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This review is an amendment of the NDA 22561 review for Mavenclad, (cladribine in DARRTS 
on March 13, 2019) focusing on a new proposed Post-marketing Requirement (PMR).  

Background of Metabolism and in-vitro studies results:  

Cladribine is not a substrate of cytochrome P450 enzymes and does not show significant 
potential to act as inhibitor of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1 and CYP3A4. Cladribine has no clinically meaningful inductive effect on CYP1A2, 
CYP2B6 and CYP3A4 enzymes. 

Transporter Systems: Cladribine is a substrate of P-glycoprotein (P-gp), breast cancer resistance 
protein (BCRP), equilibrative nucleoside transporter 1 (ENT1) and concentrative nucleoside 
transporter 3 (CNT3). 

New PMR: Conduct a clinical drug-drug interaction (DDI) study to evaluate the effect of 
cladribine on the pharmacokinetics (PK) of oral contraceptives.  Include an evaluation of the 
effect on the components ethinyl estradiol (EE) and norelgestromin (NGMN).  

Rationale: No in vivo DDI study has been conducted to evaluate the effect of cladribine on 
systemically acting hormonal contraceptives. Currently it is unknown whether cladribine may 
reduce the effectiveness of hormonal contraceptives. Considering the in vitro study results 
described in Section 3.3.3. of the Clinical Pharmacology review (under Hormonal Contraceptives 
and Transporters), to be conservative, the following labeling recommendation was proposed: 
“women using systemically acting hormonal contraceptives should add a barrier method during 
MAVENCLAD dosing and for at least 4 weeks after the last dose in each treatment year”. 
Although there is no strong mechanism base to request this DDI study, since cladribine has Risk 
of Teratogenicity Black Box Warning and it is possible that the drug can be used in women of 
reproductive potential, the safety review team felt that adequate information is needed to better 
inform women how to safely use systemically acting hormonal contraceptives.  
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Communication with the sponsor: This PMR was sent to the sponsor on 15 March 2019. Sponsor 
agreed with the proposed PMR. In March 19, 2019 submission, the sponsor proposed the 
following dates: 

Draft Protocol Submission:                    06/19 
Final Protocol Submission:                    06/20 
Study Completion:                                 08/23 
Final Report Submission:                       08/24 

 

Considering it would be very hard to recruit women of reproductive potential into a study with a 
drug that has boxed warnings for cancer and teratogenicity, the proposed timeline is acceptable 
from our perspective.  
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1. EXECUTIVE SUMMARY
Cladribine, a chlorinated purine nucleoside analog that belongs to the class of antineoplastic and 
immunomodulating agents, is currently approved in the US for the treatment of hairy cell 
leukemia (HCL). Cladribine has been shown to exert a sustained anti-inflammatory effect and to 
suppress lymphocytes, the immune cells implicated in the autoimmune processes involved in the 
pathophysiology of multiple sclerosis (MS). The sponsor is seeking the approval of cladribine for 
the treatment of relapsing forms of MS .

NDA 22561 for cladribine (10 mg tablets) for the treatment of RMS received a Complete 
Response Letter (CRL) issued on February 28, 2011.  In the CRL, the FDA concluded that 
evidence of cladribine's effectiveness was established, however, safety concerns, principally the 
presence of a disproportionate number of malignancies and severe lymphopenia in cladribine 
subjects, outweighed the benefits and precluded its approval. The NDA was withdrawn by the 
sponsor in August 2011. However, the sponsor continued the Phase II and Phase III studies that 
were ongoing at the time, including the collection of long-term safety data and reanalysis of the 
entire database, to establish a benefit-risk assessment for the treatment of RMS. The sponsor is 
submitting a response to the CRL addressing the safety concerns with special focus on severe 
lymphopenia ongoing at and beyond Week 96 with the 3.5 mg/kg cladribine dose as that is the 
currently proposed dose. The sponsor has developed absolute lymphocyte count (ALC) based 
treatment criteria to minimize the risk of severe lymphopenia, including postponement of 
treatment in Year 2 for up to 6 months in cases of persistent lymphopenia. 

In this NDA re-submission, updated clinical data obtained from Phase 3 trials, information on the 
additive effects leading to lymphopenia when cladribine is taken with another agent that affects 
lymphocytes and nine in vitro studies to further address the drug-drug interaction (DDI) potential 
of cladribine are provided for review.

1.1 Recommendations
The Office of Clinical Pharmacology/ Division of Clinical Pharmacology 1 (OCP/DCP-1) has 
reviewed the submission and finds NDA 22-561 acceptable from an OCP perspective provided 
that the Sponsor agrees with the labeling recommendations.  

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics
This information has been discussed in the review of the original NDA 22561 application, please 
refer to Section 3.2 for the summary and the clinical pharmacology review (DARRTS Nov 24, 
2010) for details.
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2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing
The recommended dose of cladribine is 3.5 mg/kg over 2 years, administered as 1 treatment 
course of 1.75 mg/kg per year. Each treatment course consists of 2 treatment weeks,  

 of the respective 
treatment year. Each treatment week consists of 4 or 5 days on which a patient receives 
cladribine doses depending on body weight.

2.2.2 Therapeutic individualization
Lymphocyte count should be obtained to inform cladribine dosing. Lymphocytes must be within 
normal limits before initiating treatment in Year 1 and at least 800 cells/mL before initiating 
treatment in Year 2. If necessary, treatment should be delayed in Year 2 for up to 6 months to 
allow for recovery of lymphocytes to at least 800 cells/mL. If the recovery takes more than 6 
months, the patients should not receive further treatment with cladribine. 

2.3 Outstanding Issues
None is identified.

2.4 Summary of Labeling Recommendations
Recommendations are provided on Sections 7, 8.6, 8.7, and 12.3. See Appendix for tracking 
changes.

FDA agreed on the proposed treatment criteria to minimize the risk of severe lymphopenia, 
including postponement of treatment in Year 2  

, see Sect 2.2.2.

FDA agreed with the sponsor recommendation to separate administration of any other oral 
products by at least 3 hours during the 4  to 5 day MAVENCLAD treatment courses.

FDA agreed with the sponsor recommendation that no dose adjustment is needed for patients 
with mild renal impairment. Since clinical experience in patients with moderate to severe renal 
impairment is very limited, cladribine is not recommended in these patient populations. There is 
no basis for “contraindicated” in patients with moderate/severe renal impairment as proposed by 
the sponsor. 

Section 7 of MAVENCLAD label has been re-organized and the drug interactions have been 
summarized and presented as a Table with Clinical Impact and Prevention and Management 
outlined for the specific DDIs. 

FDA disagreed with the sponsor that the in vivo of cladribine metabolism data can be described 
in Sect 12.3. The following is proposed: The metabolism of cladribine in whole blood has not 
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been fully characterized. However, extensive whole blood and negligible hepatic enzyme 
metabolism was observed, in vitro. 

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background
Cladribine, a chlorinated purine nucleoside analog, is currently approved in the US for the 
treatment of hairy cell leukemia (HCL). NDA 22561 for cladribine tablets for the treatment of 
RMS was previously submitted on May 27, 2010 and a CRL was issued on February 28, 2011.  
In the CRL, the FDA concluded that evidence of cladribine's effectiveness was established, 
however, safety concerns, principally the presence of a disproportionate number of malignancies 
and severe lymphopenia in cladribine subjects, outweighed the benefits and precluded its 
approval. The NDA was withdrawn in August 2011, however, the sponsor continued the Phase II 
and Phase III studies that were ongoing at the time, including the collection of long-term safety 
data and reanalysis of the entire database, to establish a benefit-risk assessment for the treatment 
of RMS. The sponsor is submitting a response to the CRL addressing the safety concerns with 
special focus on severe lymphopenia ongoing at and beyond Week 96 with the 3.5 mg/kg 
cladribine dose as that is the proposed dose according to this submission. The sponsor has 
developed absolute lymphocyte count (ALC) based treatment criteria to minimize the risk of 
severe, sustained lymphopenia, including postponement of treatment in Year 2 for up to 6 
months in cases of persistent lymphopenia. In addition, information on the additive effects 
leading to lymphopenia when cladribine is taken with another agent that affects lymphocytes and 
nine in vitro studies to further address the drug-drug interaction (DDI) potential of cladribine 
have been provided in this NDA re-submission.

3.2 General Pharmacology and Pharmacokinetic Characteristics
Note: This section is based on the nonclinical and clinical information described within the 
review of the previous NDA 22561 submission, please refer to the clinical pharmacology review 
(DARRTS Nov 24, 2010) for more details.

Pharmacology
Mechanism of Action The mechanism by which cladribine exerts its therapeutic effects in MS is 

not fully elucidated, but its predominant effect on B and T lymphocytes is 
thought to interrupt the cascade of immune events central to MS.

General Information 
Bioanalysis 9 bioanalytical methods for the quantitation of cladribine in human plasma 

and urine; some of the assays had selectivity, recovery and/or stability 
problems and were found unacceptable. Please refer to the Sections 2.2.7 
and 2.6.1 of the clinical pharmacology review (DARRTS Nov 24, 2010) for 
details. All PK information proposed in the label are obtained using 
acceptable analytical methods.
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Healthy Volunteers vs 
Patients

Due to the cytotoxicity of cladribine, all clinical studies were conducted in 
patients.

ADME 
Absorption The bioavailability of cladribine is approximately 40%. Following fasted 

administration of cladribine, the median time to maximum concentration 
(Tmax) was 0.5 h (range 0.5 to 1.5 hours).
Following administration of cladribine with a high fat meal, the geometric 
mean Cmax decreased by 29% and AUC was unchanged. The Tmax was 
prolonged to 1.5 hours.

Distribution The plasma protein binding of cladribine is 20% and is independent of 
plasma concentration, in vitro. 

Intracellular cladribine concentration in human lymphocytes was 
approximately 30 to 40 times extracellular, in vitro.

Metabolism Cladribine is a prodrug that is phosphorylated to the active moiety Cd-AMP 
by deoxycytidine kinase in lymphocytes. Cd-AMP is further 
phosphorylated to cladribine diphosphate (Cd-ADP) and Cd-ATP. The 
dephosphorylation and deactivation of Cd-AMP is catalyzed by 
cytoplasmic 5'-NTase. 

The metabolism of cladribine in blood has not been fully characterized. 
However, extensive whole blood and negligible hepatic enzyme metabolism 
was observed, in vitro.

Elimination Cladribine estimated terminal half-life is approximately 24 h. The 
intracellular half-life of the cladribine phosphorylated metabolites 
cladribine monophosphate (Cd-AMP) is 15 hours and Cd-ATP is 10 hours. 

Cladribine estimated median apparent renal clearance is 22.2 L/hr and non-
renal clearance is 23.4 L/hr.

3.3 Review Issues Pertinent to the Complete Response
Some of the key review issues were addressed in the review of the original application. The 
following sections focus only on issues that were addressed by the sponsor in this re-submission.

3.3.1 Dosage and Administration 
The cladribine tablet formulation contains hydroxypropyl betadex (HPβCD)  

. Based on in vitro complexation study 
with cyclodextrin (refer to the clinical pharmacology review DARRTS Nov 24, 2010), it was 
concluded that the risk of in vivo complex formation of concomitantly administered drugs is low 
and of and potential clinical relevance only for drugs with poor solubility (BCS Class II/IV) and 
low fraction absorbed. However, since the solubility information might not be readily available 
to the prescriber and the patient, the sponsor recommends to separate administration of any other 
oral products by at least 3 hours. 
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In this submission the sponsor provided a comprehensive justification for the 3-hour interval 
between co-administration of any other oral drug (rather than, for example, 2 hours) based on 
existing evidence on gastro-intestinal physiology, with particular emphasis on motility and 
respective gastric and small-intestinal transit times. The proposed 3-hour time interval was 
primarily based on the objective to achieve an adequate spatial separation of concomitantly 
administered drugs, as this should be sufficient for the avoidance of cyclodextrin-based 
absorption interactions. The sponsor is referring to a study on gastric and small-intestinal transit 
times in healthy subjects with a magnet tracking system to estimate the passage and propagation 
velocity of orally administered solid dosage forms (Worsøe et al, 2011), which showed that the 
median gastric transit time was 35.5 minutes (range of 4 to 73 minutes). Conservatively 
assuming a gastric-transit of 1 hour (approximately 2-fold the observed median of 35.5 minutes), 
the sponsor calculated that cyclodextrin would reside at least 168 cm downstream of the pylorus 
in the small intestine at 3 hours after administration. This extent of spatial separation is 
considered adequate to exclude any possibility of physical contact of cyclodextrin with co-
administered drugs.

The justification for the 3-hour separation interval is acceptable.

The following was proposed by the sponsor in Section 7 of the label: Separate administration of 
MAVENCLAD and any other oral drugs by at least 3 hours during the 4  to 5 day MAVENCLAD 
treatment courses.

This language is acceptable. However, since this is a general recommendation, it should be in 
Section 2.5 instead of Section 7 of MAVENCLAD label. 

3.3.2 Dosing in Patients with Renal Impairment
Renal clearance of cladribine exceeds the glomerular filtration rate, indicating the drug 
undergoes net tubular secretion in addition to glomerular filtration. Total cladribine clearance 
was shown to be dependent on creatinine clearance (CLCR); please refer to the Sect. 2.3.1.1 of 
the clinical pharmacology review (DARRTS Nov 24, 2010) for details.

No dedicated studies have been conducted in patients with renal impairment. However, the 
sponsor presented a discussion on this issue in the current submission: While there were no 
dedicated studies in this population, patients with mild renal impairment (CLCR of ≥ 60 to <90 
mL/min) were included in the CLARITY study. Of the 173 subjects included in the population 
PK analysis, 129 subjects had normal renal function (CLCR ≥ 90 mL/min), 43 subjects had mild 
renal impairment (CLCR of ≥ 60 to <90 mL/min), and 1 subject had moderate renal impairment 
(CLCR of 30 to <60 mL/min). Since a substantial cohort of subjects with mild renal impairment 
has been enrolled in the pop PK population, the estimation of cladribine PK parameters in 
subjects with mild renal impairment should be reliable. The pop PK estimated a decrease of 18% 
in total clearance in a typical subject with a CLCR of 65 mL/min, leading to an increase in 
cladribine exposure of 25%. Thus, dose adjustments for patients with mild renal impairment (i.e., 
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CLCR ≥ 60 mL/min) are not warranted. Additional safety analyses in the CLARITY study 
performed by the sponsor by correlating CLCR with safety parameters showed little or no 
association between CLCR and the safety parameters analyzed, e.g. Lymphocyte Count, 
Neutrophil Count, Platelet Count and Change from Baseline in CD4/CD8 cells.

Clinical experience in patients with moderate to severe renal impairment (i.e., CLCR < 60 
mL/min) is limited, therefore cladribine is not recommended in patients with moderate or severe 
renal impairment.

The proposed labeling language in patients with renal impairment is acceptable.

3.3.2 Metabolism and Distribution Studies
Due to the lack of a human mass balance study, there is insufficient understanding of the 
circulating drug-related material in human plasma or any major circulating metabolite. This was 
addressed in part by in vitro studies. 

The following was submitted (and reviewed) in the original NDA application: The turnover of 
cladribine in human hepatic S9 and microsomal fractions was low. While the data suggest some 
role of CYP1A1, CYP1A2 and CYP2D6 in the metabolism of cladribine, the importance of CYP 
enzymes in the elimination of cladribine was considered to be low. 

However, in another more recent (2012) in vitro metabolite profiling study, after incubation of 
[14C]-cladribine in whole blood of human, monkey and mouse for 24 hours, cladribine was 
extensively metabolized. Several metabolites of cladribine were found: M12 (2-
chlorohypoxanthine) in human and monkey plasma with about 43% of the total radioactivity and 
the corresponding nucleoside M11 (2-Chlorodeoxyinosine) with 14 to 18%. This pathway was 
most probably catalyzed by adenosine deaminase (ADA), suggesting that cladribine might not be 
fully resistant to ADA as previously thought.

Comments: Due to the discrepancy between these in vitro studies findings and the issues 
identified in the in vivo studies in the review of the original NDA submission (refer to Section 
2.2.8 in the clinical pharmacology review DARRTS Nov 24, 2010), the proposed by the sponsor 
labeling language is not acceptable. 
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Instead, the following is proposed by the reviewer: The metabolism of cladribine in whole blood 
has not been fully characterized. However, extensive whole blood and negligible hepatic enzyme 
metabolism was observed, in vitro.

3.3.3 Drug-Drug Interactions
In Vitro Potential for Inhibition of Human Hepatic Enzymes

The effect of cladribine on CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4 in pooled human 
liver microsomes at concentrations of up to 10 μM (2.86 μg/mL) was assessed. Cladribine was 
not an inhibitor of CYP450 enzymes. However, cladribine incubation concentration was too low 
in the CYP3A4 in vitro study. This has been previously discussed in the Nov 24, 2010 clinical 
pharmacology review. A new (2017) in vitro study was conducted with acceptable cladribine 
incubation concentration (to cover intestine concentrations). The study confirmed that the risk of 
clinically relevant inhibitory effect on CYP3A4/5 is very low.

In Vitro Induction Potential 

In vitro evaluation of cladribine as an inducer of cytochrome P450 expression in cultured human 
hepatocytes suggested that the risk for clinically relevant induction of CYP450 1A2, 2B6, and 
3A4 is low. This conclusion is acceptable, considering the following in vitro study results:

Effect of Cladribine on CYP1A2

Results indicated some CYP1A2 activity reduction at low concentration of cladribine (1 M), 
and less reduction or slight increase of CYP1A2 activity at high (250 M), concentration of 
cladribine, indicating that cladribine doesn’t have a consistent effect on CYP1A2 activity. In 
addition, the extent of CYP1A2 mRNA increase was less than 10% of positive control response.  
Therefore, cladribine is expected to have low potential to affect CYP1A2 in vivo.

Effect of cladribine on CYP2B6

Cladribine showed some down-regulation of CYP2B6 mRNA expression. Treatment of the three 
cultured human hepatocyte batches with cladribine caused concentration-dependent CYP2B6 
mRNA decreases: a 0.223-fold change at 100 μM in one human hepatocyte batch (HC7-8) and 
0.50-fold change at 1 μM in HC7-8, where cytotoxicity was still not apparent. Decreases were 
also noted in the other two human hepatocyte batches; however, the decreases were lower than 
50% when compared to the vehicle control. Considering the cladribine concentrations at the 
intended dosing in RMS patients (10 or 20 mg/day)*, the effect on CYP2B6 mRNA is very low.

*Relevant cladribine concentrations: Cmax after 20 mg dose will be ~50 ng/mL, i.e., 0.18 M.  
Since cladribine protein binding is about 20%, the Cmax.u is 0.14 M.  In the 2017 DDI guidance, 
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it is suggested using 30 x Cmax,u as relevant concentration for assessment of in vitro induction 
study results. Therefore, in this case, it should be 4.2 M.

Effect of cladribine on CYP3A4

Treatment of three individual cultured human hepatocyte batches (HC10-10, HC10-8 and HC7-
8) with cladribine for three consecutive days caused concentration dependent CYP3A4 mRNA 
decreases, e.g. down-regulation. In hepatocyte from donor HC10-10, CYP3A4 mRNA level 
ranged between 100% and 40% of those of vehicle group, at 1 and 10 M of cladribine.  In lot 
HC10-8, the mRNA level was 60% and 50%, respectively.  Therefore, for a concentration of 4.2 
M (see Relevant concentrations above), some decrease of CYP3A4 mRNA can be expected, 
but no more than 50%.  (Note: 50% reduction is same as 2-fold induction in terms of extent of 
change, therefore an effect less than 50% reduction is not considered significant). The only lot 
raising some concern is lot HC7-8 where CYP3A4 mRNA reduction was 60% at 1 μM and 
became 92% at 10 μM. However, at 10 μM, there was some indication for cytotoxicity. 
Therefore, cladribine doesn’t seem to have a consistent effect on CYP3A4 activity.

Hormonal Contraceptives 

Since no in vivo DDI study has been conducted to evaluate the effect of cladribine on 
systemically acting hormonal contraceptives, and considering the in vitro study results above, to 
be conservative (cladribine has Risk of Teratogenicity Warning), it is assumed that currently it is 
unknown whether cladribine may reduce the effectiveness of hormonal contraceptives. The 
sponsor proposes that “women using systemically acting hormonal contraceptives should add a 
barrier method during MAVENCLAD dosing and for at least 4 weeks after the last dose in each 
treatment year”. 

This labeling language is acceptable, considering the following justification: The 4-week period 
proposal is linked to “de-induction” of CYP enzymes when it is assumed that cladribine would 
act as enzyme inducer. While the de-induction process usually requires 1 week, still the efficacy 
of hormonal contraceptives in that particular cycle may not be reliable (i.e., may be altered due 
to residual induction in the first week of treatment in the respective course). The overall aim of 
the 4-week period is to make sure that the additional contraceptive measure (e.g., barrier method) 
is only withdrawn when full efficacy of the hormonal contraceptive can be assumed.

Transporters

The following has been submitted and reviewed in the original NDA application: Cladribine 
does not significantly inhibit P-gp, MRP2, MRP4, MRP5, OAT1, OAT3, OAT4 and OCT2 in 
vitro at clinically relevant concentrations. Based on an in vitro study using MDCK and MDCK-
MDR1 cells, cladribine is a weak P-gp substrate. In addition, cladribine is a substrate of the 
efflux transporter BCRP.  According to literature reports, cladribine is a substrate of several 
nucleoside transporters, i.e. Equilibrative Nucleoside Transporters (ENT1, ENT2) and 
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Concentrative Nucleoside Transporter (CNT3) [King KM (2006)]. Refer to the clinical 
pharmacology review (DARRTS Nov 24, 2010) for details.

The sponsor has conducted additional in vitro studies to evaluate cladribine potential for 
transporter interactions, results of these studies are summarized below.

In vitro evaluation of cladribine as an inhibitor of the BCRP transporter using the MDCKII-
BCRP cell line suggested that cladribine is a weak inhibitor of BCRP (IC50 > 150 μM). No 
inhibition was observed at the lower concentration of 30 μM cladribine for the 30 and 60 minutes 
time points; a minor inhibition was observed at the high concentration of 150 μM at both time 
points (80% and 75% of control, respectively) in the absence of cytotoxicity.

The inhibitory potential of cladribine on hOAT1B1, hOAT1B3, and hOCT1 was evaluated in 
transfected HEK-cells at cladribine concentrations of 12 and 60 μM. Cladribine showed no 
inhibition of the respective substrate uptake by hOATP1B1, hOATP1B3 or hOCT1 at 
concentrations up to 60 μM, therefore, IC50 was not determined. It is unlikely that cladribine will 
cause any clinically significant inhibition of these uptake transporters.

The proposed labeling language regarding transporters is acceptable.

Proposed Labeling language: Cladribine is a substrate of breast cancer resistance protein 
(BCRP), equilibrative nucleoside (ENT1) and concentrative nucleoside (CNT3) transport 
proteins. 

Immunosuppressive or Disease-Modifying Drugs

A clinical study with Rebif® (IFN beta-1a) has been conducted and submitted in the original 
NDA application, refer to the clinical pharmacology review (DARRTS Nov 24, 2010) for details. 
Below were the conclusions from the review: There was no significant PK impact of Rebif® 
(IFN beta-1a) on cladribine. However, the safety data obtained in this DDI study suggest 
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potential additive pharmacodynamic effects of the known hematological treatment emergent 
adverse effects of both products.

In addition, refer to the Reviewer’s Comments in Sect 4.3 Population PK/PD Analyses in the 
current review.
The proposed labeling language regarding DDI with interferon-beta is acceptable.

Proposed Labeling language: Concomitant use of MAVENCLAD with interferon-beta did not 
change the exposure of cladribine to a clinically significant effect; however, lymphopenia risk 
may be increased. Concomitant use is not recommended.

Antiviral and Antiretroviral Drugs
It has been reported (Chtioui et al., 2009) that concomitant treatment with lamivudine renders 
cladribine inactive by inhibition of its phosphorylation. This is a case study publication, followed 
by in vitro studies, demonstrating that clinically relevant drug interactions may occur when two 
nucleoside drugs that both require activation by phosphorylation are co-administered.

The proposed labeling language is acceptable.

Proposed Labeling language: Compounds that require intracellular phosphorylation to become 
active, such as lamivudine, zalcitabine, ribavirin, stavudine, and zidovudine could interfere with 
the intracellular phosphorylation and activity of cladribine. Concomitant use should be avoided.

3.3.4 Lymphopenia
In the Complete Response Letter (02/28/2011), the Applicant was asked to “ascertain the time of 
resolution of lymphopenia in cladribine treated subjects... to provide appropriate guidance on the 
necessary duration of hematologic monitoring.” Since the original submission, subject exposure 
to cladribine and follow-up has significantly increased with the CLARITY EXT study and the 
PREMIERE registry. Furthermore, retreatment criteria based on lymphocyte count were studied 
in ORACLE MS. These clinical observations have been used to inform the Applicant’s response. 
In addition, modeling and simulation was performed using data from CLARITY, CLARITY 
EXT and ORACLE MS to support the clinical observations (see Appendix). A plot of the 
predicted time to lymphopenia of Grade 1 from different values of nadir ALC is provided in 
Figure 1 and is consistent with observations. 
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Figure 1: Time to Return to Lymphopenia of Grade 1 from Different ALC Nadir Values

Source: M&S Population Analysis Report Figure 19, Page 55

The Applicant used their lymphocyte model in combination with their previously developed 
relapse model to assess the impact of dosing postponements (to enable ALC to recover from 
Grade 2 to 4 lymphopenia) or cancellation of treatment (for subjects who had not recovered to 
Grade 0 or 1) on occurrence of severe lymphopenia in Year 2 and explore whether treatment 
postponement would impact relapse rate. Specifically, clinical trial simulation was used to 
explore a treatment algorithm which requires subjects to have Grade ≤ 1 ALC values before 
treatment in Year 2 and allows postponement of cladribine dosing until this criteria is met. 
Postponement of the second course of treatment was allowed for up to 6 months. If the subject’s 
ALC values did not recover to Grade ≤ 1 at that point in time, Year 2 treatment would be 
cancelled. 

The results of the simulations showed that less Grade 3 or 4 lymphopenia was observed at any 
time during Year 2 when applying the treatment algorithm, consistent with observations in 
ORACLE MS. Additionally, the treatment criteria did not show a significant impact of treatment 
delays in the second year of cladribine treatment on the probability of experiencing a relapse.

4. APPENDICES

4.3 Population PK/PD Analyses
The Applicant’s Population PK analysis was reviewed during the first cycle by Dr. Lee (11/23/2010) and 
found to be acceptable. Further analysis was performed by the reviewer to investigate the relationship 
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between absolute lymphocyte counts at steady state and annualized relapse rate (ARR). The reviewer 
concluded that doses lower than 3.5 mg/kg were likely to result in a significant loss of ARR response. 

In the Complete Response Letter (02/28/2011), the Applicant was asked to “ascertain the time of 
resolution of lymphopenia in cladribine treated subjects... to provide appropriate guidance on the 
necessary duration of hematologic monitoring.” The Applicant was also asked to provide additional 
information of specific medications which may lead to additive effects on lymphocytes in order to 
provide guidance on cladribine’s use. Since the original submission, subject exposure to cladribine and 
follow-up has significantly increased with the CLARITY EXT study and the PREMIERE registry and these 
clinical observations have been used to inform the Applicant’s response. In addition, modeling and 
simulation was performed to support the clinical observations. Specifically, in the current submission 
the Applicant has submitted additional analysis to:

 Describe the dependency of the time to recovery of absolute lymphocyte count (ALC) with 
respect to the lowest values after cladribine administration

 Investigate the impact of the proposed ALC based treatment criteria on the occurrence of 
severe lymphopenia in Year 2 and on relapses in subjects presenting with Grade 2 to 4 
lymphopenia 

The analysis describing the ALC time-course as a function of cladribine exposure included data from 
three clinical trials: CLARITY, CLARITY EXT and ORACLE MS. The initial model development was based on 
CLARITY and CLARITY EXT data only and included an initial covariate assessment. The covariate 
assessment excluded the potential effects of glucocorticoids. The model was then qualified by 
performing a visual predictive check (VPC) on the available data from ORACLE MS. Re-estimation of 
model parameters, including effects of glucocorticoids was carried out on the entire dataset. The total 
dataset included a total of 47,959 ALC observations (36,850 from CLARITY and CLARITY EXT and 11,108 
from ORACLE MS) from 1931 unique individuals.

ALC data were described by an indirect response model where cladribine stimulates the first-order rate 
constant describing loss of ALC. Linear, Emax and sigmoidal Emax models were explored. Plasma 
concentration of cladribine (Cp) was predicted in each individual using the previous population PK 
model. The final model is defined by the equation below:

Where kin is a zero-order rate constant describing production of ALC, kout is a first-order rate constant 
describing loss of ALC, Emax is the maximum effect on the lymphocyte perish rate and C50 is the 
cladribine concentration that is required to reach 50% of Emax. The mean residence time (MRT) was 
defined as 1/kout.  A potential effect of interferon beta-1a on ALC levels was explored initially with a 
linear drug effect. The effect of age at screening, sex and high disease activity (HDA) status were 
evaluated on baseline ALC, MRT and C50. Although an effect of age on baseline ALC was statistically 
significant, the Applicant determined it was not clinically relevant because the effect was less than 10% 
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on ALC nadir. An effect of sex on C50 was retained in the model. The VPC for the CLARITY and CLARITY 
EXT data is provided in Figure 2.

Figure 2: Visual Predictive Check for CLARITY and CLARITY EXT Studies
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Source: M&S Population Analysis Report, Figure 6, Pages 29-30

To assess the predictive ability of the model, qualification was performed with a VPC using ALC data 
from ORACLE MS without re-estimation of parameters (Figure 3). ALC data associated with interferon 
beta-1a or glucocorticoid administration were excluded from the model at this stage.
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Figure 3: Prospective Visual Predictive Check for ALC Data from ORACLE MS

Source: M&S Population Analysis Report, Figure 11, Page 36.

Model parameters were re-estimated with interferon beta-1a or glucocorticoid effects included in the 
model. In CLARITY and CLARITY EXT there were 54 subjects with lymphocyte data (770 ALC samples) 
following interferon beta-1a treatment and 0 subjects with data following glucocorticoid treatment. In 
ORACLE MS there were 108 subjects with lymphocyte data (805 ALC samples) following interferon beta-
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1a treatment and 49 subjects (58 ALC samples) with data following glucocorticoid treatment. This 
analysis showed statistical significance with a 19 percent reduction with interferon beta-1a 
administration. No effect of glucocorticoid administration was detected. Parameter estimates of the 
final model are included in Table 1.

Table 1: Final Model Parameter Estimates

Source: M&S Population Analysis Report, Table 8, Page 39.

VPCs for ALC counts were performed and showed similar results to those in Figure 2 and Figure 3. 
Additionally, VPCs comparing the proportion of observed and simulated ALC for different lymphopenia 
grades were performed. Predictions of lymphopenia of Grade 1-4 and Grade 2-4 were reasonable, but 
there was a tendency to overpredict the proportion of subjects with lymphopenia Grade 3-4. 

Using the model equations, the Applicant was able to calculate the time to return to lymphopenia of 
different grades for different nadir values for ALC. For example, a plot of the time to return to 
lymphopenia of Grade 1 from different nadir ALC values is illustrated in Figure 1.

The Applicant used their lymphocyte model in combination with their previously developed relapse 
model to assess the impact of dosing postponements (to enable ALC to recover from Grade 2 to 4 
lymphopenia) or cancellation of treatment (for subjects who had not recovered to Grade 0 or 1) on 
occurrence of severe lymphopenia in Year 2 and explore whether treatment postponement would 
impact response to oral cladribine. Specifically, clinical trial simulation was used to explore a treatment 
algorithm which requires subjects to have Grade ≤ 1 ALC values before treatment in Year 2 and allows 
postponement of cladribine dosing until this criteria is met. Postponement of the second course of 
treatment was allowed for up to 6 months. If the subject’s ALC values did not recover to Grade ≤ 1 at 
that point in time, Year 2 treatment would be cancelled. 
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The results of the simulations showed that less Grade 3 or 4 lymphopenia was observed at any time 
during Year 2 when applying the treatment algorithm. Additionally, the treatment criteria did not show 
a significant impact of treatment delays in the second year of cladribine treatment on the probability of 
experiencing a relapse. 

Reviewer’s Comments: The Applicant’s model provides a reasonable description of ALC dynamics 
following cladribine treatment in the CLARITY, CLARITY EXT and ORACLE MS studies. The Applicant notes 
that the model tends to overpredict Grade 3-4 lymphopenia and attributes this to lack of a feedback 
mechanism or the fact that retreatment criteria were not implemented in the simulations. The existence 
of an effect of interferon beta-1a on ALC is consistent with direct observations in the ONWARD and 
ORACLE MS studies. As such, the Applicant proposes that concomitant treatment is not recommended.  
No effect was observed for glucocorticoids, but this finding should be interpreted with caution because of 
the relatively small sample size and limited samples included in the analysis. The results of the 
simulations support the Applicant’s ALC based retreatment criteria and suggest that a delay in treatment 
will reduce the proportion of subjects reaching Grade 3-4 lymphopenia but is not likely to have a clinically 
significant impact on relapse rate.   

Proposed Labeling Changes
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1.0 EXECUTIVE SUMMARY 

 
Cladribine, a chlorinated purine nucleoside analog that belongs to the class of 
antineoplastic and immunomodulating agents, is currently approved in the US for the 
treatment of hairy cell leukemia (HCL). Cladribine has been shown to exert a sustained 
anti-inflammatory effect and to suppress lymphocytes, the immune cells implicated in the 
autoimmune processes involved in the pathophysiology of multiple sclerosis (MS).  
The sponsor is seeking the approval of cladribine for the treatment of relapsing forms of 
MS .  
The proposed treatment algorithm is short-term intermittent: 10 mg cladribine tablets 
once daily in courses consisting of 4 to 5 days per  period, with 2 consecutive 
courses in the first  treatment and 2 courses in the second . The 
recommended treatment is 3.5 mg/kg/treatment (approximate dose 0.875 mg/kg/course or 
daily dose of cladribine of about 0.175 mg/kg). 
 
Two pivotal studies supporting the efficacy claim were submitted in this NDA: 25643 
(CLARITY) and 2-CdA-MS-SCRIPC (Scripps-C). However, the integrity of the data 
from Scripps-C was compromised and the study is not considered to provide evidence to 
support the efficacy. 
The clinical pharmacology program included six phase 1 pharmacokinetic (PK) studies in 
patients with MS and 5 supportive PK studies in patients with lymphoid/hematological 
malignancies. Because of the sustained anti-inflammatory effect of cladribine with 
suppression of lymphocytes, all clinical pharmacology and biopharmaceutics studies 
were conducted in patients with the targeted indications. A mass balance study with 
cladribine has not been conducted. No dedicated intrinsic factor PK-studies in special 
populations (e.g. hepatic and renal impairment) and in vivo drug-drug interaction studies 
with enzyme/transporter inducers or inhibitors have been conducted. Instead, addition of 
PK sampling for population pharmacokinetic/pharmacodynamic (PK/PD) analysis was 
employed in a subgroup of patients in the pivotal CLARITY study to identify the sources 
of inter-subject variability and characterize relevant factors on the clearance and 
disposition of cladribine. The clinical pharmacology program also included 9 
bioanalytical reports and 12 in vitro metabolism/transport studies. 
 

 
1.1 RECOMMENDATION 

 
The Office of Clinical Pharmacology (OCP/DCP I) has reviewed the clinical 
Pharmacology and Biopharmaceutics sections of NDA 22561. The submission is 
acceptable from a Clinical Pharmacology and Biopharmaceutics point of view provided 
the sponsor agrees with the Agency’s labeling recommendations and the Phase IV 
commitment. 
Labeling recommendations outlined in the Detailed Labeling Recommendations section 
of the review should be conveyed to the sponsor. 
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Comment to the Pharm/tox reviewer: 
 
While cladribine was metabolized only to a very low extent in vitro, the in vivo 
metabolism of cladribine in humans has not been reliably assessed. The following 
deficiencies were noted: 
• Screening of potential metabolites were done in pooled human plasma samples 
only up to 4 h post dose after oral and i.v. administration, which is not long enough 
for assessing the exposure to metabolites according to the M3(R2) Nonclinical Safety 
Studies for the Conduct of Human Clinical Trials and Marketing Authorization for 
Pharmaceuticals Guidance. It is possible that some potential metabolites could not 
have been detected because their levels were very low at 4 hr post cladribine 
administration. 
• Synthetic reference standards were not available for most potential metabolites, 
therefore reliable quantitation of these metabolites is not possible. 
• Only up to 62% of the administered i.v. dose had been recovered as cladribine or 
metabolites 

      • Possible degradation of cladribine in urine 
 
 
PHASE IV COMMITMENTS 
 

• The sponsor needs to conduct a trial to assess the effect of renal impairment on 
cladribine  pharmacokinetics  

• The sponsor needs to conduct an in vitro study to evaluate whether cladribine is 
an inducer of CYP2B6 

 
 
1.2   OVERALL SUMMARY OF CLINICAL PHARMACOLOGY AND 
BIOPHARMACEUTICS FINDINGS 
 
The findings from overall clinical pharmacology and biopharmaceutics section are as 
follows: 
 
Exposure-Response for Effectiveness: 
Two dose levels evaluated in the pivotal CLARITY trial (5.25 mg/kg and 3.5 mg/kg). 
In this trial both doses showed statistically significant superiority compared to placebo 
based on the primary endpoint, annualized relapse rate (ARR), whereas there was no 
difference within cladribine dose groups. 
However, there was a clear exposure-response relationship for lymphocyte counts 
reduction. Given the relationship between lymphocyte counts reduction and ARR 
response (see Section 2.2.5), it is reasonable to infer that there is an exposure-response 
relationship for ARR response in a wider range of cladribine exposure even though such 
relationship was not evident within the studied exposure range in the CLARITY study. 
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Exposure-Response for Safety: 
The most common adverse reactions observed in the pivotal clinical trial (> 20%) were 
lymphopenia, upper respiratory tract infections and headache. Lymphopenia showed 
dose-dependence. 
      
General Pharmacokinetics (ADME characteristics) of cladribine: 
Absorption:  
Absorption of cladribine from HPβCD tablets was rapid (tmax in the range of 0.5 – 1.5 
hours). The oral bioavailability for the 10 mg cladribine HPβCD formulation was in the 
range of 39 - 43%. High fat meal and gastric pH did not affect the bioavailability of 
cladribine from the HPβCD tablet formulation. The uptake of cladribine could be 
dependent on facilitated influx by the Equilibrative Nucleoside Transporters (ENT1, 
ENT2) and the Concentrative Nucleoside Transporter (CNT3). 
 
Distribution:  
The plasma protein binding of cladribine is low (20%) and independent on cladribine 
concentration. The volume of distribution of cladribine is large, with mean (SD) 
estimates of 482 L (6.57 L/kg), in line with the intracellular distribution of cladribine. 
The intracellular concentrations of cladribine nucleotide in leukaemic cells were reported 
in the literature to be several hundred-fold higher than the corresponding plasma 
concentrations of cladribine. The transport of cladribine into the lymphocytes could be 
dependent on nucleoside transporters, i.e. ENT1, ENT2 and/or CNT3. 
 
Metabolism:  
Cladribine has to be phosphorylated intracellularly to become efficacious. Cladribine is 
phosphorylated in the cell to cladribine monophosphate (CdAMP), cladribine 
diphosphate (CdADP) and cladribine triphosphate (CdATP), the active principle. The 
intracellular phosphorylation of cladribine is mediated by the enzyme deoxycytidine 
kinase (DCK), which is highly expressed in lymphoid mononuclear cells. At the same 
time, the levels of the enzyme 5’-nucleotidase (5’NTase), responsible for degradation of 
CdATP, are low in the lymphocytes, resulting in accumulation of cladribine nucleotides 
in lymphoid cells. 
 
Cladribine was metabolized only to a very low extent in vitro. No major metabolite, 
defined as being >10% of parent AUC was identified in human plasma. However, the in 
vivo metabolism of cladribine has not been reliably assessed, and can not be included in 
the drug label.  
 
Elimination: 
The elimination half-life (t1/2) of cladribine varied across studies between 18 - 21 hours. 
In the population PK analysis the typical terminal half-life was estimated to be 23 hours. 
A classical mass-balance study with radiolabeled cladribine has not been conducted. The 
ADME profile of cladribine was assessed in urine and plasma after i.v. and oral 
administration to patients with MS. However, several problems were identified in this 
study (see above) and the results for the renal elimination of cladribine and 2-
chloroadenine should be interpreted with caution. 
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Following an i.v. infusion of cladribine in MS patients, the mean total clearance was 45.6 
L/h. The mean fraction of dose eliminated by the renal route accounted for 59.5 %. After 
administration of the HPβCD-cladribine 10 mg tablet in the same patients, mean 24.1% 
of the dose was eliminated via the renal route. In the pooling pop PK analysis, the renal 
and the non-renal routes of cladribine elimination were approximately equally important: 
22.2 L/h for CLR and 23.4 L/h for the non-renal or metabolic CLNR. The CLNR 
includes both intracellular metabolism and hepatic metabolism, where the hepatic 
metabolism is considered as a minor contributor to cladribine’s overall clearance. 
The renal clearance of cladribine exceeds the glomerular filtration rate, indicating the 
drug undergoes net tubular excretion in addition to glomerular filtration. Based on the 
available literature, the efflux transporters BCRP (ABCG2) and the uptake/bidirectional 
transporters ENT1, ENT2 and CNT3 could potentially be involved in cladribine active 
renal secretion. Whether MRP2, OCT2, OAT1 and OAT3 are involved is unknown. 
 
Single dose and multiple dose pharmacokinetics: 
Following single doses of the 10 mg cladribine HPßCD tablet in subjects with MS, the 
PK of cladribine can be described by a three-compartment model with rapid absorption 
(tmax 0.7 h) and terminal plasma half-life in the range of 18-20 hours. The absolute 
bioavailability of the 10 mg HPßCD tablet was approximately 43%. The 2-chloroadenine 
metabolite (M1) was the major metabolite in plasma, however, the plasma concentrations 
were very low (<5%) compared to those of cladribine. 
 
Multiple dose cladribine PK data were obtained from both MS patients and the subjects 
with hematological malignancies. The Day 5 pharmacokinetic parameters of cladribine 
were similar to those obtained on Day 1 based on a cross-study comparison. No 
significant accumulation of cladribine have been observed after repeated dosing based on 
sparse PK sampling from the CLARITY study. In addition, the population PK model did 
not predict clinically relevant accumulation over the 5 days of cladribine treatment. 
 
Dose proportionality:  
Dose proportionality has been demonstrated after oral administration of cladribine tablets 
in the range from 10 to 20 mg in the CLARITY study.  
 
Pharmacokinetics in patients:  
No studies with cladribine have been conducted in healthy subjects. 
Cladribine PK in patients with MS seemed similar to these in malignancy patients based 
on a cross-study comparison of the dose normalized cladribine exposure. 
 
Intrinsic Factors: 
Renal Impairment:  
No dedicated renal impairment study has been conducted with cladribine. In addition, the 
in- and exclusion criteria of pivotal efficacy and safety studies prevented the inclusion of 
patients with moderate or severe renal impairment into the clinical development program 
of cladribine. Based on the population PK model, the drop in the total clearance was 
predicted to be 19% for subjects with mild renal impairment. As the renal clearance is an 
important elimination pathway for cladribine, the sponsor needs to conduct a study to 
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evaluate the effect of renal impairment on cladribine pharmacokinetics. Without such 
information, currently, cladribine is not recommended in patients with moderate or severe 
renal impairment (creatinine clearance < 50 ml/min).  
 
Hepatic Impairment:  
Based on the available information for metabolism and elimination, the impact of hepatic 
function of the PK of cladribine is considered low. Curretnly, no dedicated hepatic 
impairment study has been conducted with cladribine. In addition, no patients with 
moderate or severe hepatic impairment were included in the clinical development 
program of cladribine for MS. Therefore, cladribine is not recommended in MS patients 
with moderate or severe liver impairment (Child-Pugh score >6).    
 
Age:  
No formal age/gender study was performed. The population PK analysis did not show 
any effect of age (range 18 to 65 years) on cladribine pharmacokinetics, however clinical 
studies with cladribine did not include sufficient numbers of patients aged 65 and over to 
determine whether they respond differently from younger patients. 
Proposed labeling recommendations: Caution and more intensive monitoring is 
recommended when cladribine is used in elderly patients. 
The Sponsor’s Pediatric plan includes a waiver for children < 10 years, and a study 
outline for children from 10 years of age up to 17 years of age. 
 
Gender: 
The population PK analysis did not show any effect of gender on cladribine PK. No 
dosage adjustment based on gender is necessary. 
  
Race:  
No dedicated study in subjects with different ethnic background has been performed. In 
addition, populations in all completed pharmacokinetic, biopharmaceutic and clinical 
studies with oral cladribine were almost entirely comprised of Caucasians (~98%). The 
potential for ethnic differences in the pharmacokinetics of cladribine based on genetic 
variants of CYP450 enzymes and transport proteins has not been elucidated in a 
systematic fashion. 
 
Candidate gene and genomewide PGx exploratory analyses were performed in CLARITY 
to identify potential markers of drug response (relapse and MRI parameters), safety 
(blood dyscrasias and herpes reactivation), and pharmacokinetics.  A DMD variant and 
several variants with unknown biological function were observed to be associated with 
differential cladribine effectiveness, but a formal testing could not be performed without 
individual level data. Small numbers of patients limit interpretation of association 
between an FMO3 gene variant and herpes zoster risk. CYP2S1 gene variation was 
associated with total cladribine clearance.  No significant pharmacogenomic issues 
warranting regulatory action were identified.  
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Extrinsic Factors: 
In vitro studies:  
In rat and human hepatic S9 fractions and microsomes, cladribine was metabolized only 
to a very low extent with unchanged cladribine accounting for at least 90% of the sample 
radioactivity. The cytochromes P450 CYP1A1, CYP1A2 and CYP2D6 were found to be 
responsible for the fractional metabolism of cladribine (formation of 2-chloroadenine, 
M1) in humans using microsomes and cDNA expressed single human cytochrome P450 
(CYPs) isoforms. Using pooled human liver microsomes and cultured hepatocytes there 
was no evidence of inhibition (on CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4) or 
induction (on CYP1A2 and 3A4) of CYP450 enzyme activity by cladribine. 
Cladribine did not significantly inhibit P-gp, MRP2, MRP4, MRP5, OAT1, OAT3, 
OAT4 and OCT2 in vitro at clinically relevant concentrations.  
 
Drug-drug Interactions:  
Rebif® (IFN beta-1a): There was no siginificant PK impact of Rebif® (IFN beta-1a) on 
cladribine. However, the safety data obtained in this DDI study suggest potential additive 
pharmacodynamic effects of the known hematological treatment emergent adverse effects 
of both products. A review of the safety data in the CLARITY study confirmed the 
potential for additive effects of concomitant medication that affect the hematological 
profile (e.g. carbamazepine, NSAIDs) on lymphopenia, similar to what was observed in 
the Phase 1 study of cladribine co-administered with interferon beta-1a. Therefore, the 
product labeling should reflect the risk of additive effects on lymphocytes in case 
cladribine is co-administered with agents that affect the hematological profile. 
 
Pantoprazole: Repeated oral pantoprazole doses had no influence on the PK profile of 
cladribine. Therefore, a change in gastric pH is not expected to change the rate and extent 
of absorption of cladribine. 
 
Low soluble drugs: An in vitro study demonstrated the potential for complex formation 
between free cyclodextrin, released from the HPβCD cladribine formulation, and 
concomitant low soluble drugs. Since physicians and patients might have difficulties 
finding drug solubility information, the administration of any drug should be separated by 
3 hours before and 3 hours after administration of oral cladribine. 
 
The potential of cladribine for interactions involving absorption is considered to be low 
since cladribine did not significantly inhibit P-gp, MRP2, MRP4, MRP5, OAT1, OAT3, 
OAT4 and OCT2 in vitro at clinically relevant concentrations. The potential of 
interaction between cladribine and substrates of BCRP, ENT1, ENT2 and CNT3 is also 
low, since no drug should be administred 3 hours before and 3 hours after administration 
of oral cladribine and cladribine is rapidly absorbed.  
 
Biopharmaceutics: 
BCS Class:  
Cladribine HPβCD tablet can be considered a Biopharmaceutical Classification System 
(BCS) Class III drug (high solubility, low permeability). 
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Bioequivalence:  
The composition of the “clinical” formulation tablets (used in the pivotal CLARITY 
study) is identical to the 10 mg cladribine-cyclodextrin tablets used for Phase I studies 
with only minor modifications to the tablet . 
The “commercial formulation” has minor changes  relative to 
the “clinical” formulation, however the changes qualify as SUPAC Level 2 changes, 
therefore a bioequivalence study comparing the clinical and the commercial formulation 
is not required. 
 
Food Effect:  
When cladribine was administered together with a high fat meal, the absorption was 
delayed (tmax 1.5 h), Cmax was 29% lower, while the AUC was unchanged. The 
changes are not considered clinically meaningful. Cladribine can be administered without 
regards to meals or meal types. 
 
 
 
Primary OPC Reviewer: Hristina Dimova, Ph.D. 
Division of Pharmaceutical Evaluation I 
Team Leader: Angela Men, M.D., Ph.D. 
Pharmacometrics Reviewer: Joo-Yeon Lee, Ph.D. 
Pharmacometrics Team Leader: Yaning Wang, Ph.D.  
Pharmacogenomics Reviewer: Li Zhang, Ph.D. 
Pharmacogenomics Director: Issam Zineh, Ph.D 
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2.0  QUESTION BASED REVIEW 

 
 

2.1  GENERAL ATTRIBUTES 
 
2.1.1 Drug/Drug Product Information: 
 
Dosage Form/Strengths:  Immediate release, 10 mg tablet                                    
    
Indication:  Treatment of of relapsing forms of multiple sclerosis (MS)  

                    
   
Pharmacologic Class: Antineoplastic and immunomodulating agents 
 
Chemical Name: 2-chloro-6-amino-9-(2-deoxy-β-D-erythropento-furanosyl) purine 
 
Company or laboratory code(s): 2-chloro-2’-deoxy-ß-D-adenosine, 2-CdA (USP) 
 
Molecular formula:  C10H12ClN5O3 
 
Molecular mass:  285.69 
 
Chemical structure: 

   
 
Physical Characteristics:  white to off-white, non-hygroscopic, crystalline powder. 
Cladribine is stable at basic and neutral pH and temperatures up to 85oC, while at acidic 
pH, significant decomposition occurs with time. Cladribine is a weak base with a single 
pKa of approximately 1.21 and partition coefficient of 0.153 (Log PC = -0.814)]. 
Solubility: Slightly soluble in water, methanol; very slightly soluble in ethanol 
Insoluble in isopropanol, dichloromethane, toluene, acetone, ethyl acetate, acetonitrile, 
petroleum ether 
 
Formulation:  10 mg immediate release tablets 
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Composition of the Drug Product (Commercial Formulation) 
 

 
  
2.1.2 Mechanism of action and therapeutic indication:  
 
Cladribine is a chlorinated purine nucleoside analog that belongs to the class of 
antineoplastic and immunomodulating agents. Cladribine is a prodrug that requires 
intracellular uptake and subsequent phosphorylation to form the biologically active 
nucleotides. The CdATP represents the active principle, causing a disruption of cellular 
metabolism, leading to DNA damage and impairment of DNA synthesis and cellular 
metabolism, thereby causing subsequent cell death. The intracellular phosphorylation of 
cladribine is mediated by the enzyme deoxycytidine kinase (DCK) that is highly 
expressed in lymphoid mononuclear cells. At the same time, the levels of the enzyme 5’-
nucleotidase (5’NTase), which is responsible for degradation of the cladribine 
triphosphate form (CdATP), are low in the lymphocytes, resulting in accumulation of 
cladribine nucleotides in lymphoid cells.  
Cladribine is currently approved in the US for the treatment of hairy cell leukemia (HCL) 
under the trade name of Leustatin® (Ortho Biotech) as a single course given by 
continuous i.v. infusion at a dose of 0.09 mg/kg/day, for a total cumulative dose of 0.63 
mg/kg. 
Cladribine has been shown to exert a sustained anti-inflammatory effect and to suppress 
lymphocytes, the immune cells implicated in the autoimmune processes involved in the 
pathophysiology of multiple sclerosis. 
Cladribine‘s proposed indication is the treatment of relapsing forms of multiple sclerosis 

.  
 
2.1.3 Proposed dosages and route of administration:  
 
Because of the sustained anti-inflammatory effect of cladribine with suppression of 
lymphocytes, the recommended treatment algorithm for relapsing forms of multiple 
sclerosis is short-term intermittent: 10 mg cladribine tablets once daily in courses 
consisting of 4 to 5 days per  period, with 2 consecutive courses in the first  

 treatment and 2 courses in the second . This corresponds to a 
cumulative dose of 3.5 mg/kg  (approximate dose 0.875 mg/kg/course or 
daily dose of cladribine of about 0.175 mg/kg). The number of tablets given is adjusted to 
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body weight, using 10 kg weight ranges. The total number of tablets to be taken per 
treatment course by patient weight range is summarized below. 

The total number of tablets per course will be distributed over the individual days of a 
course according to the schedule provided below. Cladribine tablets will be taken orally, 
with water, before or after a meal. 

According to the sponsor, the major pharmacodynamic target effect of cladribine can be 
clinically monitored by lymphocyte counts and the hematological safety by thrombocyte 
and red blood cell counts. Hence, treatment can be individualized on the time axis (i.e. 
deferral of courses) or with respect to the total number of courses per year, if needed. 
    

 
2.2  GENERAL CLINICAL PHARMACOLOGY 

 
2.2.1 What are the clinical studies used to support dosing or claims and what are 
their design features?  
 
Two studies supporting the efficacy claim were submitted in this NDA: 

• Study 25643, A Phase III, randomized, double-blind, three parallel treatment 
group, placebo controlled, multi-center study to evaluate the safety and efficacy 
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of oral cladribine in subjects with relapsing- remitting multiple sclerosis 
(CLARITY) 

• Study 2-CdA-MS-SCRIPC, Cladribine (2-CdA) treatment of relapsing-remitting 
multiple sclerosis (Scripps-C). However, the integrity of the data from Scripps-C 
was compromised and the study was not considered to provide supportive 
evidence for the effeicacy of cladribine. 

 
Because of the sustained anti-inflammatory effect of cladribine with suppression of 
lymphocytes, all clinical pharmacology and biopharmaceutics studies were designed and 
conducted in patients in the targeted indications (MS or lymphoid/hematological 
malignancies, supportive). Furthermore, typical elements of the clinical pharmacology 
program, e.g. mechanistic drug-drug interaction studies with prototypical 
enzyme/transporter inducers or inhibitors, dedicated intrinsic factor PK-studies in special 
populations (e.g. hepatic and renal impairment) were not conducted. Instead, addition of 
PK sampling for population pharmacokinetic/pharmacodynamic (PK/PD) analysis was 
employed in a subgroup of patients in the pivotal CLARITY study to identify the sources 
of inter-subject variability and characterize relevant factors on the clearance and 
disposition of cladribine.  
 
An overview of all clinical studies pertaining to the PK and PD of cladribine are 
presented in tables 1-2. 
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Table 1: PK Studies in Patients with Multiple Sclerosis 
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Table 2: Supportive PK Studies in Patients with Hematological Malignancies or 
Cancer 

 
 
 
2.2.2 What are the clinical end points and how are they measured in clinical 
pharmacology and clinical studies? 
 
The main clinical endpoints for efficacy in patients with MS assessed in the pivotal 
CLARITY study are summarized below: 
Primary endpoint: qualifying relapse rate at 96 weeks. 
Key secondary efficacy endpoints: 

• proportion of qualifying relapse-free subjects;  
• time to 3-month sustained disability progression based on the EDSS 
• brain MRI parameters: mean number of T1 gadolinium enhancing (T1 Gd+) 

lesions, active T2 lesions, and combined unique (CU) lesions. 
 
The qualifying relapse rate was analyzed using a Poisson regression model with fixed 
effects for treatment group and region with log of time on trial as an offset variable in the 
model. An approximate Chi-square test based on Wald statistics was used to compare 
treatment groups. In addition, the relative risk of developing a qualifying relapse and its 
associated 95% CI (97.5% CI) was estimated for each treatment group comparison. 
Annualized qualifying relapse rate and its associated 95% CI (97.5% CI) were estimated 
for each treatment group. Summary statistics for the number of qualifying relapses during 
the 96 weeks of the trial (i.e., without the standardization over time) included mean, 
standard deviation, maximum, minimum and median, and was descriptively tabulated by 
treatment group. 
 
The designs of the biopharmaceutic and the clinical pharmacology studies consisted 
mostly of single-dose treatments in a limited number of subjects per study, while the 
treatment regimens in the clinical trials consisted of two or four consecutive 5-day 
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treatment courses per 28-day periods. Therefore, although most of these clinical 
pharmacology studies were conducted in MS patients, they were not considered suitable 
to reliably assess clinical endpoints, surrogate endpoints or biomarkers of the targeted 
indication relapsing forms of multiple sclerosis. None of the clinical endpoints for 
efficacy were assessed in the clinical pharmacology studies. 
 
2.2.3 What are the characteristics of exposure/effectiveness relationships?  
 
Two dose levels evaluated in the pivotal CLARITY trial (5.25 mg/kg and 3.5 mg/kg). 
In the CLARITY trial the effect on annualized relapse rate (ARR) was demonstrated as 
early as 12-16 weeks and was maintained at later time points, including at week 48 and at 
week 96, indicating sustained effect over approximately 2 years of follow-up for both 
cladribine doses, however no dose- effectiveness relationship was observed (Figure 1). 
 
Figure 1: Cumulative Relapses Over 96 Weeks Annualized Relapse Rate at 4-week 

Intervals Over 24 Weeks (ITT) 

 
 
Table 3 shows the efficacy analysis results from CLARITY study based on the primary 
endpoint, ARR. Cladribine at both doses showed statistically significant superiority 
compared to placebo whereas there was no difference within cladribine dose groups. 
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Table  3: Efficacy results on the primary endpoint, ARR from CLARITY study 

 
 
However, there was a clear exposure-response relationship for lymphocyte counts 
reduction as shown in Figure 2. Given the relationship between lymphocyte counts 
reduction and ARR response (see Section 2.2.5 and Figure 3), it is reasonable to infer that 
there is an exposure-response relationship for ARR response in a wider range of 
cladribine exposure even though such relationship was not evident within the studied 
exposure range in the CLARITY study. 
 
Figure 2: Absolute number of lymphocyte counts and time profile by dose group 
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Exploratory pharmacogenomic (PGx) analyses were performed in CLARITY to identify 
potential markers of drug response (relapse and MRI parameters) and pharmacokinetics.  
The major observations were:  
• A genetic variant on chromosome 13 (rs1176294) was significantly associated 
with number of qualifying relapses and potentially time to first relapse.   
• A DMD gene variant (rs5971598) was associated with relapse-free status, but a 
formal genotype-treatment effect could not be tested without individual level data.  This 
marker was also associated with progression-free status (by EDSS) with marginal 
significance (uncorrected p=0.02).   
• Two co-inherited variants of unknown biological function (Chr 1) were associated 
with disability progression by EDSS.   
• No genetic variants were associated with number of CU lesions. 
 
 
2.2.4 What are the characteristics of exposure-safety relationships? 
 
Information of concentration - ECG parameter relationship is summarized in Section 
2.2.6. 
The most common adverse reactions observed in the pivotal clinical trial (> 20%) were 
lymphopenia, upper respiratory tract infections and headache. Lymphopenia led to 
treatment discontinuation in approximately 2.2% of patients in the CLARITY study. 
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Table 4: Most common adverse reactions observed in the pivotal CLARITY trial 
 

Adverse reactions and percentage of patients who experienced at least one such event in the 
CLARITY study 

Number of patients (percent) 

Cladribine 
3.5 mg/kg 

Cladribine 
5.25 mg/kg Placebo 

System organ class 
 Preferred term 1 

(n=430) (n=454) (n=435 2) 

Blood and lymphatic system disorders    
 Lymphopenia 3 106 (24.7) 168 (37.0) 8 (1.8) 

Infections and infestations    
 Upper respiratory tract infections 4 163 (37.9) 162 (35.7) 137 (31.5) 

• Nasopharyngitis 62 (14.4) 58 (12.8) 56 (12.9) 

 Herpes zoster (dermatomal) 8 (1.9) 12 (2.6) 0 
 Female reproductive tract infections 5,6  16 (5.4) 17 (5.5) 7 (2.4) 

• Vaginal infections 6 8 (2.7) 5 (1.6) 1 (0.3) 

Nervous system disorders    
 Headache 104 (24.2) 94 (20.7) 75 (17.2) 

Ear and labyrinth disorders    
 Vertigo 15 (3.5) 25 (5.5) 11 (2.5) 
 Tinnitus 2 (0.5) 10 (2.2) 2 (0.5) 

Skin and subcutaneous tissue disorders    
 Rash 7 15 (3.5) 21 (4.6) 11 (2.5) 
 Allergic dermatitis 8 15 (3.5) 7 (1.5) 6 (1.4) 
 Alopecia 15 (3.5) 14 (3.1) 5 (1.1) 

  
 
Lymphopenia showed dose-dependence, however the dose-dependence for infection was 
not very pronounced (Table 5). 
 
Table 5: Percentage of Adverse Events in Each Group in CLARITY  
 

Group 5.25 mg/kg 3.5 mg/kg Placebo 

lymphopenia 31.5% 21.6% 1.8% 

infection 48.9% 47.7% 42.5% 

 
 

Candidate gene and genomewide PGx exploratory analyses were performed in CLARITY 
in order to identify potential markers of safety (blood dyscrasias and herpes reactivation), 
and pharmacokinetics.  The major observations were:  
• The sponsor’s described association between a FMO3 gene variant and herpes 
zoster risk was not considered robust due to small numbers of patients in the variant 
genotype groups, coupled with small numbers of patients with herpes reactivation. 
• No relevant biomarkers were identified to meaningfully associate with 
lymphopenia and neutropenia risk. 

Reference ID: 2867517

Reference ID: 4413345



 21

• CYP2S1 gene variation was associated with total cladribine clearance.  However, 
the lack of a clear relationship between total cladribine clearance and clinical 
effectiveness or adverse event risk limits the value of this finding. 
 
2.2.5 Are the proposed dosage regimens adequately supported by the clinical trials 

and consistent with the dose-response relationship? 
 
There was no formal dose-ranging study in this application. The two dose levels 
evaluated in the pivotal CLARITY trial (5.25 mg/kg and 3.5 mg/kg) were selected based 
on the efficacy and safety profiles from four placebo-controlled, clinical studies in MS 
patients (Scripps-B, MS-Scripps, MS-001, and Scripps-C), in which cladribine was 
administered s.c. or i.v. in the cumulative dose ranges of 0.7–2.8 mg/kg (equivalent to 
cladribine tablets 1.75 mg/kg – 7.0 mg/kg, calculated based on 40% bioavailability).  
The absolute bioavailability was estimated to be approximately 40% [SCRIPPS 93-220, 
Liliemark (1997)]. The estimated corresponding oral dose of cladribine tablets was found 
to be 0.875 mg/kg/course (equivalent to a parenteral dose of 0.35 mg/kg). 
 
The difference between the treatment regimens in the CLARITY trial consisted in 2 vs. 4 
treatment courses administered during the first 48-week treatment period for the 
cladribine tablets 3.5 mg/kg and 5.25 mg/kg treatment regimens, respectively. During the 
second 48-week re-treatment period, treatment regimens were identical and 2 treatment 
courses were administered for either treatment regimen. 
 
In the CLARITY trial the effect on ARR was demonstrated as early as 12-16 weeks and 
was maintained at week 48 and at week 96, indicating sustained effect over 
approximately 2 years of follow-up for both cladribine doses, however no dose- 
effectiveness relationship was observed as seen in Figure 1. Based on these results, the 
sponsor is recommending only the 3.5 mg/kg/treatment (approximate dose 0.875 
mg/kg/course or a daily dose of cladribine of about 0.175 mg/kg). 
 
The pharmacometric reviewer performed an analysis to evaluate the relationship between 
lymphocyte counts at steady state and the primary endpoint, ARR. The results are shown 
in Figure 3. The black solid line represents the model-predicted relationship and the blue 
dots are the observed ARR at each octile of lymphocyte counts. Box plots on the bottom 
of figure indicate the distribution of lymphocyte counts for each treatment group. As 
shown in the boxplots, the reduction in lymphocyte counts seems to be dose-dependent. 
The relapse rate appears to be sharply increasing when lymphocyte count is greater than 
1.0 (10E9/L). However, further reduction in lymphocyte counts below about 1.0 
(10E9/L) did not lead to more reduction in relapse rate.  
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Figure 3: Relationship between absolute lymphocyte counts at steady state (10E9/L) 
and the primary endpoint, ARR based on the pharmacometric reviewer’s analysis  

 
 
The ARR at the median lymphocyte counts at the dose of 3.5mg/kg appears to be on the 
increasing part of the curve, which implies that a lower dose than 3.5mg/kg will result in 
a significant loss of ARR response. Therefore, the sponsor’s proposed dose seems to be 
appropriate from efficacy point of view. 
 
2.2.6 Does cladribine prolong QT or QTc interval? 
 
Because of the compound’s cytotoxic properties, a standard thorough QT trial according 
to ICH E14 recommendations could not be conducted as part of the clinical development 
program of cladribine tablets in RRMS. Instead, as a substitute, an intense ECG sub-
study of the pivotal clinical Phase III trial CLARITY (25643) was designed to evaluate 
the potential effects of cladribine on cardiac repolarisation. 
The QT Interdisciplinary Review Team (QT-IRT) reviewed this sub-study and made the 
following comments: 
For the objective of a dedicated QTc assessment following treatment with cladribine, we 
conclude that the current QT study is inconclusive due to the following limitations in the 
trial design: 
• ECGs were randomly taken from each subject at multiple visits between 0.5 and 3 hours 
post-dosing, with a medium sampling time of 0.8 h post-dose. The sampling design is 
insufficient because of the following reasons: 
   o ECGs were collected up to 3 hours post-dose. The sampling time points were 
inadequate to cover the potential delayed effect during one dosing interval (i.e., 24 
hours). 
   o Because ECGs were randomly collected, the reported QTc values together with their 
90% confidence intervals represented weighted (by sampling frequency) time-averaged 
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QTc changes. Typically, we do not accept time averaged QTc intervals for a dedicated 
QTc assessment. 
   o Summary statistics (i.e., means and 90% confidence intervals) of changes in QTc 
intervals at each time point, which are typically calculated in a dedicated QT assessment, 
could not be meaningfully derived because the sample size varied at each sampling time 
point following the current trial design. 
• No time-matched PK samples were taken. Blood samples were sparsely and randomly 
collected between 1 to 6 hours post-dose. The PK sampling schedule did not allow the 
direct exploration of concentration-QTc relationship. The reported concentration-QT 
analysis using observations with a time difference between PK sampling and ECG 
assessment of even less than 1 hour may be misleading. Cladribine has a short half-life (t 
½ β). Concentrations at the time points when ECGs were taken can be very different from 
the concentrations measured from the same subject even the time difference between 
ECG assessment and PK sampling was controlled within 1 hour.  
 
QT-IRT Recommendation: 
• The sponsor should repeat an ECG assessment with time-matched ECG and PK 
sampling to cover immediate and delayed effects with cladribine as per recommendations 
when optimal TQT assessments are infeasible. This should be conducted at the maximum 
tolerated/proposed therapeutic dose in patients with multiple sclerosis or solid tumors and 
hematologic malignancies. The QT-IRT would like to review the protocol prior to 
conducting the study. 
• From the QT-IRT’s perspective, this can be a post-marketing requirement (PMR) since 
there were no AEs of concern in the clinical program and we did not observe any large 
effects on the QTc interval in the current study. 
 
2.2.7 Are the active moieties in the plasma (or other biological fluid) appropriately 

identified and measured to assess pharmacokinetic parameters? 
 
The sponsor provided 9 individual reports of bioanalytical studies for the quantitation of 
cladribine and its active metabolite 2-chloroadenine (2-CA) in human plasma and urine, 
as well as stability studies of the two analytes in plasma.  
The results obtained during the validation of the assays, done before 2001, fulfilled the 
requirements and recommendations regarding linearity, accuracy, and precision generally 
accepted for bioanalytical studies. Validation of the methods developed after 2001 were 
performed in compliance with the ICH Guidance for Industry for Bioanalytical Method 
Validation and met the international acceptance criteria with regard to linearity, 
sensitivity, precision, accuracy and reproducibility. Thus, most of the assays were 
suitable for the quantification of cladribine and 2-CA in human plasma and urine samples 
from clinical studies. 
 
However, the following HPLC and LC/MS assays had selectivity, recovery and/or 
stability problems and were found not acceptable:  

• The HPLC and LC/MS assays for quantification of cladribine in plasma and urine 
used in studies 6226 & 6414 
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• The LC/MS/MS assay for quantification of cladribine and 2-CA in urine used in 
study 25803 

 
2.2.8  What are the general ADME characterstics of cladribine? 
 
The key ADME characteristics of cladribine are summarized below: 
 
Absorption: 
 
Absorption of cladribine from HPßCD tablets was rapid with a tmax in the range of 0.5 – 
1.5 hours following oral administration of 3 mg or 10 mg HPßCD tablets. The oral 
bioavailability for the 10 mg cladribine HPβCD formulation was in the range of 39 - 43% 
across studies (reports 25803, 93-220, IXR-101-09-186 and IXR-102-09-186), which 
could be explained by a limited absorption of the compound. 
 
When cladribine was administered together with a high fat meal, the absorption was 
delayed (tmax 1.5 h), Cmax was 29% lower (based on geometric mean), while the AUC 
was unchanged (report 26127).  
 
In vitro data on CYP mediated drug metabolism suggest that any contribution of a pre-
systemic metabolism / first pass effect is negligible; however there are no reliable in vivo 
data on cladribine metabolism support this view. Clinical data (Report 27967) show that 
gastric pH does not affect the bioavailability of cladribine from the HPβCD tablet 
formulation. 
 
Based on literature reports, the uptake of cladribine could be dependent on facilitated 
influx by nucleoside transporters ENT1, ENT2 and CNT3 [King KM et al., 2006]. 
Cladribie is BCRP substrate, therefore its oral absorption may be limited by BCRP-
mediated efflux.  
 
Based on in vitro studies including Caco-2 permeability study, cladribine should be 
considered a BCS Class III drug (high solubility and low permeability). 
 
Distribution: 
 
In spiked human plasma, the plasma protein binding of cladribine was low- (20%) and 
independent on cladribine concentrations tested (report DM91026). The same range of 
plasma protein binding, 21.1% in 5 healthy subjects and 25.0% in 11 subjects with 
malignancies was reported by Albertioni et al. (1994). 
The volume of distribution of cladribine is large, with mean (SD) estimates of 482 L 
(6.57 L/kg) derived from study 25803. In the population PK analysis, the estimates of 
central volume and peripheral volumes are in accordance with the estimates in the 
individual studies. An overview of the estimated volumes of distribution in all studies is 
presented in Table 6. 
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Table 6: Overview of Volume of Distribution Estimates from Studies 6226 & 6414, 
93-220, 25803 and the Pooling Pop PK Analysis 

 
 
This high volume of distribution is in line with the intracellular distribution of cladribine, 
which is responsible for the primary pharmacological effect of cladribine. 
In the literature [Liliemark et al. (1997), Albertioni et al. (1998), Liliemark et al. (1995), 
Alessi-Severini et al. (1995)], it is reported that the intracellular concentrations of 
cladribine nucleotide in leukaemic cells were found to be several hundred-fold higher 
than the corresponding plasma concentrations of cladribine. Albertioni et al. (1998) 
reported the concentrations of the cladribine nucleotides in circulating leukemia cells 
after the last dose of a 3-day treatment course (Figure 4). 
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Figure 4: Cladribine Concentrations in Plasma and Cladribine-AMP and 
Cladribine-ATP in Leukemic Cells Graph from Albertioni et al. (1998) 

 
The blood to plasma ratio of cladribine in human blood was 1.30 at 0.1 μM (= 285.69 
ng/mL) and 1.34 at 10 μM (= 2856.9 ng/mL), indicating a somewhat higher distribution 
to the blood cells.  
The concentration of cladribine in the cerebrospinal fluid has been reported to be 25% of 
cladribine plasma concentration at dose rates between 0.17 and 2.5 mg/m2/h in patients 
without meningeal disease (Leustatin label).  
 
The transport of cladribine into the lymphocytes could be dependent on nucleoside 
transporters, i.e. Equilibrative Nucleoside Transporters (ENT) and/or Concentrative 
Nucleoside Transporters (CNT) [Pastor-Anglada et al. (2004)]. The human CNT3 
transporters have been identified to transport cladribine whereas cladribine is a poor or 
not a substrate of CNT1 and CNT2 [Ritzel MW, et al. (2001), King KM, et al. (2006),  
Lang TT, et al. (2004)]. Of the ENT transporters, it is reported that cladribine is a 
substrate for ENT1 and ENT2 [King KM, et al. (2006)].  
The transport of cladribine into the lymphocytes could be limited by the efflux 
transporter BCRP [Moon YJ, et al. (2007), Takenaka K, et al. (2007), de Wolf C, et al. 
(2008)]. 
 
Metabolism: 
The intracellular metabolism of cladribine plays an important role for the efficacy and 
safety of cladribine. The hepatic metabolism appears to be less important based on in 
vitro data. 
 
Intracellular Metabolism of Cladribine 
Cladribine has to be phosphorylated intracellularly to become efficacious. After entering 
the cell, cladribine is phosphorylated to cladribine monophosphate (CdAMP) by 
deoxycytidine kinase (DCK), and also by deoxyguanosine kinase present in the 
mitochondria. CdAMP is further phosphorylated to cladribine diphosphate (CdADP) and 
CdATP. 

 
 
The dephosphorylation and deactivation of 2-Cd-AMP is catalyzed by cytoplasmic 
5´-nucleotidase (5’NTase). In cells with a low content of 5’NTase (e.g. lymphocytes and 
monocytes), the phosporylated forms of cladribine accumulate in the cell up to several 
hundred-fold as compared to cladribine plasma concentrations.  
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The cladribine nucleotides CdAMP and CdATP were reported in the literature [Alessi-
Severini et al. (1995)], as well retained in leukeamia cells in patients with leukeamia with 
terminal half-life of 12- 30 hours. The levels of CdATP were approximately half of the 
CdAMP levels.  
In conclusion, the intracellular metabolism of cladribine plays an important role for the 
overall efficacy and safety of cladribine, and is probably the most important non-renal 
elimination pathway of cladribine. 
 
Only in those cells which carry a high ratio of DCK/5’NTase there will be a build up of 
CdATP. This renders the product a highly targeted lymphocyte-depleting therapeutic 
principle, because lymphocytes and lymphoblastoid cells are known to express high DCK 
but low 5’NTase activities. 
 
In vitro data 
In rat and human hepatic S9 fractions and microsomes, cladribine was metabolized only 
to a very low extent with unchanged cladribine accounting for at least 90% of the sample 
radioactivity. 
The cytochromes P450 CYP1A1, CYP1A2 and CYP2D6 were found to be responsible 
for the fractional metabolism of cladribine (formation of 2-chloroadenine, M1) in humans 
using microsomes and cDNA expressed single human cytochrome P450 isoforms.  
 
In vivo data 
A classical mass-balance study with radiolabeled cladribine was not conducted. Instead, 
the sponsor attempted to assess the metabolic profiles of cladribine in urine and plasma 
after i.v. and oral administration to patients with MS in study 25803.  
 
A total of 10 possible metabolites have been identified in this study. These metabolites 
were formed by the following proposed pathways: oxidative cleavage at the adenine-
deoxyribose bond, oxidation at the adenine or the deoxyribose moiety, and conjugation. 
In human plasma, no major metabolite, defined as being >10% of parent AUC was 
identified in human plasma. The exposure of the 2- chloroadenine metabolite (M1) was 
about 3% of AUC of parent drug after oral administration of a 10 mg tablet. Traces of 
carboxy-cladribine (M3) and N-oxide-2-chloroadenine (M7) were also found in plasma.  
In the literature, 2-chloroadenine has been reported as being several fold less cytotoxic in 
different types of leucocytes compared to cladribine [Lindemalm et al. (2004)], and 2-
chloroadenine is not consider to play an important role in the therapeutic effect 
[Bontemps et al. (2000)]. 
 
Cladribine was the main entity in urine. Regarding the metabolites, there is a discrepancy 
between the results reported in metabolism study 25803 and the earlier metabolism 
investigation of the i.v. MTD studies conducted in patients with malignancies (report 
DM-96303). According to this report: 
Approximately half of the content in the pooled urine sample consisted of cladribine. Six 
metabolites were identified, where ≤ 20% consisted of the carboxy- cladribine metabolite 
(M3), and ≤ 10% consisted of the hydroxyl-cladribine metabolite (M2). The other four 
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metabolites, 2-chloroadenine (M1), cladribine- glucuronide (M4), cladribine sulfate (M5) 
and carboxy-cladribine glucuronide (M6) were present with <5%. 
According to study 25803 report: 
Cladribine was the main component in urine. Following i.v. administration 59.5 ± 
21 % of dose was excreted as unchanged parent compound during 72 h post-dose. 
Only 4.0 ± 7.3 % of dose was found in the 0-72 h urine fractions as 2-chloroadenine.  
The amount of the excreted carboxy-cladribine (M3) was lower than 0.5 % of dose. 
 
The in vivo metabolism and elimination of cladribine has not been reliably assessed, 
considering the following:  
• Screening of potential metabolites were done in pooled plasma samples only up to 
4 h post dose after oral and i.v. administration, which is not long enough for identifying 
them accurately. It is possible that metabolites with long half-lives could accumulate and 
exceed the threshold of 10% of parent AUC (according to M3(R2) Nonclinical Safety 
Studies for the Conduct of Human Clinical Trials and Marketing Authorization for 
Pharmaceuticals Guidance providing recommendations on nonclinical toxicity 
assessment of drug metabolites) after multiple dose administration of cladribine. It is also 
possible that some potential metabolites could not have been detected because their levels 
were very low at 4 hr post cladribine administration. 
• Synthetic reference standards were not available for most potential metabolites, 
therefore reliable quantitation is not possible. 
• only up to 62% of the administered i.v. dose had been recovered as cladribine or 
metabolites 
• possible degradation of cladribine in urine 
  
 
The metabolites profiles of cladribine have not been accuratley assessed. Therefore, the 
metabolites information will not be presented in the labeling. Based on the mechanism of 
action, available ADME, and the efficacy and safety profiles of cladribine, as well as the 
population PK anaylsis results, the clinical impact of metabolites in plasma is considered 
low. 
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Figure 5: Proposed Metabolic Pathways of Cladribine in Humans, Percentage from 
Total Amount Recovered in Urine 

 

 
Data from Study 25803 (Oral and i.v.) and Study DM96393 (i.v. Infusion) 
 
 
Elimination: 
 
The elimination half-life (t1/2) varied across studies between 5 - 8 hours and 18 - 21 
hours, indicating that different elimination phases could have been captured in different 
studies. The longer half-lives were observed in the more recent studies reports 25803, 
26486 and 26127), and in the population PK analysis (report EMR700568-013) where the 
typical terminal half-life was estimated to be 23 hours. This could be explained by the 
extended time periods for collection of PK plasma samples in these studies. In the earlier 
studies, the last sample was collected for 24 hours after dose; while in the later studies, 
the last sample was collected between 48 –172 hours after dose. 
Even though the terminal half-life for a typical patient from the population 
pharmacokinetic analysis is 23 h, there is no drug accumulation after once daily dosing 
since the terminal phase with the 23 hour half life only accounts for a small portion of the 
total AUC of cladribine. 
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Following an i.v. infusion of cladribine in MS patients (Study 25803), the mean (SD) 
total clearance was 45.6 (9.9) L/h. The mean (SD) fraction of dose eliminated by the 
renal route accounted for 59.5 (21) %. After administration of the HPβCD cladribine 
10 mg tablet in the same patients, 24.1 (13) % [mean (SD)] of the dose was eliminated 
via the renal route, taking into account the absolute bioavailability of approximately 40%, 
the fraction excreted unchanged in urine after oral administration is consistent with the 
fraction excreted after i.v. administration.  
 
In comparison, in  the urinary excretion study in Japanese patients with malignancies 
(report JK-6251) approximately 39% of the dose was excreted unchanged in urine.  
In the pooling pop PK analysis the renal and the non-renal routes of cladribine 
elimination were approximately equally important. The typical population parameter 
estimates from the final model for the two elimination routes were 22.2 L/h for CLR and 
23.4 L/h for the non-renal or metabolic CLNR. The CLNR includes both intracellular 
metabolism and hepatic metabolism, where the hepatic metabolism is considered as a 
minor contributor to cladribine’s overall clearance. The total CL was 45.6 L/h and 
appeared to be somewhat higher than previously reported 39.3 L/h from a population 
analysis of cladribine carried out in terminally ill cancer patients [Lindemalm et al. 
(2005)].  
 
The renal clearance of cladribine exceeds the glomerular filtration rate, indicating the 
drug undergoes net tubular excretion in addition to glomerular filtration. 
Based on the available literature, the efflux transporters BCRP (ABCG2) [de Wolf et al. 
(2008), Takenaka et al. (2007)], ENT1, ENT2 and CNT3 [King KM, et al. (2006)] could 
potentially be involved in cladribine active renal secretion. Cladribine is not or poor 
substratrate of MRP4 and MRP5 [Chen ZS, et al. (2001), Reid G, et al. (2003), Davidson 
JD, et al. (2002)]. It is not known whether cladribine is substrate of efflux transporter 
MRP2 or uptake/bidirectional transporters OCT2, OAT1, OAT3 and OAT4. 
   
 
2.2.9  What are the basic pharmacokinetic parameters of    
 cladribine after single and multiple doses?  
 
Single Dose Pharmacokinetics: 
The single dose pharmacokinetics, absolute bioavailability and the human metabolism of 
the 10 mg HPßCD tablet in Caucasian subjects with MS was investigated in Study 25803. 
The 10 mg HPßCD tablet was directly compared with a single 1 hour constant-rate 
infusion of 3.0 mg cladribine i.v. solution. In addition, two biopharmaceutic studies 
(IXR-101-09-186 and IXR-102-09-186 were conducted during the formulation 
development process. These studies showed comparable PK results. 
The estimated PK parameters of the cladribine parent drug and the 2- chloroadenine 
metabolite (M1) are summarized in Table 7 and Table 8, respectively. 
 
Table 7: PK Parameters of Cladribine after Oral (10 mg; n=16) and i.v. (3 mg as 1 

hr Constant i.v. Infusion; n=15) Administrations to Subjects with MS (Report 
25803) 
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Table 8: PK Parameters of 2-Chloroadenine after Administration of Cladribine as 

Oral (10 mg Tablet, n=16) and i.v. (3 mg as 1 hr Constant i.v. Infusion, n=15)  
(Report 25803) 

 
 
 
The time to achieve maximum plasma concentrations of cladribine (tmax) after 
administration of the 10 mg HPßCD tablet indicates a rapid absorption of cladribine. The 
elimination phase of the plasma concentrations indicated that the PK of cladribine can be 
described by a three-compartment model. The cladribine terminal plasma half-life in this 
study was observed in the range of 18-20 hours. 
The absolute bioavailability of the 10 mg HPßCD tablet, calculated from dose normalized 
AUC values, was approximately 43%. 
In plasma, the 2-chloroadenine metabolite (M1) was the most notable metabolite. 
However, the plasma concentrations were very low (<5%) compared to those of 
cladribine. Low levels of carboxy-cladribine (M3) and N-oxide-2-chloroadenine (M7) 
were also found in plasma.  
In urine, unchanged cladribine parent drug was the main entity. In addition, 2-
chloroadenine, M1 and carboxy-cladribine, M3 (after oral and i.v. administration) and N-
oxide-cladribine, M2 and N-oxide-2-chloroadenine, M7 (after oral administration) were 
detected at low levels in urine. However, the results for the renal elimination of cladribine 
should be interpreted with caution (see comment to Metabolism, In vivo data). 
 
Multiple Dose Pharmacokinetics: 
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Multiple dose cladribine PK data were obtained after the last dose of a 5-day treatment 
course in MS patients from the cladribine alone treatment arm of a DDI Study with 
Rebif® (report 26486), as well as from the sparse PK sampling in the CLARITY study 
(25643). Additional multiple dose PK data was obtained in subjects with hematological 
malignancies (report 93-220). 
No significant accumulation of cladribine plasma concentrations after repeated dosing 
have been observed neither after short to mid term treatment nor after mid to long term 
treatment. 
In study 93-220, almost no accumulation of cladribine was observed from treatment Day 
1 to Day 5 of a complete treatment course both after oral administration of 0.28 mg/kg 
and i.v. administration of 0.14 mg/kg. The observed and simulated concentrations for a 
typical subject are shown in the Figure 6. In this study pharmacokinetic parameters such 
as Cmax, AUC and bioavailability were similar on Day 1 and 5. 
 
Figure 6: Plasma Cladribine Concentrations after Single and Multiple Dosing from 

Study 93-220 

 
 
In addition, a cross-study comparison (Table 9) of the monotherapy part of the drug 
interaction study with Rebif® (study 26486) with Day 1 results from three other studies, 
shows that the Day 5 pharmacokinetic parameters obtained after monotherapy in study 
26486 were similar to those obtained on Day 1 (fasted state in the food interaction study 
26127, monotherapy part of the pantoprazole interaction study 27967 and the absolute 
bioavailability study 25803). 
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Table 9: PK Parameters of Cladribine after 5 Days Oral Administration of 10 mg 
Cladribine Q.D. as Monotherapy (26486) Compared to Day 1 Data from Food 
Interaction Study (26127) and the Absolute Bioavailability Study (25803) and 

Pantoprazole Interaction Study (27967) 

 
 
This is consistant with the final population PK model, which pooled 3 clinical 
pharmacology studies and data from the CLARITY trial (report EMR700568-013). The 
population PK model did not predict clinically relevant accumulation over the 5 days 
(Figure 7). 
 
Figure 7: Predicted Plasma Concentration Over Time after Administration of 10 mg 

Cladribine over 5 Days Based on the Final Population PK Model for a Typical 
Patient (50-60 kg) 

 
 

n=17 n=16 n=18 n=16
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2.2.10 Do the pharmacokinetic parameters change with time following chronic 
dosing? 
 
From the sparse PK sampling in the CLARITY study (report EMR700568-013), the 
cladribine concentrations over long term treatment (1-year) is displayed in the figure 
below. The observed data displays the overall spread of observations (cladribine 
concentration) by visits, split by dose regimen. The comparison of Day 1 with Week 
5, 9 and 13 (Mid-Term) visualizes the between-courses inter-occasion variability, while 
comparison between Day 1 to Week 13 and Week 48/52 visualizes the long-term inter-
occasion variability. There is an overlap of the concentration at different visits. 
There was no apparent trend in terms of either monotonic increases or decreases of 
cladribine concentrations with time. 
 

Figure 8: Measured Cladribine Plasma Concentration by Visit, Low Dose Group 
(Left Panel), High Dose Group (Right Panel) 

 
2.2.11  What is the variability in the PK data? 

 
The variabilities of pharmacokinetic (PK) parameters are summarized by study, dosage 
form, strengths, and route of administration in the following table. The variabilities 
expressed as coefficient of variances (CVs) were calculated from means and 
corresponding standard deviations and give the overall variability per treatment group, 
including subject, period, sequence and residual effects.  
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Table 10: CV% of Arithmetic Means Obtained from Descriptive Statistical Analysis 
of Cmax and AUC Data for Various Dosage Forms and Routes of Cladribine 

Administration per Clinical Study 

 
 
AUC variabilities are ranging between 30% and 35% for the HPβCD tablets, which is in 
agreement with the observed variability of cladribine for AUC after i.v. administration 
(24 to 35.1%). Inter-subject variability of Cmax data, in contrast, is larger in most studies 
with oral dosage forms as compared to i.v. studies. This outcome, appears largely 
attributable to methodological constraints, because Cmax always can be accurately and 
reliably captured in i.v. studies (i.e. at the end of infusion), while this is not the case for 
oral dosage forms, for which the accurate assessment of Cmax largely depends on the 
employed blood sampling schedule and the inherent scatter of the occurrence of tmax in 
individual subjects. 
 
The inter-individual variability in the cladribine PK parameters derived from the 
population PK analysis appeared to be relatively small (7.6% for the non-renal clearance, 
19% for intercompartment clearances and peripheral volumes of distribution, 46% for the 
central volume of distribution, and 25% for the bioavailability).  
The intra-individual variability, as estimated in the population PK analysis, depends on 
the endpoint (urinary vs. plasma concentration) and the study condition (e.g. i.v. vs. oral). 
For the CLARITY study it was estimated to be ~35%. However, this value is a measure 
of the residual variability at the observation (concentration) level, not of the PK 
parameter and this value should not be compared with intra-individual variability in 
bioavailability metrics (e.g. Cmax or AUC).  
However, the intracellular concentration of the active moiety, cladribine triphosphate 
(CdATP), has been reported in the literature [Albertioni et al. (1998), Liliemark et al. 
(1995), Alessi-Severini et al. (1995)] to be highly variable among patients due to the high 
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variability in the activity of the phosphorylating enzymes. This parameter has not been 
measured in the clinical trials included in this NDA. 

 
2.2.12 How do the pharmacokinetics of the drug in healthy volunteers 

compare to that in patients? 
 
None of the studies with cladribine have been conducted in healthy subjects. 
Cladribine pharmacokinetics in patients with MS (trials IXR-101-09-186, IXR-102-09-
186, 25803) appear to be similar to these in malignancy patients (trial 93-220) based on 
the summary of the dose normalized exposure (Table 11).  
 

Table 11: Summary of Dose Normalized Cladribine PK Parameters 

 
 
 
2.2.13 Based on the pharmacokinetic parameters, what is the degree of linearity or 
nonlinearity in the dose-concentration relationship? 
 
The evaluation of dose-linearity is based on data from the multiple ascending dose 
studies (study report 6226 & 6414), the bioavailability/formulation development study 

Reference ID: 2867517

Reference ID: 4413345



 37

IXR-102-09-186 and PK data in the CLARITY study (26543) reported in the population 
PK report (EMR700568-013). 
The results of the University of Chicago clinical trial (6226 & 6414) showed that 
cladribine pharmacokinetics are dose-proportional after i.v. administration of doses in the 
range 2.5 to 21.5 mg/m2 (similar exposure would be expected after oral doses 
corresponding to approximately 10-90 mg). However, the analytical assays used to 
analyze the samples from these studies were found not fully validated and the findings 
are considered not conclusive.  
In Study IXR-102-09-186 pharmacokinetic data from two different oral dosage forms 
were obtained, with doses of nominal strengths of 3 mg and 10 mg.  
Dose proportionality was tested using linear regression analysis of the log-transformed 
PK parameter as dependent variable on the log-transformed actual dose as independent 
variable, the so-called “power model” [Gough et al. (1995)]. An estimate for the slope 
and corresponding 95% two-sided CIs were calculated. 
 

Table 13: Results of the Power Model (PK Population) 

 
 
Therefore, from this study dose linearity can be assumed between 3 and 10 mg oral doses 
of cladribine.  
 
In the CLARITY trial a proportion of subjects received on Day 1 of each cycle either 10 
or 20 mg, according to their body weight. In a subset of the CLARITY population PK 
sampling was performed on Day 1 of each Cycle, most of the samples were obtained 
between 1 and 3 hours post-dose. 
 
Table 14: Summary Statistics on Cladribine Plasma Concentrations by Dose Group 

(Pop PK Population) 

 
 
 
These data indicate that concentrations increase in a dose-dependent fashion, but suggest 
an underproportional slope. This observation might be attributable to differences in body 
weight. To take into account for the potential confounding factor weight, dose 
proportionality was tested on dose per body weight, using a power model (Figure 9).  
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Figure 9: Power model of weight-adjusted dose vs. Cladribine concentrations 
Concentrations and adjusted doses were averaged for each subject across visits 

Number of non-missing observations: 125 
Conc = 149017.2 * Dose ^ 1.04; 95% CI for exponent = [0.70,1.38] 

 
 
Therefore, the apparently less than proportional increase between 10 and 20 mg can be 
explained by differences in body weight between the populations who had received either 
the 10 mg or 20 mg dose. Cmax and AUC increasing in a linear dose-proportional 
fashion after oral administration of cladribine tablets across a dose range from 10 to 20 
mg is presented in the labeling. 

 
 
 

2.3 INTRINSIC FACTORS 
 
2.3.1 What intrinsic factors influence exposure and/or response and what is the 
impact of any differences in exposure on the pharmacodynamics? Based on what is 
known about exposure response relationships and their variability, is dosage 
adjustment needed for any of the subgroups? 
 
The sponsor performed a population pharmacokinetic analysis to characterize the 
pharmacokinetics of cladribine and its main metabolite 2-chloroadenine based on data 
from three Phase I studies (25803, 26127 and 26486) and one Phase III study 
(CLARITY, 25643). Three-compartment model was found to be the best to describe the 
PK of cladribine and the main metabolite 2-chloroadenine was characterized by one 
compartment model. 
The covariates tested in the population PK model were the use of concomitant INF-β 
(Rebif), food state, CRCL (median 107.9 ml/min, range 49.6-244.4), sex, age (median 40 
years, range 19-65) and weight (median 69.2 kg, range 48.5-116.1kg). Markers of hepatic 
function could not be evaluated because the liver function observed in the studies did not 
have sufficient variability to test for its significance, which led to a graphical evaluation.   
Cladribine renal clearance was found to correlate with creatinine clearance (CRCL).  
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Gender, age and body weight were not associated with cladribine PK.  In terms of hepatic 
impaired patients, a graphical investigation of individual predicted non-renal clearance 
against AST, ALT and bilirubin did not show any association. 
 
2.3.1.1  Effect of Renal Impairment: 
 
Based on the population PK model, the drop in the total clearance was predicted to be 
19%, 30% and 39% for subjects with mild (CLCR = 65 ml/min), moderate (CLCR = 40 
ml/min) and severe (CLCR = 20 ml/min) renal impairment, respectively, suggesting a 
potential need for dose adjustment in this special population. However, it should be noted 
that the predictive value for moderate and severe renal impairment is limited by the fact 
that subjects with moderate and severe renal impairment were not included in the 
population used for model development. 
 

Figure 10: Predicted Plasma Concentration Over Time after Administration of 10 
mg Cladribine over 5 days Based on the Final Population PK Model for a Typical 

Patient (50-60 kg) Representing Each of the Renal Function Groups Including 
Normal Renal Function 

 
 
The renal clearance is one of the important elimination pathways for cladribine. The 
sponsor needs to conduct a study to evaluate the effect of renal impairment on cladribine 
pharmacokinetics. Without such information, currently, cladribine is not recommended in 
patients with moderate or severe renal impairment (creatinine clearance < 50 ml/min).  
 
2.3.1. 2 Effect of Hepatic Impairment:  
 
No dedicated hepatic impairment study has been performed in subjects with MS.  
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In addition, the in- and exclusion criteria of pivotal efficacy and safety studies prevented 
the inclusion of MS patients with overt hepatic impairment into the clinical development 
program of cladribine tablets. 
The importance of hepatic function for the elimination of cladribine is considered low. In 
vitro experiments with human hepatic S9 fractions and microsomes showed that 
cladribine was metabolized only to a very low extent with unchanged cladribine 
accounting for at least 90% of the sample radioactivity (report DM96366). Low amounts 
of metabolites have been found in plasma and in urine in the in vivo metabolism study 
(25803). However, the results from this study are not very robust.    
A graphical investigation of individual predicted non-renal clearance against AST, ALT 
and bilirubin did not show any association (Figure 11). Based on this result, the total 
clearance of cladribine is not expected to be dependent on hepatic function. Therefore, 
hepatic impairment study for cladribine is not considered necessay. However, in absence 
of clinical data, use of cladribine is not recommended in MS patients with moderate or 
severe liver impairment (Child-Pugh score >6). 
 

Figure 11: Relationship between non-renal CL and AST/ALT 
The solid lines are from simple linear regression and dots and triangles represent 

observed data for AST and ALT, respectively 
 

 
 
 
 
2.3.1. 3 Effect of age: 
 
Elderly: 
 
No formal age/gender study was performed. In addition, clinical studies with cladribine 
did not include patients aged 65 and over to determine whether they respond differently 
from younger patients. 
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The population PK analysis did not show any effect of age (range 18 to 65 years) on 
cladribine pharmacokinetics. 
 
Dosage adjustment: 
Sponsor: Caution and close monitoring are recommended when cladribine is used in 
elderly patients, taking into account the potential greater frequency of decreased hepatic 
or renal function, of concomitant diseases, and other drug therapy. 
 
Pediatrics: 
 
The PK of cladribine have not been evaluated in pediatric subjects.  
The Sponsor’s Pediatric plan includes a waiver for children < 10 years, and a study 
outline for children from 10 years of age up to 17 years of age. 
 
Dosing Adjustment: 
Cladribine should not be used in patients below 18 years of age.  
 
2.3.1.4  Effect of Gender: 
 
The population PK analysis did not show any effect of gender on cladribine 
pharmacokinetics.  
 
Dosage adjustment: 
No dosage adjustment based on sex is necessary. 
 
2.3.1.5  Effect of Race: 
 
No dedicated study in subjects with different ethnic background has been performed. In 
addition, all completed pharmacokinetic, biopharmaceutic and clinical studies with oral 
cladribine were performed in Caucasian MS patients. 
A urinary excretion study in Japanese patients with lymphoid malignancies (Study JK-
6251) who received cladribine as a continuous 7-day infusion, did not suggest substantial 
differences in the overall disposition and clearance characteristics of cladribine between 
Japanese and Caucasian subjects. 
The potential for ethnic differences in the pharmacokinetics of cladribine based on 
genetic variants of CYP450 enzymes and transport proteins, has not been elucidated in a 
systematic fashion. The ITT and PGx populations in the phase III CLARITY study were 
almost entirely comprised of Caucasians (~98%).  
 
2.3.1.6 Effect of pregnancy or lactation: 
 
In preclinical studies, cladribine was shown to be embryolethal and genotoxic, and to 
have teratogenic potential. Although clinical data from cladribine tablets did not reveal 
evidence of teratogenicity in humans, cladribine has been shown to inhibit DNA 
synthesis. Other drugs that inhibit DNA synthesis have been reported to be teratogenic in 
humans. In women of childbearing potential, pregnancy must be excluded before the 
initiation of cladribine therapy and before initiation of each subsequent treatment course, 
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and prevented by use of reliable contraception for the duration of treatment. Women who 
became pregnant under therapy with cladribine should discontinue treatment. 
 
Dosage adjustment: 
The use of cladribine in pregnant/ lactating women is not recommended. 
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2.4     EXTRINSIC FACTORS 

 
2.4.1 Is cladribine a substrate, inhibitor or inducer of CYP enzymes?  
 
In rat and human hepatic S9 fractions and microsomes, cladribine was metabolized only 
to a very low extent with unchanged cladribine accounting for at least 90% of the sample 
radioactivity. CYP1A1, CYP1A2 and CYP2D6 were found to be responsible for the 
fractional metabolism of cladribine (formation of 2-chloroadenine, M1) in humans using 
microsomes and cDNA expressed single human CYP isoform. M1 only accounts for ~3% 
of AUC of parent drug after oral administration. Therefore inhibition of any or several of 
the CYP450 enzymes is not expected to cause a significant alteration in the overall 
clearance of cladribine. 
 
The potential for clinically significant metabolic interactions mediated by cladribine 
involving CYP450 enzymes is overall considered to be low, because cladribine does not 
significantly inhibit (CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4) or induce 
(CYP1A2 and 3A4) CYP450 enzymes at clinical relavant concentrations. 
 
Table 15. IC50 (μM) Values for Different CYP450 Enzymes 
 

 
 
Fold Increase over Relevant Active Controls 
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The induction potential of cladribine on CYP2B6 has not been evaluated. Some CYP2B6 
substrates such as bupropion may be prescribed to RRMS patients. If cladribine induces 
CYP2B6 to a significant extent, co-administration of cladribine with CYP2B6 substrates 
has the potential to decrease the exposure of these substrates and therefore reduce their 
efficacy. Hence, an in vitro study is required as postmarketing commitment to evaluate 
the induction potential of cladribine on CYP2B6. 
 
It has been reported [Chtioui et al. (2009)] that lamuvidine can inhibit the 
phosphorylation of cladribine intracellularly and thereby the therapeutic efficacy of 
cladribine. Therefore, compounds that require intracellular phosphorylation to become 
active such as lamivudine, zalcitabine, ribaravin, stavudine, and zidovudine should not be 
administered concomitantly with cladribine. This group of drugs is already 
contraindicated since cladribine therapy must not be initiated in immunocompromised 
patients, including patients receiving immunosuppressive therapy or myelosuppressive 
therapy.  
 
2.4.2 Is cladribine a substrate and/or inhibitor of p-glycoprotein transport 
processes or any other transporter  system?  
Based on an in vitro study using MDCK and MDCK-MDR1 cells, cladribine is a weak P-
gp substrate, since the net efflux ratio of cladribine is 1.8 and 2.9 at concentrations of 10 
and 50 µM, respectively. Based on an in vitro study in Caco-2 cells using digoxin as 
substrate, cladribine did not show P-gp inhibitor properties at concetration of 15 µM.  
 
Based on in vitro studies using Caco-2 and CPT-B1 cells (a BCRP knock down cell line 
derived from Caco-2 cells), cladribine is a substrate of the efflux transporter BCRP. The 
efflux ratio of cladribine in Caco-2 cells ranged from 9.9 to 18 and was decrease by about 
50% in CPT-B1 cells. Literature reports also demonstrated that BCRP transports 
cladribine [Takenaka K (2007), de Wolf C (2008)]. Therefore, BCRP may limit the oral 
absorption of cladribine and its distribution into lymphocytes, and may also mediate the 
active secretion of cladribine into urine. The potential for drug-drug interaction involving 
BCRP inhibition is discussed in details in Section 2.4.3. 
 
According to literature reports, cladribine is a substrate of several nucleoside transporters, 
i.e. Equilibrative Nucleoside Transporters (ENT1, ENT2) and Concentrative Nucleoside 
Transporter (CNT3) [King KM (2006)], whereas cladribine is a poor or not a substrate of 
CNT1 and CNT2 [Lang TT (2004)]. ENT1, ENT2 and CNT3 may be responsble for oral 
absorption of cladribine and its distribution into lymphocytes, and may also be involved 
in active secretion of cladribine into urine. The potential for drug-drug interaction 
involving the inhibition of these transporters is discussed in details in Section 2.4.3. 
 
Cladribine is not or poor substratrate of MRP4 and MRP5 [Chen ZS, et al. (2001), Reid 
G, et al. (2003), Davidson JD, et al. (2002)]. It is unknown whether cladribine is substrate 
of efflux transporter MRP2 or uptake/bidirectional transporters OCT2, OAT1, OAT3 and 
OAT4. These transporters may be involved in active secretion of cladribine into the 
urine. 
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Based on in vitro studies using vesicular transport assays or cellular uptake assays, there 
is no significant inhibition of cladribine on MRP2, MRP4, OAT1 and OAT4 in the 
concentration range of 0.1 to 100 μM. Cladribine slightly stimulated OCT2 mediated 
transport up to 35% at 33 μM. Significant inhibition of OAT3 activity was only observed 
at the highest cladribine concentration of 100 μM. The most potent interaction of 
cladribine was observed with MRP5 with an IC50 value of 64 μM. Based on the Cmax 
(~0.1 μM) of cladribine in human plasma, it is unlikely for cladribine to exert clinically 
relevant inhibition of these transporters. 
 
Based on literasture reports, cladribine inhibits BCRP, ENT1, ENT2 and CNT3 with Ki 
of 50, 36, 50 and 17 µM, respectively [de Wolf C (2008), King KM (2006)]. The 
potential for drug-drug interactions is further discussed in Section 2.4.3. 
 
2.4.3 Is there an in vitro basis to suspect drug-drug interaction?  
 
The potential of drug-drug interaction involving CYP isoforms is considered to be low.  
 
Even though cladribine inhibits OAT3 and MRP5 in vitro, the potential of interaction is 
low, since the concentrations of cladribine required for inhibiting these transporters are 
much higher than the clinically relevant concentration (Cmax: ~0.1 μM).  
After a single 10-mg oral dose, the concentration of cladribine in gastrointestinal tract is 
estimated to be around 140 μM assuming a volume of 250 ml. This concentration does 
not exceed 10 times of Ki values of cladribine on BCRP, ENT1, ENT2 and CNT3, thus 
the potential of in vivo interaction is low. In addition, according to the labeling proposed 
by the sponsor, cladribine will be admiministered separately with other drugs by at least 3 
hours. Considering that cladribine is quickly absorbed (Tmax: 0.5-1.5 hour), the GI 
concentration of cladribine may not reach 140 μM at the time when other drugs are given. 
 
Cladribine is a BCRP substrate. Potent BCRP inhibitors such as cyclosporine A and 
ritonavir have been contraindicted with cladribine in the proposed labeling. For some 
BCRP inhibitors such as dipyridamole and nimodipine [Zhang Y (2005)], the free Cmax 
concentrations of these drugs in human plasma are not high enough to inhibit BCRP due 
to their extensive plasma protein binding. Therefore, the interaction involving BCRP 
inhibition by these drugs is unlikely to happen at the levels of cladribine distribution into 
lymphocyets or active secretion of cladribine into urine. However, there is still potential 
for interactions at gastrointestinal tract where the GI concentrations of dipyridamole and 
nimodipine may be high enough to inhibit BCRP and hence increase cladribine 
bioavailability. As a result, the labeling recommends that co-administration of these 
products be avoided during the 4- to 5-day cladribine treatment courses. If this is not 
possible, slection of alternative concomitant medical products with no or minimal BCRP 
inhibitng properties should be considered. If this is not possible, dose reduction to the 
minimum mandatory dose of medicinal products containg these products and careful 
patient monitoring is recommended. With these recommended measures in the labeling, 
the potential of drug-drug interaction between cladribine and dipyrimadole or nimodipine 
is considered low. It should be noted that some other calcium channel blockers, 
nicardipine, nitrendipine and niguldipine, have also been reported to inhibit BCRP in 
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vitro [Zhou XF (2005), Zhang Y (2005), Shukla S (2006)]. Therefore, the usage of these 
drugs should also follow the above recommendations. Nifedipine is a very weak inhibitor 
of BCRP with IC50 ≥ 50 µM and thus may not inhibit BCRP in vivo [Zhang Y (2005), 
Shukla S (2006)].  
 
Cladribine is also a substrate of uptake transporters, ENT1, ENT2 and CNT3. In the 
labeling, known ENT1 and ENT2 inhibitors such as dipyridamole, nifedipine and 
nimodipine have been proposed to be avoided for co-administration, replaced by other 
medications or reduced on dose. In addition, all these transporters can mediate uptake of 
cladribine. Therefore, the loss of function of one transporter may be compensated by the 
other transporter. Overall, the potential of interaction involving these nucleoside 
transporters is low. It should be noted that some other calcium channel blockers, 
nicardipine and nitrendipine, have also been reported to inhibit ENT1 and/or ENT2 in 
vitro [Li R (2007)]. Therefore, the usage of these drugs should also follow the above 
recommendations.  
 
Cladribine may be mainly eliminated unchanged through urine. It is unknown whether 
cladribine is substrate of OCT2, OAT1 and OAT3. Thus, the potential interaction of 
cladribine with the inhibitors of these transporters is unknown.  
 
2.4.4 What extrinsic factors (such as herbal products, diet, smoking and alcohol) 
influence exposure and or response and what is the impact of any differences in 
exposure on pharmacodynamics? 
 
Studies to assess the effect of extrinsic factors like herbal products and smoking have not 
been conducted. Food (section 2.5.3) and gastric pH (section 2.4.5) modifiers have shown 
no effect on cladribine pharmacokinetics. 
 
2.4.5 Are there any in-vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure response  relationships are different when drugs are 
coadministered? If yes, is there a need for dosage adjustment? 
 
2.4.5.1  Influence of other drugs on cladribine: 
 
Two phase I studies have been conducted to evaluate the PK interaction between 
cladribine and other drugs: 
 
DDI Study with Rebif® (IFN beta-1a) (Study 26486)  
Seventeen (15 analyzed) Caucasian subjects with MS received cladribine orally at 10 to 
20 mg/day for five consecutive days (Days 1 to 5). The number of tablets given was 
based on weight, using 10-kg weight ranges (i.e. 50 -<60 kg, 60 - <70 kg, etc.). After at 
least 2 days after the last dose of cladribine, subjects received IFN-β1a as follows: 8.8 μg 
TIW (Day 7 to Day 18; 6 doses) then 22 μg TIW (Day 21 to Day 32; 6 doses), followed 
by 44 μg TIW (Day 35 to Day 60; 12 doses). During the last week of IFN-β1a treatment, 
cladribine (50 to 100 mg in total) was coadministered orally for 5 consecutive days (Day 
56 to Day 60).  
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For cladribine, no significant difference between the cladribine exposure in combination 
therapy (on Day 60) and in monotherapy (on Day 5) could be concluded. The 90% 
confidence interval for the mean “test/reference” ratio of Cmax fell within the range of 
80.00-125.00% needed to establish absence of interaction effect. For AUC0-24, the lower 
limit of the confidence interval (79.79%) was slightly below the lower limit of this 
boundary. The point estimates and 90% CIs were 0.9965 [0.8627, 1.1512] for Cmax and 
0.8822 [0.7979, 0.9754] for AUC0-24. 
 
DDI Study with Pantoprazole in Subjects with MS (Study 27967)  
Eighteen Caucasian subjects with MS received oral doses of both test products. In one 
period, 10 mg cladribine was administered alone. In the other period, subjects received a 
dose of 40 mg pantoprazole on Days 1 and 2 and a single dose of cladribine on Day 2, 3 
hours after having received pantoprazole.Subjects were required to fast 3 hours before 
and 2 hours after receiving cladribine. Doses were administered with 240 ml water. Both 
IMPs were supplied as ready for use. In total the subjectsreceived two single doses of 10 
mg cladribine separated by a wash-out of at least 10 days andtwo 40 mg doses of 
pantoprazole on two consecutive days. 
Repeated oral pantoprazole 40 mg single doses, administered 15 hours and 3 hours prior 
to administration of cladribine had no influence on the PK profile of cladribine.  
Mean PK parameters of cladribine after administration of cladribine alone and at 3 hours 
after pantoprazole administration are presented below. 
 

 
 
Therefore, a change in gastric pH induced by e.g. the concomitant administration of a 
proton pump inhibitor does not change the rate and extent of absorption of cladribine. 
 
2.4.5.2  Influence of cladribine on other drugs 
 
Study 26486 was designed to evaluate the effect of IFN beta-1a on cladribine, as well as, 
the effect of cladribine on IFN beta-1a. However, due to incomplete serum concentration-
time curves for IFN-β1a in some of the patients because many measured IFN-β1a levels 
were below the lower limit of quantification, IFN-β1a could only be determined in a 
subset of subjects (9 out of 15 subjects). The geometric mean ratio for AUC(0-trunc) 
between cladribine + IFN-β1a combination therapy and IFN-β1a monotherapy obtained 
from 6 subjects was 0.99 (90% CI: 0.71, 1.37) suggesting absence of a clinical relevant 
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effect of cladribine on the disposition of IFN-β1a in patients with MS. However, due to 
the small sample size, the impact of cladribine on the PK of IFN beta-1a is inconclusive  
 
2.4.6 Pharmacodynamic Interactions 
 
DDI Study with Rebif® in Subjects with MS (26486)  
As described in Section 2.4.5.1, the potential for PK interaction between cladribine and 
Rebif® (IFN beta-1a) was found to be low. The laboratory safety data obtained in the 
study, however, suggest potential additive pharmacodynamic effects of the known 
hematological treatment emergent adverse effects of both products. Because of the 
cladribine-induced reduction in lymphocyte count, additive hematological adverse effects 
may be expected if cladribine is administered concomitantly with other agents that affect 
the hematological profile (e.g. carbamazepine, NSAIDs). A review of the safety data in 
the CLARITY study confirmed the potential for additive effects of concomitant 
medication that affect the hematological profile on lymphopenia only, similar to what 
was observed in the Phase 1 study of cladribine co-administered with interferon beta-1a. 
Therefore, the product labeling should reflect the risk of additive effects on lymphocytes 
in case cladribine is co-administered with agents that affect the hematological profile. 
 
2.4.7. Evaluation of Potential Interactions at the Level of Absorption 
 
The potential of cladribine for interactions involving absorption is considered to be low 
(except for potential uptake and efflux transporter interactions that are discussed in 
section 2.4.3). 
 
Cladribine is reliably and rapidly absorbed from the HPβCD oral dosage form and high 
fat meals do not alter its bioavailability to a significant extent.  
In vitro data indicated that cladribine could be degraded at acidic pH (pH< 2). However, 
drug interaction studies in vivo showed that the bioavailability of the 10 mg cladribine 
tablet was not changed when co-administered with pantoprazole, and bioavailability of 
cladribine oral solution was not enhanced when co-administered with omeprazole 
[Albertioni et al. (1993)]. Furthermore, in vitro dissolution data show, that cladribine is 
protected against pH dependent degradation by the HPβCD complexes in the tablet 
formulation. 
 
As recently shown for the anti-viral nucleoside analog ribavirine, purine rich meals 
reduced the rate and extent of absorption (~35%) of ribavirin, due to competition for 
facilitated nucleoside uptake by concentrative nucleoside transporter 2 (CNT2) [Li L et 
al. (2009)]. Effect of purine rich meals on the clinical response of ribavirin was not 
evaluated in that study. Some purines, inosine, guanosine and adenosine, are known as 
substrates of transporter CNT3 which also transports cladribine [Pastor-Anglada (2004)]. 
Whether purine rich meals may also have the potential to alter the bioavailability of 
cladribine is unknown. Purine rich meals should be avoided during the 5-day treatment 
with cladribine. The high fat meal in the food interaction study could be classified as a 
low purine content meal.  
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The potential for complex formation between free cyclodextrin, released from the 
cladribine formulation, and concomitant drugs were investigated in vitro in study 29130. 
A complex formation with cyclodextrin could potentially cause an increase in the 
bioavailability of concomitantly administered low soluble drugs. The results from study 
29130 showed that the HPβCD available to form complexes with ibuprofen 
(Biopharmaceutics Classification System (BCS) class II) and with gabapentin (BCS class 
I) was very low, while the maximum available HPβCD in the formulation would be 
sufficient for complex forming with furosemide (BCS class IV). 
Since physicians and patients might have difficulties finding drug solubility information, 
the administration of any drug should be separated by 3 hours before and 3 hours after 
administration of cladribine, during the limited number of days with cladribine 
administration.) 
 
 

2.5 GENERAL BIOPHARMACEUTICS 
 
2.5.1 Based on the BCS principles, in what class is this drug and   
 formulation? What solubility, permeability and dissolution   
 data support this classification? 
 
Cladribine drug substance is only slightly soluble in distilled water. Use of cladribine 
orally was also limited by the fact that cladribine is acid labile and cladribine degradation 
is markedly increased with time due to hydrolysis of the drug at gastric pH. 
An oral cladribine formulation was developed using  the cladribine drug 
substance with 2-hydroxypropyl-β-cyclodextrin (HPβCD)  

. 
According to Biopharmaceutical Classification System (BCS) definition, a drug product 
is highly soluble when the highest dose strength is soluble in less than 250 ml of water 
over a pH range of 1 to 7.5. In the case of cladribine tablets, the highest strength is 10 mg 
that should be soluble in less than 250 ml, or a solubility of approximately 0.04 mg/ml. 
Over this range of pH, cladribine showed solubilities between 4-6 mg/ml, therefore can 
be considered a highly soluble drug. 
The dissolution of the drug product was determined in a variety of dissolution media 
(water, 0.1N HCl, solutions at pH 4.5, 6.5 and 7.5). All studies were performed with both 
the commercial formulation (Lot CLD-001) and the clinical formulation (Lot N0203) 
using the recommended USP apparatus II: paddles at 50 rpm in 900 ml of dissolution 
media and UV detection at nm. The dissolution profiles for the commercial 
formulation and the clinical formulation are provided below (Fig. 12 and Fig.13). 
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In addition, the drug product is rapidly dissolving since more than % of the labeled 
amount of the drug substance (10 mg) dissolves within 30 minutes. 
 
Based on Caco-2 cell assay results, cladribine shows a permeability (Papp, A-to-B, 
0.95±0.05×10-6cm/s) higher than a low-permeability reference compound, atenolol (Papp, 

A-to-B, 0.18±0.02×10-6cm/s), however its permeability is still almost 7-fold lower than that 
of a high-permeability reference compound, minoxidil (Papp, A-to-B, 6.3±0.1×10-6cm/s). 
Hence, based on formal BCS criteria, cladribine is to be characterized as a Class III drug 
(high solubility, low permeability). 
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2.5.2 Is the proposed to-be-marketed formulation of cladribine  
 bioequivalent to the formulation used in the clinical trials   
 and pharmacokinetic studies? 
 
Four oral formulations have been developed and used for Phase I clinical studies (study 
IXR-102-09-186 and study IXR-101-09-186): cladribine-cyclodextrin complex tablets (3 
mg and 10 mg), mucoadhesive tablets (3 mg) and hard gelatine capsules (3 mg). 
The compositions of the four oral formulations used in the Phase I studies are presented 
in tables 16-19. 
 

Table 16: Composition of cladribine-cyclodextrin complex tablet 3.0 mg 

 
 

Table 17: Composition of cladribine-cyclodextrin complex tablet 10.0 mg 

 
 

Table 18: Composition of mucoadhesive tablet 3.0 mg 
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Table 19: Composition of hard gelatine capsule 3.0 mg 

 
 

 
A summary of the bioavailability of cladribine oral formulations estimated in four 
bioavailability trials and publications are presented in Table 20. The mean bioavailability 
determined in the different studies was in the range 35 to 55%. Mean Cmax and AUC 
increased approximately linearly between the 3 and 10 mg doses (Study IXR-09-186). 
Varying sorbitol contents (i.e. from 44.3 mg to 68.4 mg per dose unit) did not 
substantially alter the oral bioavailability of cladribine. This is consistent with the 
sponsor’s BCS Class 3 categorisation of cladribine, which implies that the absorption 
process is exclusively governed by the drug permeability characteristics of the product. 
The limited bioavailability of oral cladribine is probably due to involvement of efflux 
transporters of which BCRP (ABCG2) has been identified to be an important player, 
while P-gp does not play a clinically significant role.  
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Table 20: Bioavailability of cladribine after administration of different oral 
formulations 

 
 
Based on the results of the Phase I studies, the 10 mg cladribine-cyclodextrin complex 
tablet was selected for the subsequent clinical program. The composition of this tablet is 
identical to the 10 mg cladribine-cyclodextrin tablet used for Phase I studies. Minor 
modifications were made to the process and to the tablet  with respect to the phase I 
tablets. This formulation (“clinical” formulation) was used in the pivotal CLARITY 
(25643) study. 
Commercial formulation: optimization of the formulation by minor adjustments  

 to achieve a more robust production process. The 
change consisted  

. The  
tablet was also modified . The composition of the 
“Clinical” and “Commercial” formulations is presented in Table 21. 
In accordance with the US SUPAC guidance, the additive effect of all excipient changes 
between the clinical and the commercial formulation is not more than %. The changes 
are characterized as “Level 2 changes” for drugs with high solubility and low 
permeability. Comparative multi-point dissolution studies were carried out in five 
different media including water, 0.1N HCl, and three buffer solutions at pH 4.5, pH 6.5, 
and pH 7.5 as suggested in the SUPAC guideline. The dissolution profiles for the 
commercial formulation and the clinical formulation are provided in Section 2.5.1. 
The CMC reviewer confirmed that the changes qualify as SUPAC Level 2 changes, 
therefore a bioequivalence study comparing the clinical and the commercial formulation 
is not required. 
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Table 21: Composition of Cladribine 10 mg Tablets “Clinical” and “Commercial” 
Formulations 

 
 
 
2.5.3  What is the effect of food on the bioavailability of the drug  
 from the dosage form? What dosing recommendations need to be made 
regarding the administration of cladribine in relation to meals or meal types? 
 
A high fat breakfast (study 26127) resulted in a statistically significant (p=0.0091) 29% 
reduction in cladribine Cmax and a delay in the median tmax from 0.5 h in the fasted 
state to 1.5 h in the fed state.  The effect of the high fat breakfast on the extent of 
absorption (AUC0-∞) of cladribine did not reach statistical significance (Table 22). 
Cladribine HPβCD tablets were well tolerated after administration in the fed and fasted 
states. Because of the intracellular metabolism, exposure based on AUC should be more 
important than Cmax from clinical perpective. In addition, cladribine was well tolerated 
after administration in the fed and fasted. Therefore, the reduced Cmax is not expected to 
have any clinical impact. 
 

Table 22: PK Parameters of Cladribine after Administrations of 10 mg 
Cladribine HPβCD Tablets to n=16 Caucasian Subjects with MS in 

Fed and Fasted States 
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Conclusion: Cladribine can be administered without regard to food.  
 
 

2.6  ANALYTICAL 
 
 
2.6.1  What bioanalytical method is used to assess concentrations   
 of active moieties and is the validation complete and   
 acceptable? 
 
The sponsor has provided 9 individual reports of bioanalytical studies for the quantitation 
of cladribine and its active metabolite 2-chloroadenine (2-CA) in human plasma and 
urine, as well as stability studies of the two analytes in plasma.  
The first analytical method validated to assess cladribine plasma concentrations used a 
liquid chromatography (HPLC) method with ultraviolet (UV) detection, with a limit of 
quantification (LOQ) of 2.0 ng/mL. Later, a method was developed in 1994 using a 
liquid/liquid extraction and LC-MS detection with atmospheric pressure chemical 
ionization (APCI). This method was used for quantification of cladribine in plasma in 
studies 6226 & 6414. The analytical assays used for the analysis of plasma/urine samples 
in Studies 6226 and 6414 had selectivity and recovery problems listed below: 
1. Several (15% of all) pre-dose samples had measurable cladribine concentrations 
2.         Large variability in extraction efficiency for cladribine (ranging between 26% and 
71%) without explanation   
3. The potential interference of cladribine metabolite(s) was not assessed. 
Therefore, the assays were found not acceptable. 
 
In 1996 a method was validated for quantification of cladribine in human urine (reports 
DM960022 and DM960023). Supplemental validation in plasma was conducted in 1997 
(report DM97304) to validate the changes of extraction solvent, LC column, buffer and 
sample volume. 
In 2004, a LC-MS/MS method was validated using solid phase extraction from the 
human plasma (report 0321). In 2005, the simultaneous quantification of cladribine and 
2-chloroadenine (2-CA) was validated in plasma (report 0509). The same method 
(validated in plasma) was used for quantification of cladribine and 2-CA in urine in Study 
25803 with a partial “in study” validation. The assay for urine did not fulfill the 
requirements the FDA Bioanalytical Methods Guidance (2001) with respect to stability, 
extraction recovery and the effect of dilution. A partial in-study validation of the 
LC/MS/MS assay for quantification of cladribine and 2-chloroadenine in human urine 
was conducted in respect to accuracy, linearity and precision of the assay, however the 
stability of the analytes in urine and their extraction recovery have not been assessed. 
The linearity, accuracy and precision of the dilution method have not been validated. 
Quantification of cladribine and 2-CA in plasma was re-validated in another bioanalytical 
site in 2007 (report R-208/06). This method has been validated again in 2008 by the 
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sponsor using different internal standards and ionization modes (report DMPK-35-08) to 
support clinical study 27967, which was considered validated. 
A summary of bioanalytical assays for quantification of cladribine and 2-CA in 
plasma/urine and the clinical studies, in which these assays were used, is provided in 
Table 23. 
 

Table 23: Summary of bioanalytical studies 

 
 
LC-MS/MS methods were also used to isolate and identify cladribine metabolites and estimate 
the relative percentages of unchanged cladribine and its metabolites in human plasma and urine 
(reports DM96303 and 0524).  However, synthetic reference standards were not available for 
most potential metabolites, therefore reliable quantitation is not possible. 
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A commercial immunoassay method  was validated for the analysis of 
recombinant interferon-ß in human serum and used in the drug-drug interaction study between 
cladribine and interferon-β1a (study 26486). 
 
The stability of cladribine and 2-CA in biological samples was assessed under various 
conditions. Stability of extracted plasma samples on the auto-sampler prior to analysis was 
confirmed up to 144 h (Amendment 1 to report 0509). Cladribine and 2-CA were also found 
stable in plasma up to 4 h at room temperature and after 3 freeze/thaw cycles. 
Cladribine and 2-CA were stable in frozen human plasma for 2 weeks at -20°C and for 38 weeks 
at -70°C (Amendment1 to report 0509), 2 months in basic solution at -20°C for both analytes 
(report 0509), and 13 weeks at -80°C, (report 0321). Long term stability of cladribine and 2-CA 
in human plasma was also demonstrated for a period of up to 12 months at -80°C (report DMPK-
01-08). In human urine, cladribine and 2-CA were stable for at least 11 and 12 months 
respectively at -20°C (report 960023). 
 
The results obtained during the validation of the assays, done before 2001, fulfilled the 
requirements regarding linearity, accuracy, and precision generally accepted for bioanalytical 
studies. Validation of the methods developed after 2001 were performed in compliance with the 
ICH Guidance for Industry for Bioanalytical Method Validation and fulfilled the acceptance 
criteria with regard to linearity, sensitivity, precision, accuracy and reproducibility. Thus, most 
of the the assays were suitable for the quantification of cladribine and 2-CA in human plasma 
and urine samples from clinical studies. However, the following HPLC and LC/MS assays had 
selectivity and/or recovery problems and were found not acceptable:  

• The HPLC and LC/MS assays for quantification of cladribine in plasma and urine used in 
studies 6226 & 6414 (the assays were included as appendix to studies 6226 & 6414) 

• The LC/MS/MS assay for quantification of cladribine and 2-CA in urine used in study 
25803 (validation report 0509) 

 
Details of the validation results/performances of the bioanalytical assays are provided in tables 
24-34.  
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Table 24: Validation Report 960022 - Matrix: Urine 

 
 

Table 25: Validation Report 960023 - Matrix: Urine 
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Table 26: Validation Report DM97304 - Matrix: Plasma 
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Table 27: Validation Report 0321 - Matrix: Plasma 
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Table 28: Validation Report 0509 - Analyte: Cladribine - Matrix: Plasma 
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Table 29: Validation Report 0509 - Analyte: 2- Chloroadenine - Matrix: Plasma 
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Table 30: Validation Report 0524 - Matrix: Urine 

  
 

 
Table 31: Validation Report R208/06 - Matrix: Plasma 

 

 
 

Table 32: Validation Report DMPK 01-08 - Matrix: Plasma 
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Table 33: Validation Report DMPK 35-08 - Matrix: Plasma 

 

 
 
 
 

Table 34: Analytical Method Validation Summary for IFN-β1a 
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3.0  DETAILED LABELING RECOMMENDATION 
 
 

The reviewer’s labeling recommendations are shown by track changes to the sponsor 
proposed label. These labeling changes should be incorporated in the revised label: 
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O MACOLOGY: 
PHARMACOMETRIC REVIEW 

 

INDINGS 

1.1 Key Review Questions 
The purpose of this review is to address the following key questions. 

Yes, creatinine clearance (CRCL) was found to be correlated with cladribine renal 
cladribine 
ance.  

racterize the 
dA) and its main metabolite 2-chloro adenine (2-CAde) 

based on the data from 3 Phase I studies (25803, 26127 and 26486) and one Phase III 
 best to 
CAde) was 

The covariates tested in the population PK model were the use of concomitant INF-β 
ge (median 40 

rkers of hepatic 
udies did not 
l evaluation.   

e (CRCL). The 
9%, 30% and 

0 ml/min) and 
t, respectively, compared to normal patients.  

Food was found to slightly decrease the extent of cladribine absorption and to cause 
ease non-renal 

and body weight were not associated with cladribine PK.  In terms of hepatic impaired 
patients, a graphical investigation of individual predicted non-renal clearance against 
AST, ALT and bilirubin did not show any association. 

 

1.1.2 Is there evidence of exposure-response relationship for efficacy and safety of 
cladribine? 

 

FFICE OF CLINICAL PHAR

1 SUMMARY OF F

 

1.1.1 Is there any covariate which affects cladribine PK? 
 

clearance (renal CL), and food was found to slightly decrease the extent of 
absorption. Also co-administration with IFN-ß-1a increased non-renal clear
 
The sponsor performed population pharmacokinetic (PK) analysis to cha
pharmacokinetics of cladribine (C

study (CLARITY, 25643). Three-compartment model was found to be the
describe the PK of cladribine and the main metabolite 2-chloro adenine (2-
characterized by one compartment model 
 

(Rebif), food state, CRCL (median 107.9ml/min, range 49.6-244.4), sex, a
years, range 19-65) and weight (median 69.2kg, range 48.5-116.1kg). Ma
function could not be evaluated because the liver function observed in the st

phicahave sufficient variability to test for its significance, which led to a gra
  
Cladribine renal clearance was found to correlate with creatinine clearanc
final population PK model predicted that the total clearance dropped by 1
39% for subjects with mild (CRCL = 65 ml/min), moderate (CRCL = 4
severe (CRCL = 20 ml/min) renal impairmen

absorption delay, while co-administration with IFN-ß-1a was found to incr
clearance by 21%, resulting in an increase of 10.8% of the total clearance. Gender, age 
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ly significant superiority compared to placebo whereas there is no difference 
within cladribine dose groups, which is consistent with most secondary endpoints (data 

 

Table 1. The efficacy results on primary endpoint, ARR from CLARITY study. 

 
Source: the sponsor’s report, “clinical overview”, page 36 

R o the safety ints, lymphopenia and infection are the most commonly 
occurred adverse events which show dose-dependence (Table 2) 

Table 2. Percentage of Adverse Events in Each Group in CLARITY study 

Group 5.25 mg/kg 3.5 mg/kg Placebo 

There is clear exposure-response relationship for lymphocyte counts reduc
in Figure 5. Given the relationship between lymphocyte counts reductio
relapse rate (ARR) response (Figure 1), it is reasonable to infer that there is
response relationship for ARR response in a wider range of cladribine expo
though such relationship was not evident with

  

The Table 1 shows the efficacy analysis results from CLARITY study ba
primary endpoint, annualized relapse rate (ARR). Cladribine at both dose
statistical

not shown).  

 

egarding t  endpo

lymphopenia 31.5% 21.6% 1.8% 

infection 48.9% 47.7% 42.5% 
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1.1.3 Is the sponsor’s proposed dose (3.5mg/kg) appropriate?  

ounts at steady 
results showed that 

g/kg were 

onsor has 
es from four 
ere four dose 
, tablet), 
e dose groups 
 MRI effect, 

7mg/kg s.c.;1.75mg/kg 
also dropped 
e selection was 

e the target 
ferent from the one 

 two selected dose 
y endpoint 

appeared to be equivalent (Table 1), and cladribine has been known to have safety 
d the 
se would 

osed dose.  

t, ARR as the 
f cladribine.  

e bionomial 

xplots on the 
ndent, which 

nic progressive MS patients. The 
ter than 1.0 

9/L). However, further reduction in lymphocyte counts below about 1.0 (10E9/L) 
does not lead to more reduction in relapse rate.  

5mg/kg appears 
ose than 

3.5mg/kg will result in a significant loss of ARR response.  

lusion, the sponsor’s proposed dose seems to be appropriate from efficacy point of 
view.  

 

Figure 1. The relationship between absolute lymphocyte counts at steady state (10E9/L) 
and primary endpoint, ARR from reviewer’s analysis. The black solid line represents the 

 

The reviewer’s analysis quantified the relationship between lymphocyte c
state and the primary endpoint (annualized relapse rate, ARR). The 
the dose of 3.5mg/kg seems to be reasonable as doses lower than 3.5m
predicted to lose significant efficacy based on the relationship.  

There was no formal dose-ranging study in this application. Instead, the sp
chosen two dose levels for pivotal study based on efficacy and safety profil
parenteral cladribine MS (multiple sclerosis) studies (Appendix 1). There w
levels evaluated; 0.7mg/kg s.c (1.75 mg/kg, tablet), 1.4mg/kg s.c (3.5mg/kg
2.1mg/kg s.c (5.25mg/kg, tablet) and 2.8mg/kg s.c. (7.0mg/kg, tablet). Thes
were examined based on biological effect (absolute lymphocyte reduction),
clinical effect (EDSS score) and safety profile. The lowest dose (0.
tablet) was dropped due to lack of clinical effect and the highest dose was 
because of safety concerns. However, the population in the studies for dos
chronic progressive MS patients rather than RRMS patients which ar
population for this submission, and the clinical endpoint was also dif
in the pivotal study (CLARITY). Furthermore, the effect size between
levels in CLARITY study across most endpoints as well as the primar

concerns due to the mechanism of the drug.  Hence, the reviewer conducte
independent analysis to see whether even lower dose than the proposed do
produce similar effect size in primary endpoint, ARR to that of the prop

 

First, the absolute lymphocyte count was correlated to the primary endpoin
reduction in lymphocyte counts is directly associated with the mechanism o

One phase III study (CLARITY) was included in the analysis and negativ
model was employed (see reviewer’s analysis).  

Figure 1 shows the results from the reviewer’s analysis. As shown in the bo
bottom of figure, the reduction in lymphocyte counts seems to be dose-depe
was also shown in earlier trials conducted in chro
relapse rate appears to be sharply increasing when lymphocyte count is grea
(10E

Most importantly, ARR at the median lymphocyte counts at the dose of 3.
to be on the increasing part of the curve, which implies that further lower d

In conc
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each octile of 
ounts. Box plots indicate the distribution of lymphocyte counts for each 

treatment group.  

 

 

1.2 Recommendations 
 

The Division of Pharmacometrics has reviewed the submission (NDA 22561) and finds it 
acceptable, provided that satisfactory agreement is reached between the sponsor and the 
Agency regarding language in the labeling text.  

model-predicted relationship and 10 blue dots are the observed ARR at 
lymphocyte c
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2 PERTINENT REGULATORY BACKGROUND 

se modifying 
f multiple sclerosis (RRMS). 

mia (HCL) under 
s trade names such as Leustatin, Leustatine injection and Likak.  

ourses as 

g tablets given 

es at a  interval at the 

itional, consecutive courses at a  interval is 

- This corresponds to a cumulative dose of 3.5 mg/kg .  

3 RESULTS OF SPONSOR'S ANALYSIS 

 

The sponsor is seeking the approval for cladribine tablets 10mg for a disea
therapy for the treatment of patients with relapsing forms o
Parenteral cladribine was approved for the treatment of hairy cell leuke
variou
Recommended dose is 3.5mg/kg and therapy is administered in treatment c
follows; 

- A course consists of daily oral administration of 1 or 2 of the 10-m
for the first 4 or 5 days of a  period.  

- Treatment is initiated with 2 consecutive cours
beginning of the first  period.  

- Re-treatment consisting of 2 add
started at the beginning of a subsequent  period.  

 

Population PK analyses 
 

The sponsor performed population pharmacokinetic (PK) analysis to charac
pharmacokinetics of cladribine (CdA) and its main metabolite 2-chloro 
based on the data from 3 Phase I studies (25

terize the 
adenine (2-CAde) 

803, 26127 and 26486) and one Phase III 
s these 4 studies included in the sponsor’s 

population PK analysis.  Plasma and urine concentration data of cladribine and CAde 
were modeled simultaneously using a population analysis approach to estimate cladribine 
and Cade population PK parameters (mean and inter patient variability) as well as the 
relationship between PK parameters and covariates.  

Table 3. Summary of studies for population PK analysis. 

study (CLARITY, 25643).  Table 3 summarize

 
Source: the sponsor’s report, “Population Pharmacokinetics of Cladribine”, page 8. 

 
For modeling building process, the following strategy has been adopted: 
1. PK data from three Phase I studies (25803, 26127 and 26486) were pooled. 
2. Structural model development was to be conducted using the pooled Phase I data. 
PK modeling was to begin with a three-compartment model with first-order (linear) 
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(b) (4)

(b) (4)

(b) (4)

(b) (4)



elimination and first-order absorption. More complex PK models were to be evaluated if 

 the step 1. 
 1 and 3 data 

tudy 25643 to 
scribe variability in PK parameters. 

 model of cladribine and 
subsequent model refinement was to be performed if necessary. 

Three-compartment model was found to be the best to describe the PK of cladribine and 
the mai  by one compartment 
model. The schem Figure 
2. 

Figure 2. Schematic representation of final population PK model.  

necessary. 
3. When available (study 25643) data were to be pooled with the data from
The structural model was to be applied to these data and the fit of the Phase
evaluated. Structural model refinement was to be performed if required. 

g s4. Covariate analysis was to be performed in the pooled dataset includin
explore the ability of measurable patient factors to de
5. Significant covariates were to be incorporated into the PK

6. Model refinement and model evaluation steps were to be performed. 

 

n metabolite 2-chloro adenine (2-CAde) was characterized
atic representation of final population PK model is presented in 

 
Source: the sponsor’s report, “Population Pharmacokinetics of Cladribine”, page 31. 
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The covariates tested in the population PK model were the use of concomi
(Rebif), food state, CRCL (median 107.9ml/min, range 49.6-244.4), sex, ag
years, range 19-65) and weight (median 69.2kg, range 48.5-116.1kg). Mark
function could not be evaluated because the liver function observed in the st

tant INF-β 
e (median 40 
ers of hepatic 
udies did not 

cal evaluation.   

ce (CRCL), the 
, 30% and 

0 ml/min) and 
ly, compared to normal patients. 

Comparison of simulated concentration-time profiles following 5-day treatment with 
Figure 3. 

 

Figure 3. Simulated cladribine profiles by degree of renal impairment.  

 

have sufficient variability to test for its significance, which led to a graphi
 
Cladribine renal clearance was found to correlate with creatinine clearan
final population PK model predicted that the total clearance dropped by 19%
39% for subjects with mild (CRCL = 65 ml/min), moderate (CRCL = 4
severe (CRCL = 20 ml/min) renal impairment, respective

cladribine by the degree of renal impairment was shown in 

 
 
Source: the sponsor’s report, “Population Pharmacokinetics of Cladribine”, page 39. 

 
Food was found to slightly decrease the extent of cladribine absorption and to cause 
absorption delay, while co-administration with IFN-ß-1a was found to increase non-renal 
clearance by 21%, resulting in an increase of 10.8% of the total clearance. Gender, age 

dy weight were not associated with cladribine PK.  In terms of hepatic impaired 
patients, a graphical investigation of individual predicted non-renal clearance against 
AST, ALT and bilirubin did not show any association (Figure 4).  
 

and bo
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Figure 4. Relationship between non-renal CL and AST/ALT. The solid lines
simple lin

 are from 
ear regression and dots and triangles represent observed data for AST and ALT, 

respectively.  

 
Source: the sponsor’s report, “Population Pharmacokinetics of Cladribine”, page

 
 
The sponsor found errors in the ca

 34. 

lculation of the individual excretion of cladribine and 
the population PK analysis was re-performed using amended dataset. As you see in Table 
4, the difference in parameter estimates seems to be minimal, which is not expected to 
give major impact on covariate effects on PK of cladribine. For example, the impact of 
use of IFN-ß-1a has been changed to increase non-renal clearance by 21% from 22%, and 
10.8% of the total clearance from 10.9%. 
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Table 4. The estimates from the final model 
before and after correcting errors in urine data 

comparison of Population PK parameter 
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Source : the sponsor’ report : Addendum to clinical trial report “population pharmacokinetics of 
Cladribine”, page 8-9. 
 
Reviewer’s comments:  

- The sponsor’s population PK analysis is acceptable. 
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4 EVIEWER’S  ANALYSES 
 

4.1 Introduction 

stead, the 
 safety profiles 
studies for 
mitting MS 

ical endpoint was 
e effect size at 

ARITY) is 
ary endpoint 

n and malignancy 
reviewer performed an additional analysis 

to see whether the lower dose than the sponsor’s proposed dose (3.5mg/kg) would 
ar effect size to the one at 3.5mg/kg based on the lymphocyte counts at 

steady state and ARR relationship. 

investigate the relationship between an absolute lymphocyte counts at steady 
state and the primary endpoint, ARR. 

ta from CLARITY was included in the analysis. The endpoint was the number of 
quantified relapse which is same as the one in the primary efficacy analysis. The absolute 

tion in lymphocyte 
counts is directly associated with the mechanism of cladribine. Based on the observation 
of lymphocyte-time profile (Figure 5), it was assumed that the steady state of lymphocyte 
counts has been achieved after week 13, and they were averaged over time period after 
week 13.  

Figure 5. Absolute number of lymphocyte counts and time profile by dose group.  

  

 

R

 

 

There was no formal dose-ranging study conducted in this application. In
sponsor has chosen two dose levels for pivotal study based on efficacy and
from four parenteral cladribine MS studies. However, the population in the 
dose selection was chronic progressive MS patients rather than relapsing re
patients which are the target population for this submission, and the clin
also different from the one in the pivotal study (CLARITY). In addition, th
both low (3.5mg/kg) and high (5.25mg/kg) doses in one pivotal study (CL
almost identical across most secondary endpoints as well as for the prim
(ARR). Also cladribine has safety issues such as lymphopenia, infectio
due to the mechanism of the drug. Hence, the 

produce simil

 

4.2 Objectives 
 

- To 

- To project effect size at lower dose than the proposed dose, 3.5mg/kg based on 
the relationship 

4.3 Methods 
 

The da

lymphocyte count at steady state was correlated to ARR as the reduc
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 placebo-
e in subjects 

remitting multiple sclerosis (RRMS)”, page 1038. 
 

The negative binomial distribution was assumed for the endpoint with annualized on-
study period as an offset variable, and lymphocyte counts at SS was linked as a covariate 
by Emax model.   

 

Source: the sponsor’s report, “A phase III, randomized, double-blind, three-arm,
controlled, multi-center study to evaluate the safety and efficacy of oral cladribin
with relapsing-

0

( , )
log( ) (1 ( )) log( )

i i

i i i

Y NB kμ
f lymphocyte t

where 
^h

^ ^

Ilmax( )i h h50
lymphocytef lymphocyte

Ilym lymphocyte

μ β= × − +

 

egative binomial distribution with mean μ and dispersion parameter, k. 

Y : the number of quantified relapse for each patient 

=on study day/365.25, offset variable to account for a patient’s different study 
period in negative binomial model. 

 
×

=
+

NB : n

log( )it
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arized in Table 5. 

Study Number Link to EDR 

 

4.3.1 Data Sets 
Data sets used are summ

Table 5.  Analysis Data Sets 
Name  

CLARITY lap2.xpt 

Adlap3.xpt, adlap4.xpt 

Adlap5.xpt,adqlapse.xpt 

 Adlap1.xpt, ad

 

4.3.2 Software 
 were used for the analysis.  

 

The parameter estim tes with standard error are pr . 

Table 6. The ter estimates with standard erro  reviewer’s model for the 
relationship between lymphocyte counts and ARR 

mate (SE) 

SAS 9.2 and R 2.5

4.3.3 Model Results 
 

a esented in Table 6

 p earam r from the

Parameter Esti
β -2.04 (0.12) 

 
 

Ilym50 
Ilmax 

h 
k 

1.30 (0.11) 
0.46 (0.07) 
7.99 (4.23)
1.14 (0.21)

 
 

Figure 6 shows the results from the reviewer’s analysis. The model seems to describe the 
duction in 

n in earlier trials 
e relapse rate appears to be sharply 

increasing when lymphocyte count is greater than 1.0 (10E9/L). However, further 
reduction in lymphocyte counts below about 1.0 (10E9/L) does not lead to more 
reduction in relapse rate.  

mportantly, ARR at the median lymphocyte counts at the dose of 3.5mg/kg appears 
to be on the increasing part of the curve, which implies that further lower dose than 
3.5mg/kg will result in a significant loss of ARR response. 

 

observed data well. As shown in the boxplots on the bottom of figure, the re
lymphocyte counts seems to be dose-dependent, which was also show
conducted in chronic progressive MS patients. Th

Most i
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tate (10E9/L) 
ne represents the 

h octile of 
phocyte counts. Box plots indicate the distribution of lymphocyte counts at each dose 

group. 

 

 

appropriate from efficacy point of 

 

5 LISTING OF ANAL LES 
File Name Description Location in 

\\cdsnas\pharmacometrics\

Figure 6. The relationship between absolute lymphocyte counts at steady s
and primary endpoint, ARR from reviewer’s analysis. The black solid li
model-predicted relationship and 10 blue dots are the observed ARR at eac
lym

 

In conclusion, the sponsor’s proposed dose seems to be 
view.  

 

YSES CODES AND OUTPUT FI

Lym_relapse_reviewer.sas The reviewer’s ARR-
lymphocyte counts at SS 
analyses  
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Appendix 1 

odel) : up to 5 
hours after oral administration of cladribine in Phase III study.  

 

 

1. Visual predictive check for model evaluation (final population PK m

 
Red solid line represents median of the observed data, red dotted line is 95% percentiles of the 
observed data, open circles are the observed data; shaded blue areas are 95% confidence intervals 
around prediction intervals (upper and lower) and simulated median (middle). Time units is in 
hour, and y-axis represents log of the CdA and CAde observations/predictions. 
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2. CLARITY study design 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

Submission Number : N22561  Page 16 of 17 

Reference ID: 2867517

Reference ID: 4413345



Submission Number : N22561  Page 17 of 17 

PM_review_Cladribine_draft_rev.doc 

 
 
 

3.  The clinical studies used for dose selection.  
 

 
* Clinical effect was based on the change in EDSS score from the baseline.  
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CLINICAL PHARMACOLOGY GENOMICS GROUP REVIEW 
 

NDA Number 022567 
Submission Date 28 May 2010 
Applicant Name Merck Serono S.A.- Geneva 
Generic Name Cladribine 
Proposed Indication Relapsing forms of multiple sclerosis (MS) 
Primary Reviewer Li Zhang, Ph.D. 
Secondary Reviewer Issam Zineh, Pharm.D., M.P.H. 
 
1 Background 
Cladribine is a currently approved drug, now being reviewed for a new indication as noted 
above.  As part of cladribine drug development program for relapsing MS, the sponsor collected 
DNA samples from a phase 3 study (see section 2 below).  The genomics reviewer noted that in 
SPA 25643 (Nov 09, 2005), the sponsor intended to conduct exploratory pharmacogenomic 
(PGx) analyses for identifying markers of drug response or disease subtypes that could be 
associated with differential response.   
 
On July 13, 2010, we requested summary level data from the sponsor regarding their 
pharmacogenomic investigations.  The purpose of this review is to assess the sponsor’s 
pharmacogenomic result reports to determine whether subsequent regulatory advice or action 
(e.g., labeling, post-marketing commitments) are warranted at this time.  
 
2 Submission Contents Related to Genomics 
DNA was collected in the phase III CLARITY study of 1326 patients with relapsing-remitting 
MS. Patients were randomized to cladribine 3.5 mg/kg, 5.25 mg/kg, or placebo (1:1:1).  
 
The PGx population consisted of 742 subjects (56% of the ITT population) equally distributed 
among study arms, with samples apparently collected at baseline.  The sponsor conducted the 
following PGx analyses using appropriate statistical methods: 
• Genome wide association studies (GWAS) of efficacy parameters (reduction in number of 

qualifying relapses, qualifying relapse-free status, disability status, and MRI activity-free 
status), three major safety evens (lymphopenia, neutropenia, and reactivation of herpes 
zoster), and cladribine PK profile;  

• Candidate gene studies of the above parameters. Candidates included ADME genes, putative 
drug response genes, and putative disease genes such as: ABCB1, ABCC4, ABCG2 (4 SNPs 
each), CYP24A1 (2 SNPs), dCK (7 variants), GSTA4 (1 SNP), HLA-DRB1 (1 haplotype), 
IFNAR2, MX1, PSMB8, SLC28A1 (1 SNP each). 

 
Age, weight, baseline MRI and neurological assessments, and medical history at baseline were 
compared per arm (cladribine 5.25 mg/kg or 3.5 mg/kg dose and placebo) between the ITT and 
the PGx populations by FDA reviewer.  No meaningful differences could be observed. Within 
the PGx subpopulation, there were no observed significant differences across 5.25mg/kg, 
3.5mg/kg and placebo groups in terms of age, sex, weight and race.  The ITT and PGx 
populations were almost entirely comprised of Caucasians (~98%).   
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3 Key Questions and Summary of Findings 
 
3.1 Are there genetic variants associated with differential cladribine effect on qualifying 
relapses, EDSS score change, or number of combined unique (CU) lesions? 
 
Yes.  A genetic variant on chromosome 13 (rs1176294) was significantly associated with 
number of qualifying relapses and potentially time to first relapse.  A DMD gene variant 
(rs5971598) was associated with relapse-free status, but a formal genotype-treatment effect 
could not be tested without individual level data.  This marker was also associated with 
progression-free status (by EDSS) with marginal significance (uncorrected p=0.02).  Two co-
inherited variants of unknown biological function (Chr 1) were associated with disability 
progression by EDSS.  No genetic variants were associated with number of CU lesions. 
 
3.1.1 Are there genetic variants associated with differential cladribine effect on qualifying 
relapses? 
In the PGx cohort, the average numbers of qualifying relapses were similar to the ITT 
population. The sponsor’s GWAS analysis showed rs1176294 (A>G) in a “desert region” (i.e., 
not encoding genes nearby) of chromosome 13 to be the most significantly associated marker 
with reduction in number of relapses (p=0.0007).  The number of relapses by rs1176294 
genotypes was not provided by the sponsor.  The AA genotype was frequent (57% prevalence), 
and these patients exhibited slightly higher than average response rates if treated with cladribine.  
Those with the AA genotype treated with placebo had slightly worse than placebo average 
response (Figure 1), using the time to first qualifying relapse as the event.  Whether a genotype-
treatment effect exists cannot be determined without data for non-AA patients.  
 
Figure 1:  Time to first qualifying relapse by rs11762294 AA status 

 
Source: BM and PGx Report – Study no.25643 
 
In additional sponsor analyses, GWAS showed one marker, rs5971598 (T>C) in the DMD gene 
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on the X chromosome, as statistically associated with qualifying relapse-free status at 96 weeks 
(Bonferroni-corrected p-value = 0.014). The odds ratio (OR) [95% CI] for being relapse-free 
when comparing TT patients to C allele carriers (CC or CT genotypes) was 2.56 [1.62-4.05].  
 
The qualifying relapse-free status proportions were 58%, 78%, and 87% in the rs5971598 CC, 
CT, and TT cladribine-treated subpopulations, respectively, compared to 81% in the overall PGx 
cladribine-treated population. The genotype effect was not consistently seen in placebo-treated 
patients, but was consistent irrespective of cladribine dose (Figure 2).  Placebo-subtracted 
response rate appears to be low in C carriers.  However, formal testing of a genotype-treatment 
interaction could not be performed without individual level data.  
 
Figure 2  

 
Source: BM and PGx Report – Study no.25643 
 
3.1.2 Are there genetic variants associated with differential cladribine effect on the EDSS 
score change? 
rs321248 (A>T) and rs321241 (C>T) from GWAS were associated with disability progression as 
measured by EDSS. Those two SNPs are located in a 5 kb region on Chr 1. No gene is known in 
this region (desert region). The two SNPs are in strong linkage disequilibrium (LD) (r2 = 0.98) 
and survived Bonferroni correction (corrected p = 0.028 and 0.045). rs5971598 (T>C), the SNP 
associated with qualifying relapse-free status in DMD gene (see above), was marginally 
associated with progression-free status: uncorrected p-value = 0.02.  No summary data other than 
level of significance were presented by the sponsor. 
 
3.1.3 Are there genetic variants associated with differential cladribine effect on the number 
of CU lesions? 
No genomic biomarkers from GWAS or candidate gene analyses withstood multiple testing to be 
associated with number of CU lesions (data not shown). 
 
3.2 Are there genetic variants clinically significantly associated with cladribine-

associated safety events? 
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No.  While the sponsor describes an association between an FMO3 gene variant and herpes 
zoster risk, small numbers of patients in the various genotype groups, coupled with small 
numbers of patients with herpes reactivation limit interpretation.  No other relevant 
biomarkers were identified to meaningfully associate with lymphopenia and neutropenia risk. 
 
Safety endpoints for PGx analyses included lymphopenia, neutropenia, and reactivation of 
herpes zoster. Table 1 shows occurrence of adverse events (AEs) in the PGx subpopulation. 
 
Table 1  

 
 
 
 
 
 
 
 
 

Source: BM and PGx Report – Study no.25643 
 
3.2.1 Are there genetic variants associated with lymphopenia or neutropenia? 
No marker from GWAS survived Bonferroni correction for association with lymphopenia or 
neutropenia. Three markers have specificity to predict lymphopenia greater than 90%.  
rs17359526 (C>T) and rs6693631 (C>T) are in perfect LD (r2 = 1) in a desert region of 
chromosome 1. Their CC haplotype (frequency 26%) was a predictor of lymphopenia with a 
specificity of 94% and sensitivity of 30%.  rs1556446 (C>T, desert region of the Chr 10) 
performed similarly as the Chr 1 markers (data not shown).    
 
None of the markers selected in genes putatively involved in the cladribine target and ADME 
pathway showed statistically significant association with lymphopenia or neutropenia. 
 
3.2.2 Are there genetic variants associated with occurrence of herpes zoster? 
No marker from GWAS and candidate gene study is significantly associated with occurrence of 
herpes zoster. In the candidate gene study, rs1736557 (G>A) located in the FMO3 gene was 
significantly associated with occurrence of herpes zoster (p=0.046).  In this PGx population, no 
reactivation of herpes zoster was seen in patients with the major homozygote genotype (GG) 
(Table 2).  However, small numbers of patients in the other genotype groups, coupled with small 
numbers of patients who experienced herpes reactivation, limit interpretation of rs1736557 as a 
marker of cladribine-associated herpes zoster reactivation risk.  
 
Table 2 

 
Source: BM and PGx Report – Study no.25643 
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3.3 Is there a genetic marker associated with plasma concentration profile? 
 
Yes. CYP2S1 gene variation was associated with total cladribine clearance.  However, the lack 
of a clear relationship between total cladribine clearance and clinical effectiveness or adverse 
event risk, limits the value of this finding. 
 
The sponsor performed population PK analysis using conventional methods. Three variants in 
ADME genes were associated with total cladribine clearance: rs338599 (C>G) in CYP2S1, 
rs4646285 (A>G) in SCL10A1 and rs6962039 (A>G) in SLC13A1.  No genotype-specific 
clearance values were provided.  However, according to the sponsor, none of these variants was 
found to be associated with the efficacy or safety data evaluated. 
 
4.   Summary and Conclusion: 
Candidate gene and genomewide PGx exploratory analyses were performed in CLARITY in 
order to identify potential markers of drug response (relapse and MRI parameters), safety (blood 
dyscrasias and herpes reactivation), and pharmacokinetics.  The major observations were:  
• A genetic variant on chromosome 13 (rs1176294) was significantly associated with number 

of qualifying relapses and potentially time to first relapse.   
• A DMD gene variant (rs5971598) was associated with relapse-free status, but a formal 

genotype-treatment effect could not be tested without individual level data.  This marker was 
also associated with progression-free status (by EDSS) with marginal significance 
(uncorrected p=0.02).   

• Two co-inherited variants of unknown biological function (Chr 1) were associated with 
disability progression by EDSS.   

• No genetic variants were associated with number of CU lesions. 
• The sponsor’s described association between a FMO3 gene variant and herpes zoster risk 

was not considered robust due to small numbers of patients in the variant genotype groups, 
coupled with small numbers of patients with herpes reactivation. 

• No relevant biomarkers were identified to meaningfully associate with lymphopenia and 
neutropenia risk. 

• CYP2S1 gene variation was associated with total cladribine clearance.  However, the lack of 
a clear relationship between total cladribine clearance and clinical effectiveness or adverse 
event risk limits the value of this finding. 

 
5 Recommendations 
 
The Office of Clinical Pharmacology Genomics Group has reviewed NDA 22,561.  No 
significant pharmacogenomic issues warranting regulatory action were identified.  No label 
modifications or additional pharmacogenomic studies are recommended at this time. 
 
 
___________________________________ 
Li Zhang, PhD 
Reviewer, Genomics Group, OCP 

 
___________________________________ 
Issam Zineh, Pharm.D. M.P.H. 
Associate Director, Genomics Group, OCP  
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 22561 Brand Name  
OCP Division (I, II, III, IV, V) DCP-1 Generic Name Oral cladribine 
Medical Division HFD-120 Drug Class Purine nucleoside analog 
OCP Reviewer Hristina Dimova, Ph.D. Indication(s) Multiple Sclerosis 
OCP Team Leader Angela Men, M.D., Ph.D. Dosage Form Immediate release 10 mg tablet 
Pharmacometrics Reviewer  Joo-Yeon Lee, Ph.D. Dosing Regimen Once daily (0.175 mg/kg) in courses 

consisting of 4 to 5 days per  
period with 2  consecutive 

courses in the first 
 treatment and 2 courses 

in the second  
Date of Submission May 28, 2010 Route of Administration Oral 
Estimated Due Date of OCP 
Review 

9/28/10 Sponsor EMD Serono, Inc. 

Medical Division Due Date 10/14/10 Priority Classification Priority 

PDUFA Due Date 
11/28/10   

Reference ID: 2867517

Reference ID: 4413345

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

Clin. Pharm. and Biopharm. Information 
Cladribine is a chlorinated purine nucleoside analog. Cladribine (parenteral) is approved in the US for the treatment of 
hairy cell leukaemia (HCL) under the trade name Leustatin® (Ortho Biotech) and in more than 30 countries 
worldwide for treatment of HCL and chronic lymphocytic leukaemia (CLL). 
Cladribine is a prodrug that requires intracellular uptake and subsequent phosphorylation to form the biologically 
active nucleotides. Intracellular phosphorylation of cladribine is mediated by the enzyme deoxycytidine kinase (DCK) 
that is highly expressed in lymphoid mononuclear cells. At the same time, the levels of the enzyme 5’-nucleotidase 
(5’NTase), which is responsible for degradation of the cladribine triphosphate form (CdATP), are low in the 
lymphocytes. The CdATP represents the active principle, causing a disruption of cellular metabolism, leading to DNA 
damage and impairment of DNA synthesis and cellular metabolism, thereby causing subsequent cell death.  
Cladribine has been shown to exert a sustained anti-inflammatory effect and to suppress lymphocytes, the immune 
cells implicated in the autoimmune processes involved in the pathophysiology of multiple sclerosis. 
Because of the sustained anti-inflammatory effect of cladribine, the proposed treatment for relapsing forms of multiple 
sclerosis is once daily in courses consisting of 4 to 5 days per  period, with 2  courses in the 
first  treatment and 2 courses in the second . Effective and safe doses were determined with 
0.875 mg/kg/course. Cladribine is to be administered orally in form of 10 mg tablets; in daily doses of about 0.175 
mg/kg. 
The oral formulation of cladribine contains cyclodextrin (HPβCD),  
According to the sponsor, the excipient changes in the final commercial formulation vs. the clinical formulation meet 
the criteria for SUPAC, level 2, case B and therefore a bioequivalence study is not required. CMC determined that the 
changes meet the criteria for case B.  
The clinical program for oral cladribine consists of one phase III oral cladribine study (CLARITY, Study 25643) and 
one phase II parenteral cladribine study (SCRIPPS C study). Clinical pharmacology studies, consisting of basic 
pharmacokinetic, extrinsic factor studies and population PK analysis, were also conducted in the target population of 
MS patients since it was considered unethical to conduct these studies in healthy subjects due to the sustained anti-
inflammatory effect of cladribine with suppression of lymphocytes. 
ADME 
Absorption of cladribine from the oral HP-ß-CD tablet formulation is rapid with a tmax of 0.5 – 1.5 hours. The oral 
bioavailability is in the range of 39 - 43%. When cladribine was administered together with a high fat meal, the 
absorption was delayed (tmax 1.5 h), Cmax was 29% lower while AUC was unchanged.  
Efflux transport proteins most likely play a role of cladribine absorption and bioavailability, while influx/uptake 
transporters may be of less importance. Cladribine was found to be a weak P-gp substrate. Among the proposed efflux 
proteins that could be responsible for the efflux of cladribine are BCRP/ABCG2, MRP4 (ABCC4), MRP5 (ABCC5). 
The plasma protein binding of cladribine is low- (20%) and independent on concentration. Cladribine is almost 
equally distributed between plasma and blood cells. 
The volume of distribution of cladribine is large, mean estimates of 482 L, in line with the intracellular distribution of 
cladribine. The intracellular concentrations of cladribine in leukaemic cells were found to be several hundred-fold 
higher than cladribine concentrations in plasma. There is no clear indication of a linear relationship between cladribine 
plasma concentrations of and intracellular concentrations of the phosphorylated forms of cladribine. 
A mass-balance study with radiolabeled cladribine could not be performed due to cladribine intracellular distribution 
and metabolism which could result in sustained exposure to radioactivity in the body for extended amounts of time. 
The metabolic profiles of cladribine were investigated in plasma and urine after i.v. and oral administration to humans. 
A total of 10 possible metabolites have been identified, formed by oxidative cleavage, oxidation and conjugation. No 
major metabolite, defined as >10% of parent AUC was identified in human plasma. The exposure of the 2-
chloroadenine metabolite (M1) was around 3% of AUC of parent. Traces of carboxy-cladribine (M3) and N-oxide-2-
chloroadenine (M7) were also found in plasma. 2-chloroadenine has been reported as being several fold less cytotoxic 
in different types of leucocytes compared to cladribine and is not consider to play an important role in the therapeutic 
effect. Cladribine was the main entity in urine also. 
The estimated mean terminal plasma half life times in MS patients is 18 to 20 hours, and the time to reach PK steady 
state is about 4 days. No accumulation is expected during the 5-day treatment period. 
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 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments if any 

STUDY TYPE     
Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X    

Tabular Listing of All Human Studies  X    
HPK Summary  X    
Labeling  X    
Reference Bioanalytical and Analytical Methods X    
I.  Clinical Pharmacology     
    Mass balance: no 2  See above in Clin. Pharm. and 

Biopharm. Information 
Study 6226 (i.v.) 

DM96303 metabolism report 
    Isozyme characterization: X 1  DM 96366 

    Blood/plasma ratio: X 1  DM91026 

    Plasma protein binding: X 1  DM91026 
    Pharmacokinetics (e.g., Phase I) -     

Healthy Volunteers- 
NA   See above in Clin. Pharm. and 

Biopharm. Information 

single dose:     

multiple dose:     

Patients- 
X    

single dose: X 1  Study 25803 

multiple dose: X 4  Study 6226 (i.v.) 
Study 6414 (i.v.) 

Study 93-220 (i.v.) 
Study JK-6251 (i.v.) 

   Dose proportionality - X 2  Study 6414 (i.v.) 
Study 6226 (i.v.) 

fasting / non-fasting single dose:     
fasting / non-fasting multiple dose: X 2  Study 6414 (i.v.) 

Study 6226 (i.v.) 
    Drug-drug interaction studies -     

In-vivo effects on primary drug: X 2  Study 26486 
Study 27967 

In-vivo effects of primary drug: X 1  Study 26486 

In-vitro: X 3  DM 96366 
27892 
27897 

    Subpopulation studies -     

ethnicity: X 1  Study JK-6251 (i.v.) 

gender:     
pediatrics:     

geriatrics:     
renal impairment:     

hepatic impairment:     
    PD -     

Phase 2: X 1  Study 2CdA-MS-SCRIPC 
“Scripps-C” (i.v.) 

Phase 3: X 3  CLARITY, Study 25643 
Study 2CdA-MS-001 (s.c.) 

Study 2CdA-MS-SCRIPP (i.v.) 
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    PK/PD -     

Phase 1 and/or 2, proof of concept:     
Phase 3 clinical trial:     

    Population Analyses - X 1  EMR 700568-013 

Data rich:     
Data sparse:     

II.  Biopharmaceutics     
    Absolute bioavailability X 1  Study 25803 

    Relative bioavailability -     
solution as reference: X 1  Study 93-220 (i.v.) 

alternate formulation as reference: X 2  Study IXR-102-09-186 
Study IXR-101-09-186 

    Bioequivalence studies -   X  
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies X 1  Study 26127 

    Bio-waiver request based on BCS X    

    BCS class III (?)   Need additional information 
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

NA   IR formulation 

III.  Other CPB Studies     

    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References X    
Total Number of Studies     
     

 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing 

to-be-marketed product(s) and those used in the pivotal 
clinical trials? 

 X   

2 Has the applicant provided metabolism and drug-drug 
interaction information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the 
CFR requirements? 

X    

4 Did the sponsor submit data to allow the evaluation of the 
validity of the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section 

of the NDA organized, indexed and paginated in a manner 
to allow substantive review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section 
of the NDA legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have X    
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appropriate hyperlinks and do the hyperlinks work? 

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g., 
CDISC)?  

  X  

10 If applicable, are the pharmacogenomic data sets submitted 
in the appropriate format? 

X (GG 
comment?) 

   

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine 

reasonable dose individualization strategies for this product 
(i.e., appropriately designed and analyzed dose-ranging or 
pivotal studies)? 

X   For iv 
formulation 
only 

13 Are the appropriate exposure-response (for desired and 
undesired effects) analyses conducted and submitted as 
described in the Exposure-Response guidance? 

X (PM 
comment) 

   

14 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the need 
for dose adjustments for intrinsic/extrinsic factors that 
might affect the pharmacokinetic or pharmacodynamics? 

X    

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  X  

16 Did the applicant submit all the pediatric exclusivity data, as 
described in the WR? 

  X  

17 Is there adequate information on the pharmacokinetics and 
exposure-response in the clinical pharmacology section of 
the label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies 

of appropriate design and breadth of investigation to meet 
basic requirements for approvability of this product? 

?    

19 Was the translation (of study reports or other study 
information) from another language needed and provided in 
this submission? 

  X  
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IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
__Yes______ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day 
letter 
 
1. The clinical pharmacology comment listed in the last filing 74-day letter (Nov 17, 2009): 
Discrepancies regarding the metabolite exposures in plasma and urine between recent studies in MS 
patients (25803) and earlier studies in patients with malignancies (reported in the literature by Albertioni 
et al. 1995 and Lindemalm et al. 2004). 
 
Sponsor’s response: 
Based on the review of the published data, the 2 main identified reasons for the discrepancies regarding 
the metabolite exposures in plasma and urine between recent studies in subjects with MS (Study 25803) 
and earlier studies in subjects with malignancies are: 
• Possible analytical problems with the HPLC-UV method (lack of specificity/selectivity, matrix 
interference, 2-CA stock solution concentration based on potentially incorrect extinction coefficients). 
• Possible degradation of cladribine into 2-CA between the sampling and the analysis for studies in 
subjects with malignancies (handling conditions, storage stability, preparation of the sample before 
analysis). 

 
Clin Pharm Comment to Sponsor’s response: The sponsor’s response is acceptable to address the 
discrepancies the Division identified. However, as majority of the clinical pharmacology studies (Studies 
6626, 6414, 93-220, JK-6251) were conducted in malignancy patients using analytical assays with the 
problems listed above by the sponsor, the reliability of the pharmacokinetic data is in question.  
 
2. During the Dec 8, 2004 teleconference, the Division agreed to the proposal that a single additional 
Phase III study using the oral formulation of cladribine combined with the existing supportive efficacy 
and safety data generated by parenteral administration of cladribine in MS would support an NDA for 
cladribine tablets and a proposed indication, but requested that a study be conducted to evaluate the 
comparative metabolite profile of cladribine following oral and parenteral administration prior to 
initiating the Phase III program. The sponsor conducted a study to fulfill this request; however, 9 out of 
10 metabolites in this study (Study 25803) were evaluated using semi-quantitative methods (as no 
synthetic reference standards were available). Therefore, the conclusion that “the metabolite profile of 
cladribine following oral and parenteral administration is comparable” is questionable. 
 
 
Hristina Dimova, Ph.D. 
 
Reviewing Clinical Pharmacologist      Date 
 
 
Angela Men, M.D., Ph.D. 
 
Team Leader/Supervisor     Date 
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BIOPHARMACEUTICS REVIEW 
Office of New Drugs Quality Assessment 

Application No.:  NDA 22-561 

Submission Date: May 28, 2010 
 
Reviewer:  Houda Mahayni, Ph.D.  

Division: DNP  Team Leader:  Angelica Dorantes, Ph.D.  
 

Sponsor: EMD Serono, Inc.  Supervisor:  Patrick J. Marroum, Ph.D.  
 

Trade Name:   
Cladribine  

Date 
Assigned: Jun 2, 2010 

Generic Name:  Clardribine Date of 
Review:  Oct 10, 2010 

Indication:  
For the treatment of patients with 
relapsing forms of multiple scelrosis  

Formulation/strengths Immediate-Release Tablet/10 mg  
 

Route of 
Administration Oral  

Type of Submission: Resubmission New 
Drug Application  

 
SUBMISSION: 
 
This NDA was initially submitted on September 29, 2009, and the Agency Refused to File it on 
November 25, 2009 because the Agency found the application not sufficiently complete to permit 
a substantive review.  The sponsor resubmitted the NDA for the oral formulation of cladribine 10 
mg tablets for the proposed indication of the treatment of relapsing forms of multiple sclerosis 
(MS) .  The drug product is formulated as a 
complex of  2-Hydroxypropyl-β-Cyclodextrin with 10 mg of cladribine, and it is 
administered at 1 - 2 tablets/day for 8 to 20 days per year. 
 
There are currently no orally available therapies for the treatment of MS.  An oral solid dosage 
form of cladribine was developed to provide multiple sclerosis patients with treatment that avoids 
the problems of parenteral administration. 
  
BIOPHARMACEUTIC INFORMATION: 
 
Cladribine is stable at basic and neutral pH, but unstable at acidic pH, as significant 
decomposition occurs with time.  Cladribine is a weak base, and the ionization behavior of the 
molecule over the pH range 0-12 is characterized by a single pKa of approximately 1.21.  The 
partition coefficient [logP = (n-Octanol: Buffer at pH 7.4) of cladribine is 0.153]. 
 
The composition of cladribine 10 mg tablets is presented in Table 1 below.  Each tablet contains 
cladribine-2-hydroxypropyl-β-cyclodextrin complex  in a proportion 
representative of 10 mg cladribine, sorbitol  and magnesium stearate. 
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Table 1: Composition of the Drug Product 

 
 

 
Dissolution Method Development  
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RECOMMENDATION:  
 
The dissolution method is acceptable.  The dissolution test conditions are as follows:  

 

 
 

However, the proposed dissolution specification of NLT % of the labeled amount of cladribine 
dissolved in 15 minutes (Q= ) is not acceptable, as cladribine dissolution is very rapid with more 
than > % is dissolved within 15 minutes.  Therefore, it is recommended that the sponsor tighten 
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the dissolution specification to NLT % of labeled amount of cladribine dissolved in 15 minutes 
(Q= ).   
 
In accordance with the SUPAC IR guidance, the excipient changes between the “clinical” and the 
“TBM” formulation is not more than 10%, and comparative in-vitro dissolution profiles in five 
media showed that cladribine release from the two formulations are similar.   
 
 
 
     Signature                                                                     Signature    
     Biopharmaceutics Reviewer                                                 Biopharmaceutics Team Leader or Supervisor 
     Office of New Drugs Quality Assessment                            Office of New Drugs Quality Assessment 
 
     cc: ADorantes, MHeimann, DLu, AMen, TBouie, HToure 
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