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Abstract
Cladribine Tablets  (MAVENCLAD®) are used to treat relapsing multiple sclerosis (MS). The recommended dose is 3.5 

mg/kg, consisting of 2 annual courses, each comprising 2 treatment weeks 1 month apart. We reviewed the clinical pharma-

cology of Cladribine Tablets in patients with MS, including pharmacokinetic and pharmacometric data. Cladribine Tablets 

are rapidly absorbed, with a median time to reach maximum concentration (Tmax) of 0.5 h (range 0.5–1.5 h) in fasted patients.

When administered with food, absorption is delayed (median Tmax 1.5 h, range 1–3 h), and maximum concentration (Cmax)

is reduced by 29% (based on geometric mean). Area under the concentration–time curve (AUC) is essentially unchanged. 

Oral bioavailability of cladribine is approximately 40%, pharmacokinetics are linear and time-independent, and volume 

of distribution is 480–490 L. Plasma protein binding is 20%, independent of cladribine plasma concentration. Cladribine 

is rapidly distributed to lymphocytes and retained (either as parent drug or its phosphorylated metabolites), resulting in 

approximately 30- to 40-fold intracellular accumulation versus extracellular concentrations as early as 1 h after cladribine 

exposure. Cytochrome P450-mediated biotransformation of cladribine is of minor importance. Cladribine elimination is 

equally dependent on renal and non-renal routes. In vitro studies indicate that cladribine efflux is minimally P-glycoprotein 

(P-gp)-related, and clinically relevant interactions with P-gp inhibitors are not expected. Cladribine distribution across 

membranes is primarily facilitated by equilibrative nucleoside transporter (ENT) 1, concentrative nucleoside transporter 

(CNT) 3 and breast cancer resistance protein (BCRP), and there is no evidence of any cladribine-related effect on heart rate, 

atrioventricular conduction or cardiac repolarisation (QTc interval prolongation). Cladribine Tablets are associated with 

targeted lymphocyte reduction and durable efficacy, with the exposure–effect relationship showing the recommended dose 

is appropriate in reducing relapse risk.

Key Points 

This review discusses the clinical pharmacology of Clad-

ribine Tablets in patients with relapsing multiple sclero-

sis, presenting pharmacokinetic, pharmacodynamic and 

pharmacometric data.

Cladribine Tablets are associated with a selective reduc-

tion in lymphocyte counts and durable efficacy relative 

to the fast disposition in plasma, and short-term treat-

ment posology in each of the 2 treatment years.

The recommended cumulative dose of Cladribine Tab-

lets 3.5 mg/kg over 2 years is shown to be appropriate in 

reducing relapse risk.
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1 Introduction

Multiple sclerosis (MS) is a neurodegenerative disease, 

where a patient’s immune system attacks their central 

nervous system, resulting in demyelination, axonal dam-

age and progressive disability [1, 2]. Cladribine Tablets 

 (MAVENCLAD®; Merck Serono Europe Ltd), an oral 

formulation of cladribine, were shown to have significant 

efficacy for the treatment of relapsing MS in placebo-

controlled, phase III trials [3–5]. A cumulative dose of 3.5 

mg/kg body weight (consisting of 2 annual courses that are 

each comprised of 2 treatment weeks; 1 at the start of the 

first month and 1 at the start of second month of each year) 

has been approved for the treatment of adults with certain 

types of relapsing MS [6–8]. The short-term treatment 

posology of Cladribine Tablets has the potential to facilitate 

patient adherence [4], which is an ongoing challenge for the 

long-term treatment of MS [9].

Cladribine is a nucleoside analogue of deoxyadenosine. 

The cladribine prodrug is phosphorylated intracellularly to 

its active product, 2-chlorodeoxyadenosine triphosphate 

(Cd-ATP), by deoxycytidine kinase. This deoxynucleotide 

product is degraded in most cells, by 5 -nucleotidase. Cells 

such as lymphocytes that contain a high deoxycytidine 

kinase activity but low 5 -nucleotidase activity, i.e. a high 

deoxycytidine kinase to 5 -nucleotidase activity ratio, accu-

mulate deoxynucleotides to toxic concentrations, resulting 

in lymphocyte cell death. By this mechanism, Cladribine 

Tablets exert a selective mode of action on B and T lym-

phocytes [10, 11]. Variations in the expression levels of 

deoxycytidine kinase and 5 -nucleotidase between immune 

cell subtypes explain differences in immune cell sensitivity 

to cladribine. Because of these expression levels, cells of 

the innate immune system are less affected than cells of the 

adaptive immune system [12, 13]. Cladribine Tablets have 

been described as a selective immune reconstitution therapy 

due to their selective effect on the adaptive versus innate 

immune system, together with the short and intermittent 

nature of the treatment courses [14, 15]. The current theory 

is that by inducing lymphopenia, Cladribine Tablets reset 

the immune system [15].

Cladribine was first established as a parenteral formula-

tion for the treatment of B- and T cell lymphoid malignan-

cies, including hairy cell leukaemia and chronic lymphocytic 

leukaemia [16, 17]. The clinical pharmacokinetics (PK) of 

parenteral cladribine in patients with malignancies were pre-

viously reported by Liliemark in 1997 [18], reflecting the 

state of knowledge at that time. Due to the recent approval 

of Cladribine Tablets, a decision that was based on a sub-

stantial amount of new study data, an up-to-date review of 

the clinical pharmacology of cladribine is warranted [3, 19, 

20]. Here, we review the clinical PK and outcomes of phar-

macometric analyses (PK and primary pharmacodynamics 

[PD]) of the oral tablet formulation of cladribine in patients 

with MS in order to provide a comprehensive and timely 

summary of the available data. This report represents a nar-

rative review of data from publications, congress materials, 

label information, and unpublished data on file.

2  Pharmacokinetics (PK)

2.1  Overview of Studies

The PK of Cladribine Tablets has been investigated in 5 

phase I studies in patients with MS, plus a subpopulation 

of the phase III CLARITY clinical trial. A summary of the 

phase I studies is presented in Table 1. In addition, data from 

3 of the PK studies (studies 25803, 26127 and 26486) plus 

the PK subpopulation from the CLARITY clinical trial (see 

footnote in Table 2) were recently combined in a population 

PK analysis [19]. The population PK analysis was performed 

Table 1  Phase I pharmacokinetics studies of Cladribine Tablets

Study number Study description Num-

ber of 

patients

Cladribine dose and administration 

method

Included in popula-

tion pharmacokinetic 

analysis?

References

IXR-102-09-186 Absolute bioavailability study 26 3 mg intravenous/3 and 10 mg 

single oral tablets

No [21]

25803 Bioavailability and metabolite study 16 3 mg intravenous/10 mg single oral 

tablet

Yes [19]

26127 Food interaction study (high-fat 

breakfast)

16 10 mg single oral tablet Yes [19]

26486 Drug interaction study (interferon-

β1a)

16 1.75 mg/kg cumulative dose of oral 

tablets over 8 weeks

Yes [19]

27967 Study to assess interactions with 

pantoprazole

18 10 mg single oral tablet No [19]
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to characterise the concentration–time course of cladribine, 

to estimate interindividual variability in PK, and to identify 

covariates that explain such variability.

2.2  Absorption

Cladribine is rapidly absorbed after tablet administration 

(Fig. 1); oral administration of a single 10 mg tablet in a 

fasted state is associated with a median time to reach maxi-

mum concentration (Tmax) of approximately 0.5 h (range 

0.5–1.5 h) [21]. The mean maximum concentration (Cmax) 

is in the range of 22–29 ng/mL, with the corresponding 

mean area under the concentration–time curve (AUC) in 

the range of 80–101 ng·h/mL (arithmetic means from vari-

ous studies) [22]. Cladribine can be considered a Biop-

harmaceutics Classification System (BCS) class III com-

pound (low permeability, high solubility) [20]. The oral 

bioavailability of Cladribine Tablets when administered in 

the fasted state is approximately 40% [22], possibly lim-

ited by breast cancer resistance protein (BCRP)-mediated 

intestinal efflux. In the phase III studies, patients were 

instructed to take their tablets after an overnight fast on 

an empty stomach, and, once administered, to wait at least 

1 h before eating. If a dose was to be administered in the 

afternoon, or if a subject had mistakenly eaten before dos-

ing, subjects were to wait at least 4 h after eating their last 

meal before dosing. In a phase I study, it was shown that 

taking a single 10 mg Cladribine Tablet after a high-fat 

breakfast results in a delay of the median Tmax from 0.5 h 

in the fasted state to 1.5 h (range 1–3 h) in the fed state 

[22]. This is associated with a 29% reduction in the maxi-

mum exposure of cladribine (geometric mean Cmax) com-

pared with administration after an overnight fast, while 

the total exposure (estimated by noncompartment analysis) 

is minimally affected (geometric mean AUC from time 

zero to infinity (AUC ∞) was 72.8 ng·h/mL for the fed 

state versus 75.7 ng·h/mL for the fasted state). Cladrib-

ine Tablets can therefore be administered without regard 

to food [22]. In the population PK analysis, absorption 

in the fasted state was described by a first-order process, 

and a transit-compartment model described the absorp-

tion delay in the data from the fed state. The fed/fasted 

status of phase III subjects was classified as ‘unknown’ 

for modelling purposes. For phase III subjects, the rate of 

absorption and bioavailability estimates were the same or 

very similar to the values for fed subjects, and absorption 

delay was more similar to the estimated value for fasted 

subjects. Oral bioavailability of Cladribine Tablets was 

estimated to be 45.6%, and coadministration with a high-

fat meal resulted in a modest change in bioavailability to 

40.5%, and a modest delay in absorption (Fig. 2). This was 

not expected to have a clinically meaningful impact [19]. 

Taken together, the noncompartmental and population PK 

Table 2  Phase III clinical trials of Cladribine Tablets

CT 3.5 Cladribine Tablets 3.5 mg/kg cumulative dose over 2 years, CT 5.25 Cladribine Tablets 5.25 mg/kg cumulative dose over 2 years, PBO 

placebo
a Treatment arms in the CLARITY Extension study are shown as the CLARITY treatment on the left side of the arrow and the CLARITY Exten-

sion treatment on the right side of the arrow
b A subpopulation of 125 patients from the CT 3.5 and CT 5.25 treatment groups in the CLARITY study provided samples for pharmacokinetics 

analyses, including the population pharmacokinetic analysis by Savic et al. [19]

Trial name Study description Patients and treatment  armsa ClinicalTrials.

gov identifier

References

A safety and efficacy study of oral clad-

ribine in subjects with relapsing–remit-

ting multiple sclerosis (CLARITY)

Randomised, double-blind, 3-arm, 

placebo-controlled, multicentre study 

to evaluate the safety and efficacy of 

oral cladribine in subjects with relaps-

ing–remitting multiple sclerosis

CT 3.5, n = 433b

CT 5.25, n = 456b

PBO, n = 437

NCT00213135 [3]

CLARITY extension Double-blind, placebo-controlled, mul-

ticentre, parallel group, extension trial 

to evaluate the safety and tolerability of 

oral cladribine in subjects with relaps-

ing–remitting multiple sclerosis who 

have completed the CLARITY trial

CT 3.5  PBO, n = 98

CT 5.25  PBO, n = 92

CT 3.5  CT 3.5, n = 186

CT 5.25  CT 3.5, n = 186

PBO  CT 3.5, n = 244

NCT00641537 [4]

Oral cladribine in early multiple sclerosis 

(ORACLE-MS)

Randomised, double-blind, clinical trial 

to assess the safety and efficacy of 2 

doses of Cladribine Tablets versus pla-

cebo in patients who had a first clinical 

demyelinating event (clinically isolated 

syndrome)

CT 3.5, n = 206

CT 5.25, n = 204

PBO, n = 206

NCT00725985 [5]
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analyses of cladribine bioavailability, rate of absorption, 

and food effects yielded consistent results.

2.3  Distribution

The volume of distribution of cladribine is large, in the range 

of 480–490 L, which indicates extensive tissue distribution 

and intracellular uptake [19, 22]. Various transporter pro-

teins facilitate the distribution of cladribine across biological 

membranes, including equilibrative nucleoside transporter 

(ENT) 1, concentrative nucleoside transporter (CNT) 3 and 

BCRP. Cladribine is most likely transported into lympho-

cytes by ENT1 and CNT3 [23, 24]. The ENT1 transporter 

protein is also thought to be an important contributor to 

Fig. 1  Mean (standard 

deviation) plasma cladribine 

concentration by treatment. 

IV intravenous. Adapted from 

Munafo et al. [21]

Fig. 2  Population pharma-

cokinetic visual predictive 

checks for plasma cladribine 

concentrations in fasted and fed 

conditions. Light blue shaded 

area indicates simulated median 

with uncertainty; pink shaded 

area indicates simulated 5th and 

95th percentiles with uncer-

tainty; solid blue line indicates 

observed median; dashed blue 

line indicates observed 5th and 

95th percentiles. Adapted from 

Savic et al. [19]. © The Authors 

2017
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the active efflux of cladribine from white blood cells [25]. 

The oral bioavailability of cladribine may be limited by the 

efflux transporter BCRP, which has an affinity with clad-

ribine (BCRP overexpression has been shown to strongly 

reduce the rate of 2-CdA accumulation in human osteosar-

coma cells) [26] and is expressed at high levels in the small 

intestine [27]. The contribution of P-glycoprotein (P-gp; 

ABCB1) to cladribine efflux is probably not important for 

the overall bioavailability of Cladribine Tablets, based on 

results of studies in MDCKII-MDR1 cells that show P-gp is 

not an efficient transporter of cladribine [22, 28]. Clinically 

relevant interactions with inhibitors of P-gp are therefore 

not expected.

Results of an uptake study of 14C-labelled cladribine into 

cryopreserved human hepatocytes suggest that transporter-

mediated uptake of cladribine into human hepatocytes is 

negligible (data on file). Cladribine and/or its phosphoryl-

ated metabolites are substantially accumulated and retained 

in human lymphocytes. As shown in vitro, cladribine is rap-

idly distributed to, and retained in (either as parent drug or 

its phosphorylated metabolites), human lymphocytes, result-

ing in approximately 30- to 40-fold intracellular accumula-

tion compared with extracellular concentrations, as early as 

1 h after cladribine exposure (data on file). Cladribine has 

the potential to penetrate the blood–brain barrier [18]. A 

small study in another indication has shown a cerebrospi-

nal fluid/plasma concentration ratio of approximately 0.25 

[29]. In spiked human plasma, the plasma protein binding of 

cladribine was 20%, and independent of plasma cladribine 

concentration (data on file).

2.4  Metabolism

Cladribine metabolism was investigated in patients with MS 

following the administration of a single 10 mg tablet and a 

single 3 mg intravenous dose (study 25803) (Table 1). Fol-

lowing both oral and intravenous administration, the parent 

compound cladribine was the main component present in 

plasma and urine. The metabolite 2-chloroadenine was a 

minor metabolite both in plasma and in urine, i.e. amounting 

to ≤ 3% of the AUC of parent compound in plasma after oral 

administration. Only traces of other metabolites could be 

found in plasma and urine [30]. In hepatic in vitro systems, 

cladribine was only metabolised to a very low extent, with at 

least 90% of radiolabelled cladribine remaining unchanged 

(data on file).

Cladribine is not a relevant substrate to cytochrome 

P450 (CYP) enzymes, based on reaction phenotyping stud-

ies where cladribine was incubated with microsomes pre-

pared from human recombinant lymphoblastoid cells that 

were genetically engineered to express specific human CYP 

enzymes that may be responsible for the metabolism of 

cladribine in vitro: CYP1A2, 2A6, 2C9, 2C19, 2D6, 2E1, 

and 3A4 (data on file).

After entering the target cells, cladribine is phosphoryl-

ated to cladribine monophosphate (Cd-AMP) by deoxycy-

tidine kinase (and also by deoxyguanosine kinase in the 

mitochondria). Cd-AMP is further phosphorylated to chlo-

rodeoxyadenosine diphosphate (Cd-ADP), and Cd-ADP is in 

turn phosphorylated by 5 -nucleotidase to Cd-ATP [10, 11]. 

In a study of the intracellular PK of Cd-AMP and Cd-ATP in 

another indication, the levels of Cd-ATP were approximately 

half that of the Cd-AMP levels. The intracellular half-life of 

Cd-AMP was 15 h and the intracellular half-life of Cd-ATP 

was 10 h [31].

2.5  Elimination

The population PK analysis showed that renal and non-renal 

routes of cladribine elimination are of approximately equal 

importance; the median values were estimated to be 22.2 

L/h for renal clearance and 23.4 L/h for non-renal clear-

ance. Renal clearance correlated with creatinine clearance 

 (CLCR), and  CLCR was therefore used to predict renal clad-

ribine clearance in patients with renal impairment using the 

population PK model, with the assumption that changes in 

 CLCR only affect the renal component of total cladribine 

clearance. Intersubject variability for non-renal clearance 

was estimated to be 7.6%. The nonrenal proportion of clad-

ribine clearance (approximately 50%) comprises negligible 

hepatic metabolism with extensive intracellular distribution 

and trapping of Cd-ATP within lymphocytes, and the sub-

sequent elimination of intracellular Cd-ATP according to 

lymphocyte elimination pathways and lifecycle [22].

Renal clearance appears to exceed glomerular filtration 

rate, indicating net tubular excretion in addition to glomeru-

lar filtration [19]. As cladribine was shown not to be a sub-

strate of the kidney-specific basolateral transporters OCT2, 

OAT1, and OAT3, nor of the kidney-specific apical trans-

porter OAT4 (data on file), only BCRP [26, 28], ENT1/2 and 

CNT2/3 [32] remain as conceivable candidate transporters 

for active tubular secretion of cladribine. Basolateral-located 

ENT1 is the most likely candidate to facilitate basolateral 

uptake of cladribine as none of the other basolateral can-

didates tested actually facilitated cladribine uptake. In the 

apical membrane of renal tubular cells, of the 3 transport-

ers implicated in renal transport of cladribine, only BCRP 

has been unambiguously shown to transport cladribine 

efficiently in multiple expression systems. P-gp-mediated 

transport does not seem to be efficient, and, for MRP4, 

transport was not shown in either of the test systems studied 

(HEK293-MRP4, MDCKII-MRP4; data on file). Based on 

these findings, the apical efflux is likely driven by BCRP, 

with some contribution of ENT1.
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