 7, 8), while the effects
on natural killer (NK) cells were moderate and transient,
with a 30-44% median decrease in NK cells followed by a
recovery towards pretreatment levels by week 24 (Fig. 9).
These findings support the view that the impact of cladribine
on the innate immune system is relatively minor [67]. The
preferential reduction of lymphocyte subpopulations, fol-
lowed by the pattern of lymphocyte count recovery (termed
immune reconstitution), may ‘reset’ the immune system to a
less autoreactive state [64], a putative mechanism with con-
siderable potential in the long-term treatment of MS [48].

1.3 Approvals

Cladribine tablets were developed as a potential treatment
for MS in response to the efficacy seen in early studies of
parenteral cladribine and the need for additional treatment
options [53, 68, 69]. The pivotal CLARITY trial was com-
pleted in 2009 and published in 2010; however, some regu-
latory authorities indicated in 2011 that improved under-
standing of safety risks and the overall benefit-risk profile

A\ Adis

MIERE. ADA adenosine deaminase, 2-CdA 2-chlorodeoxyadenosine
deaminase, CRL complete response letter, EMA European Medicines
Agency, FDA Food and Drug Administration, IFN interferon, IV
intravenous, MS multiple sclerosis, NDA new drug application, RRMS
relapsing—remitting MS

was required. Phase II and III studies that were ongoing at
the time were completed, and a long-term safety registry
was continued. The additional data served to support the
thorough characterization of the safety profile of cladrib-
ine tablets in MS. Evaluation of these additional data and
analyses of the compound’s longer-term benefit-risk profile
supported new submissions to regulatory authorities. Clad-
ribine tablets received EMA approval in August 2017 [50]
and FDA approval in March 2019 [26]. As of July 2020,
cladribine tablets have gained marketing authorization in
more than 75 countries for the treatment of patients with
various forms of RMS.

1.4 Dosing Schedule

Two dosages were investigated during the clinical develop-
ment of cladribine tablets: 3.5 mg/kg and 5.25 mg/kg (cumu-
lative doses over 2 years). In addition, in certain study arms,
patients received retreatment in years 3 and 4 (cumulative
doses over 4 years of 7.0 mg/kg and 8.75 mg/kg). The 3.5 mg/
kg and 5.25 mg/kg doses appeared to be equally efficacious,
but the 5.25 mg/kg dose was associated with an increased
rate of higher-grade lymphopenia [65]. The 3.5 mg/kg dose
was considered to have the most favorable benefit-risk profile.



Development of Cladribine Tablets

1905

C B and T lymphocytes )

HIGH
kinase-to-phosphatase ratio

Cladribine
molecule
Phosphatase Kinase
Inactivation by R Activation
5'NTase \ by DCK

High ievels of
activated cladribine
molecule

( Other cells )

Low
kinase-to-phosphatase ratio

Cladribine

molecule
Phosphatase Kinase
Inactivation by | activation

5'NTase \ by DCK

LOW levels of
activated cladribine
molecule

CD4* lymphocytes
CD8* lymphocytes
Skin

Heart

Brain

Ovary

Liver

Kidney

Lung

Testis germ cell

Testis

mRNA Expression of
Inactivating Phosphatase

Fig.2 Ratios of DCK to 5'-NTase mRNA expression in T cells
and various non-hematologic cells [58]. 5-NTase 5'-nucleotidases,
DCK deoxycytidine kinase, mRNA messenger RNA. “Calculated

In countries where approved, the recommended cumu-
lative dose of cladribine tablets is 3.5 mg/kg given over
2 years (one treatment course is 1.75 mg/kg/year) [12, 26].
Each course consists of two treatment weeks or cycles—one
cycle at the beginning of the first month and one cycle at
the beginning of the second month. Each treatment cycle
lasts 4 or 5 consecutive days, depending on the patient’s
weight, and patients receive one or two 10 mg tablets per

mRNA Expression of
Activating Kinase

using data from the BioGPS website (available at https://biogp
s.org/#goto=welcome). Adapted with permission from Giovannoni
(58]

day. Lymphocytes must be within normal limits prior to ini-
tiating the first course and at least 800 cells/mm? prior to
initiating the second course. Modeling simulations suggest
that 92% of patients would not require a delay in receiving
the second treatment course and < 1% would be ineligible
for treatment in year 2 due to a delay in recovery of more
than 6 months [70]. No further treatment with cladribine
tablets may be required in years 3 and 4; a patient cohort
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that received additional treatments in years 3 and 4 had
comparable clinical efficacy compared with a study cohort
that received placebo in years 3 and 4 [66]. The safety and
efficacy of additional treatment courses after year 4 have not
been studied. There are no current definitions of treatment
failure with cladribine tablets. Any definition would need to
be on a case-by-case basis, most likely taking into account
disease activity prior to commencing cladribine tablets [71].
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1.5 Clinical Pharmacology

Following oral administration, cladribine is rapidly
absorbed, reaching maximal plasma concentrations after
approximately 0.5 h (in the fasted state). Food delays absorp-
tion but does not affect overall exposure [72]. Oral bioa-
vailability is approximately 40% compared with parenteral
administration; reduced bioavailability is likely due to gas-
trointestinal efflux mediated by the breast cancer resistance
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protein (BCRP), a transporter with affinity for cladribine
[72]. Cladribine is rapidly taken up by lymphocytes, where
it or its phosphorylated products accumulate, and reach
intracellular concentrations that are approximately 30- to
40-fold greater than in plasma within 1 h of administration
[72]. No measurable accumulation of cladribine in plasma
has been observed following repeated once-daily oral dosing
[72]. The estimated terminal half-life is approximately 1 day
[26]. About 50% of cladribine is cleared renally. Non-renal
clearance occurs largely in lymphocytes; accumulated 2-Cd-
AMP and 2-Cd-ATP are cleared via lymphocyte elimination

pathways and their intracellular half-life is approximately
10-15h [72].

Due to the risk of additive effects on the immune sys-
tem, concomitant immunosuppressive or myelosuppressive
therapy (e.g. cyclosporine, methotrexate) with cladribine is
contraindicated. Previous immunomodulatory or immuno-
suppressive therapy use, including washout periods, should
be considered when initiating cladribine tablets [12, 26].
Cladribine pharmacokinetics was not altered when used
concomitantly with the proton pump inhibitor pantopra-
zole or with IFN-f. However, the risk of lymphopenia may
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increase with concomitant use of IFN-f. Cladribine may also
result in hematological adverse events (AEs) when admin-
istered with hematotoxic drugs (e.g. carbamazepine). As a
substrate of BCRP, equilibrative nucleoside transporter 1
(ENT1) and concentrative nucleoside transporter 3 (CNT3),
coadministration with cladribine may interfere with cladrib-
ine exposure. A decrease in cladribine exposure is possible
when coadministered with potent inducers of BCRP (e.g.
corticosteroids) or P-glycoprotein (e.g. rifampicin); however,
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48 72 96 120 144 168 192
Week

263 378 358 85 93 65 30

437 624 574 293 249 148 116

acute short-term corticosteroid therapy can be concomitantly
administered. Antivirals/antiretrovirals that require intracel-
lular phosphorylation to become active (e.g. lamivudine,
ribavirin) could potentially compete with cladribine over
phosphorylation, affecting both cladribine and competing
compound activity. The hydroxypropyl betadex component
in cladribine may interact with active ingredients of other
drugs to increase bioavailability, therefore a gap of at least
3 h between administrations is recommended. Cladribine is
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not a substrate of the cytochrome P450 (CYP) pathway and
has no known inductive effect on CYP1A2, CYP2B6, and
CYP3A4 enzymes [12, 26].

It is not known whether cladribine can reduce the effec-
tiveness of hormonal contraceptives; however, a clinical
trial to examine this is ongoing (ClinicalTrials.gov identi-
fier: NCT03745144). A barrier method is currently recom-
mended during treatment with cladribine tablets and for at
least 4 weeks after the last dose in each treatment course
[26]. In humans, cladribine has a half-life of <24 h and is
rapidly eliminated [73]. However, in supratherapeutic doses,
teratogenicity has been observed in mice and rabbits, and
short-term effects have been observed in male mice germ
cells [74]. Cladribine tablets should therefore not be admin-
istered to pregnant women; pregnancy should be prevented
using effective contraception during treatment and 6 months
after the last dose in each treatment course in women and
men of reproductive potential [26].

As a small molecule, cladribine has been demonstrated
to cross the blood-brain barrier (BBB) in animal [75] and
human studies [76, 77]. In a study of parenteral cladribine
in children with acute myeloid leukemia, cerebrospinal
fluid (CSF) concentrations reached approximately 25%
of those in plasma [76]. CNS penetration of cladribine
may allow for a treatment effect on lymphocytes that have
migrated into the CNS, possibly also affecting lymphoid
follicles in the meninges of patients and reducing intrathe-
cal immunoglobulin G (IgG) synthesis. In a study of 29
patients with RRMS who had received parenteral cladrib-
ine, 55% of patients tested negative for oligoclonal bands
(OCBs) in CSF post-treatment, despite all patients testing

positive for OCB and demonstrating raised Ig concentra-
tions in CSF at baseline [78]. Furthermore, in a 10-year
follow-up, Expanded Disability Status Scale (EDSS) pro-
gression was significantly delayed in the OCB-negative
patients despite both cohorts demonstrating equal charac-
teristics at baseline.

2 Clinical Studies in Relapsing Forms of MS
(RMS): Efficacy

2.1 CLARITY (CLAdRIbine Tablets Treating MS
orallY): NCT00213135

CLARITY was a 96-week, phase III, double-blind, rand-
omized, placebo-controlled, parallel-group, multicenter
study that evaluated the safety and efficacy of cladribine tab-
lets 3.5 mg/kg and 5.25 mg/kg (cumulative dose) in patients
with RRMS (Table 1) [65]. Patients with RRMS (according
to the McDonald 2001 criteria [79]) at the 2005 trial initia-
tion date were eligible if they had lesions on magnetic reso-
nance imaging (MRI) consistent with MS (according to the
criteria of Fazekas et al. [80]), had at least one relapse within
12 months before study entry, and had an EDSS score of no
more than 5.5 (on a 0-10 scale, with higher scores indicat-
ing a greater degree of disability). The primary endpoint of
the study was annualized relapse rate (ARR) at 96 weeks.
Key secondary endpoints included the proportion of patients
who were relapse-free and time to 3-month confirmed dis-
ability progression (CDP). CDP was defined as the time to
a sustained increase, confirmed at 3 months, of at least 1
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EDSS point, or an increase of > 1.5 if the EDSS score at
baseline was 0. Other assessments included time to first
relapse, proportion of patients receiving rescue therapy with
IFN-B, mean number of lesions at 96 weeks for gadolinium-
enhancing (Gd +) T1-weighted lesions, active T2-weighted
lesions, and combined unique active (CUA) lesions, defined
as new Gd+ T1-weighted lesions or new non-enhancing or
enlarging T2-weighted lesions [65].

Among the 1326 patients in the intent-to-treat (ITT)
population, 1184 patients (89.3%) completed the 96-week
study (91.9% in the cladribine tablets 3.5 mg/kg group and
87.0% in the placebo group), and 1165 completed treat-
ment courses. Baseline patient demographics and disease
characteristics were generally well-balanced across treat-
ment groups, although patients receiving cladribine tablets
3.5 mg/kg had a shorter mean duration of disease (7.9, 9.3,
and 8.9 mean years for cladribine tablets 3.5 mg/kg and
5.25 mg/kg, and placebo, respectively; p=0.005 for the
overall comparison among the three groups). Mean (range)
age in the cladribine tablets 3.5 mg/kg and placebo groups
was 37.9 years (18-65) and 38.7 years (18-64), respec-
tively. The percentage of patients who had received a prior
DMD was 26.1% (n=113) in the cladribine tablets 3.5 mg/
kg group and 32.5% (n=142) in the placebo group. Mean
(standard deviation [SD]) EDSS score at baseline was simi-
lar among groups (2.8 [1.2] for the cladribine tablets 3.5 mg/
kg group and 2.9 [1.3] for the placebo group) [65].

Treatment with cladribine tablets 3.5 mg/kg significantly
reduced disease activity versus placebo (Fig. 10; Table 2).
ARR was 0.14 versus 0.33, respectively (p <0.001 for a rela-
tive reduction of 57.6%) (Fig. 10). The proportion of patients
who remained relapse-free at week 96 was significantly
higher in the cladribine tablets 3.5 mg/kg group compared
with the placebo group (80% vs. 61% [p <0.001] with impu-
tation of missing values for patients who withdrew early
[65]; 81% vs. 63% [nominal p < 0.05] without imputation
[26]). Additionally, time to first relapse was significantly
longer in the cladribine tablets 3.5 mg/kg group versus pla-
cebo [hazard ratio (HR) 0.44, 95% confidence interval (CI)
0.34-0.58; p<0.001] [65]. A post-hoc analysis in patients
stratified by baseline EDSS severity (with an EDSS of >3.5
or <3.0) at baseline revealed similar benefits in clinical
outcomes compared with placebo across subgroups, with
a 57.1% reduction in ARR relative to placebo in the EDSS
>3.5 subgroup, and a 56.3% reduction in the EDSS <3.0
subgroup (p <0.001 for both groups) [81]. An EDSS of
> 3.5 has been used as a proxy for secondary progressive
MS (SPMS) [82-84], as there are no definitive accepted
measures indicating when a patient switches from RRMS
to SPMS [85].

Cladribine tablets 3.5 mg/kg significantly reduced the risk
of 3-month CDP at 2 years, with a 33% reduction versus pla-
cebo (HR 0.67, 95% CI 0.48-0.93; p=0.02) in the primary
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analysis, which imputed patients who used rescue therapy
with SC IFN-B-1a (11 [2.5%] and 27 [6.2%] patients in the
3.5 mg/kg and placebo groups, respectively) from the time
that rescue therapy was started [65]. A post-hoc analysis
including all patients (regardless of rescue therapy use) con-
firmed a significant reduction in the risk of 3-month CDP
with cladribine tablets 3.5 mg/kg versus placebo (41% risk
reduction; HR 0.59, 95% CI 0.43-0.82; p=0.0013) [86]. In
this analysis, the risk of 6-month CDP was reduced by 47%
with cladribine tablets 3.5 mg/kg compared with placebo
(HR 0.53, 95% CI 0.36-0.79; p=0.0016) [86]." Among
patients treated with cladribine tablets 3.5 mg/kg, 86% were
free from 3-month CDP at 2 years, versus 79% with placebo
(odds ratio [OR] 1.55, 95% CI 1.09-2.22, p=0.02, in the
primary analysis with imputation for patients with incom-
plete follow-up [65]; 87% vs. 81% without imputation [26]).
A post-hoc analysis that removed patients with incomplete
follow-up also found 86% of patients treated with cladrib-
ine tablets 3.5 mg/kg versus 79% with placebo were free
from 3-month CDP at 2 years (OR 1.62, 95% CI 1.12-2.35;
p=0.0105), and 91% of patients treated with cladribine
tablets 3.5 mg/kg versus 85% with placebo were free from
6-month CDP at 2 years (OR 1.87, 95% CI 1.19-2.94;
p=0.0064) [87]. A post-hoc analysis in a subgroup of 261
patients with high disease activity (HDA), or rapidly evolv-
ing severe RRMS, defined as two or more relapses in the
year prior to study entry, found that this group had greater
reduction in both 3-month CDP (72% risk reduction, HR
0.28,95% CI 0.15-0.54; p=0.0061) and 6-month CDP (82%
risk reduction; HR 0.18, 95% CI 0.08-0.44; p =0.0036) than
the overall study population [88].

Assessment of active brain lesions on MRI showed that
patients treated with cladribine tablets 3.5 mg/kg had a
reduction of 85.7% in the mean number of T1 Gd+ lesions
versus placebo (0.12 vs. 0.91; p<0.001) at 2 years (Table 2),
with consistent reductions seen in the first and second treat-
ment years [89]. At 2 years, 87.2% of patients treated with
cladribine tablets 3.5 mg/kg were free of new T1 Gd+
lesions, compared with 47.4% of patients receiving placebo
(OR 8.14, 95% CI 5.73-11.57; p<0.0001) [87]. Patients
treated with cladribine tablets 3.5 mg/kg also showed a
73.4% reduction in the mean number of active T2-weighted
lesions versus placebo at 2 years (0.38 vs. 1.43; p<0.001)
[89], and 61.8% of patients treated with cladribine tablets
3.5 mg/kg were free of active T2 lesions versus 27.6%
treated with placebo at 2 years (OR 5.34, 95% CI 3.60-7.91;
p<0.0001) [87]. Cladribine tablets 3.5 mg/kg also reduced

! The 47% reduction is based on a Cox proportional hazards model
with EDSS at baseline as the fixed effect. Other analyses utilize a Cox
regression that adjusts for treatment group and geographic region,
and result in a 46% reduction in risk of 6-month CDP.
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0.4
57.6% reduction; p<0.001
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Annualized relapse rate

Cladribine tablets
3.5 mg/kg
(n=433)

Placebo
(n=437)

Fig. 10 CLARITY: annualized qualified relapse rate [65]. EDSS
Expanded Disability Status Scale. Qualified relapses were defined
as a >2-point increase in at least one functional system, or > 1 point
increase in at least two functional systems of the EDSS, excluding
bladder/bowel or cognition changes, lasting >24 h, in the absence of
fever, and preceded by >30 days of clinical stability or improvement.
Adapted with permission from Giovannoni et al. [65]

the mean number of CUA lesions (per patient per scan) by
74.4% versus placebo at 2 years (0.43 vs. 1.72; p<0.001)
[65]. Among the patients treated with cladribine tablets
3.5 mg/kg, 60% were MRI lesion activity-free (defined as
having no new T1 Gd+ lesions and no active T2 lesions on
cranial MRI) at 2 years versus 25.5% receiving placebo (OR
5.52,95% CI 3.68-8.27; p <0.0001) [87].

In CLARITY, an exploratory analysis showed brain atro-
phy rates (percentage of brain volume changes [PBVC])
were significantly reduced in patients treated with clad-
ribine tablets 3.5 mg/kg versus placebo (0.77% vs. 0.95%;
p=0.02), based on PBVC over months 6-24, to avoid the
confounding influence of pseudoatrophy in the first 6 months
[90]. Annualized brain volume changes (mean PBVC/year)
were significantly reduced in patients treated with clad-
ribine tablets 3.5 mg/kg versus placebo (0.56% vs. 0.70%;
p=0.01). Brain atrophy rates showed a significant correla-
tion with the cumulative probability of disability progression
in the overall study population (HR 0.67, 95% CI 0.57-0.79;
p <0.001); patients with the lowest brain atrophy rates
(PBVClyear greater than —0.4%) showed the highest prob-
ability of remaining free from disability progression (89%)
at 2 years [90].

A post-hoc analysis of data from the CLARITY study
assessed the proportion of patients with no evidence of dis-
ease activity (NEDA), defined as patients having no relapse,
no 3-month CDP, and no new MRI lesions (no T1 Gd+ or
active T2 lesions) [87]. NEDA was analyzed using observed
data (no imputation of missing data) at 6 months (n=1174),
1 year (n=1140), and 2 years (n=1192). At 6 months,
1 year, and 2 years, proportions of patients achieving NEDA
were 67%, 54%, and 44%, respectively, in the cladribine tab-
lets 3.5 mg/kg group, compared with 39%, 24%, and 16%,
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respectively, in the placebo group (p <0.0001 for cladribine
tablets 3.5 mg/kg vs. placebo at each time point). Results
were similar when analyzed using 6-month CDP for the
disability component of NEDA (47% vs. 17%, cladribine
tablets 3.5 mg/kg vs. placebo, at 2 years; OR 4.25, 95% CI
3.03-5.96; p <0.0001) [87].

NEDA was also evaluated in subgroups of patients with
HDA at baseline. Subgroups of interest included patients
with high relapse activity (two or more relapses in the year
prior to study entry), and an expanded group including those
with high relapse activity (regardless of treatment status)
plus patients with persistent disease activity despite treat-
ment with a DMD (one or more relapses in the year prior
to study entry while taking a DMD, and one or more T1
Gd+ lesion(s) or nine or more T2 lesions). In all subgroups
evaluated (both HDA subgroups and their counterparts with
lower disease activity), the proportions of patients achiev-
ing NEDA were significantly higher with cladribine tablets
3.5 mg/kg compared with placebo, but ORs were greater for
HDA than non-HDA subgroups (ORs 7.8-8.0 for HDA sub-
groups, compared with 3.5-3.6 for the respective non-HDA
subgroups), indicating that the greatest treatment benefit,
relative to placebo, was attained by patients with HDA [88].

NEDA was further evaluated in subgroups of patients
with a baseline EDSS severity of >3.5 or <3.0. The per-
centage of patients achieving NEDA using 3-month CDP
at 2 years was 48.6% versus 17.3% in the EDSS >3.5 sub-
group, and 41.8% versus 14.8% in the EDSS < 3.0 subgroup
(cladribine tablets 3.5 mg/kg vs. placebo, respectively). ORs
(95% CI) were similar across subgroups and favored clad-
ribine tablets 3.5 mg/kg over placebo (4.51 [2.65-7.69] and
4.12 [2.65-6.40], EDSS >3.5 and EDSS <3.0, respectively;
p<0.0001 for both groups) [87]. Patients had active disease
as a criterion for enrollment into the trials.

2.2 CLARITY Extension: NCT00641537

CLARITY Extension was a 96-week, phase IIIb, double-
blind, randomized, parallel-group, multicenter, extension
study investigating long-term safety, tolerability, and effi-
cacy of cladribine tablets for an additional 2 years beyond
the 2-year CLARITY study (Table 1) [66]. Patients were
eligible for the extension study if they completed the 2-year
study period in CLARITY and had normal lymphocyte
counts and other normal hematologic results within 28 days
of the first planned additional dose [66]. Eligible patients
who received placebo in CLARITY were assigned to clad-
ribine tablets 3.5 mg/kg, and patients treated with cladribine
tablets in CLARITY were re-randomized (2:1) to an addi-
tional 2-year course of cladribine tablets 3.5 mg/kg or pla-
cebo (Fig. 11). Clinical endpoints were considered explora-
tory, and included ARR, proportion of patients free from
relapses, time to first relapse, and time to CDP [66]. MRI
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Table2 CLARITY efficacy: clinical and imaging endpoints and relapses during the 96-week study (ITT population) [65]

Endpoint

Placebo
[n=437]

Cladribine tablets 3.5 mg/kg

[n=433]

Cladribine tablets 5.25 mg/kg

[n=433]

Relapse rate (primary endpoint)
ARR (95% CI)

Relative reduction in ARR for cladribine vs.

placebo, %*
p value®
Relapse-free rate
Patients without relapse [n (%)]
OR for cladribine vs. placebo (95% CI)°
p value!
Relapse at 96 weeks
Number of relapses [n (%)]
0

1
2
3
>4
p value®
Need for rescue therapy
Patients receiving rescue therapy [n (%)]
OR for cladribine vs. placebo (95% CI)
p value?
Time to first relapse
15th percentile of time to event, months’
HR for cladribine vs. placebo (95% CI)®
p value®
Time to 3-month CDP
10th percentile of time to event, months
HR for cladribine vs. placebo (95% CI)#
p value®
Patients without a 3-month CDP
Patients with no change [n (%)]
OR for cladribine vs. placebo (95% CI)°
p value!
Lesion activity on brain MRI
Gd + T1-weighted lesions
Mean number
Relative reduction, %
Active T2-weighted lesions
Mean number
Relative reduction, %
Combined unique lesions
Mean number
Relative reduction, %
p value"

0.33(0.29-0.38)

266 (60.9)

266 (60.9)
109 (24.9)
44 (10.1)
15 (3.4)
3(0.7)

27 (6.2)

4.6

10.8

347 (79.4)

0.91

1.43

1.72

0.14 (0.12-0.17)
57.6

<0.001

345 (79.7)
2.53 (1.87-3.42)
<0.001

345 (79.7)
69 (15.9)
13 (3.0)
5(1.2)
1(0.2)
<0.001

112.5)
0.40 (0.19-0.81)
0.01

13.4
0.44 (0.34-0.58)
<0.001

13.6
0.67 (0.48-0.93)
0.02

371 (85.7)
1.55 (1.09-2.22)
0.02

0.12
85.7

0.38
73.4

0.43
74.4
<0.001

0.15(0.12-0.17)
54.5

<0.001

360 (78.9)
2.43 (1.81-3.27)
<0.001

360 (78.9)
77 (16.9)
13 2.9)
5(1.1)
1(0.2)
<0.001

9 (2.0)
0.31 (0.14-0.66)
0.003

133
0.46 (0.36-0.60)
<0.001

13.6
0.69 (0.49-0.96)
0.03

387 (84.9)
1.46 (1.03-2.07)
0.03

0.11
87.9

0.33
76.9

0.38
77.9
<0.001

ARR annualized relapse rate, CDP confirmed disability progression, CI confidence interval, Gd+ gadolinium-enhancing, HR hazard ratio, ITT

intent-to-treat, MRI magnetic resonance imaging, OR odds ratio

#The relative reduction in the ARR was calculated as the ratio of the difference in the ARR between the placebo group and the cladribine group

to the ARR rate in the placebo group

The p value was based on a Wald Chi-square test from an analysis of the number of relapses with the use of a Poisson regression model with
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Table 2 (continued)

fixed effects for treatment and region and the log of time in the study as an offset variable

°ORs and associated 95% CIs were estimated with the use of a logistic regression model with fixed effects for study group and region

4The p value was based on a Wald Chi-square test from an endpoint analysis with the use of a logistic-regression model with fixed effects for

study group and region

°The p value was based on a Cochran-Mantel-Haenszel test with adjustment for the baseline number of relapses

The 10th and 15th percentile values were estimated from the Kaplan—Meier survival curve

£The HR, 95% CI, and p values were based on a Cox proportional hazards model with fixed effects for study group and region

"The p value is for all comparisons with placebo for imaging measurements and was based on a non-parametric analysis of covariance model on
ranked data with fixed effects for study group and region and number of GD+ T1-weighted lesions at baseline as a covariate

endpoints included number of T1 Gd+ lesions, number of
active T2 lesions, total T2 lesion volume, and proportions
of patients with no T1 Gd+ lesions or no active T2 lesions
[91]. Patients who received cladribine tablets in CLARITY
and CLARITY EXT did so as a result of randomization and
not as a result of evidence of disease activity following the
CLARITY study, which differs from the clinical design of
other phase III extension studies [66, 92]. It could be of
further interest to study such patients.

Of the 1184 patients who completed CLARITY, 867
(73.2%) were enrolled in CLARITY Extension. As the first
patients completed the CLARITY study, the CLARITY
Extension study was not yet ready to start. Consequently,
there was some variability in the interval between com-
pleting CLARITY and entering the Extension (median
40.3 weeks, range 0.1-118.0 weeks) [66]. There were five
treatment groups: patients who received cladribine tablets
3.5 mg/kg in CLARITY followed by placebo in CLARITY
Extension (CP3.5), n=98; patients who received cladrib-
ine tablets 5.25 mg/kg in CLARITY followed by placebo
in CLARITY Extension (CP5.25), n=92; patients who
received cladribine tablets 3.5 mg/kg in CLARITY fol-
lowed by cladribine tablets 3.5 mg/kg in CLARITY Exten-
sion (CC7.0), n=186; patients who received cladribine
tablets 5.25 mg/kg in CLARITY followed by cladribine tab-
lets 3.5 mg/kg in CLARITY Extension (CC8.75), n=186;
and patients who received placebo in CLARITY followed
by cladribine tablets 3.5 mg/kg in CLARITY Extension
(PC3.5), n=244[66]. In CLARITY Extension, 806 patients
were treated, of whom 738 (91.6%) completed the 2-year
study. Demographic and disease characteristics at the start of
CLARITY Extension were generally similar across groups,
except the PC3.5 group (patients who received placebo in
CLARITY), which showed evidence of greater disease activ-
ity than those who received cladribine tablets in CLARITY
[66]. In particular, patients in the PC3.5 group had greater
numbers and volume of T1 Gd+ lesions versus those who
received cladribine tablets 3.5 mg/kg in CLARITY [66].

Treatment with cladribine tablets 3.5 mg/kg for 2 years
followed by 2 years of treatment with placebo (CP3.5) dem-
onstrated durable clinical benefits at year 4; these efficacy
results were similar to those of patients who had 4 years
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of cladribine tablets 3.5 mg/kg treatment (CC7.0), with no
significant differences observed between CP3.5 and CC7.0
across clinical efficacy endpoints (Table 3) [66]. MRI end-
points at the end of year 4 consistently showed high per-
centages of patients with no new T1 Gd+ lesions in both
the CP3.5 and CC7.0 groups, although significantly more
patients who received additional cladribine (4 years’ active
treatment) remained free from T1 Gd+ lesions (73.0% vs.
88.9%, CP3.5 vs. CC7.0, respectively; p=0.001) [91].
Exploratory post-hoc analysis suggested that NEDA sta-
tus was durable in patients treated with cladribine tablets
3.5 mg/kg: overall, 42% and 48% of patients in the CP3.5
and CC7.0 groups (p=0.31), respectively, had NEDA dur-
ing the first year of the CLARITY Extension study [93]. The
proportion of patients reaching NEDA status over the long-
term with oral cladribine merits further research.

2.3 ORACLE-MS (ORAI CLadribine for Early MS):
NCT00725985

ORACLE-MS was a 96-week, phase III, double-blind, rand-
omized, placebo-controlled, multicenter study investigating
the effect of cladribine tablets on conversion to clinically
definite MS (CDMYS) in patients with early signs of disease
as evidenced by a first clinical demyelinating event (Table 1)
[94]. Patients with a first clinical demyelinating event
<75 days before screening were randomized to cladribine
tablets 3.5 or 5.25 mg/kg (cumulative dose over 2 years)
or placebo. The planned number of subjects was 600 (200
per treatment group) and the primary endpoint was time to
conversion to CDMS [94].

Of the 617 patients enrolled and randomized, 206 were
assigned to cladribine tablets 3.5 mg/kg, 205 were assigned
to cladribine tablets 5.25 mg/kg, and 206 were assigned to
placebo (ITT=616; one patient in the 5.25 mg/kg group
discontinued after randomization but before receiving study
drug). Baseline patient demographics and disease character-
istics were well-balanced across treatment groups; mean age
across groups was between 31.7 and 32.2 years, and each
group was 63—-67% female. At the end of year 2, 363 patients
(59%) had completed all treatments, and 149 patients (24%)
had permanently discontinued treatment. Cladribine tablets



Development of Cladribine Tablets

1915

CLARITY

2-year randomized
placebo-controlled core phase?

CLARITY EXT

2-year re-randomized
placebo-controlled phase?

Supplementary

Bridging
follow-up

interval®

Year 2:

Year 1:
1st 48 weeks

2nd 48 weeks

Year 2:
2nd 48 weeks

) ) |

=)

Year 1:
1st 48 weeks

MRI scans

Placebo

f_él\\

)——)D)—-@<( Cladribine tablets 3.5 mg/kg over 2 years ) PC 3.5 mg/kg

n=437

n=244 n=227

n=380

Patients @( Placebo ) CP 3.5 mg/kg
with RRMS
(n=1326) ( Cladribine tablets 3.5 mg/kg over 2 years ) D)— n=98 n=89
randomized
1:1:1 n=433 n=398 @( Cladribine tablets 3.5 mg/kg over 2 years ) CC 7.0 mg/kg
n=186 n=166
/, ;\ ®( Placebo ) CP 5.25 mg/kg
@'(’ Cladribine tablets 5.25 mg/kg over 2 years }%D)— n=92 n=82
N\ J/
n=456 n=406 O ( Cladribine tablets 3.5 mg/kg over 2 years ) CC 8.75 mg/kg
n=186 n=174

Years 1-2

Fig.11 CLARITY Extension: study schema [66]. CP 3.5 mg/kg
cladribine tablets 3.5 mg/kg in CLARITY followed by placebo in
CLARITY Extension, CP 5.25 mg/kg cladribine tablets 5.25 mg/kg
in CLARITY followed by placebo in CLARITY Extension, CC 7 mg/
kg cladribine tablets 3.5 mg/kg in CLARITY followed by cladribine
tablets 3.5 mg/kg in CLARITY Extension, CC 8.75 mg/kg cladrib-
ine tablets 5.25 mg/kg in CLARITY followed by cladribine tablets
3.5 mg/kg in CLARITY Extension, DMD disease-modifying drug,
MRI magnetic resonance imaging, PC 3.5 mg/kg placebo in CLAR-
ITY followed by cladribine tablets 3.5 mg/kg in CLARITY Exten-
sion, RRMS relapsing-remitting multiple sclerosis. “Each short course

Table 3 CLARITY Extension efficacy [66]

Years 3-4

of treatment comprised one or two 10-mg cladribine tablets taken
once daily for 4 or 5 consecutive days, or an equivalent number of
matching placebo tablets. PAs the first patients completed the CLAR-
ITY study, the CLARITY EXTENSION study was not yet ready to
start. Consequently, after completing CLARITY, there was a variable
gap period (bridging interval) before patients entered the Extension
(the median gap duration for the overall population was 40.3 weeks).
Patients who had received interferon-f or glatiramer acetate dur-
ing the gap period had to discontinue their DMD therapy at least
3 months before the first study day of the Extension [66]. Adapted
with permission from Giovannoni et al. [66]

PC 3.5 mg/kg [n=244] Cladribine tablets 3.5 mg/kg

Cladribine tablets 5.25 mg/kg

CP 3.5 mg/kg [n=98]

CC 7.0 mg/kg [n=186] CP 5.25 mg/kg [n=92] CC 8.75 mg/kg

ARR (97.5% CI) 0.10 (0.07-0.13) 0.15 (0.09-0.21)
Proportion of patients 180 (79.6) 68 (75.6)
qualifying relapse-
free [n (%)]
Proportion of patients 185 (75.8) 71 (72.4)

who remained free
from 3-month CDP
[n (%)]

[n=186]
0.10 (0.06-0.13) 0.13 (0.08-0.19) 0.12 (0.08-0.16)
134 (81.2) 61 (75.3) 132 (76.7)
144 (77.4) 72 (78.3) 142 (76.3)

Qualified relapses were defined as a >2-point increase in at least one functional system or a > 1-point increase in at least two functional systems
of the EDSS, excluding bladder/bowel or cognition changes, lasting >24 h, in the absence of fever, and preceded by > 30 days of clinical stability
or improvement. ARR adjusted for time on study only. Data are mean (SD), unless otherwise stated. The CLARITY Extension data in this table
covers the 96-week double-blind period and the 24-week supplemental follow-up (including the bridge between periods)

ARR annualized relapse rate, CC 7 mg/kg cladribine tablets 3.5 mg/kg in CLARITY followed by cladribine tablets 3.5 mg/kg in CLARITY
Extension, CC 8.75 mg/kg cladribine tablets 5.25 mg/kg in CLARITY followed by cladribine tablets 3.5 mg/kg in CLARITY Extension, CP
3.5 mg/kg cladribine tablets 3.5 mg/kg in CLARITY followed by placebo in CLARITY Extension, CP 5.25 mg/kg cladribine tablets 5.25 mg/kg
in CLARITY followed by placebo in CLARITY Extension, CDP confirmed disability progression, CI confidence interval, EDSS Expanded Dis-
ability Status Scale, PC 3.5 mg/kg placebo in CLARITY followed by cladribine tablets 3.5 mg/kg in CLARITY Extension, SD standard devia-

tion
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Table 4 ORACLE-MS efficacy: key MRI endpoints [94]

Placebo [n = 206] Cladribine tablets Cladribine tablets
3.5 mg/kg [n=206] 5.25 kg/mg
[n=204]
Time to conversion to clinically definite MS (Poser criteria)
Risk reduction, % 67 62
HR (95% CI) 0.33 (0.21-0.51) 0.38 (0.25-0.58)
p value vs. placebo <0.0001 <0.0001
Cumulative percentage probability of clinically definite MS conversion, %  38.0 14.0 15.9
New or persisting T1 Gd+ lesions
Median cumulative number of lesions (IQR) 2.0 (0.0-5.0) 0.0 (0.0-1.0)
Treatment group comparison: cladribine/placebo, ratio (95% CI)* 0.108 (0.55-0.210)°
Risk reduction vs. placebo, % 89.3
New or enlarging T2 lesions
Median cumulative number of lesions (IQR) 2.0 (0.0-8.0) 0.0 (0.0-2.0)
Treatment group comparison: cladribine/placebo, ratio (95% CI)* 0.212 (0.152-0.295)
Risk reduction vs. placebo, % 78.8
Combined unique active lesions
Median cumulative number of lesions (IQR) 4.0 (1.0-13.5) 1.0 (0.0-3.0)
Treatment group comparison: cladribine/placebo, ratio (95% CI)* 0.157 (0.098-0.251)
Risk reduction vs. placebo, % 84.3

Data are for the double-blind treatment period (i.e. from randomization to the end of the double-blind period, which was at 96 weeks, or earlier

if a diagnosis of MS was made)

CI confidence interval, Gd+ gadolinium-enhancing, HR hazard ratio, IQR interquartile range, MRI magnetic resonance imaging, MS multiple

sclerosis

“From the analysis of the cumulative number of lesions, using a negative binomial model with treatment, region, treatment X region, and baseline
lesion count as covariates, and the log number of scans as an offset variable

5 <0.0001 versus placebo from the Wald Chi-square test

3.5 mg/kg were associated with a significant risk reduction
versus placebo (67%) for conversion to CDMS (HR 0.33,
95% CI 0.21-0.51; p<0.0001) (Table 4) [94]. Compared
with placebo, patients treated with cladribine tablets 3.5 mg/
kg had significantly lower median numbers of new or per-
sisting T1 Gd+ lesions, new or enlarging T2 lesions, and
CUA lesions (p <0.0001) (Table 4) [94]. In total, 25 clad-
ribine tablets 3.5 mg/kg and 60 placebo patients who pro-
gressed to CDMS chose to receive subsequent SC IFN-f1a
therapy, and in these patients, 4% of those previously in the
cladribine tablets 3.5 mg/kg treatment group and 3.3% of
those previously in the placebo group experienced lympho-
penia, suggesting that there was no additive effect of treat-
ment switching on developing lymphopenia [94].
Diagnostic criteria for MS have been revised since enroll-
ment of the ORACLE-MS study population [95]. More than
one-third of patients in ORACLE-MS, originally considered
to have clinically isolated syndrome (CIS) under the 2005
McDonald criteria [96], would receive a diagnosis of MS
under the revised 2010 McDonald criteria [95, 97]. A post-
hoc analysis conducted in patients with CIS per the 2010
McDonald criteria (n=393) was consistent with the original
analysis in the ITT population: treatment with cladribine
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tablets 3.5 mg/kg (n=138) significantly reduced the risk of
next clinical event or 3-month CDP by 63% versus placebo
(n=134; p=0.0003) [97]. Furthermore, in patients with MS
defined per the McDonald 2010 criteria, cladribine tablets
3.5 mg/kg (n=68) significantly reduced the risk of another
event or 3-month CDP by 74% versus placebo (n=72; HR
0.26,95% CI1 0.12-0.58; p=0.0009) [97]. Application of the
most recent 2017 McDonald criteria [98] to the ORACLE-
MS population would likely identify an even higher propor-
tion of patients with RRMS [99]. In the US label, CIS is not
a recommended indication for cladribine tablets [26].

2.4 Onward (Oral cladribine added oN to IFN-f8
in patients with Active Relapsing Disease):
NCT00436826

ONWARD was a 2-year, randomized, double-blind, phase
IIb study assessing cladribine tablets as an add-on to IFN-f
in patients with active RMS (one or more relapses during
48 weeks of treatment with IFN-f) (Table 1) [100]. Under
the original study protocol, two cumulative doses of clad-
ribine tablets (3.5 mg/kg and 5.25 mg/kg) added to exist-
ing IFN-f therapy (any form of IFN-f) were to be assessed.
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Following a signal related to lymphopenia with cladribine
tablets 5.25 mg/kg plus IFN-p in this study (15/17 [88.2%]
patients had grade 3/4 lymphopenia [< 500 cells/mm?]), this
dose was discontinued and patients who had already been
randomized to this dose continued in the trial but received
IFN-B only and were followed up for safety. The increased
risk of lymphopenia when cladribine tablets are used in
combination with IFN-f is reflected in product labels, which
state that concomitant treatment is not recommended [12,
26]. Under an amended protocol, patients in the ONWARD
study were randomized 2:1 to cladribine tablets 3.5 mg/kg
plus IFN-p, or placebo plus IFN-f [100].

Eligible patients were aged 18—65 years, had RRMS or
SPMS with relapses (2005 McDonald criteria [96]), received
treatment with IFN-f for > 48 consecutive weeks before
screening with one or more MS relapses during that period,
had clinical stability (other than relapses) during the 28 days
before screening, had an EDSS score of 1.0-5.5, and had
normal hematologic parameters within 28 days of baseline
(day 1 of randomization) [100]. The primary outcome was
safety and tolerability of cladribine tablets added to IFN-p.
Secondary objectives included the following efficacy evalu-
ations: the number of qualifying relapses over 96 weeks;
time to first qualifying relapse; time to 3-month CDP; mean
numbers of new Gd+ T1, active T2, and CUA lesions (new
Gd+ T1, new or enlarging T2 lesions, or both, without dou-
ble counting) on MRI scans at 96 weeks. As ONWARD
was designed as a phase II safety study, efficacy evaluations
were exploratory and were not sufficiently powered to detect
intergroup differences [100].

Under the amended protocol, 172 patients were rand-
omized and analyzed for safety and efficacy; 42 patients
were randomized under the original protocol and analyzed
separately for safety [100]. Here, efficacy results for the
172 patients recruited under the amended protocol are dis-
cussed. IFN-Bs administered in combination with cladrib-
ine tablets 3.5 mg/kg were SC IFN-B-1a 44 pg three times/
week (Rebif®; n=82), IM IFN-p-1a 30 pg once/week
(Avonex®; n=30), and SC IFN-p-1b 250 pg every other
day (Betaser0n®/Betaferon®; n=060) [100]. Baseline demo-
graphics were similar in the cladribine tablets 3.5 mg/kg
and IFN-f group and the placebo and IFN-f group; mean
patient age was 38.5 and 40.1 years, and gender breakdown
was 67.7% and 75.0% female, respectively [100].

Cladribine tablets at a cumulative dose of 3.5 mg/kg over
2 years plus IFN-f demonstrated a significant reduction in
relapses and new T1 Gd+, active T2, and CUA lesions com-
pared with IFN-p alone (Table 5) [100]. Patients treated
with cladribine tablets 3.5 mg/kg were 63% less likely to
have a qualifying relapse than patients receiving placebo
and IFN-f (relative risk 0.37, 95% C1 0.22-0.63; p=0.001)
[100]. During the double-blind period, there was a signifi-
cant reduction in the number of new T1 Gd+ lesions in the

cladribine tablets 3.5 mg/kg and IFN-f group (mean 0.25
[SD 1.46]) compared with the placebo and IFN-f group
(1.27 [SD 3.39]) [100]. Patients in the cladribine tablets
3.5 mg/kg and IFN-f group were 90% less likely to have
anew T1 Gd+ lesion and 59% less likely to have a CUA
lesion compared with the placebo and IFN-f group [100].
Fewer patients in the cladribine tablets 3.5 mg/kg and IFN-§3
group experienced a first qualifying relapse (23/124; 18.5%)
versus the placebo and IFN-f group (16/48; 33.3%); how-
ever, the survival curves crossed, indicating that the assump-
tions on which the statistical analysis is based are not valid,
therefore the result should be interpreted with caution [100].
The proportion of patients in the cladribine 3.5 mg/kg and
IFN-f group with confirmed EDSS progression over 2 years
(19/124; 15.3%) was similar to that in the placebo and IFN-f
group (6/48; 12.5%) [100].

3 Clinical Studies in RMS: Safety

An integrated analysis of safety data from the phase III
clinical trials (CLARITY, CLARITY Extension, and ORA-
CLE-MS) and the PREMIERE registry (an observational
subject registry designed to allow for further characteriza-
tion of the long-term safety profile [101]) was performed
to comprehensively assess the safety profile of cladribine
tablets [102, 103]. The integrated analysis was performed
using aggregated data with a cut-off date of 20 February
2015 [102], and subsequently updated using data gathered
to May 2017 [103]. Data for patients treated with cladribine
tablets 3.5 mg/kg monotherapy (n=923; 3754 patient-years
to May 2017) or placebo (n=641; 2275 patient-years) in the
CLARITY, CLARITY Extension, and ORACLE-MS phase
III studies and the follow-up PREMIERE registry were
aggregated to comprise the Monotherapy Oral Cohort. Stud-
ies that involved the use of parenteral cladribine in patients
with MS, or cladribine tablets administered in combination
with another DMD (the ONWARD study), were included
in the All Exposed Cohort (cladribine n=1976 and placebo
n=2802) [102].

In the initial integrated analysis (cut-off February 2015),
the incidence rate of treatment-emergent AEs (TEAEs) in
patients receiving cladribine tablets 3.5 mg/kg as mono-
therapy compared with placebo-treated patients was 103.29
versus 94.26 adjusted AE incidence rates per 100 patient-
years [102]. The most common TEAE was headache, with
a similar incidence in patients exposed to cladribine tab-
lets or placebo. Hematologic TEAESs such as lymphopenia
and neutropenia were more common with cladribine tablets
3.5 mg/kg than placebo (Table 6) [102]. The updated safety
analysis (cut-off date May 2017) demonstrated that AE rates
remained stable, with no new major safety findings [103].
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Table 5 ONWARD efficacy [100]

Placebo/IFN p  Cladribine tablets 3.5 mg/  Relative risk (95% CI)* p value
[n =48] kg and IFN-p [n=124]
Annualized qualifying relapse rate 0.32 0.12 0.37 (0.22-0.63) 0.001
Number of new T1 Gd + lesions [mean (SD)] 1.27 (3.39) 0.25 (1.46) 0.10 (0.03-0.37) <0.001°
Total number of new T2 lesions [mean (SD)] 3.65 (6.83) 2.05 (4.91) 0.54 (0.27-1.10) 0.090¢
Total number of combined unique lesions [mean (SD)] 3.96 (7.38) 2.12 (4.95) 0.41 (0.21-0.81) 0.0114

Annualized qualifying relapse rate =(total number of qualifying relapses/total time on study during the double-blind period) x365.25. Quali-
fied relapses were defined as a >2-point increase in at least one functional system or a > 1-point increase in at least two functional systems of
the EDSS, excluding bladder/bowel or cognition changes, lasting >24 h, in the absence of fever, and preceded by >30 days of clinical stabil-
ity or improvement. p value based on the Wald Chi-square test from the number of qualifying relapses using a Poisson regression model with
fixed effects for the treatment group and IFN-f treatment and with log of time on study during the double-blind period as an offset. All efficacy
analyses were exploratory, as the study was not powered to detect between-group differences for any endpoint. All p values <0.05 are considered
nominally significant

CI confidence interval, EDSS Expanded Disability Status Scale, Gd+ gadolinium-enhancing, /F'N interferon, SD standard deviation

“Relative risk and associated 95% CI were estimated using a negative binomial model with fixed effects for the treatment group and IFN-p treat-
ment, baseline T1 Gd+ lesions as a covariate, and log of number of scans as an offset variable

bp value based on the Wald Chi-square test from analysis of the total number of new T1 Gd+lesions using a negative binomial model with fixed
effects for the treatment group and IFN-f treatment, baseline T1 Gd+ lesions as a covariate, and log of number of scans as an offset variable

p value based on the Wald Chi-square test from analysis of the total number of active T2 lesions using a negative binomial model with fixed
effects for the treatment group and IFN-f treatment, with the log of number of scans as an offset variable

dp value based on the Wald Chi-square test from analysis of the total number of combined unique lesions using a negative binomial model with
fixed effects for the treatment group and IFN-f treatment, baseline T1 Gd+ lesions as a covariate, and log of number of scans as an offset vari-

able

Lymphopenia, infections, and malignancies were three
AEs analyzed within the clinical program. Lymphopenia
was commonly reported among patients receiving cladribine
tablets. In the CLARITY and CLARITY Extension studies,
grade 3 lymphopenia (ALC 0.2 to <0.5x 10° cells/L) was
experienced on at least one occasion by 25% of patients in
the cladribine tablets 3.5 mg/kg treatment group; < 1% expe-
rienced grade 4 lymphopenia (ALC <0.2x 10° cells/L) at
any point during the studies [102]. Analysis of patients from
CLARITY and CLARITY Extension, including those also
enrolled in PREMIERE, showed that lymphocyte counts
steadily increased in the weeks following the nadir (observed
at about 2 months after treatment initiation in each year)
and had reached normal range (ALC > 1.0 x 10° cells/L) by
study weeks 48 and 84 in treatment years 1 and 2, respec-
tively [64].

Incidence rates for overall infection, severe infections,
infections leading to discontinuation, or opportunistic
infections were comparable between the cladribine tablets
3.5 mg/kg treatment group and the placebo group. Herpes
zoster was the most common herpetic infection reported in
patients in the cladribine tablets 3.5 mg/kg treatment group
(Table 7). Herpes zoster infections occurred most fre-
quently during periods of grade 3/4 lymphopenia (adjusted
incidence rate 4.50 per 100 patient-years, compared with
0.73 per 100 patient-years outside periods of grade 3/4 lym-
phopenia) [102]. For patients who are antibody-negative
for varicella zoster virus (VZV), vaccination against VZV
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is recommended at least 4-6 weeks prior to initiation of
cladribine tablets therapy. Due to the risk of active vaccine
infections, cladribine therapy must not be initiated within
4-6 weeks after vaccination with live or live-attenuated
vaccines. Vaccinations with live or live-attenuated vaccines
during and after a treatment course (when white blood cells
counts are not within normal limits) should also be avoided
[26]. During the clinical development program of cladribine
tablets in MS, a total of three cases of tuberculosis (TB) were
reported [26]. All three cases occurred in regions where TB
is endemic and in patients who were enrolled in the trials
prior to implementation of a protocol amendment requiring
screening for TB [26]. TB is included as an adverse reaction
in the product labeling of cladribine tablets [12, 26].

The overall incidence of malignancies in the integrated
safety analysis was 0.27 per 100 patient-years (10 events
in 3754 patient-years) in patients receiving cladribine tab-
lets 3.5 mg/kg monotherapy, and 0.13 malignancies per 100
patient-years (3 events in 2275 patient-years) in patients
receiving placebo, as of May 2017 [26]. Malignancies in
the cladribine tablets 3.5 mg/kg oral monotherapy group
included melanoma (rn=2), basal cell carcinoma, squamous
cell carcinoma, pancreatic, breast, ovarian, rectal, and papil-
lary thyroid cancers, and bile duct adenocarcinoma (n=1
each) (data on file); in the placebo group, there were two
cases of cervical carcinoma and one basal cell carcinoma
[26]. This indicates no clustering of malignancies of any
particular type and no increase in malignancies commonly
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Table 6 Integrated safety data: summary of AEs for the monotherapy oral cohort (cut-off February 2015) [102]

Placebo [N = 641]

Cladribine tablets 3.5 mg/kg

[N=923]
n T Adj-AEper n T Adj-AE
100 PY per 100
PY
Number of patients with> 1 TEAE 515 546.3 94.26 773 748.4 103.29
Number of patients with> 1 TEAE related to study drug 291 1162.8 25.03 542 1605.5 33.76
Number of patients with > 1 serious TEAE?* 67 1876.3 3.57 124 3096.8 4.00
Number of patients with TEAE leading to treatment discontinuation 21 1993.7 1.05 67 3229.0 2.07
Number of patients with > 1 severe TEAE reported in > 2 patients 57 1912.5 2.98 115 3111.2 3.70
Number of patients with TEAE leading to death 5 2024.7 0.25 9 3431.0 0.26
Most commonly reported TEAEs (Adj-AE per 100 PY of > 1.0 in either group)®
Nervous system disorders 226 1429.5 15.81 327 2346.7 13.93
Headache 144 1631.9 8.82 230 2641.9 8.71
Dizziness 36 19444 1.85 47 3268.0 1.44
MS relapse® 11 2014.0 0.55 21 3404.9 0.62
Gastrointestinal disorders 197 1454.9 13.54 278 2482.0 11.20
Nausea 62 1845.6 3.36 86 3134.4 2.74
Diarrhea 44 1915.9 2.30 68 3202.0 2.12
Abdominal pain, upper 22 1969.2 1.12 42 3283.1 1.28
Toothache 22 1957.5 1.12 35 33358 1.05
Abdominal pain 23 1966.2 1.17 30 3346.2 0.90
Constipation 22 1968.7 1.12 24 3368.3 0.71
Vomiting 24 1982.6 1.21 21 3363.7 0.62
Blood and lymphatic system disorders 47 1901.6 2.47 276 25434 10.85
Lymphopenia 21 1985.0 1.06 217 2731.8 7.94
Leukopenia 8 2008.4 0.40 43 3276.9 1.31
Neutropenia 4 2015.0 0.20 27 3362.8 0.80
Musculoskeletal and connective tissue disorders 153 1608.0 9.51 245 2654.5 9.23
Back pain 46 1890.0 2.43 102 31158 3.27
Arthralgia 38 1938.8 1.96 63 3236.0 1.95
Pain in extremity 33 1965.6 1.68 50 3283.6 1.52
Myalgia 21 1966.3 1.07 28 3356.9 0.83
Musculoskeletal pain 16 1989.1 0.80 19 3375.9 0.56
General disorders and administration site conditions 168 1558.5 10.78 213 27171 7.84
Influenza-like illness 61 1857.4 3.28 75 3167.6 2.37
Fatigue 47 1897.2 2.48 54 3252.1 1.66
Pyrexia 20 1980.8 1.01 36 3341.5 1.08
Asthenia 25 1941.8 1.29 33 3311.5 1.00
Investigations 83 1802.4 4.61 145 2939.6 4.93
Lymphocyte count decreased 2 2023.1 0.10 26 33374 0.78
Psychiatric disorders 85 1787.8 4.75 121 3009.3 4.02
Insomnia 32 1938.7 1.65 46 3285.5 1.40
Depression 23 1960.6 1.17 46 3298.1 1.39
Anxiety 12 2002.3 0.60 37 3312.1 1.12
Respiratory, thoracic, and mediastinal disorders 95 1770.8 5.36 118 3065.2 3.85
Oropharyngeal pain 35 1929.2 1.81 44 3278.8 1.34
Cough 27 1968.3 1.37 34 3336.6 1.02
Vascular disorders 45 1909.6 2.36 72 3231.2 2.23
Hypertension 25 1965.3 1.27 35 3338.5 1.05
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Table 6 (continued)

Placebo [N = 641] Cladribine tablets 3.5 mg/kg

[N=923]
n T Adj-AEper n T Adj-AE
100 PY per 100
PY
Ear and labyrinth disorders 35 1930.6 1.81 53 3269.0 1.62
Vertigo 22 1966.4 1.12 35 3317.9 1.05
Injury, poisoning, and procedural complications 81 1830.4 4.43 115 3090.3 3.72
Fall 13 1985.9 0.65 24 3371.1 0.71
Most commonly reported serious TEAEs® (Adj-AE per 100 PY of>0.10 in either group)
Blood creatine phosphokinase increased 4 2022.6 0.20 7 34144 0.21
Pneumonia 3 2019.7 0.15 6 3403.4 0.18
Uterine leiomyoma 2 2020.9 0.10 5 3409.7 0.15
Lymphopenia 0 0 0 4 34214 0.12
Urinary tract infection 1 2024.4 0.05 4 34194 0.12

If a patient has multiple events, the time to the first event is considered. For a patient with no event, the time is censored at the last follow-up
time for that patient. Adj-AE per 100 PY is the time-adjusted AE incidence rate that can be interpreted as the number of events occurring in 100
patient-years

Adj adjusted, AE adverse event, PY patient-years, SMPC Summary of Product Characteristics, TEAE treatment-emergent adverse event, n num-
ber of patients with events, T total patient time on study in years

Serious was defined as resultant in death; life-threatening; required inpatient hospitalization; congenital anomaly or birth defect; or was other-
wise considered as medically important

bSystem organ class and preferred terms are presented in descending order of Adj-AE per 100 PY rate in the cladribine tablets 3.5 mg/kg group.
The EU SMPC lists rash and alopecia as common TEAEs for cladribine tablets 3.5 mg/kg [12]. The Adj-AEs per 100 PY are alopecia 0.60 vs.

0.40, for placebo; rash 0.60 vs. 0.45, for placebo

“The preferred term ‘Multiple sclerosis relapse’ was reported in the PREMIERE study, where relapse was not an efficacy endpoint

associated with immunosuppression (hematologic, virally
induced, or non-melanoma skin cancers) in patients treated
with cladribine tablets 3.5 mg/kg [102]. Meta-analysis using
CLARITY data showed that the zero incidence of malignan-
cies in the placebo group was significantly lower than the
expected rate seen in placebo groups in other trials in similar
RMS populations, while the malignancy rate with cladribine
tablets (n=3 in the cladribine tablets 3.5 mg/kg group [65])
was not significantly different to rates in the active treatment
groups in trials of other DMDs [104]. Additionally, results
from epidemiologic analyses showed no increase in the inci-
dence of malignancies in the clinical trial program compared
with matched reference populations (standardized incidence
ratio [SIR] 0.91, 95% CI 0.41-1.75, for the 3.5 mg/kg oral
monotherapy cohort vs. GLOBOCAN matched reference
population; SIR 0.44, 95% CI 0.13-1.41, for placebo vs. ref-
erence population) [105]. Analysis of malignancy rates over
time showed that the incidence of malignancies remained
constant in follow-up for years 1-4 (0.29 per 100 patient-
years in the oral monotherapy cohort, as of the February
2015 cut-off) and years 5-8 + (0.28 per 100 patient-years).
In contrast, the malignancy rates in the placebo group were
higher in years 5-8 4 (0.60 per 100 patient-years) than years
1-4 (0.06 per 100 patient-years), although the overall num-
ber of events was small [102]. This suggests that the low
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level of malignancies observed in the placebo group in the
short-term was a chance observation.

In addition to continued monitoring of the safety popula-
tion described above, a long-term, multi-country, prospec-
tive, observational post-authorization safety study is under-
way to further characterize the long-term safety profile of
cladribine tablets [102]. The CLARION study is designed
to follow 8000 patients who are starting treatment with clad-
ribine tablets or fingolimod (an oral comparator that depletes
lymphocytes) for a period of 10 years to evaluate AEs [102,
106].

4 Discussion

Despite the recent approval of several new DMDs for RMS,
there still remains a need for therapies that provide improved
efficacy, address issues with treatment adherence and com-
pliance, reduce the need for invasive procedures and inten-
sive monitoring, and avoid the potential for treatment-related
fatigue observed with daily long-term administration. Due
to the observed efficacy of parenteral cladribine in earlier
pilot studies of patients with MS, the cladribine tablets for-
mulation was designed and developed to address some of
these needs.
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Table 7 Integrated safety data: summary of infections and infestations for the monotherapy oral cohort (cut-off February 2015) [102]

Placebo [N = 641]

Cladribine tablets 3.5 mg/

kg [N=923]
n  Total PY Adj-AE n Total PY Adj-AE
per 100 per 100
PY PY

Most commonly reported TEAEs in SOC infections and infestations® (Adj-AE per 314 1160.8  27.05 478 19175 2493

100 PY of > 1.0 in either group)
Nasopharyngitis 97 17645  5.50 158 2951.0 5.35
Upper respiratory tract infection 61 1869.1 3.26 109 31120  3.50
Influenza 51 1898.1  2.69 87 3169.5 274
Bronchitis 22 19644  1.12 55 3234.1 1.70
Urinary tract infection 46 1916.8  2.40 55 3249.7 1.69
Herpes zoster 4 20190 0.20 28 3360.2  0.83
Pharyngitis 31 19614  1.58 27 3348.0 0.81
Rhinitis 22 1962.3 1.12 24 33540 0.72
Serious TEAEs in SOC infections and infestations® (Adj-AE of > 0.05 in either 10 2003.4 0.50 23 3357.6 0.69

group)
Appendicitis 2 20235 0.10 1 3426.8 0.03
Chronic hepatitis C 1 20194 0.05 0 34327 O
Chronic sinusitis 1 2024.1 0.05 0 34327 O
Erysipelas 1 2022.1 0.05 0 34327 O
Herpes zoster 0 20260 O 2 3425.6  0.06
Myocarditis bacterial 1 20242  0.05 0 34327 O
Pneumonia 3 2019.7 0.15 6 34034 0.18
Pyelonephritis 0 20260 O 2 3423.1  0.06
Urethral abscess 1 20259 0.05 1 34303 0.03
Urinary tract infection 1 20244 0.05 4 34194  0.12
Infections and infestations SOC leading to treatment discontinuation (Adj-AE 3 20208 0.15 4 34155 0.12

of > 0.01 in either group)
Hepatitis B 0 20260 O 1 34279  0.03
Herpes zoster 0 20260 O 1 34248  0.03
Pneumonia bacterial 0 20260 O 1 3428.2  0.03
Urinary tract infection 0 20260 O 1 34326 0.03
Appendicitis 1 2025.8 0.05 0 34327 O
Gardnerella infection 1 2025.8 0.05 0 34327 O
Varicella 1 2021.0 0.05 0 34327 O
Severe infection® (Adj-AE of > 0.05 in any group) 17 19834  0.86 28 33362 0.84
Pneumonia 3 21097  0.15 6 34034 0.18
Urinary tract infection 2 20234  0.10 4 34194  0.12
Herpes zoster 1 20244  0.05 3 34241 0.09
Gastroenteritis 0 20260 O 2 3423.8 0.06
Pyelonephritis 0 20260 O 2 3423.1  0.06
Opportunistic infections? 23 19655 117 36 33219 1.08
Axillary candidiasis 1 20183  0.05 0 34327 O
Fungal infection 2 20234 0.10 8 3398.3 0.24
Fungal skin infection 2 20184 0.10 3 3430.8 0.09
Mastitis fungal 1 2025.6  0.05 0 34327 O
Onychomycosis 3 2023.1 0.15 4 3419.0 0.12
Oral candidiasis 1 2021.6  0.05 1 3431.0 0.03
Oral fungal infection 2 20139 0.10 1 34315 0.03
Pulmonary tuberculosis 0 20260 O 1 3429.6 0.03
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Table 7 (continued)

Placebo [N = 641] Cladribine tablets 3.5 mg/

kg [N=923]
n Total PY Adj-AE n Total PY Adj-AE
per 100 per 100
PY PY

Skin candida 1 20254  0.05 0 34327 0

Tonsilitis fungal 1 2022.0 0.05 0 34327 O

Tuberculosis 0 20260 O 1 34327 0.03
Upper respiratory fungal infection 0 20260 O 1 3431.7 0.03
Urinary tract infection fungal 0 20260 O 1 34241 0.03
Vulvovaginal candidiasis 3 20133  0.15 7 34169 0.20
Vulvovaginal mycotic infection 7 20164 035 9 3402.0 0.26
Herpetic infections 19 19699 0.96 60 3262.7 1.84
Herpes zoster 4 2019.0 0.20 28 3360.2 0.83
Oral herpes 11 19969  0.55 20 33813 0.59
Herpes simplex 1 2018.1 0.05 5 3416.6  0.15
Herpes virus infection 1 2020.6 0.05 4 34169 0.12
Varicella 2 2020.6 0.10 3 34226 0.09
Herpes zoster disseminated 1 2023.7 0.05 2 34275  0.06
Genital herpes 0 20260 O 1 3429.0 0.03
Herpes zoster® 4 20177  0.20 29 33562 0.86
Herpes zoster 4 20190 0.20 28 3360.2  0.83
Herpes zoster disseminated 1 2023.7 0.05 2 34275  0.06

If a patient has multiple events, the time to first event is considered. For a patient with no event the time is censored at the last follow-up time for

that patient

Adj adjusted, AE adverse event, n number of patients with events, HLT higher level term, MedDRA Medical Dictionary for Regulatory Activities,
PTs preferred terms, PY patient-years, SOC system organ class, TEAEs treatment-emergent adverse event, Total PY total patient time on study in

years

#System organ class and preferred terms are presented in descending order of Adj-AE per 100 PY rate in the cladribine 3.5 mg/kg group

b<Serious’ was defined as resultant in death; life-threatening; required inpatient hospitalization; congenital anomaly or birth defect; or was other-

wise considered as medically important

“Severe infection is a custom grouping defined by any serious or severe event belonging to the MedDRA SOC ‘Infections and Infestations’

9Medical Concept Opportunistic Infection is a custom query containing PTs belonging to the medical concept of opportunistic infections,

excluding the PTs belonging to the HLT ‘Herpes viral infections’

“Medical concept herpetic infection, which is a custom grouping defined by PTs with the term ‘herpes zoster’

Cladribine tablets are generally approved for the treat-
ment of patients with RMS; however, indication wordings
differ in several countries based on the individual assessment
of the same clinical data by regulatory agencies. In some
regions, including the EU and Switzerland, cladribine tablets
are approved for use in adult patients with highly active dis-
ease [12, 107], whereas in other countries, including Canada
and Australia, cladribine tablets are approved for the treat-
ment of patients with RRMS [108, 109]. In the US, clad-
ribine tablets are approved in adults with RMS, including
RRMS and active SPMS, and are generally recommended
for patients who have had an inadequate response to, or are
unable to tolerate, an alternate drug indicated for MS [26].

In phase II and III clinical trials, cladribine tablets
have demonstrated efficacy over placebo across the RMS
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spectrum, from treatment-naive to treatment-experienced
patients, and from patients with early MS to those with
highly active disease. In the ORACLE-MS study, cladribine
tablets reduced the risk of conversion from CIS to CDMS
[97]. In patients with a confirmed diagnosis of RRMS in the
CLARITY study, significant reductions in both clinical and
MRI activity with cladribine tablets led to a significantly
higher proportion of patients attaining NEDA compared with
placebo patients [65]. This efficacy was maintained across
all subgroups evaluated, with patients with HDA at baseline
achieving the greatest improvements in NEDA rates com-
pared with placebo [88]. Furthermore, patients with active,
as evidenced by one or more relapses within 12 months of
study entry, SPMS, as defined by EDSS > 3.5, achieved
similar efficacy results to the subgroup without SPMS [87].
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These findings are encouraging, as progressive forms of MS
have historically been more difficult to manage and DMDs
have often been found to be less efficacious in these cohorts
[83, 110]. CLARITY Extension showed that the efficacy
observed in CLARITY was durable—the magnitude of sup-
pression of clinical and MRI activity was sustained, and the
proportion of patients with NEDA remained high, even in
patients who did not receive additional active treatment with
cladribine tablets (those who were randomized to placebo in
the extension study, after receiving cladribine tablets 3.5 mg/
kg in CLARITY) [66, 91]. Therefore, further treatment in
years 3 and 4 does not appear to be required [12, 26] and
is not recommended based on current evidence [26]. The
efficacy and safety of treatment re-initiation beyond year 4
has not been investigated.

The development program of cladribine tablets has
resulted in a comprehensive characterization of its safety
profile, which includes up to 10 years’ follow-up in some
patients [111] and more than 12,000 patient-years of fol-
low-up overall (for MS patients receiving oral or paren-
teral cladribine or placebo), including 9509 patient-years’
exposure to cladribine in any formulation at any dosage,
and > 3700 patients-years’ follow-up (as of May 2017) for
patients receiving cladribine tablets 3.5 mg/kg monotherapy
in CLARITY, CLARITY EXTENSION, ORACLE-MS, and
the PREMIERE registry [103]. In these clinical studies,
lymphopenia was the most common TEAE, occurring more
frequently with cladribine tablets 3.5 mg/kg compared with
placebo as expected due to the mechanism of action of clad-
ribine tablets. The majority of patients experienced grade
1 or 2 lymphopenia; grade 3 lymphopenia was observed in
approximately 25% of patients, and < 1% of patients expe-
rienced grade 4 lymphopenia at any time over 2 years of
treatment [102]. Lymphocyte recovery began within weeks
after each treatment course in years 1 and 2, and stabilized
on return to baseline [64]. There was no evidence of B-cell
hyper-repopulation, which has been observed with alem-
tuzumab (which depletes lymphocytes and has a different
proposed MOA, targeting the CD52 epitope) and has been
speculated to mediate autoimmune adverse effects (recorded
in>20% of patients treated with alemtuzumab, most com-
monly thyroid disease) [112, 113]. The gradual recovery
of lymphocyte populations following cladribine tablets
occurs without triggering secondary autoimmunity [102].
In patients receiving cladribine tablets, no increase in oppor-
tunistic infections was shown. Herpes zoster, oral herpes,
and TB were identified as adverse reactions with cladrib-
ine tablets [102]. Given the observed increase in herpes
zoster cases during periods of grade 3/4 lymphopenia, the
product label carries a recommendation to administer anti-
herpes prophylaxis if a patient’s lymphocyte count drops
below 200 cells/uL (i.e. grade 4 lymphopenia, defined as
ALC<0.2%x10° cells/L) [12, 26]. Analysis of clinical trial

data showed an imbalance in the number of malignancies
between cladribine tablets and placebo; however, the inci-
dence was not dose-related, did not increase over time, and
there was no clustering of malignancies of any particular
type. Malignancies are considered a potential risk with
cladribine because of the limited number of observations
possible in a phase III study. The USPI includes a boxed
warning stating that cladribine tablets may increase the risk
of malignancy [26], and this potential risk is being further
examined in a large post-approval study.

Most DMDs can be classified as maintenance therapies,
based on their dosing regimens [15-23, 114]. Maintenance
therapies are defined as being administered continuously
without an intended interruption in dosing, because clinical
efficacy is tightly linked to the period of dosing. The effects
of these drugs are closely related to their short half-lives and
pharmacokinetic and pharmacodynamic profiles; therefore,
while some need to be administered more frequently than
others, all require regular dosing. Over the past 30 years,
multiple maintenance DMDs have been approved for the
treatment of MS; however, the continuous immunosuppres-
sion of maintenance therapies may interfere with immune
surveillance [115].

Drugs with MOA-producing effects that persist long after
the drug is eliminated from the body provide an alternative
to ongoing maintenance therapy. Cladribine tablets are pos-
tulated to be an immune reconstitution therapy (IRT) [64,
116]. Characteristics of IRTs include transient reductions
of B and T lymphocyte counts and/or select lymphocyte
subtypes, followed by a recovery period during which cells
gradually repopulate and immune function is restored. The
reconstituted lymphocyte population is hypothesized to be
less autoreactive towards the CNS component, resulting in
prolonged efficacy, as demonstrated in the cladribine tablets
clinical studies [47, 48, 66, 91]. In these studies, there was
no rebound or return of clinical or MRI activity even after
recovery of lymphocyte counts, and this is also consistent
with a qualitative change in the adaptive immune response
after treatment with cladribine tablets [64].

Cladribine tablets are the first oral MS therapy with a
non-continuous dosing regimen, with extremely short treat-
ment courses. This may be beneficial to patients, since
the small total number of treatment days could poten-
tially improve treatment adherence [117, 118]. In a survey
designed to assess the state of MS care in the US and EU,
51% (total N=982) of patients who self-identified as hav-
ing MS reported skipping doses, and the most common rea-
son given was ‘forgot’ (43%) [119]. Furthermore, patients
receiving long-term therapy for MS often experience treat-
ment fatigue, leading to a decline in adherence over time
[120]. Studies have found that the serious consequences of
non-adherence may include a greater risk of relapse or pro-
gression of disease compared with patients who adhere to
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treatment [121]. The dosing regimen of cladribine tablets
limits the potential for non-adherence, which may reduce the
risk of relapse and disease progression in real-world settings.
In addition, the short and non-continuous treatment regimen
may allow for the planning of life events, including preg-
nancy; cladribine tablets allow for pregnancy 6 months after
the last dose of medication has been administered [12, 26].

5 Conclusion

Important therapeutic advances in the past several years
have provided numerous therapeutic options for patients
with MS, allowing selection depending on their particu-
lar disease characteristics, expressed desires, and lifestyle
choices. The recent introduction of cladribine tablets pro-
vides a new high-efficacy therapeutic option for treating
patients with MS, with a low treatment and monitoring
burden. In clinical studies, cladribine tablets (3.5 mg/kg
over 2 years) have demonstrated efficacy across the RMS
spectrum: from early MS to patients with RMS, including
those with HDA. Potentially due to the molecule’s unique
proposed MOA, cladribine tablets provide durable efficacy,
with a maximum of 20 total days of treatment over 2 years.
Cladribine has an established safety and tolerability profile,
with a clinical development program that included more than
12,000 patient-years’ overall clinical and observational trial
experience (all formulations and dosages), including more
than 3700 patient-years for patients receiving cladribine tab-
lets at the approved dosage (3.5 mg/kg taken over 2 years).
Furthermore, cladribine tablets’ weight-based and unique
posology provides an alternative dosing schedule that allows
for reduced treatment and management burden for patients
and providers. This new addition to the existing arsenal of
DMDs provides another treatment option to further tailor
disease management in patients with MS.
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