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Applicant Proposed 
Indication(s)/Population(s)
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sclerosis (MS)

Recommendation on 
Regulatory Action

If efficacy is demonstrated and the benefits of cladribine 
 outweigh the risks, then I 

recommend that approval include appropriate labeling 
language addressing any adverse reactions of concern.  

Recommended 
Indication(s)/Population(s) (if 
applicable)

Relapsing forms of multiple sclerosis (MS), to include 
relapsing-remitting disease and active secondary 
progressive disease, in adults. Because of its safety profile, 
use of MAVENCLAD is generally recommended for 
patients who have had an inadequate response to, or are 
unable to tolerate, an alternate drug indicated for the 
treatment of MS.
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APPEARS THIS WAY ON 
ORIGINAL



Risk Assessment

This document reviews the risk profile of cladribine, and a risk assessment is provided below.
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Risk Assessment

Cladribine is proposed to be used for treatment of relapsing forms of multiple sclerosis (MS). This review evaluated the safety of cladribine. If 
efficacy is demonstrated and the benefits of cladribine outweigh the risks, then we recommend approval with labeling language that includes a 
Boxed Warning to mitigate the risks. Please refer to Dr. Jody Green's review for discussion of the benefit of cladribine for treatment of MS. 

Risk: 

Cladribine is associated with severe, potentially fatal adverse effects.
 Treatment with cladribine can increase the risk of malignancy. Cladribine interferes with DNA synthesis and repair through incorporation 

into DNA and through inhibition of enzymes involved in DNA metabolism.  In controlled and extension clinical studies worldwide, 
malignancies occurred more frequently in cladribine patients (10 events in 3,754 patient-years [0.27 events per 100 patient-years]), 
compared to placebo patients (3 events in 2,275 patient-years [0.13 events per 100 patient-years]). Some malignancies in cladribine 
patients were more severe [e.g., metastatic pancreatic carcinoma, malignant melanoma (2 cases), ovarian cancer] compared to malignancy 
cases in placebo patients, all of which were curable by surgical resection [basal cell carcinoma, cervical carcinoma in situ (2 cases)]. The 
incidence of malignancies in United States cladribine clinical study patients was higher than the rest of the world (4 events in 189 patient-
years [2.21 events per 100 patient-years]) compared to 0 events in United States placebo patients; however, the United States data were 
based on a limited amount of patient data. Following standard cancer screening guidelines in patients treated with cladribine will improve 
patient outcomes, but the risk of malignancy remains. 

 Cases of myelodysplastic syndrome have been reported with parenteral cladribine in multiple sclerosis and in other indications, as well as 
with other purine analogues. Measuring complete blood count periodically and when clinically indicated after treatment with cladribine 
may help with detection of myelodysplastic syndrome. 

 Cladribine may cause fetal harm when administered to pregnant women. The risk of fetal harm can be reduced by excluding pregnancy 
before the initiation of cladribine therapy, and by using effective contraception during cladribine dosing and for at least 6 months after the 
last dose in each treatment year. However, pregnancies in which there is risk of fetal harm will likely occur. 

 Cladribine causes a dose-dependent reduction in lymphocyte count. In clinical studies, 87% of patients treated with cladribine 
experienced lymphopenia. The lowest absolute lymphocyte counts occurred approximately 2-3 months after the start of each treatment 
cycle and were lower with each additional treatment cycle. In patients treated with a cumulative dose of cladribine 3.5 mg per kg over 2 
years as monotherapy, 26% and 1% had nadir absolute lymphocyte counts less than 500 and less than 200 cells per microliter, 
respectively. 

While complete blood count with differential including lymphocyte count will be obtained before and after cladribine treatment, risks 
from lymphopenia remain. 
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 Infections occurred in 49% of cladribine patients, compared to 44% of placebo patients in clinical studies.  The most frequent serious 
infections in the cladribine group included, herpes zoster, and pyelonephritis. Opportunistic infections reported with cladribine treatment 
included fungal infections and coccidiomycosis. Three of 1976 (0.2%) cladribine clinical study patients developed tuberculosis. 
Performing tuberculosis screening prior to initiation of cladribine treatment may help to reduce risks. One clinical study patient died from 
fulminant hepatitis B infection. Performing screening for hepatitis B and C prior to initiation of cladribine therapy may help to reduce 
risks. Serious herpes zoster infections occurred in 0.3% of cladribine patients. Vaccination of patients who are antibody-negative for 
varicella zoster virus prior to initiation of cladribine will help to reduce this risk. Administering anti-herpes prophylaxis in patients with 
lymphocyte counts less than 200 cells per microliter may also reduce this risk. Progressive multifocal leukoencephalopathy (PML) has 
been reported in patients treated with parenteral cladribine for oncologic indications. PML was not reported in clinical studies of 
cladribine for MS. Prescribers are advised to obtain a baseline magnetic resonance imaging (MRI) before initiating cladribine, and to 
withhold cladribine and perform an appropriate diagnostic evaluation at the first sign or symptom suggestive of PML. 

 Increased frequencies of hematologic toxicity and bone marrow suppression have been reported with cladribine in clinical studies.  Low 
neutrophil counts occurred in 30% of cladribine patients, compared to 16% of placebo patients. Low hemoglobin levels occurred in 26% 
of cladribine patients, compared to 19% of placebo patients. Low platelet counts occurred in 11% of cladribine patients, compared to 4% 
of placebo patients. Serious cases of pancytopenia (some with documented bone marrow hypoplasia) requiring transfusion and 
granulocyte-colony stimulating factor treatment, thrombocytopenia, and neutropenia have been reported in cladribine clinical studies at 
dosages similar to or higher than the approved cladribine dosage. While prescribers are advised to obtain a complete blood count with 
differential before and after treatment, risks from hematological toxicity remain.

 Transfusion-associated graft-versus-host disease has been observed rarely after transfusion of nonirradiated blood in patients treated with 
cladribine for non-MS treatment indications. In patients who require blood transfusion, irradiation of cellular blood components is 
recommended prior to administration to prevent transfusion-related graft-versus host disease. 

 In clinical studies, 0.3% of cladribine patients had liver injury (serious or causing treatment discontinuation), compared to 0 placebo 
patients. Onset has ranged from a few weeks to several months after initiation of treatment with cladribine. Signs and symptoms of liver 
injury, including elevation of serum aminotransferases to greater than 20-fold the upper limit of normal, have been observed. 
Prescribers are advised to obtain serum aminotransferase, alkaline phosphatase, and total bilirubin levels prior to treatment with cladribine 
and to discontinue cladribine if clinically significant liver injury induced by cladribine is suspected.

 In clinical studies, 11% of cladribine patients had hypersensitivity adverse events, compared to 7% of placebo patients. Hypersensitivity 
adverse events that were serious and/or lead to discontinuation of cladribine (e.g., dermatitis, pruritis) occurred in 0.5% of cladribine 
patients, compared to 0.1% of placebo patients. One patient had a serious skin reaction resembling erythema multiforme (with rash, 
mucous membrane ulceration, throat swelling, vertigo, diplopia, and headache). Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are identified risks of parenteral cladribine for treatment of oncologic conditions. There are no known ways to reduce 
the risk of hypersensitivity with cladribine. 

 In clinical studies, serious events of seizure occurred in 0.3% of cladribine subjects, compared to 0 placebo subjects. Serious events 
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included generalized tonic-clonic seizures and status epilepticus. Labeling will describe this finding and inform prescribers of the 
potential risk.    

 In clinical studies, one patient experienced life-threatening acute cardiac failure with myocarditis after treatment with cladribine. Cases of 
cardiac failure have also been reported with parenteral cladribine for used for treatment indications other than multiple sclerosis. 
Patients should be instructed to seek medical advice if they experience symptoms of cardiac failure (e.g., shortness of breath, rapid or 
irregular heartbeat, swelling).

I agree with Dr. Mentari’s recommendation for post-marketing requirements to further characterize the risks of malignancy and fetal harm. I 
agree with her recommendation for a Boxed Warning to provide information about the risks of malignancy and fetal risk. In the Warnings and 
Precautions section of the label, I agree with her recommendation to include a description of malignancies, fetal risk, lymphopenia, infections, 
hematologic toxicity and bone marrow suppression, graft-versus-host disease with blood transfusion, liver injury, hypersensitivity, and cardiac 
failure. I agree that seizures should be described in the prescribing information.  I agree with Dr. Mentari’s recommendation for enhanced 
pharmacovigilance (e.g., expedited reporting, provision of specified summary information in periodic reports) for opportunistic infections, graft-
versus-host disease with blood transfusion, liver injury, serious skin reactions, and acute cardiac failure.

Benefit-Risk Dimensions 

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Please refer to Dr. Green’s review of clinical efficacy. 

Current 
Treatment 

Options

 Please refer to Dr. Green’s review of clinical efficacy. 

Benefit

 Please refer to Dr. Green’s review of clinical efficacy. 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk and 
Risk 

Management 

 The safety database for cladribine for treatment of MS includes Phase 2 
and 3 studies of oral or parenteral cladribine, as well as an extension study 
and a long-term safety monitoring patient registry. Drug exposure is 
adequate for NDA resubmission. No subjects were above age 65 at the time 
of enrollment. The studies provide a limited amount of data on patients 
from the United States. 

 Based on small numbers, there was no imbalance of deaths for cladribine 
vs placebo.  Serious adverse events (SAEs) and discontinuations due to 
adverse events as well as treatment emergent adverse events were more 
frequent in patients receiving cladribine compared to placebo.

 In the Phase 3 placebo-controlled study, the most common adverse events 
were: Upper respiratory infection 38%); Headache (25%); Lymphopenia 
(24%); Nausea (10%); Back pain (8%). 
 Treatment with cladribine can increase the risk of malignancy. 

Cladribine interferes with DNA synthesis and repair through 
incorporation into DNA and through inhibition of enzymes involved in 
DNA metabolism.  In controlled and extension clinical studies 
worldwide, malignancies occurred more frequently in cladribine 
patients (10 events in 3,754 patient-years [0.27 events per 100 patient-
years]), compared to placebo patients (3 events in 2,275 patient-years 
[0.13 events per 100 patient-years]). Some malignancies in cladribine 
patients were more severe [e.g., metastatic pancreatic carcinoma, 
malignant melanoma (2 cases), ovarian cancer] compared to 
malignancy cases in placebo patients, all of which were curable by 
surgical resection [basal cell carcinoma, cervical carcinoma in situ (2 
cases)]. The incidence of malignancies in United States cladribine 
clinical study patients was higher than the rest of the world (4 events in 
189 patient-years [2.21 events per 100 patient-years]) compared to 0 
events in United States placebo patients; however, the United States 
data were based on a limited amount of patient data. Following 
standard cancer screening guidelines in patients treated with 

Major safety issues of malignancy and fetal 
risk occur at the proposed dose of 
cladribine for treatment of MS. Cladribine 
causes a dose-dependent reduction in 
lymphocyte count. Increased frequencies of 
hematologic toxicity and bone marrow 
suppression have been reported with 
cladribine in clinical studies.  Cladribine 
can increase the risk of infections. 
Transfusion-associated graft-versus-host 
disease has been observed rarely after 
transfusion of nonirradiated blood in 
patients treated with cladribine for non-MS 
treatment indications. In clinical studies, 
0.3% of cladribine patients had liver injury 
(serious or causing treatment 
discontinuation), compared to 0 placebo 
patients.  In clinical studies, 11% of 
cladribine patients had hypersensitivity 
adverse events, compared to 7% of placebo 
patients. One patient had a serious skin 
reaction resembling erythema multiforme. 
Serious events of seizure occurred in 0.3% 
of cladribine subjects, compared to 0 
placebo subjects. One patient experienced 
life-threatening acute cardiac failure with 
myocarditis after treatment with cladribine. 
The safety issues can have life-threatening 
outcomes. 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

MAVENCLAD will improve patient outcomes, but the risk of 
malignancy remains. 

 Cases of myelodysplastic syndrome have been reported with parenteral 
cladribine in multiple sclerosis and in other indications, as well as with 
other purine analogues. Measuring complete blood count periodically 
and when clinically indicated after treatment with cladribine may help 
with detection of myelodysplastic syndrome. 

 Cladribine may cause fetal harm when administered to pregnant 
women. The risk of fetal harm can be reduced by excluding pregnancy 
before the initiation of cladribine therapy, and by using effective 
contraception during cladribine dosing and for at least 6 months after 
the last dose in each treatment year. However, pregnancies in which 
there is risk of fetal harm will likely occur. 

 Cladribine causes a dose-dependent reduction in lymphocyte count. In 
clinical studies, 87% patients treated with cladribine experienced 
lymphopenia. The lowest absolute lymphocyte counts occurred 
approximately 2-3 months after the start of each treatment cycle and 
were lower with each additional treatment cycle. In patients treated 
with a cumulative dose of cladribine 3.5 mg per kg over 2 years as 
monotherapy, 26% and 1% had nadir absolute lymphocyte counts less 
than 500 and less than 200 cells per microliter, respectively. 

While complete blood count with differential including lymphocyte 
count will be obtained before and after cladribine treatment, risks from 
lymphopenia remain. 

 Infections occurred in 49% of cladribine patients, compared to 44% of 
placebo patients in clinical studies.  The most frequent serious 
infections in the cladribine group included pneumonia, herpes zoster, 
and pyelonephritis. Opportunistic infections reported with cladribine 
treatment included fungal infections and coccidiomycosis. Three of 

 Post-marketing requirements should be 
used to further characterize the risks of 
malignancy and fetal harm. I  agree with 
Dr. Mentari’s recommendation for a Boxed 
Warning to provide information about the 
risks of malignancy and fetal risk.

A Boxed Warning should be included in the 
label to provide information about the risks of 
malignancy and fetal risk.   I agree with an 
indication recommending use in patients who 
have had an inadequate response to, or are 
unable to tolerate, an alternate drug indicated 
for treatment of MS  particularly with the risk 
of malignancy that would be a long-lasting 
effect even with no additional exposure after 1 
or 2 cycles.

I agree with Dr. Mentari’s recommendation for  
enhanced pharmacovigilance (e.g., expedited 
reporting, provision of specified summary 
information in periodic reports) for 
opportunistic infections, graft-versus-host 
disease with blood transfusion, liver injury, 
serious skin reactions, and acute cardiac failure.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

1976 (0.2%) cladribine clinical study patients developed tuberculosis. 
Performing tuberculosis screening prior to initiation of cladribine 
treatment may help to reduce risks. One clinical study patient died from 
fulminant hepatitis B infection. Performing screening for hepatitis B 
and C prior to initiation of cladribine therapy may help to reduce risks. 
Serious herpes zoster infections occurred in 0.3% of cladribine patients. 
Vaccination of patients who are antibody-negative for varicella zoster 
virus prior to initiation of cladribine will help to reduce this risk. 
Administering anti-herpes prophylaxis in patients with lymphocyte 
counts less than 200 cells per microliter may also reduce this risk. 
Progressive multifocal leukoencephalopathy (PML) has been reported 
in patients treated with parenteral cladribine for oncologic indications. 
PML was not reported in clinical studies of cladribine for MS. 
Prescribers are advised to obtain a baseline magnetic resonance 
imaging (MRI) before initiating cladribine, and to withhold cladribine 
and perform an appropriate diagnostic evaluation at the first sign or 
symptom suggestive of PML. 

 Increased frequencies of hematologic toxicity and bone marrow 
suppression have been reported with cladribine in clinical studies.  Low 
neutrophil counts occurred in 30% of cladribine patients, compared to 
16% of placebo patients. Low hemoglobin levels occurred in 26% of 
cladribine patients, compared to 19% of placebo patients. Low platelet 
counts occurred in 11% of cladribine patients, compared to 4% of 
placebo patients. Serious cases of pancytopenia (some with 
documented bone marrow hypoplasia) requiring transfusion and 
granulocyte-colony stimulating factor treatment, thrombocytopenia, 
and neutropenia have been reported in cladribine clinical studies at 
dosages similar to or higher than the approved cladribine dosage. While 
prescribers are advised to obtain a complete blood count with 
differential before and after treatment, risks from hematological 
toxicity remain.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

 Transfusion-associated graft-versus-host disease has been observed 
rarely after transfusion of nonirradiated blood in patients treated with 
cladribine for non-MS treatment indications. In patients who require 
blood transfusion, irradiation of cellular blood components is 
recommended prior to administration to prevent transfusion-related 
graft-versus host disease. 

 In clinical studies, 0.3% of cladribine patients had liver injury (serious 
or causing treatment discontinuation), compared to 0 placebo patients. 
Onset has ranged from a few weeks to several months after initiation of 
treatment with cladribine. Signs and symptoms of liver injury, 
including elevation of serum aminotransferases to greater than 20-fold 
the upper limit of normal, have been observed. 
Prescribers are advised to obtain serum aminotransferase, alkaline 
phosphatase, and total bilirubin levels prior to treatment with cladribine 
and to discontinue cladribine if clinically significant liver injury 
induced by cladribine is suspected.

 In clinical studies, 11% of cladribine patients had hypersensitivity 
adverse events, compared to 7% of placebo patients. Hypersensitivity 
adverse events that were serious and/or lead to discontinuation of 
cladribine (e.g., dermatitis, pruritis) occurred in 0.5% of cladribine 
patients, compared to 0.1% of placebo patients. One patient had a 
serious skin reaction resembling erythema multiforme (with rash, 
mucous membrane ulceration, throat swelling, vertigo, diplopia, and 
headache). Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are identified risks of parenteral cladribine for 
treatment of oncologic conditions. There are no known ways to reduce 
the risk of hypersensitivity with cladribine. 

 In clinical studies, serious events of seizure occurred in 0.3% of 
cladribine subjects, compared to 0 placebo subjects. Serious events 
included generalized tonic-clonic seizures and status epilepticus. 
Labeling will describe this finding and inform prescribers of this 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

potential risk.
 In clinical studies, one patient experienced life-threatening acute 

cardiac failure with myocarditis after treatment with cladribine. Cases 
of cardiac failure have also been reported with parenteral cladribine for 
used for treatment indications other than multiple sclerosis. 
Patients should be instructed to seek medical advice if they experience 
symptoms of cardiac failure (e.g., shortness of breath, rapid or irregular 
heartbeat, swelling).
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1. Background 
This memorandum summarizes the primary concerns from the safety review, conducted by Dr. 
Evelyn Mentari, of the cladribine NDA 22561 May 31, 2018, submission and provides my 
conclusions and recommendations regarding the safety findings and management of the risks.           

 The product information and the applicant’s proposals  

Cladribine is a synthetic chlorinated purine analog of the naturally occurring nucleoside 
deoxyadenosine.  According to the Sponsor, chlorination protects cladribine from degradation 
by adenosine deaminase.  Cells with high levels of deoxycytidine kinase (DCK) and low levels 
of deoxynucleotidase (5’NTase) activity (e.g. lymphocytes) phosphorylate cladribine to the 
monophosphate form (CdAMP).  CdAMP is further phosphorylated to the active CdATP.  The 
accumulation of CdATP inhibits of DNA synthesis in dividing cells and also causes defective 
repair of DNA strand brakes and cell death.  The Sponsor states that cladribine causes a 
reversible selective depletion of lymphocytes1, and that is the proposed basis for its use in the 
treatment of multiple sclerosis (MS).  However, as Dr. Mentari notes, and as shown through 
her review and my memo, the pharmacologic effects of cladribine are not limited to 
lymphocytes.

The proposed indication for cladribine is treatment of patients with relapsing forms of multiple 
sclerosis (MS).  The proposed dose is 3.5 mg per kg body weight over 2 years, administered as 
1 treatment course of 1.75 mg per kg per year. Each treatment course consists of 2 treatment 
weeks,  
the respective treatment year. Each treatment week consists of 4 or 5 days on which a patient 
receives 10 mg or 20 mg (one or two tablets) as a single daily dose, depending on body 
weight. 

Intravenous cladribine is marketed in the United States for the treatment of hairy cell leukemia 
for which it is given as a single course given by continuous infusion for 7 consecutive days at 
a dose of 0.09 mg/kg/day. 

The original cladribine application to the European Medicines Agency (EMA) for Marketing 
Authorization for treatment of relapsing-remitting multiple sclerosis received a negative 
opinion in September 2010, with safety concerns related to malignancies in clinical trials.  The 
Applicant received marketing authorization in the European Union on August 21, 2017. 

As Dr. Mentari notes, in the United States, the original cladribine NDA for treatment of 
multiple sclerosis (MS) was submitted to FDA on May 28, 2010. Although concluding 
substantial evidence of effectiveness was established by the CLARITY study, FDA issued a 

1 Clinical Overview p. 30.
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complete response letter, citing concerns over a disproportionate number of malignancies. The 
Applicant resubmitted the NDA on May 31, 2018 with additional safety data.
   

 Therapeutic context 
MS is a chronic, autoimmune and neurodegenerative disorder of the central nervous system 
that affects an estimated 2.5 million individuals worldwide.  Fourteen products are approved 
for use in patients with relapsing forms of multiple sclerosis in the United States.  The 
available products have a variety of safety issues. Please refer to Dr. Mentari’s review for a 
summary of important safety issues for the approved products.     

 Regulatory background and marketing history
Please refer to the section above regarding the product information and the applicant’s 
proposals.  

2. Product Quality  
Please refer to the CMC review.

3. Nonclinical Pharmacology/Toxicology
Please refer to the nonclinical reviews.  

4. Clinical Pharmacology
Please refer to the Clinical Pharmacology review. The following information is from Dr. 
Hristina Dimova’s clinical pharmacology review from November 23, 2010, and reflects the 
findings most relevant to safety. 

 Tmax is 0.5 – 1.5 hours.
 Elimination half-life is approximately 1 day.
 Cladribine is phosphorylated intracellularly by deoxycytidine kinase to cladribine 

monophosphate, cladribine diphosphate, and cladribine triphosphate, the active agent.
 Hepatic metabolism is considered to be a minor contributor to cladribine’s overall 

clearance.
 Cladribine is cleared, in part, renally.

5. Clinical Microbiology 
Not applicable.  
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6. Clinical/Statistical- Efficacy
Please refer to the review of the original submission by Dr. Jody Green, the CDTL memo from 
Dr. Billy Dunn, and the Division Director memo from Dr. Russell Katz, dated February 28, 
2011.  

7. Safety
8.1 Safety Review Approach
Please refer to Dr. Evelyn Mentari’s review of the original NDA submission and to my 
memo, both dated January 4, 2011.   Dr. Mentari’s present review focuses on specific safety 
issues, including the issues identified in the CR letter.  

The development program for MS in the original submission in 2010 included 5 completed 
placebo-controlled trials in patients with MS:

26543 (CLARITY)
2-CdA-MS-SCRIPPC (Scripps-C)
2-CdA-MS-001 (MS-001)
2-CdA-MS-SCRIPP (MS-Scripps)
2-CdA-MS SCRIPB (Scripps-B).   

CLARITY was the only study with orally administered cladribine; it evaluated doses of 3.5 
mg/kg and 5.25 mg/kg over 96 weeks given as 2-4 courses at 28 day  intervals in the first 48 
week period, followed by 2 additional courses given at 28 day intervals in the second 48 
week period. 

In addition 3 ongoing double-blind studies with orally administered cladribine were 
included: 26593 (ONWARD, oral cladribine add-on to IFN-β-1a/-1b, interim data for 214 
subjects), 27820 (CLARITY Extension with interim data from 797/806 subjects; added 3.5 
mg/kg cumulative dose vs placebo over 2 years to the exposures in CLARITY2), and 28821 
(ORACLE MS, oral placebo controlled study, interim data for 194/616 subjects).  

The safety evaluation of the original NDA included data from these studies (CLARITY 
alone, pooled adverse event data from the double-blind placebo controlled trials, pooled data 
from completed uncontrolled trials and from extension studies, and data from the ongoing 
double-blind studies), as well as data from clinical pharmacology studies.  

In addition to additional data from ONWARD, CLARITY Extension, and ORACLE MS, the 
current submission adds data from PREMIERE (long term safety data from 1179 subjects who 
had participated in at least 1 oral cladribine clinical study including PK Study 27967)

2 Resulting in cumulative exposures of 3.5 mg/kg, 5.25 mg/kg, 7 mg/kg, or 8.75 mg/kg.

Reference ID: 4411169



Safety Team Leader Review
NDA 22561
Mavenclad (Cladribine)

15

and RECORD MS (a study in 35 patients with routine commercial use to assess the risk of 
NCI-CTCAE Grade 3 and 4 lymphopenias and to assess pregnancy outcomes in women 
exposed to cladribine).

The safety pools included in the present application are shown below, as provided by Dr. 
Mentari: 

Source: Applicant Table 3. Page 53 Summary of Clinical Safety

Dr. Mentari notes that exclusion of RECORD MS from the pools would not alter conclusions 
regarding safety.  I agree with her and I agree with the use of these pools. 

8.2 Review of the Safety Database
Adequacy of the drug exposure experience (i.e., the safety database)

Dr. Mentari shows that 1747 patients were exposed oral cladribine at or above 3.5 mg/kg. This 
included 522  monotherapy patients in CLARITY, CLARITY EXT, or ORACLE MS who had 
4 treatment weeks at a total dose of 3.5 mg/kg given over 2 years (2 treatment weeks separated 
by 1 month in the first year, and 2 treatment weeks in the  2nd 48 week period).   In the original 
submission, the median duration of follow-up was 1.8 years, leading to concerns regarding 
time course of resolution of lymphopenia and adequate characterization of long-term risks 
such as malignancies. Dr. Mentari notes in her present review that the mean duration of 
observation in patients treated with cladribine 3.5 mg/kg in the monotherapy oral cohort was 4 
years.  
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Dr, Mentari shows that approximately 67% of patients were female and approximately 33% were 
male.  The majority (97%) was white. As Dr. Mentari notes, the clinical studies provide limited 
data from the United States with 20% from the US.  Dr. Mentari notes that eligibility criteria 
included only persons between 18 and 65 years of age and that 2 subjects were 65 years old at the 
time of enrollment.  The median age at baseline was approximately 38 years.

8.3 Adequacy of Applicant’s Clinical Safety Assessments
Dr. Mentari notes that in many cases information needed to fully evaluate adverse events was 
not available.  Dr. Mentari disagreed with coding of some adverse events and with 
categorization of several treatment discontinuations that were not categorized as related to 
adverse events.

8.4 Safety Results
There was no imbalance of deaths in CLARITY for cladribine vs placebo.  Overall, there were 
more frequent serious adverse events (SAEs) and discontinuations due to adverse events (AEs) 
as well as treatment emergent adverse events (TEAEs) in patients receiving cladribine 
compared to placebo.  
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Clarity  Placebo
Cladribine 3.5 
mg/kg

Cladribine 5.25 
mg/kg

  
n=433
731.7 PY

n=442
774.1 PY

n=444
783.1 PY

 Deaths3,4
0.5% (n=2)
0.27 per 100 PY

0.9%5 (n=4)
0.52 per 100 PY

0.2% (n=1)
0.13 per 100 PY

 SAEs6
6.9%
4.21 per 100 PY

9.3%
5.60 per 100 PY

9.2%
5.50 per 100 PY

 
Discontinuations 
due to TEAEs7

2.1%
1.23 per 100 PY

4.5%
2.65 per 100 PY

7.0%
4.13 per 100 PY

All Exposed Cohort  Placebo Cladribine  

  
n=802
2631.5 PY

n=1976
9508.9 PY  

 Deaths8
0.6% (n=5)
0.19 per 100 PY

1.1% (n=21)
0.22 per 100 PY  

 SAEs6
11.8% 
3.93 per 100 PY

16.8% 
3.92 per 100 PY  

 
Discontinuations 
due to TEAEs9

3.3%
1.05 per 100 PY

13.0%
2.98 per 100 PY  

Please refer to Dr. Mentari’s review of the original 2010 submission and my memo regarding 
the original submission for a detailed presentation of deaths, SAEs, discontinuations due to 
AEs, and TEAEs.  Those sections will not be presented in detail again here.  Instead, this 
section will focus primarily on submission specific safety concerns, as does Dr. Mentari’s 
present review.  I do note that deaths of concern in the original review included deaths due to 
metastatic pancreatic carcinoma, tuberculosis, and fulminant hepatitis B, and those remain of 
concern in Dr. Mentari’s present review.  One additional death (ovarian cancer) in the 
CLARITY study was reported in the present submission and was apparently not known at the 
time of the original submission.

Treatment Emergent Adverse Events and Adverse Reactions

3 Deaths (%) in CLARITY were incorrectly calculated in the original review.
4 Calculated from Summary of Clinical Safety pp.137-142 and ISS p. 4866.
5 The original review of deaths in CLARITY included a death due to drowning in the 5.2.5 mg/kg group;  the 
patient’s last dose in the study was 3.75 mg/kg and that death has been included in 3.25 mg/kg group in this 
memo and in the Sponsor’s submission.
6 Nonfatal SAEs. From 3/5/19 response to information request.
7 From p. 4481 of the ISS.
8 From Summary of Clinical Safety, p. 135.
9 From Summary of Clinical Safety, p. 157.
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The table below shows treatment-emergent adverse events in the CLARITY study with an 
incidence of at least 5% in cladribine 3.5 mg/kg subjects and more frequently than in placebo 
subjects, as extracted from Dr. Mentari’s review. The table below is based on a table of 
individual Preferred Terms provided by the Applicant, as well as ODE 1 analysis to combine 
split terms.

Table 1. CLARITY Study. Treatment-Emergent Adverse Events that Occurred in at Least 5% 
of Cladribine 3.5 mg/kg Subjects and More Frequently Than in Placebo Subjects

MAVENCLAD 
(N=440)
%

Placebo 
(N=435)
%

Upper respiratory infection 38 32
Headache 25 19
Lymphopenia 24 2
Nausea 10 9
Back pain 8 6
Arthralgia and arthritis 7 5
Insomnia 6 4
Bronchitis 5 3
Hypertension 5 3
Fever 5 3
Depression 5 3

For adverse event rows defined by more than one MedDRA Preferred Term, Preferred Terms are listed below: 
 Upper respiratory infection includes Preferred Terms: ACUTE SINUSITIS, CHRONIC SINUSITIS, 

INFLUENZA LIKE ILLNESS, LARYNGITIS, LARYNGITIS VIRAL, NASOPHARYNGITIS, 
PHARYNGITIS, PHARYNGITIS BACTERIAL, PHARYNGITIS STREPTOCOCCAL, 
RESPIRATORY TRACT INFECTION, RESPIRATORY TRACT INFECTION VIRAL, RHINITIS, 
SINUSITIS, TONSILLITIS, UPPER RESPIRATORY TRACT INFECTION, UPPER RESPIRATORY 
TRACT INFECTION BACTERIAL, VIRAL PHARYNGITIS, VIRAL RHINITIS, VIRAL UPPER 
RESPIRATORY TRACT INFECTION.

 Headache includes Preferred Terms: HEADACHE, MIGRAINE, TENSION HEADACHE
 Lymphopenia includes Preferred Terms: LYMPHOPENIA, LYMPHOCYTE COUNT DECREASED
 Arthralgia and arthritis include Preferred terms: ARTHRALGIA, ARTHRITIS, OSTEOARTHRITIS, 

SPINAL OSTEOARTHRITIS. Most events were arthralgia.
 Bronchitis includes Preferred terms: BRONCHITIS, BRONCHITIS CHRONIC, BRONCHITIS VIRAL.
 Hypertension includes PTs: BLOOD PRESSURE INCREASED, HYPERTENSION, HYPERTENSIVE 

CRISIS, HYPERTENSIVE EMERGENCY, LABILE HYPERTENSION.
 Fever includes PTs: PYREXIA, HYPERTHERMIA, BODY TEMPERATURE INCREASED, 

HYPERPYREXIA.
 Depression includes PTs: DEPRESSION, DEPRESSED MOOD, DYSTHYMIC DISORDER.

Laboratory Findings   
Hematology laboratory findings are discussed under submission specific safety issues in this 
memo.  
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According to Dr. Mentari’s review of the original submission, there were no clinically 
important median changes in chemistry tests in CLARITY or in outliers, including liver 
function tests.  She did identify cases of likely drug-induced hepatitis in her original review, 
including CLARITY Subject who is discussed in the present review. Please refer to 
the discussion of submission specific safety issues in this memo and in Dr. Mentari’s review.

Vital Signs  
In her review of the present submission, Dr. Mentari states that analyses of changes in heart 
rate showed similar frequencies of significant changes heart rate in cladribine and placebo 
subjects and that analyses of presyncope, syncope, and dizziness events showed similar 
incidence rates in cladribine and placebo subjects.

Electrocardiograms (ECGs)  
A thorough QT study has not been performed.  In their review of the original submission dated 
September 26, 2010, the Interdisciplinary Review Team (IRT) for QT studies recommended 
that the sponsor repeat an ECG assessment with time-matched ECG and PK sampling, 
conducted at the maximum tolerated/proposed therapeutic dose in patients with multiple 
sclerosis or solid tumors and hematologic malignancies.  Toxicity of cladribine limits the 
possibility of a thorough QT study that would exclude small effects.  Dr. Melissa Banks-
Muckenfuss, in her nonclinical review dated February 11, 2018, noted no statistically effects 
of cladribine on cardiac action potential in isolated canine Purkinje fibers.  She noted that in 
stably transfected HEK-293 cells, cladribine produced only a 13% inhibition of the hERG tail 
current and that an IC50 value could not be determined. In the 2010 review by the IRT, large 
effects on the QTc interval at Tmax were not observed in the cardiac safety report from 
CLARITY.  The IRT noted no cardiac AEs of concern in the clinical program.  Further 
evaluation of the effect of cladribine will not be pursued at this time.

Immunogenicity  
The development of anti-drug antibodies has not been studied.  Given the effect of cladribine 
on the immune system, it may be useful to evaluate the development of antidrug antibodies if 
serious adverse events related to immunogenicity are observed with greater frequency 
postmarketing.

Submission Specific Safety Issues

Dr. Mentari considers the following, identified during the development program, in her 
discussion of submission specific safety issues:

 Malignancies 
 Lymphopenia
 Fetal Risk
 Infections
 Hematologic Toxicity and Bone Marrow Suppression
 Graft-versus-Host Disease with Blood Transfusions
 Hepatic Disorders
 Hypersensitivity
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 Seizures
 Myocarditis and Cardiac Failure

Malignancies
As Dr. Mentari notes, cladribine interferes with DNA synthesis and repair through 
incorporation into DNA and through inhibition of enzymes involved in DNA metabolism. As 
she notes, data from the 2010 NDA submission indicated an increased risk of malignancy with 
cladribine treatment.  In the Complete Response (CR) Letter, FDA requested data to support 
an improved understanding of the malignancy risk.  In the present submission, the increased 
risk of malignancy with cladribine treatment compared to placebo remains.  However, 
additional data provided in this submission allows for an improved understanding of the risk.  
In addition, the risk can be considered in the context of other drugs for MS that have been 
approved since the original submission.  The Sponsor has proposed a Warnings and 
Precautions section describing malignancies.  If the benefit of cladribine outweighs the risks, 
then I agree with Dr. Mentari’s recommendation for a boxed warning to inform prescribers 
about the risk of malignancies and with her recommendation to continue to assess malignancy 
rates, particularly in the United States, postmarketing, if cladribine is approved.  

I summarize the findings in Dr. Mentari’s review and address the Sponsor’s responses to the 
requests in the Complete Response letter. 

I show below the incidence of malignancies in the placebo-controlled CLARITY study in MS,  
and in the monotherapy oral cohort that included controlled and uncontrolled data (CLARITY, 
Oracle MS, CLARITY EXT and PREMIERE registry), as extracted from Dr. Mentari’s 
review. In both cohorts, the risk of malignancies was greater in the 3.5 mg/kg and 5.25 mg/kg 
groups vs placebo, but with no dose response.  Dr. Mentari also shows that subjects who 
received additional treatment cycles of 3.5 mg/kg after the first 2 years had a higher incidence 
of malignancy AEs of 0.91 events per 100 person years (calculated from the start of the first 
dose in Year 3, 95% CI 0.43, 1.90), with a risk ratio of approximately 7 compared to placebo.    

Cladribine dose
Study Placebo 3.5 mg/kg 5.25 mg/kg

CLARITY
N=433

737.1 PY
N=442

774.1 PY
N=444 

783.1 PY
number of subjects with  malignancies 0 3 2
incidence per 100 person years (95% CI) 0 (0, 0.5) 0.39 (0.13, 1.2) 0.26 (0.06, 1.02)

Monotherapy Oral Cohort
N=641

2275.3 PY
N=923

3754.0 PY
N=632

2610.4 PY
number of subjects with  malignancies 3 10 6
incidence per 100 person years (95% CI) 0.13 (0.043, 0.41) 0.27 (0.14, 0.50) 0.23 (0.10, 0.52)

Dr. Mentari notes that data provided in the 2018 resubmission, in response to a concern in the 
CR letter about the potential for higher malignancy rates with longer durations of patient 
follow-up, did not show increased rates with 4 years of observation compared to the median 
time on study of 1.8 years in the original submission.  
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Dr. Mentari shows that the malignancies are found at various anatomic sites.  She notes that 
malignancies in cladribine-treated patients were more severe (e.g., metastatic pancreatic 
carcinoma, malignant melanoma, ovarian cancer) compared to those in placebo patients, all of 
which were curable by surgical resection (basal cell carcinoma, cervical carcinoma in situ).

Dr. Mentari also shows that the incidence rate  for malignancies for cladribine 3.5 mg/kg was 
higher in the United States subjects  (2.21 per 100 person years (95% CI 0.83, 5.88) than the 
rate of 0.17 person years (0.08, 0.38) in the non-United States subjects, although she notes that 
the duration of observation in the US subjects was small (188.5 person years) and the point 
estimate is unstable.  

Dr. Mentari notes that at baseline there were no notable imbalances in demographic 
characteristics between treatment groups.  The CR letter requested an analysis of malignancy 
risk stratified by age because most cases of malignancy in cladribine-treated subjects occurred 
in subjects over age 40.  Dr. Mentari notes that age was identified as a risk factor for 
development of malignancies in the Applicant’s analysis, consistent with the general 
population.    The sponsor notes baseline differences in use of contraceptives and hormone 
replacement therapy and sex as being potentially relevant.  The CR letter requested an analysis 
of malignancy risk for the subgroup of patients taking disease modifying drugs (DMD) 
because they may have longer durations of immunosuppression than the general population.  
There was a slight increase in malignancy with prior MS DMD for both the placebo and 
cladribine groups (as shown on pp. 272-273 of the Summary of Clinical Safety).

The Sponsor has provided information on methods used to calculate the standardized incidence 
ratios, as requested in the CR letter, and has compared the rate of malignancy in the cladribine 
database to an expected general population using the GLOBOCAN database for comparison of 
the overall study population and the Surveillance, Epidemiology, and End Results (SEER) 
database (page 281 of the Summary of Clinical Safety).  The Sponsor states that there appears 
to be no increased incidence relative to the epidemiological databases and suggests that the 
numeric imbalance for cladribine vs placebo is due to a lower than expected placebo rate.   As 
noted in the CR letter, comparisons to epidemiologic data are problematic.  The placebo-
controlled data remain the strongest basis for determining the risk.

Despite proposing a Warnings and Precautions section in labeling for malignancies, the 
sponsor states on p. 261 of the Summary of Clinical Safety that the Sponsor does not believe 
that the totality of the data supports an increased risk.  In the table below I provide the 
Sponsor’s rationale (outlined in the Response to Complete Response -  Introduction document 
in module 1) with consideration of each of their arguments.  
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Sponsor’s comments FDA comments
Sponsor does not believe that the totality of 
the data supports an increased risk.

(Despite that, the sponsor proposed a warning 
for malignancies).

We believe that totality of the data supports a signal for 
an increased risk.

Increased exposure and duration of exposure 
since the original submission.  A 4.1 fold 
increase in PYs in cladribine and a 2.9 fold 
increase in placebo vs data in the 2010 NDA.  
Some subjects have been in the registry and 
extensions studies for > 8 years.

We agree.  The signal that remains even with additional 
exposure confirms our original concerns.

There is still a numerical imbalance for 
malignancies when comparing cladribine to 
placebo

We agree; the numerical imbalance supports a signal for 
an increased risk.

Placebo group was relatively small, and 
follow-up time for cladribine was 3.6 times 
higher than with placebo

That comparison is based on the all-exposed cohort that 
includes IV and subcutaneous cladribine.  We find an 
increased risk when those trials are excluded.

Clarity had similar exposure for placebo (737 PY) as for 
cladribine 3.5 mg/kg (774 PY).  Cladribine oral 
monotherapy had 1.6X as much exposure for cladribine 
3.5 mg/kg (3754 PY) vs placebo 2275.3 PY.  

Placebo group had lower rate of malignancies 
than would have been expected based on rates 
in the general population as reported in the 
GLOBOCAN database or in the MS 
population.

That appears to be the case.  The Sponsor also provides 
calculations suggesting that the malignancy rate for the 
cladribine subjects was not different from the incidence 
rate in the GLOBACAN database.  As stated in the CR 
letter, comparisons to epidemiologic data are problematic 
because rates based on epidemiologic data vary greatly 
according to many factors, including location, age, and 
gender.  Although the sponsor has now used a 
comparison that takes into account the GLOBOCAN 
reference population with matched follow-up distribution 
with respect to sex, age, and country, we continue to 
believe that controlled data are the most appropriate data 
evaluating malignancy rates in cladribine-treated subjects 
as the epidemiologic data still may not adequately 
account for important differences between groups.

The number of malignancies reported in the 
placebo groups of the cladribine studies was 
found to be uniquely low (0 malignancies in 
CLARITY and ORACLE MS) compared to 
placebo groups in similarly sized clinical 
trials of other DMDs for MS, but cladribine 

Placebo in cladribine oral monotherapy had malignancies 
at 0.69% (0.13 per 100 PY); these were in CLARITY 
Extension (1 basal cell carcinoma and 1 cervix 
carcinoma stage 0) and the PREMIERE registry (1 cervix 
carcinoma stage 0). 
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groups in Phase 3 studies had similar 
frequency compared to subjects in similar 
studies with other DMDs.  

Placebo in ocrelizumab PPMS controlled trials had 
malignancies at 0.8% (0.30 per 100 PY)

We agree that the cladribine groups had similar 
frequency compared to similar studies with other DMDs: 

 Lemtrada had an incidence of 0.8% in controlled 
trials (vs 0.4% for comparator) and 1.5% in the 
all treated pool; Lemtrada has a boxed warning

 Ocrevus had an incidence of 0.5% vs 0.2% for 
comparator; Ocrevus has a warning

Overall incidence rate of malignancies in 
cladribine subjects in the clinical program is 
comparable with that of the general 
population (GLOBOCAN and SEER), 
patients with MS and patients taking other 
DMDs.

We continue to believe that a set of controlled data is the 
most appropriate data evaluating malignancy rates in 
cladribine-treated subjects  as the epidemiologic data still  
may not adequately account for important differences 
between groups.

Overall incidence of malignancies was low 
and although a numerically higher incidence 
vs placebo, no statistically significant 
difference based on risk difference or risk 
ratios when evaluable

We do not disagree that there is not a statistically 
significant difference.  However, there is a numerical 
imbalance that has remained since the original review, 
even with increased PY years of exposure and follow-up.

In contrast to what might be expected with a 
carcinogenic agent, no unusual pattern of 
malignancies has been identified, nor is there 
any clustering of specific tumor types.

Impaired DNA repair may be associated with a variety of 
cancers including breast, colorectal, gastric, endometrial, 
and ovarian cancers.10,11

No evidence of association between severe 
lymphopenia and development of 
malignancies

Immunosuppression is only one mechanism by which 
drugs can cause carcinogenesis.  Cladribine inhibits 
DNA synthesis and causes defective repair of DNA 
strand breaks, another recognized mechanism of 
carcinogenesis.  12

No increased incidences of malignancies 
usually associated with immunosuppression: 
virally induced tumors, NMSCs, or 
hematological malignancies.

Sponsor states that clastogenicity would be 
expected to result in a higher rate of 
malignancies in the lymphoid system since 
this is where the highest amount of activated 
drug is seen, but such malignancies have not 
been observed.  

Immunosuppression may not be the mechanism for 
carcinogenicity in this case.

As stated above, impaired DNA repair may be associated 
with a variety of cancers including breast, colorectal, 
gastric, endometrial, and ovarian cancers.1,2

10 O’Driscoll M.  Cold Spring Harb Perspect Biol 2012;4:a012773 
11 Torgovnick A and Shumacher B.  Front Genet. 2015; 6:157.
12 Smith MT, Guyton KZ, Gibbons CF,  et al.  Environ Health Perspect 2016; 124:713-721.
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No evidence of increased risk with cladribine 
over time, while incidence rates with placebo 
increased over time suggesting that low level 
for placebo short term was a chance 
observation

We agree that there is no increased risk with cladribine 
over time.  

The results mentioned at left are based on events per 100 
PY in a comparison of Years 1 to 4 vs Years 5 to at least 
8.  The numbers are based on relatively little data for 
placebo.  For 5 or more years, the number of placebo 
subjects still evaluated was 182 at 6 years, 71 at 8 years, 
and 1 patient at 10 years compared to 850 cladribine 
patients at 6 years and 453 cladribine patients at 8 years.  

The sponsor states that when analyzed by yearly 
intervals, there was no consistent increase in malignancy 
incidence rate over time for any placebo or cladribine 
groups in the All Exposed and Monotherapy Oral 
cohorts.  

No evidence of dose association for incidence 
of malignancies

We agree that the incidence was not greater in 5.25 
mg/kg than in 3.5 mg/kg, but there was a higher rate in 
patients who received additional treatment cycles of 
cladribine 3.5 mg/kg after the first 2 treatment years.

Independent expert review of the latency 
times concluded that it is improbable that 
cladribine was an etiologic factor for the 
majority of cases.  The Sponsor’s expert  

concluded that the latency period for 
development of an adult solid tumor is 
estimated to be at least 4 years and can be as 
long as 30 years or more.

The latency in this NDA (in 37 subjects) ranges from 4 
years, 1 month to 8 years, 4 months in 10 events; the 
Expert could not exclude a role for cladribine in 7 of 
those cases.

The latency was less than 4 years in 25 events; the Expert 
could not exclude a role for cladribine in 11 of those 
cases, including the cases of malignant melanoma.

It is possible that cladribine could contribute to an 
acceleration of an already established malignant process 
by impairing DNA repair.

At the time of the original review, there was uncertainty, as noted above, in the estimate of the 
risk and concern that the risk might be an underestimate.  With additional data in the present 
submission it appears that the original estimate of malignancies is stable.   I note that at the 
time of the review of the original NDA, the approved drugs for MS did not have signals for 
malignancies identified in the prescribing information.  Since the original review, other MS 
drugs (Ocrevus and Lemtrada) have been approved that do have a risk for malignancy. The 
magnitude of the risk in those drugs, is similar to the risk found for cladribine.  I show 
comparisons to those drugs in the table below.  
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Placebo Interferon Study Drug Labeling
Cladribine (original review, oral) 0

N=672
1088 PY

0.82%
0.38 per 100 PY
N=1579
3387 PY

Cladribine (CLARITY), 3.5 mg/kg 0

N=433
737.1 PY

0.71%
0.39 per 100 PY
N=422
774.1 PY

Cladribine (Oral Monotherapy), 3.5 mg/k0.69%
0.13 per 100 PY
N=641
2275.3 PY

1.1%
0.27 per 100 PY
N=923
3754.0 PY

Lemtrada controlled trials 0.4%

N=496

0.8%

N=1188
Lemtrada all treated pool 1.5%

0.37 per 100 PY
N=1485
5874 PY

Ocrevus (RMS controlled trials) 0.2%
0.14 per 100 PY
N=826
1399 PY

0.5%
0.28/100 PY
N=825
1447.9 PY

Approved 
2017,
Warning for 
Malignancies

Ocrevus (PPMS, controlled trials) 0.8%
0.30 per 100 PY
N=239
659.8 PY

2.3%
0.78 per 100 PY
N=486
1416.4 PY

Ocrevus MS controlled trials 0.4%
N=1065
(combined IFN 
and placebo 
comparator)

1.1%
N=1311

Ocrevus (all MS trials,
 ISS prior to 90 day safety update)

1.0%
0.40 per 100 PY
N=2279
5711 PY

Approved 
2014,
Boxed 
Warning

Lymphopenia
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Cladribine causes a dose-dependent decrease in lymphocyte count, as noted in the original 
review of the NDA.  The CR letter stated that the Sponsor must ascertain the time to resolution 
of lymphopenia in cladribine-treated subjects in part to provide appropriate guidance on the 
necessary duration of hematologic monitoring.  The present submission further characterizes 
time to resolution and allows for recommendations for monitoring.  The CR letter requested 
information on analysis of hematologic measurements in patients taking disease modifying 
drugs for MS and this concern regarding lymphopenia is addressed in the present submission.  
The CR letter requested additional information on medications that may lead to additive 
effects on lymphocytes. The information included in the present submission allows for 
adequate discussion and recommendations in labeling.  I summarize those data below.

Dr. Mentari shows the National Cancer Institutes (NCI) National Institutes of Health (NIH) 
Common Terminology Criteria for Adverse Events (AE) for Absolute Lymphocyte Count 
Decreased Toxicity Grading Scheme as shown below.  

Dr. Mentari notes that in clinical studies, 87% of patients treated with cladribine 3.5 mg/kg 
experienced lymphopenia, 26% had nadir lymphocyte counts less than 500 cells per microliter  
and 1% had nadir counts less than 200 cells per microliter.  Dr. Mentari noted in her previous 
review that in the CLARITY trial, cladribine treated subjects had a higher incidence of 
abnormal CD4 lymphocyte counts (80.8%) vs placebo treated subjects (13.9%) and a larger 
percentage of cladribine-treated subjects had CD4 lymphocyte counts qualifying as Grade 3 or 
4 Toxicity (43.4%) compared to placebo-treated subjects (1.3%).

Dr. Mentari shows that the median lymphocyte count begins decreasing by Week 2 (median 
1.26 cells per microliter for cladribine 3.5 mg/kg vs 1.94 cells per microliter for placebo), with 
some patients having Grade 3 lymphopenia even at that time.  She shows that the lowest 
median occurred approximately 7-9 weeks after the start of each treatment cycle and that they 
were lower with each treatment cycle.  She notes that at the end of Year 2 in the Monotherapy 
Oral Cohort, 2% of patients had absolute lymphocyte counts of less than 500 cells per 
microliter, and that the median time to recover from Grade 3 lymphopenia to Grade 1 was 28.1 
weeks.  

Dr. Mentari notes that in the 3.5 mg/kg cladribine group the incidence of lymphopenia less 
than 500 cells per microliter was higher in subjects with use of disease modifying drugs prior 
to study entry compared to those with no prior use (32.1% vs 23.8%). 

The CR letter requested additional information, including which specific medications may lead 
to these additive effects on lymphocytes, to provide guidance on cladribine’s use.  In the 
ONWARD study in which oral cladribine was administered with IFN-β.  The Sponsor shows 
on p. 43 of a document entitled “Response CRL - Clinical” in module 1 that the incidence of 
severe (Grade ≥ 3) lymphopenia was higher in ONWARD compared with the CLARITY study 
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where cladribine was administered as monotherapy, as shown in the table below from the 
Sponsor’s document.  The Sponsor has included language in the prescribing information 
regarding an increased risk of lymphopenia with concomitant use of cladribine with interferon-
beta.  

The Sponsor has provided information to better inform the risk of lymphopenia in cladribine-
treated subjects and to provide guidance on the necessary duration of hematologic monitoring.  
Dr. Mentari has proposed monitoring recommendations in the label based on lymphocyte 
count.  I agree with her recommendations.

Fetal Risk
As previously noted, cladribine inhibits DNA synthesis.  Cladribine is embryolethal in 
pregnant mice, and teratogenic in mice and rabbits.  Dr. Mentari notes that there were 18 
pregnancies treated with cladribine that resulted in live birth.  The reported birth defects 
occurred in a set of twins, one with omphalocele13 and one with patent foramen ovale, in a 
pregnancy that occurred approximately 2 years and 3 months after the last cladribine 
administration.  It is not possible to determine the role of cladribine in this outcome.

I agree with Dr. Mentari’s recommendation for a contraindication for use in pregnant women 
and in women of reproductive potential not using effective contraception.  Female partners of 
males taking cladribine also require effective contraception.  I recommend a pregnancy 
pregnancy outcomes study as a postmarketing requirements (PMR). 

Infections

Dr. Mentari notes that in the Oral Placebo-Controlled Double-Blind Cohort, TEAEs in the 
Infections and Infestations SOC occurred in 44% for placebo-treated patients vs 49% for 
cladribine -treated patients.  She shows that the most frequent severe infections in cladribine-
treated subjects included herpes zoster, and pyelonephritis, at rates of approximately 0.2 to 0.3 
per 100 PY for either dose of cladribine.  

Dr. Mentari notes 4 deaths related to infections in the All Exposed Cohort: 
Subject  was a 21 y.o. female from Tunisia who died from tuberculosis.  This case 
was discussed in the original review.  It could not be determined from the information 

13 Abdominal wall defect in which abdominal organs remain outside of the abdomen.

Reference ID: 4411169

(b) (6)



Safety Team Leader Review
NDA 22561
Mavenclad (Cladribine)

28

available whether this is reactivation of latent TB or a primary infection.  I agree that the 
relationship to cladribine treatment cannot be ruled out.

In addition to this fatal case of tuberculosis, in the All Exposed Cohort Dr. Mentari notes 2 
additional cases of tuberculosis that were treated and resolved for a total of 3 of 1976 (0.2%) 
of cladribine subjects.  I agree with Dr. Mentari’s recommendations for labeling regarding 
tuberculosis and with her recommendations for tuberculosis screening prior to initiating 
cladribine.

Subject  was a 43 y.o. female from the US who died from fulminant hepatitis B on 
Day 49.  This case was discussed in the original review.  The patient tested negative for 
Hepatitis B at study entry. According to the narrative, as I wrote in my original memo, the 
subject’s boyfriend had recently visited a Mexican border town where hepatitis B was known 
to be endemic.  I do not believe that it is possible to rule out a role for cladribine and resulting 
immunosuppression in contributing to this death.  

I agree with Dr. Mentari’s recommendations for labeling regarding hepatitis infections and 
with her recommendations for hepatitis screening prior to initiating cladribine.

Subject  was a 50 y.o. female who died from herpetic meningoencephalitis 23 months 
after the most recent dose of cladribine (5.5 mg/kg over 3 years in combination with interferon 
–beta-1a).

Dr. Mentari notes that this was the only case of central nervous system herpetic infection 
reported in a cladribine study of multiple sclerosis patients.  She shows that in the 
Monotherapy Oral Cohort, the incidence of herpetic infections occurred in 6.4% of cladribine 
3.5 mg/kg subjects compared to 3% of placebo subjects.  The most frequent types of herpetic 
infections were herpes zoster (2.9% of cladribine 3.5 mg/kg vs 0.6% of placebo subjects) and 
oral herpes.

I agree with Dr. Mentari’s recommendations for labeling regarding herpes infections and with 
her recommendations for anti-herpes prophylaxis.

Dr. Mentari also notes 35 y.o. male Subject  in PREMIERE who had serious 
pneumonia, brain edema and brain herniation with a fatal outcome 5 years after his most recent 
dose of cladribine (cumulative 1.91 mg/kg in combination with interferon beta-1a) with white 
blood cell count at the time of hospitalization for pneumonia of 14.2 × 109/L. I agree with Dr. 
Mentari that a relationship to cladribine is not clear.

No cases of progressive multifocal leukoencephalopathy (PML) have been observed after 
exposure to cladribine in clinical studies in multiple sclerosis patients.  However, cases of 
PML have been reported with parenteral cladribine treatment in oncological indications.  I 
agree with Dr. Mentari’s recommendation for including a warning regarding PML in labeling 
and with the recommendation for baseline MRI prior to initiating treatment.

Hematologic Toxicity and Bone Marrow Suppression
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Dr. Mentari find s that in addition to lymphopenia, increased frequencies of below normal 
measurements were seen in all hematologic laboratory parameters analyzed.  Differences from 
placebo in the Oral Placebo-Controlled Double-Blind Cohort as identified by Dr. Mentari are 
summarized in the table below as summarized in the table below.

  Placebo

Cladribine
 3.5 
mg/kg

Neutrophils   
 Frequency of Below Normal measurements 15.80% 29.90%
 Frequency of Grade 3 or 4 Toxicity 2.80% 3.60%
Hemoglobin   
 Frequency of Below Normal measurements 18.90% 25.70%
 Frequency of Grade 3 or 4 Toxicity 0.50% 0.80%
Platelets   
 Frequency of Below Normal measurements 3.90% 10.70%

Dr. Mentari notes 4 pancytopenia events (Subjects  
), 2 of whom had documented bone marrow hypoplasia, some of whom patients 

required treatment with RBC transfusion or granulocyte-colony stimulating factor.  Three of 
these cases were at doses higher than the proposed therapeutic dose for MS.  Dr. Mentari notes 
that serious cases of thrombocytopenia and neutropenia categorized as related or possibly 
related to cladribine treatment have been reported and she identified 2 serious cases of 
thrombocytopenia consistent with myelodysplastic syndrome that may be related to parenteral 
cladribine use (1 was in a patient with a family history of myelodysplasia).  Dr. Mentari notes 
that these events occurred several years after the last dose of cladribine.  Dr. Mentari notes that 
bone marrow suppression is described in the Boxed Warning in the Leustatin prescribing 
information (cladribine for treatment of hairy cell leukemia).  I agree with Dr. Mentari’s 
recommendations for describing hematologic toxicity and bone marrow suppression the 
Mavenclad prescribing information and her recommendations for complete blood count with 
differential measurements.  

Graft-versus-Host Disease with Blood Transfusions
Dr. Mentari notes that transfusion-associated graft-versus host disease (TGVHD), that has an 
estimated mortality of 90 to 100%, has been reported in 3 patients treated with cladribine for 
non-MS indications, 2 of whom had transfusions with non-irradiated blood (where irradiation 
of blood is the best-established intervention to prevent TGVHD).  Dr. Mentari notes that 
inability of the host’s immune system to recognize and/or eliminate foreign donor lymphocyte 
cells in allogeneic blood components has been identified as a key mechanism for TGVHD, and 
that TGVHD typically occurs in immunocompromised patients.  I agree with Dr. Mentari that 
the risk of TGVHD should be described in the prescribing information.  

Hepatic Disorders
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Dr. Mentari shows that the frequencies of liver laboratory parameter abnormalities, stratified 
by the NCI Common Terminology Criteria for Adverse Events (CTCAE) were similar in 
placebo and cladribine 3.5 mg/kg subjects in the Monotherapy Oral Cohort.  Dr. Mentari found 
that 5 of 1555 (0.3% cladribine subjects) in that cohort had Hepatic disorder SOC adverse 
events that were serious or caused treatment discontinuation consistent with drug-induced liver 
injury, and that were not confounded, vs 0 of 641 placebo subjects. Onset ranged from a few 
weeks to several months after initiation of treatment, and abnormalities resolved on treatment 
discontinuation.   In one case the ALT was 21 X ULN.  There were no observed cases that 
fulfilled Hy’s law criteria.  I agree with Dr. Mentari’s recommendation to describe liver injury 
in the prescribing information.

Hypersensitivity
The Sponsor identified hypersensitivity as an adverse event of special interest, and identified 
events using the MedDRA narrow SMQ.  In the Oral Placebo-Controlled Double-Blind 
Cohort, 115 of 1324 (11.3% of cladribine-treated subjects had a hypersensitivity adverse event 
compared to 44 of 641 (6.8%) placebo-treated subjects.  In that Cohort, 7 of 1294 (0.5%) 
cladribine-treated subjects and 1 of 641 (0.1%) placebo subjects experienced a 
Hypersensitivity Serious Adverse Event or discontinued treatment due to a Hypersensitivity 
adverse event.  Those events were primarily rash and pruritis (urticaria in the placebo subject).  
One patient had an event identified as an anaphylactic reaction; the subject continued to 
receive cladribine in CLARITY and the CLARITY extension with no reported recurrence; I 
agree with Dr. Mentari that the event was unlikely related to cladribine.  Dr. Mentari notes that 
1 event in a cladribine treated subject resembled erythema multiforme, although diagnosis was 
impaired by lack of a reported skin biopsy. Dr. Mentari notes that Stevens-Johnson syndrome 
and toxic epidermal necrolysis are identified risks of parenteral cladribine for treatment of 
oncologic conditions.  I agree with Dr. Mentari’s recommendation to describe hypersensitivity 
adverse events in the prescribing information for Mavenclad.

Seizures
Dr. Mentari notes that in the All Exposed Cohort, 6 SAEs of seizures occurred in 5 of 1978 
(0.3%) cladribine subjects compared to 0 of 802 placebo subjects.  None of the 5 subjects with 
seizure SAEs had a history of seizure prior to cladribine treatment.  One of the subjects had 
started taking bupropion that is associated with seizures, 8 months prior to the event and the 
role of either drug or a pharmacodynamic interaction cannot be ruled out.  Dr. Mentari notes 
that convulsion is an important identified risk of parenteral cladribine in oncology, according 
to the periodic safety update report for Litak (cladribine for hairy cell leukemia approved by 
the European Medicines Agency).  I agree with Dr. Mentari that the risk of seizures should be 
described in the cladribine prescribing information.

Myocarditis and Cardiac Failure
Dr. Mentari identified 1 of 1976 (0.1%) cladribine subjects in the All Exposed Cohort who 
developed myocarditis and acute cardiac failure.  This was a 20 year old male (Subject 

) with normal baseline cardiac function, and no reported symptoms of viral illness before 
this acute illness, who experienced life-threatening acute cardiac failure, pulmonary edema, 
and atrial fibrillation 11 days after his first dose of cladribine in ORACLE-MS, with MRI 
findings supporting a diagnosis of myocarditis.  Dr. Mentari reasonably suggests that possible 
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mechanisms of myocarditis related to cladribine include infection or drug toxicity, and she 
proposes that because the structure of cladribine is closely related to adenosine, drug toxicity 
may occur via disruption of the cardiac adenylate cyclase pathway. Dr. Mentari also notes 3 
published cases of acute cardiac failure have been reported with cladribine for other treatment 
indications for which a role for cladribine cannot be ruled out, although 2 were confounded 
and lacking detail.  I agree with Dr. Mentari’s recommendation to describe acute cardiac 
failure in the cladribine prescribing information.   

  
Analysis by Demographic Subgroup

As previously noted, most patients were women and were white, and enrollment criteria did 
not include patients greater than 65 years old.  I agree that there were too few non-white 
patients to analyze by race and too few to analyze by age at least 65 years.  Dr. Mentari shows 
that the percentage of subjects with at least 1 adverse events, at least 1 serious adverse event, 
or discontinued treatment due to adverse events was slightly higher in females than in males in 
both the cladribine and placebo groups.  She finds that the frequencies of common AEs of 
lymphopenia, nasopharyngitis, fatigue, herpes zoster infections, leukopenia, and decreased 
lymphocyte count were comparable between female and male cladribine subjects. She finds 
some gender differences in frequencies of upper respiratory tract infection, nausea, and 
headache.

Additional Safety Explorations
Human Carcinogenicity or Tumor Development
See previous discussion of malignancies.

Human Reproduction and Pregnancy 
See previous discussion of Fetal Risk.

Serious Adverse Events in the Haemorrhages Standardized MedDRA Query (SMQ)
Dr. Mentari notes that in CLARITY, SAEs under the MedDRA SMQ Haemorrhages were 
reported in 1/433 subjects in the placebo group, 3/442 subjects in cladribine 3.5 mg/kg, and 
2/444 subjects in cladribine 5.25 mg/kg.  Additional information was provided in the present 
submission as requested in the Complete Response letter.  Dr. Mentari notes that Hemorrhage 
SAEs were not associated with platelet decrease and that there was no apparent role of 
cladribine related hematologic toxicity in these events.

Cardiac Disorders
Dr. Mentari notes that in the analyses of cardiac disorders in the All Exposed Cohort, 
including cardiac arrhythmias and coronary artery disorders, overall incidence rates of these 
events were similar in cladribine and placebo subjects.  Cases of myocarditis and acute cardiac 
failure are discussed earlier in this memo.  As previously noted, Dr. Mentari states that 
analyses of changes in heart rate showed similar frequencies of significant changes heart rate 
in cladribine and placebo subjects and that analyses of presyncope, syncope, and dizziness 
events showed similar incidence rates in cladribine and placebo subjects.

Creatine Phosphokinase
Dr. Mentari notes that In the original NDA review completed controlled trials, elevations in 
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creatine phosphokinase (CK) were distributed similarly in cladribine-treated and placebo-
treated subjects; follow-up analyses (including previously unblinded cases of Grade 4 CK 
elevations) in the NDA resubmission had findings similar to the original NDA. 
Uterine Leiomyoma, Hearing Loss, and Neurotoxicity
Uterine leiomyoma, hearing loss, and neurotoxicity were identified as potential signals in Dr. 
Mentari’s original.  Dr. Mentari shows that with additional data in the present submission there 
does not appear to be a signal for these events.  

Pediatrics and Assessment of Effects on Growth
Cladribine has not been evaluated in the pediatric population in this development program.  

Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Two cases of overdose were reported by the sponsor in the present submission.  In 1 case the 
patient took 7 tablets instead of 2 tablets and in the other case the patient took 2 tablets instead 
of 1 tablet, neither with clinical symptoms.  As in the original submission, the sponsor asserts 
that due to the unique dosing schedule of cladribine, the definitions of drug withdrawal are not 
directly applicable in this setting and states that there was no evidence of rebound by clinical 
measures.  No assessment of cladribine drug abuse potential, withdrawal, or rebound was 
presented either in the original submission or in the present submission.  Abuse related adverse 
event terms are not among the most common AEs reported.

Concerns identified through U.S. or foreign postmarket experience
As identified throughout the review.    

Potential safety issues that could cause concern when considering how the drug may be used 
in the postmarket setting
Monitoring for some adverse events will be required for a long duration.  It may be difficult 
for patients to adhere to recommended monitoring.  

8. Advisory Committee Meeting 
An advisory committee meeting is not planned.  

9. Pediatrics
This application did not evaluate use in pediatrics.  

10. Other Relevant Regulatory Issues 
None.

11. Labeling 
Prescribing Information
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If cladribine is approved for use in MS, I agree with Dr. Mentari’s recommendations for a 
contraindication for pregnancy, and for a boxed warning for malignancies and for 
teratogenicity.  The potential for long term effects related to the mechanism of action, 
especially for malignancies, after 1 or 2 courses of cladribine therapy, support a second line 
indication for cladribine.
 
Other Labeling 
I recommend a Medication Guide to inform patients and to assist in ensuring the benefits of 
the drug outweigh the risks, although even this effort will not completely prevent occurrence 
of serious adverse events.  

12. Postmarketing Recommendations
Risk Evaluation and Management Strategies (REMS)
A REMS is not required for safe use of cladribine.  Labeling can adequately provide 
information regarding the potential risks as well as identify the population in whom cladribine 
may be used.  

Postmarketing Requirements (PMRs) and Commitments (PMCs)
I suggest a pregnancy study as a PMR as follows:  

Establish a worldwide Pregnancy Surveillance Program to collect and analyze 
information for a minimum of 10 years on pregnancy complications and birth 
outcomes in women exposed to MAVENCLAD  during pregnancy. Provide a 
complete protocol which includes details regarding how you plan to encourage 
patients and providers to report pregnancy exposures (e.g., telephone contact 
number and/or website in prescribing information), measures to ensure complete 
data capture regarding pregnancy outcomes and any adverse effects in offspring and 
plans for comprehensive data analysis and yearly reporting.

I recommend a postmarketing study to evaluate malignancies.  

I agree with the recommendation from the Office of Clinical Pharmacology for a drug-drug 
interaction study to evaluate the effect of cladribine on the pharmacokinetics of oral 
contraceptives.

Pharmacovigilance
I recommend that the Sponsor be requested to perform postmarketing surveillance for 
malignancies, opportunistic infections, graft-versus-host disease with blood transfusion, liver 
injury, serious skin reactions, and acute cardiac failure after exposure to Mavenclad, and that 
they include comprehensive summaries and analyses of these events quarterly as part of their 
required postmarketing safety reports [e.g., periodic safety update reports (PSURs)].   
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1. Executive Summary 

 Product Introduction 

 Cladribine (2-chloro-2′-deoxyadenosine [2-CdA]) is a synthetic chlorinated purine analog 
of the naturally occurring nucleoside deoxyadenosine.1 It differs in structure from the 
naturally occurring nucleoside deoxyadenosine only by the substitution of a chlorine for 
hydrogen in the 2-position of the purine ring. This change renders cladribine resistant to 
deamination by adenosine deaminase. Cells with high levels of deoxycytidine kinase 
(DCK) and low levels of deoxynucleotidase (5’NTase) activity (e.g., lymphocytes) 
phosphorylate cladribine to the monophosphate form (CdAMP). Subsequently, CdAMP is 
further phosphorylated to the active CdATP by other kinases. Accumulation of the 5’-
triphosphate derivative of cladribine leads to numerous effects on the metabolism of 
susceptible cells, including: 1) in dividing cells, depletion of the deoxynucleotide 
triphosphate pool, resulting in inhibition of DNA synthesis; and 2) in resting cells, 
defective repair of DNA strand breaks and activation of poly (ADP-ribose) polymerase, 
with depletion of nicotinamide adenine dinucleotide and adenosine triphosphate, 
leading to cell death. Therefore, cladribine causes a potent reduction of lymphocyte 
count due to its mechanism of action. However, the pharmacologic effects of cladribine 
are not limited to lymphocytes. 

 
 

 Risk Assessment 

 
This document reviews the risk profile of cladribine, and a risk assessment is provided below.

                                                       
1 Beutler E. Cladribine (2-chlorodeoxyadenosine). Lancet 1992; 340:952-956. 
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Risk Assessment 
 
Cladribine is proposed to be used for treatment of relapsing forms of multiple sclerosis (MS). This review evaluated the safety of cladribine. If 
efficacy is demonstrated and the benefits of cladribine outweigh the risks, then we recommend approval with labeling language that includes a 
Boxed Warning to mitigate the risks. Please refer to Dr. Jody Green's review for discussion of the benefit of cladribine for treatment of MS.  
 
Risk:  
 
Cladribine is associated with severe, potentially fatal adverse effects. 

• Treatment with cladribine can increase the risk of malignancy. Cladribine interferes with DNA synthesis and repair through 
incorporation into DNA and through inhibition of enzymes involved in DNA metabolism.  In controlled and extension clinical studies 
worldwide, malignancies occurred more frequently in cladribine patients (10 events in 3,754 patient-years [0.27 events per 100 patient-
years]), compared to placebo patients (3 events in 2,275 patient-years [0.13 events per 100 patient-years]). Some malignancies in 
cladribine patients were more severe [e.g., metastatic pancreatic carcinoma, malignant melanoma (2 cases), ovarian cancer] compared 
to malignancy cases in placebo patients, all of which were curable by surgical resection [basal cell carcinoma, cervical carcinoma in situ 
(2 cases)]. The incidence of malignancies in United States cladribine clinical study patients was higher than the rest of the world (4 
events in 189 patient-years [2.21 events per 100 patient-years]) compared to 0 events in United States placebo patients; however, the 
United States data were based on a limited amount of patient data. Following standard cancer screening guidelines in patients treated 
with MAVENCLAD will improve patient outcomes, but the risk of malignancy remains.  

• Cases of myelodysplastic syndrome have been reported with parenteral cladribine in multiple sclerosis and in other indications, as well 
as with other purine analogues. Measuring complete blood count periodically and when clinically indicated after treatment with 
cladribine may help with detection of myelodysplastic syndrome.  

• Cladribine may cause fetal harm when administered to pregnant women. The risk of fetal harm can be reduced by excluding pregnancy 
before the initiation of cladribine therapy, and by using effective contraception during cladribine dosing and for at least 6 months after 
the last dose in each treatment year. However, pregnancies in which there is risk of fetal harm will likely occur.  

• Cladribine causes a dose-dependent reduction in lymphocyte count. In clinical studies, 87% of patients treated with cladribine 
experienced lymphopenia. The lowest absolute lymphocyte counts occurred approximately 2-3 months after the start of each treatment 
cycle and were lower with each additional treatment cycle. In patients treated with a cumulative dose of cladribine 3.5 mg per kg over 2 
years as monotherapy, 26% and 1% had nadir absolute lymphocyte counts less than 500 and less than 200 cells per microliter, 
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respectively.  
 
While complete blood count with differential including lymphocyte count will be obtained before and after cladribine treatment, risks 
from lymphopenia remain.  

• Infections occurred in 49% of cladribine patients, compared to 44% of placebo patients in clinical studies.  The most frequent serious 
infections in the cladribine group included herpes zoster and pyelonephritis. Opportunistic infections reported with cladribine treatment 
included fungal infections and coccidiomycosis. Three of 1976 (0.2%) cladribine clinical study patients developed tuberculosis. 
Performing tuberculosis screening prior to initiation of cladribine treatment may help to reduce risks. One clinical study patient died 
from fulminant hepatitis B infection. Performing screening for hepatitis B and C prior to initiation of cladribine therapy may help to 
reduce risks. Serious herpes zoster infections occurred in 0.3% of cladribine patients. Vaccination of patients who are antibody-negative 
for varicella zoster virus prior to initiation of cladribine will help to reduce this risk. Administering anti-herpes prophylaxis in patients 
with lymphocyte counts less than 200 cells per microliter may also reduce this risk. Progressive multifocal leukoencephalopathy (PML) 
has been reported in patients treated with parenteral cladribine for oncologic indications. PML was not reported in clinical studies of 
cladribine for MS. Prescribers are advised to obtain a baseline magnetic resonance imaging (MRI) before initiating cladribine, and to 
withhold cladribine and perform an appropriate diagnostic evaluation at the first sign or symptom suggestive of PML.  

• Increased frequencies of hematologic toxicity and bone marrow suppression have been reported with cladribine in clinical studies.  Low 
neutrophil counts occurred in 30% of cladribine patients, compared to 16% of placebo patients. Low hemoglobin levels occurred in 26% 
of cladribine patients, compared to 19% of placebo patients. Low platelet counts occurred in 11% of cladribine patients, compared to 
4% of placebo patients. Serious cases of pancytopenia (some with documented bone marrow hypoplasia) requiring transfusion and 
granulocyte-colony stimulating factor treatment, thrombocytopenia, and neutropenia have been reported in cladribine clinical studies 
at dosages similar to or higher than the approved cladribine dosage. While prescribers are advised to obtain a complete blood count 
with differential before and after treatment, risks from hematological toxicity remain. 

• Transfusion-associated graft-versus-host disease has been observed rarely after transfusion of nonirradiated blood in patients treated 
with cladribine for non-MS treatment indications. In patients who require blood transfusion, irradiation of cellular blood components is 
recommended prior to administration to prevent transfusion-related graft-versus host disease.  

• In clinical studies, 0.3% of cladribine patients had liver injury (serious or causing treatment discontinuation), compared to 0 placebo 
patients. Onset has ranged from a few weeks to several months after initiation of treatment with cladribine. Signs and symptoms of 
liver injury, including elevation of serum aminotransferases to greater than 20-fold the upper limit of normal, have been observed.  
Prescribers are advised to obtain serum aminotransferase, alkaline phosphatase, and total bilirubin levels prior to treatment with 

Reference ID: 4411143Reference ID: 4413345



Clinical Safety Review 
Evelyn Mentari, MD, MS 
NDA 022561 Mavenclad (cladribine) 
 

 

cladribine and to discontinue cladribine if clinically significant liver injury induced by cladribine is suspected. 
• In clinical studies, 11% of cladribine patients had hypersensitivity adverse events, compared to 7% of placebo patients. Hypersensitivity 

adverse events that were serious and/or lead to discontinuation of cladribine (e.g., dermatitis, pruritis) occurred in 0.5% of cladribine 
patients, compared to 0.1% of placebo patients. One patient had a serious skin reaction resembling erythema multiforme (with rash, 
mucous membrane ulceration, throat swelling, vertigo, diplopia, and headache). Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are identified risks of parenteral cladribine for treatment of oncologic conditions. There are no known ways to reduce 
the risk of hypersensitivity with cladribine.  

• In clinical studies, serious events of seizure occurred in 0.3% of cladribine subjects, compared to 0 placebo subjects. Serious events 
included generalized tonic-clonic seizures and status epilepticus. Labeling will describe this finding and inform prescribers of the 
potential risk. 

• In clinical studies, one patient experienced life-threatening acute cardiac failure with myocarditis after treatment with cladribine. Cases 
of cardiac failure have also been reported with parenteral cladribine for used for treatment indications other than multiple sclerosis.  
Patients should be instructed to seek medical advice if they experience symptoms of cardiac failure (e.g., shortness of breath, rapid or 
irregular heartbeat, swelling). 
 

I recommend post-marketing requirements to further characterize the risks of malignancy and fetal harm. I recommend a Boxed Warning to 
provide information about the risks of malignancy and fetal risk. In the product label, I recommend description of malignancies, fetal risk, 
lymphopenia, infections, hematologic toxicity and bone marrow suppression, graft-versus-host disease with blood transfusion, liver injury, 
hypersensitivity, seizures, and cardiac failure. I recommend enhanced pharmacovigilance (e.g., expedited reporting, provision of specified 
summary information in periodic reports) for opportunistic infections, graft-versus-host disease with blood transfusion, liver injury, serious skin 
reactions, and acute cardiac failure. 
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Benefit-Risk Dimensions  

Dimension Evidence and Uncertainties  Conclusions and Reasons  

Analysis of 
Condition 

• Please refer to Dr. Green’s review of clinical efficacy.  
 

 

Current 
Treatment 

Options 

• Please refer to Dr. Green’s review of clinical efficacy.  
 

 

Benefit 

• Please refer to Dr. Green’s review of clinical efficacy.   

Risk and Risk 
Management  

• The safety database for cladribine for treatment of MS includes Phase 
2 and 3 studies of oral or parenteral cladribine, as well as an extension 
study and a long-term safety monitoring patient registry. Drug 
exposure is adequate for NDA resubmission. No subjects were above 
age 65 at the time of enrollment. The studies provide a limited 
amount of data on patients from the United States.  

• In the Phase 3 placebo-controlled study, the most common adverse 
events were: Upper respiratory infection 38%); Headache (25%); 
Lymphopenia (24%); Nausea (10%); Back pain (8%).  

Major safety issues of malignancy and fetal risk 
occur at the proposed dose of cladribine for 
treatment of MS. Cladribine causes a dose-
dependent reduction in lymphocyte count. 
Increased frequencies of hematologic toxicity 
and bone marrow suppression have been 
reported with cladribine in clinical studies.  
Cladribine can increase the risk of infections. 
Transfusion-associated graft-versus-host 
disease has been observed rarely after 
transfusion of nonirradiated blood in patients 
treated with cladribine for non-MS treatment 
indications. In clinical studies, 0.3% of 
cladribine patients had liver injury (serious or 
causing treatment discontinuation), compared 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

• Treatment with cladribine can increase the risk of malignancy. 
Cladribine interferes with DNA synthesis and repair through 
incorporation into DNA and through inhibition of enzymes involved in 
DNA metabolism.  In controlled and extension clinical studies 
worldwide, malignancies occurred more frequently in cladribine 
patients (10 events in 3,754 patient-years [0.27 events per 
100 patient-years]), compared to placebo patients (3 events in 
2,275 patient-years [0.13 events per 100 patient-years]). Some 
malignancies in cladribine patients were more severe [e.g., metastatic 
pancreatic carcinoma, malignant melanoma (2 cases), ovarian cancer] 
compared to malignancy cases in placebo patients, all of which were 
curable by surgical resection [basal cell carcinoma, cervical carcinoma 
in situ (2 cases)]. The incidence of malignancies in United States 
cladribine clinical study patients was higher than the rest of the world 
(4 events in 189 patient-years [2.21 events per 100 patient-years]) 
compared to 0 events in United States placebo patients; however, the 
United States data were based on a limited amount of patient data. 
Following standard cancer screening guidelines in patients treated 
with MAVENCLAD will improve patient outcomes, but the risk of 
malignancy remains.  

• Cases of myelodysplastic syndrome have been reported with 
parenteral cladribine in multiple sclerosis and in other indications, as 
well as with other purine analogues. Measuring complete blood count 
periodicallyand when clinically indicated after treatment with 
cladribine may help with detection of myelodysplastic syndrome.  

to 0 placebo patients.  In clinical studies, 11% 
of cladribine patients had hypersensitivity 
adverse events, compared to 7% of placebo 
patients. One patient had a serious skin 
reaction resembling erythema multiforme. 
Serious events of seizure occurred in 0.3% of 
cladribine subjects, compared to 0 placebo 
subjects. One patient experienced life-
threatening acute cardiac failure with 
myocarditis after treatment with cladribine. 
The safety issues can have life-threatening 
outcomes.  
 
Post-marketing requirements should be used 
to further characterize the risks of malignancy 
and fetal harm. I recommend a Boxed Warning 
to provide information about the risks of 
malignancy and fetal risk. 
 
A Boxed Warning should be included in the 
label to provide information about the risks of 
malignancy and fetal risk.  
 
I recommend enhanced pharmacovigilance 
(e.g., expedited reporting, provision of 
specified summary information in periodic 
reports) for opportunistic infections, graft-
versus-host disease with blood transfusion, 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

• Cladribine may cause fetal harm when administered to pregnant 
women. The risk of fetal harm can be reduced by excluding pregnancy 
before the initiation of cladribine therapy, and by using effective 
contraception during cladribine dosing and for at least 6 months after 
the last dose in each treatment year. However, pregnancies in which 
there is risk of fetal harm will likely occur.  

• Cladribine causes a dose-dependent reduction in lymphocyte count. In 
clinical studies, 87% patients treated with cladribine experienced 
lymphopenia. The lowest absolute lymphocyte counts occurred 
approximately 2-3 months after the start of each treatment cycle and 
were lower with each additional treatment cycle. In patients treated 
with a cumulative dose of cladribine 3.5 mg per kg over 2 years as 
monotherapy, 26% and 1% had nadir absolute lymphocyte counts less 
than 500 and less than 200 cells per microliter, respectively.  
 
While complete blood count with differential including lymphocyte 
count will be obtained before and after cladribine treatment, risks 
from lymphopenia remain.  

• Infections occurred in 49% of cladribine patients, compared to 44% of 
placebo patients in clinical studies.  The most frequent serious 
infections in the cladribine group included pneumonia, herpes zoster, 
and pyelonephritis. Opportunistic infections reported with cladribine 
treatment included fungal infections and coccidiomycosis. Three of 
1976 (0.2%) cladribine clinical study patients developed tuberculosis. 
Performing tuberculosis screening prior to initiation of cladribine 
treatment may help to reduce risks. One clinical study patient died 
from fulminant hepatitis B infection. Performing screening for 

liver injury, serious skin reactions, and acute 
cardiac failure. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

hepatitis B and C prior to initiation of cladribine therapy may help to 
reduce risks. Serious herpes zoster infections occurred in 0.3% of 
cladribine patients. Vaccination of patients who are antibody-negative 
for varicella zoster virus prior to initiation of cladribine will help to 
reduce this risk. Administering anti-herpes prophylaxis in patients with 
lymphocyte counts less than 200 cells per microliter may also reduce 
this risk. Progressive multifocal leukoencephalopathy (PML) has been 
reported in patients treated with parenteral cladribine for oncologic 
indications. PML was not reported in clinical studies of cladribine for 
MS. Prescribers are advised to obtain a baseline magnetic resonance 
imaging (MRI) before initiating cladribine, and to withhold cladribine 
and perform an appropriate diagnostic evaluation at the first sign or 
symptom suggestive of PML.  

• Increased frequencies of hematologic toxicity and bone marrow 
suppression have been reported with cladribine in clinical studies.  
Low neutrophil counts occurred in 30% of cladribine patients, 
compared to 16% of placebo patients. Low hemoglobin levels occurred 
in 26% of cladribine patients, compared to 19% of placebo patients. 
Low platelet counts occurred in 11% of cladribine patients, compared 
to 4% of placebo patients. Serious cases of pancytopenia (some with 
documented bone marrow hypoplasia) requiring transfusion and 
granulocyte-colony stimulating factor treatment, thrombocytopenia, 
and neutropenia have been reported in cladribine clinical studies at 
dosages similar to or higher than the approved cladribine dosage. 
While prescribers are advised to obtain a complete blood count with 
differential before and after treatment, risks from hematological 
toxicity remain. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

• Transfusion-associated graft-versus-host disease has been observed 
rarely after transfusion of nonirradiated blood in patients treated with 
cladribine for non-MS treatment indications. In patients who require 
blood transfusion, irradiation of cellular blood components is 
recommended prior to administration to prevent transfusion-related 
graft-versus host disease.  

• In clinical studies, 0.3% of cladribine patients had liver injury (serious 
or causing treatment discontinuation), compared to 0 placebo 
patients. Onset has ranged from a few weeks to several months after 
initiation of treatment with cladribine. Signs and symptoms of liver 
injury, including elevation of serum aminotransferases to greater than 
20-fold the upper limit of normal, have been observed.  
Prescribers are advised to obtain serum aminotransferase, alkaline 
phosphatase, and total bilirubin levels prior to treatment with 
cladribine and to discontinue cladribine if clinically significant liver 
injury induced by cladribine is suspected. 

• In clinical studies, 11% of cladribine patients had hypersensitivity 
adverse events, compared to 7% of placebo patients. Hypersensitivity 
adverse events that were serious and/or lead to discontinuation of 
cladribine (e.g., dermatitis, pruritis) occurred in 0.5% of cladribine 
patients, compared to 0.1% of placebo patients. One patient had a 
serious skin reaction resembling erythema multiforme (with rash, 
mucous membrane ulceration, throat swelling, vertigo, diplopia, and 
headache). Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are identified risks of parenteral cladribine for 
treatment of oncologic conditions. There are no known ways to reduce 
the risk of hypersensitivity with cladribine.  
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

• In clinical studies, serious events of seizure occurred in 0.3% of 
cladribine subjects, compared to 0 placebo subjects. Serious events 
included generalized tonic-clonic seizures and status epilepticus. 
Labeling will describe this finding and inform prescribers of the 
potential risk. 

• In clinical studies, one patient experienced life-threatening acute 
cardiac failure with myocarditis after treatment with cladribine. Cases 
of cardiac failure have also been reported with parenteral cladribine 
for used for treatment indications other than multiple sclerosis.  
Patients should be instructed to seek medical advice if they experience 
symptoms of cardiac failure (e.g., shortness of breath, rapid or 
irregular heartbeat, swelling). 
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2. Therapeutic Context 

  Analysis of Condition 

Available therapies reduce the annualized relapse rate in patients with relapsing multiple 
sclerosis (RMS) by 30 to 50%. While a reduction in the number of relapses is desirable, it is 
unclear whether reducing relapse frequency results in a significant reduction in long-term 
disability. Differences in methodology and in the populations studied limit interpretation of the 
full effect of these therapies on permanent disability. Several studies have shown a numeric 
reduction in some measure of disability that was confirmed 12 and/or 24 weeks after an initial 
significant increase in a given disability score. However, if a statistically significant reduction 
was seen in one trial, the result was usually not replicated in a second trial. Although most 
therapies approved for the treatment of RMS show a reduction in various Magnetic Resonance 
Imaging (MRI) findings associated with RMS, the interpretation of these neuroimaging changes 
in the context of patient function do not support the use of any of these MRI measures as 
primary criteria for the choice of therapy. 
 
Because they were the earliest approved therapies and because there have been few major 
safety concerns, either a β -interferon or glatiramer acetate are often the initial choice for 
treatment for new onset typical RMS. Because the interferons share the same presumed 
mechanism of action and have similar efficacy, if the response is not adequate to one interferon 
then the choice of next therapy is usually not a different interferon and usually not glatiramer 
acetate. There are now several approved alternative therapies with efficacy at least comparable 
to the interferons and glatiramer acetate. The data available are not sufficient to conclude that 
the efficacy of any of the alternative therapies is superior to the older “first line” therapies. 
 
Each approved therapy has unique benefits and risks. Unless there is strong evidence of 
superior efficacy and/or a notable lack of safety concerns, any new approved therapy will most 
likely be used for those who have not responded adequately to the interferons, glatiramer 
acetate, and possibly one of the approved oral therapies. 
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  Analysis of Current Treatment Options 

The currently approved therapies for RMS are shown in the table below. 
 
Table 1. FDA-approved treatments for Relapsing Forms of Multiple Sclerosis 

Approved 
Drug 

Product 
Name 

Relevant 
Indication 

Year 
Approved 

Route & 
Frequency of 

Administration 

Efficacy 
Information 

Major Safety 
Concerns 

Other 
Comments 

Beta 
interferon 1b 

Betaseron 
(Betaferon 
in EU) 

Relapsing 
forms of 
MS 

1993 subcutaneous 
every other 
day 

32% 
reduction in 
ARR 
 

None  

Beta 
interferon 1a 

Interferon 
β-1a 

Relapsing 
forms of 
MS 

1996 IM weekly 32% 
reduction in 
ARR 
 

hepatotoxicity  

Glatiramer 
acetate 

Copaxone Relapsing 
forms of 
MS 

1996 subcutaneous 
daily 

29% 
reduction in 
ARR 

None  

Mitoxantrone Novantrone
  

Relapsing 
forms of 
MS 

2000 IV every 3 
months 

60% 
reduction in 
ARR 
 
64% 
reduction in 
disability 

Cardiotoxicity  

Beta 
interferon 1a 

Rebif Relapsing 
forms of 
MS 

2002 subcutaneous 
three times 
weekly 

32% 
reduction in 
ARR 

hepatotoxicity  

Natalizumab Tysabri Relapsing 
forms of 
MS 

2004 IV every 4 
weeks 

61% 
reduction in 
ARR 

Progressive 
Multifocal 
Leukoencephalopathy 

 

Beta 
interferon 1b 

Extavia Relapsing 
forms of 
MS 

2009 subcutaneous 
every other 
day 

30% 
reduction in 
ARR 

None  

Fingolimod Gilenya Relapsing 
forms of 
MS 

2010 orally once 
daily 

55% 
reduction in 
ARR 

1st dose bradycardia, 
macular edema, 
impaired pulmonary 
function tests, fetal 
risk 

indicated 
for use ≥ 
10 years 
old 

Teriflunomide Aubagio Relapsing 
forms of 
MS 

2012 orally once 
daily 

31% 
reduction in 
ARR 

black box warnings 
for hepatotoxicity 
and teratogenicity 

 

Dimethyl 
fumarate 

Tecfidera Relapsing 
forms of 
MS 

2013 orally once 
daily 

49% 
reduction in 
ARR 

lymphopenia  

PEGylated 
Interferon 
Beta 

Plegridy Relapsing 
forms of 
MS 

2014 subcutaneous 
every 2 weeks 

36% 
reduction in 
ARR 

None  
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Approved 
Drug 

Product 
Name 

Relevant 
Indication 

Year 
Approved 

Route & 
Frequency of 

Administration 

Efficacy 
Information 

Major Safety 
Concerns 

Other 
Comments 

Alemtuzumab Lemtrada Relapsing 
forms of 
MS after 
inadequate 
responses 
to 2 or 
more other 
MS 
treatments 

2015 2 courses 12 
months apart 

49% 
reduction in 
ARR 

black box warning for 
serious/fatal 
autoimmune 
conditions 
thrombocytopenia 
and anti-glomerular 
basement membrane 
disease; serious and 
life-threatening 
infusion reactions, 
increased risk of 
malignancies 

not 
indicated 
for use in 
patients 
less than 
18 years of 
age due to 
safety 
concerns 

Glatiramer 
acetate 
(generic) 

various Relapsing 
forms of 
MS 

2015 subcutaneous 
daily 

29% 
reduction in 
ARR 

None  

Ocrelizumab Ocrevus Relapsing 
and 
Progressive 
forms of 
MS 

2016 IV every 2 
weeks x 2 then 
IV every 6 
months 

46% 
reduction in 
ARR (RMS) 
24% 
reduction in 
disability 
progression 
(progressive 
MS) 

infusion reactions, 
increased risk of 
breast cancer 

 

 

3. Regulatory Background 

 U.S. Regulatory Actions and Marketing History 

Parenteral cladribine is approved in many countries including the United States for the 
treatment of hairy cell leukemia (HCL). Cladribine has also been approved in some countries for 
the treatment of chronic lymphocytic leukemia (CLL). 

 
The original cladribine NDA for treatment of multiple sclerosis (MS) was submitted to FDA on 
May 28, 2010. FDA issued a complete response letter, which cited concerns over a 
disproportionate number of malignancies. The CR letter concluded that substantial evidence of 
effectiveness was established by the CLARITY study. The Applicant resubmitted the NDA on 
May 31, 2018 with additional safety data.  
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 Foreign Regulatory Actions and Marketing History 

An application for Marketing Authorisation to the European Medicines Agency for Movectro 
(cladribine) for treatment of relapsing-remitting multiple sclerosis was submitted in July 2009 
and received a negative opinion in September 2010.2 In the clinical safety conclusions (Section 
2.6), EMA said “Serious safety concerns have been raised, in particular the increased number of 
malignancies observed in the clinical trials.” The Applicant withdrew its marketing application in 
February 2011.3 After resubmission, cladribine for treatment of relapsing forms of multiple 
sclerosis (proprietary name Mavenclad) received marketing authorisation valid throughout the 
European Union on August 21, 2017.  

4. Table of Clinical Studies 

The table below summarizes the clinical studies with safety data included in the May 31, 2018 
NDA resubmission.  

                                                       
2 European medicines Agency withdrawal assessment report for Movectro (cladribine) accessed on November 8, 
2018 at: https://www.ema.europa.eu/documents/withdrawal-report/withdrawal-assessment-report-
movectro en.pdf 
3 Questions and answers. Withdrawal of the marketing authorisation application for Movectro (cladribine). 
Accessed on November 8, 2018 at: https://www.ema.europa.eu/documents/other/questions-answers-withdrawal-
marketing-authorisation-application-movectro en.pdf 
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Table 2. Listing of studies with clinical safety data in the May 31, 2018 NDA 022561 resubmission 
Study 

identifier 
Objective(s) of 

the study 
Study design 
and type of 

control 

Test product(s): 
Dosage regimen; 

Route of 
administration 

Number 
and 
Type of 
subjects 

Duration of treatment Study Data 
Reviewed with 

the Original NDA 
Submission (Y/N) 

Study 
25643  
 
CLARITY 

To evaluate the 
efficacy and 
safety of 
cladribine versus 
placebo in the 
reduction of 
qualifying 
relapse rate 

Phase III, 96- 
week, multi- 
center, double- 
blind, placebo- 
controlled, 
3 parallel 
treatment 
groups, 
randomized 
(1:1:1).  
 

Oral: 10 mg 
HPβCD-cladribine 
tablet formulation 
Matching placebo 

1326 
 
Subjects 
with RRMS 

First 48 weeks  
a) Cladribine tablets 
3.5 mg/kg total dose treatment group: 0.875 
mg/kg/course, x 2 courses plus 2 placebo courses 
b) Cladribine tablets 
5.25 mg/kg total dose treatment group: 0.875 
mg/kg/course, x 4 courses 
c) Placebo  
Second 48 weeks 
a) Cladribine tablets 
3.5 mg/kg total dose treatment group: 0.875 
mg/kg/course, x 2 courses 
b) Cladribine tablets 5.25 mg/kg total dose treatment 
group: 0.875 mg/kg/course, x 2 courses 
c) Placebo 

   Yes 

Study 
27820  
 
CLARITY 
EXT 

To evaluate the 
safety and 
tolerability of oral 
cladribine in 
subjects with 
RRMS who have 
completed 
CLARITY 

Phase IIIb, 
double-blind, 
placebo- 
controlled, 
multicenter, 
parallel-group, 
extension study 

Oral: 10 mg 
HPβCD-cladribine 
tablet formulation 
Matching placebo 

806 
 
Subjects 
with RRMS 

Two treatment courses separated by 1 year. Each 
treatment course consisted of 2 treatment weeks 
separated by 1 month; each treatment week 
consisted of 4 or 5 days on which subjects received 
cladribine tablets or matching placebo. Total duration 
of observation was 120 weeks (216 weeks including 
the predecessor CLARITY study). 
Blinded treatment allocation over the first 96 weeks 
of CLARITY EXT depended on the initial treatment 
randomization in CLARITY, as follows: Subjects 
randomized to placebo during CLARITY were 
assigned to low-dose oral cladribine in the 96-week 
extension study (3.5 mg/kg of body weight over 2 
years). 
Subjects randomized during CLARITY to either low-
dose oral cladribine (3.5 mg/kg of body weight over 
2 years) or high-dose oral cladribine (5.25 mg/kg 
over 2 years) were re randomized in a 2:1 ratio to 
receive either low-dose oral cladribine or placebo in 
the 96-week extension study. 

Yes – Interim data for 
797 subjects was 
provided in the 
original NDA 
submission.  
Additional data was 
provided with the 
May 31, 2018 NDA 
resubmission.   
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Study 

identifier 
Objective(s) of 

the study 
Study design 
and type of 

control 

Test product(s): 
Dosage regimen; 

Route of 
administration 

Number of 
subjects 

Duration of treatment Study Data 
Reviewed with 

the Original NDA 
Submission (Y/N) 

Study 
28821  
 
ORACLE 
MS 

To evaluate the 
effect of oral 
cladribine on the 
time to CDMS 
Conversion 
according to the 
Poser criteria.  
 

A Phase III, 
randomized, 
double-blind, 
placebo- 
controlled, 
multicenter 
study 

Oral: 10 mg 
HPβCD-cladribine 
tablet formulation 
Matching placebo 

616 
 
Subjects with a 
first clinical event 
at high risk of 
converting to MS 

Cladribine 3.5 mg/kg, cladribine 
 5.25 mg/kg, or placebo Randomized 1:1:1. 
Administered as 2 treatment courses separated 
by 1 year. Each treatment course consisted of 2 
treatment weeks separated by 1 month. Each 
treatment week consisted of 4 or 5 days on which 
subjects receive 10 mg. 

Yes – Interim data for 
194 subjects was 
provided in the original 
NDA submission.  
Additional data was 
provided with the May 
31, 2018 NDA 
resubmission.   

Study 
26593 
 
ONWARD 

To evaluate the 
efficacy, safety,  
tolerability of 
oral 
cladribine 
tablets 
as an add-on to 
Injectable IFN-β 
treatments.  
 

A Phase IIb, 
multicenter, 
randomized, 
double-blind, 
placebo- 
controlled 
study 

Oral: 10 mg 
HPβCD-cladribine 
tablet formulation 
Add-on to IFN-β- 
1a/-1b 
 

Total: 214 
Under original 
protocol: 42 
Under 
amended 
protocol: 
172 
 
MS subjects with 
active disease 

Amended Protocol:  
Cladribine 3.5 mg/kg or placebo randomized 2:1 
in 2 treatment courses separated by 1 year. 
(Original protocol also included a cladribine 5.25 
mg/kg dose arm.) 
Each treatment week consisted of 4 or 5 days on 
which subjects received 10 mg or 20 mg (1 or 2 
tablets) as a single daily dose, dependent on 
body weight. Besides cladribine or placebo, 
subjects also received IFN-β throughout the 96-
week treatment period.  

Yes – Interim data 
(214 subjects 
enrolled) was provided 
in the original NDA 
submission.  
Additional data was 
provided with the May 
31, 2018 NDA 
resubmission.   

PREMIERE 
Registry 

To collect long-
term safety data 
on oral 
cladribine and to 
estimate the 
frequency of 
serious adverse 
drug reactions 
over time 
beyond oral 
cladribine 
exposure. 

Long-term 
safety 
monitoring 

Not applicable 1179 
subjects 
enrolled 
(As of May  
15, 2017) 
 
Subjects who 
had participated 
in at least 1 oral 
cladribine 
clinical studies: 
CLARITY, 
CLARITY EXT, 
ONWARD, 
ORACLE, or PK 
Study 27967 

Not applicable No 
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Study 
identifier 

Objective(s) 
of the 
study 

Study design 
and type of 

control 

Test product(s): 
Dosage regimen; 

Route of 
administration 

Number 
and Type 
of 
Subjects  

Duration of treatment Study Data 
Reviewed with the 

Original NDA 
Submission (Y/N) 

Study 
EMR700568 

-015  
 
RECORD      

MS 

To assess the 
risk of NCI-
CTCAE Grade 3 
and 4 
lymphopenias. 
To assess 
pregnancy 
outcomes in 
women exposed 
to cladribine.  

Post-authoriz- 
ation safety 
study (PASS) 
of cladribine in 
tx-naïve 
subjects in the 
Australian 
Patient 
Familiarization 
Program 

Commercially 
available 
cladribine tablets 
(MOVECTRO®) in 
routine medical 
practice 

35 
 
Subjects 
with 
relapsing 
forms of 
MS 

Cladribine tablets administered in routine medical 
care. 

No 

Study 
2-CdA- 
MSSCRIPB 
 
Scripps- B 

To evaluate 
the safety and 
efficacy of 
cladribine 

Phase II, 12- 
months, 
randomized, 
double-blind, 
placebo- 
controlled, 
parallel-group, 
crossover study 

sc: 1 mg/mL 
solution Matching 
placebo 

11 
 
Patients with 
progressive 
MS (PPMS) 

Initial phase: Group a (4 subjects): 0.07 mg/kg/day 
sc x 5 days/course x 6 courses (total dose: 
2.1 mg/kg) Group b (4 subjects): 0.07 mg/kg/day sc 
x 5 days/course x 2 courses (total dose: 
0.7 mg/kg) 3 subjects: placebo Follow-up, double-
blind, crossover phase: Former placebo and group 
b subjects: 0.07 mg/kg/day sc x 5 days/course x 6 
courses (total dose: 2.1 mg/kg) Former Group a 
subjects received placebo. 

          Yes 

Study 
2-CdA- 
MS-
SCRIP 
 
MS-Scripps  

To evaluate 
both the 
efficacy and 
safety of 
parenteral 
cladribine in 
comparison 
with placebo. 
 

Phase II, 
randomized 
(1:1), double- 
blind, placebo- 
controlled, 
parallel-group, 
crossover study 

iv: 1 mg/mL 
solution Matching 
placebo 

49 
 
Subjects with 
chronic 
progressive 
MS  

Year 1:  
a) 0.1mg/kg/day continuous intravenous infusion x 
7 days/course x 4 courses; or 
b) Placebo. 
Year 2: crossover of treatment arms: 
a) Former placebo subjects received half of Year 1 
dose of cladribine (0.1 mg/kg/day x 7 days for one 
course, followed by 0.05 mg/kg/day x 7 days/course 
for 2 courses) and then saline placebo for a final 
course; or 

) B) Former cladribine subjects received placebo. 

        Yes 
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Study 
identifier 

Objective(s) of 
the study 

Study design 
and type of 

control 

Test product(s): 
Dosage regimen; 

Route of 
administration 

Number 
and Type 
of 
Subjects 

Duration of treatment Study Data 
Reviewed with the 

Original NDA 
Submission (Y/N) 

Study 
2-CdA- 
MSSCRIP 
C  
 
Scripps- C 

To evaluate the 
efficacy and 
safety of 
cladribine 

Phase II, 18- 
months, 
randomized, 
double-blind, 
placebo- 
controlled 
parallel-group 
study 

sc: 1 mg/mL 
solution Matching 
placebo 

49 
 
Subjects with 
Relapsing-
Remitting 
Multiple 
Sclerosis 
(RRMS) 

A course was defined 5 daily subcutaneous 
administrations during a 28-day period. 
 

- Cladribine:0.35 mg/ kg/course, sc, x 6 courses plus 
2 placebo courses  
- Placebo: 8 courses, sc 
 

Yes 

Study 
2-CdA-MS- 
001 
 
MS-001 

To evaluate both 
the safety and 
efficacy of 
cladribine. As 
well as the 
cladribine dose- 
response 
relationship. 
 

Phase III, 
randomized 
(1:1:1), double- 
blind, parallel- 
group, placebo- 
controlled, 
multicenter 
study 

sc: 1 mg/mL 
solution Matching 
placebo 

159 
 
Subjects with 
progressive 
MS (30%: 
PPMS) and 
subjects with 
secondary 
progressive 
MS (70%: 
SPMS) 

- Cladribine: 0.07 mg/kg/day sc x 5 days/course 
x 6 courses (total dose 2.1 mg/kg)  
- Cladribine: 0.07 mg/kg/day sc x 5 days/course 
x 2 courses; (total dose 0.7 mg/kg)  
- Placebo 

     Yes 

Study 
2-CdA- 
MSSCRIP 
A  
 
Scripps-A 

To test the 
safety and 
efficacy of 
cladribine with 
the intention of 
expanding 
treatment to a 
full Phase III 
clinical study 

Phase II pilot, 
open-label, 
proof of concept 
study 

iv: 1 mg/mL 
solution 

7 
 
Subjects with 
progressive 
MS (PPMS) 

-4 subjects: 0.87 mg/kg/day continuous intravenous 
infusion x 7 days/course x 6 monthly courses (total 
dose 3.65 mg/kg)  
-3 subjects: ⅓ to ½ of the above total dosage (total 
dose 1.22-1.83 mg/kg) 

    Yes 

Source: Tabular listing of clinical studies. Module 5.2. Submitted to NDA 022561 May 31, 2018.  
2-CdA=Cladribine, 2-chloro-2′ deoxy-adenosine; CDMS=clinically definite multiple sclerosis; HPβCD= 2-hydroxypropyl-β-cyclodextrin; hr=hour; iv=intravenous; 
MS=multiple sclerosis; NCI-CTCAE=National Cancer Institute-Common Terminology Criteria for Adverse Events; PASS=post-authorization safety study; 
PK=pharmacokinetic; PPMS=Primary progressive multiple sclerosis; RRMS=relapsing-remitting multiple sclerosis; sc=subcutaneous; vs=versus; SPMS=secondary 
progressive multiple sclerosis. 
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The figure below provides additional detail on the study design of CLARITY and CLARITY EXT.  
 
Figure 1. Study design of CLARITY and CLARITY EXT 

 
Source: Summary of Clinical Safety Figure 1 
HL=high-dose cladribine over 2 years, LL=low-dose cladribine, MRI=magnetic resonance imaging, PP=placebo, 
RRMS=relapsing-remitting multiple sclerosis, SUPF=Supplemental follow-up (no study treatment). 
 
 
 

 
5. Review of Safety 

 

 Analysis Cohorts in the Pooled Safety Dataset  

Cladribine studies and analysis cohorts in the pooled safety dataset are summarized in the figure below.  
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Table 3. Cladribine Studies and Analysis Cohorts in the Pooled Safety Dataset  

 
Source: Applicant Table 3. Page 53 Summary of Clinical Safety 

 
Reviewer comments:  
 
The table above, provided by the Applicant, describes the ORACLE MS study indication as “Early MS.” 
However, subjects in the ORACLE MS study were diagnosed with clinically isolated syndrome (CIS),4 and 
any subject with a diagnosis of multiple sclerosis (per McDonald criteria, 2005) was excluded from the 
study.5 A minority of ORACLE MS subjects may have met the diagnosis for MS using newer criteria.6  
 
This reviewer agrees with the cohort groupings used by the Applicant. It is acceptable that the analysis 
cohorts do not include the RECORD MS post-authorization safety study. I reviewed the final study report7 
for RECORD MS. This small study of 35 subjects did not provide data that would alter conclusions 

                                                       
4 According to the study inclusion criteria, subjects must have “experienced a single, first clinical event suggestive of MS within 
75 days prior to the initial Screening visit”. (Page 44 ORACLE MS original protocol) 
5 Exclusion criterion 1. Page 45 ORACLE MS original protocol.  
6 The efficacy of cladribine tablets in CIS patients retrospectively assigned the diagnosis of MS using modern criteria: Results 
from the ORACLE-MS study. Freedman MS, et al. Mult Scler J Exp Transl Clin. 2017 Oct-Dec; 3(4): 2055217317732802. 
7 Module 5.3 of the May 31, 2018 submission to NDA 022561 
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regarding the clinical safety of cladribine. One objective of the RECORD MS study was to assess pregnancy 
outcomes in women exposed to cladribine; however, no pregnancies were reported in the study.  

 Exposure to Oral Cladribine in Clinical Studies 

The table below summarizes the number of clinical study subjects exposed to oral cladribine by dose.8 
The Applicant’s proposed cumulative dose of cladribine is 3.5 mg/kg body weight, administered orally as 
1 treatment course of 1.75 mg/kg per year. Each treatment course consists of 2 treatment weeks,  

 of the respective year of 
treatment. Each treatment week consists of 4 or 5 days on which a patient receives 10 or 20 mg of 
cladribine (i.e., 1 or 2 tablets) as a single daily dose, depending on body weight. 
 
The oral cladribine dose groups are defined as follows: 
• 3.5 mg/kg: In the first 48 weeks, subjects had ≤ 2 treatment weeks of cladribine.  In the second 48 
weeks, subjects had ≤ 2 treatment weeks of cladribine.  No re-exposure to cladribine after 2 years 
(maximum theoretical cumulative dose = 3.5 mg/kg in 4 treatment weeks) 
• 5.25 mg/kg:  In the first 48 weeks, subjects had ≤ 4 treatment weeks of cladribine.  In the second 
48 weeks, subjects had ≤ 2 treatment weeks of cladribine.  No re exposure to cladribine after 2 years 
(maximum theoretical cumulative dose = 5.25 mg/kg in 6 treatment weeks) 
• 7.0 mg/kg (3.5 mg/kg re-exposed): Subjects received the 3.5 mg/kg dose plus ≤ 4 additional 
treatment weeks (maximum theoretical cumulative dose = 7.0 mg/kg in 8 treatment weeks) 
• 8.75 mg/kg (5.25 mg/kg re-exposed): Subjects received the 3.5 mg/kg dose plus ≤ 6 additional 
treatment weeks subjects (maximum theoretical cumulative dose = 8.75 mg/kg in 10 treatment weeks). 
 

                                                       
8 Includes exposure data from CLARITY, CLARITY EXT, ORACLE MS, and ONWARD. 
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Table 4. Duration of Exposure - Number of Subjects Exposed to Oral Cladribine, by Cladribine Dose and 
Number of Treatment Weeks (Cladribine Safety Database) 

 
Source: Table 2 Applicant response to FDA information request. Submitted to NDA 022561 on November 7, 2018. 

 

  Adequacy of Safety Assessments 

 Demographics 

The table below summarizes the demographic characteristics of the All Exposed Cohort.  The clinical 
study data provide little information on the use of cladribine in patients ≥65, because the clinical study 
eligibility criteria included only persons between 18 and 65 years of age. The All Exposed Cohort included 
2 subjects9 who met that age criterion at study enrollment.10 In addition, the clinical studies provided a 
limited amount of data in United States subjects.  
 

                                                       
9 CLARITY subjects  were 65 years old at the time of enrollment.  
10 Integrated Summary of Safety dataset ADSL 
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Table 5. Demographic Characteristics. All Exposed Cohort. 

 
Source: P. 76 Summary of Clinical Safety 
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  Safety Data Quality 

Issues with the cladribine clinical study safety data include the following: 
 
• In many cases, information needed to fully evaluate adverse events was not available (e.g., 

information on symptoms, clinical course).  
• There were some adverse events for which this reviewer disagreed with Applicant's adverse event 

coding. 
• Several treatment discontinuations, in this reviewer’s assessment, were likely related to an adverse 

event, but were not categorized as such by the Sponsor [reasons for discontinuation included “Other 
(Consent Withdrawn)” and “Other (Subject Decision to Withdraw)”]. 

 

 Main Safety Issues 

 Malignancies 

Cladribine interferes with DNA synthesis and repair through incorporation into DNA and through 
inhibition of enzymes involved in DNA metabolism.11 Data from the 2010 NDA submission indicated an 
increased risk of malignancy with cladribine treatment.12 In the Complete Response Letter,13 FDA 
requested data to support an improved understanding of the malignancy risk. 
 
In the CLARITY study,14 3 subjects treated with cladribine 3.5 mg/kg developed ≥1 malignancy (incidence 
0.39 malignancy events per 100 person-years), compared to 0 placebo subjects (see table below).  
 
Table 6. Incidence of Malignancies. CLARITY Study. 

  
Adj = adjusted     AE= adverse event   Diff = difference    PY = person-years     CI = confidence interval      NE = not estimable 
Source: Response to FDA information request submitted to NDA 022561 on January 10, 2019 
 

                                                       
11 Leist, TP, Weissert R. Cladribine: mode of action and implications for treatment of multiple sclerosis. Clin Neuropharmacol. 
2011 Jan-Feb;34(1):28-35. 
12 Human Carcinogenicity Section 7.61 of the NDA 022561 clinical safety review. January 4, 2011. 
13 February 28, 2011 
14 CLARITY is the only placebo-controlled study of oral cladribine monotherapy in subjects with multiple sclerosis.  
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The table below displays the incidence of malignancies in the monotherapy oral cohort, which includes 
oral placebo-controlled studies (CLARITY and ORACLE MS), as well as uncontrolled data from the CLARITY 
Extension and the PREMIERE registry.  
 
The cladribine dose columns in Tables 7 and 8 correspond to the following subject groups:   
 
• Placebo column: Subjects were randomized to placebo in controlled studies. Subjects may have had 

additional follow-up in uncontrolled studies but received no cladribine. 
• 3.5 mg/kg column: Subjects were randomized to cladribine 3.5 mg/kg in controlled studies during the 

first 2 treatment years. Subjects did not receive cladribine after the first 2 years.  
• 5.25 mg/kg column: Subjects were randomized to cladribine 5.25 mg/kg in controlled studies during 

the first 2 treatment years. Subjects did not receive cladribine after the first 2 years. 
• 5.25 mg/kg column: Subjects were randomized to cladribine 5.25 mg/kg in controlled studies during 

the first 2 treatment years. Subjects did not receive cladribine after the first 2 years. 
• 3.5 mg/kg re-exposed columns: Subjects were randomized to cladribine 3.5 mg/kg in controlled 

studies during the first 2 treatment years. Subjects received additional cladribine 3.5 mg/kg after the 
first 2 treatment years, starting in Year 3.15  

 
In the monotherapy oral cohort (study treatment in years 1 and 2), malignancies occurred more 
frequently in cladribine 3.5 mg/kg subjects (10 events in 3,735 person-years [0.27 events per 100 patient-
years]), compared to placebo-treated subjects (3 events in 2,271 person-years [0.13 events per 100 
patient-years]). 
 
Table 7. Incidence of Malignancies. Monotherapy Oral Cohort. 

 
Study data included: CLARITY and ORACLE MS, as well as uncontrolled data from CLARITY Extension and the PREMIERE registry.  
Adj = adjusted     AE= adverse event   Diff = difference    PY = person-years     CI = confidence interval      NE = not estimable 
Source: Response to FDA information request submitted to NDA 022561 on December 20, 2018 
The time on study in the 3.5 mg/kg re-exposed column was calculated from the time of first cladribine dosing in Year 1.  
The time on study in the 3.5 mg/kg re-exposed* column was calculated from the time of re-exposure to cladribine (first dose in Year 3). 

 

                                                       
15 This subject group includes subjects who received as at least one dose of cladribine in Year 3. (Response to FDA information 
request submitted to NDA 022561 on December 20, 2018) 
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Reviewer comment: The latency period from when a substance initially triggers or promotes a malignancy 
to when the malignancy is diagnosable can vary. In the 2011 review of the original cladribine NDA, the 
median latency to onset of malignancy was 3.2 years.   However, the median time on study was 1.8 years, 
and there was concern of higher malignancy incidences with longer durations of patient follow-up.  
 
The additional data provided in the 2018 resubmission (mean duration of observation 4 years)16 do not 
indicate an increased risk of malignancy with longer durations of follow-up in patients treated with 
cladribine 3.5 mg/kg in the first 2 treatment years. The incidence of malignancy AEs seen in the CLARITY 
study was 0.39 events per 100 person-years (Table 6).17 With additional follow-up in the monotherapy 
oral cohort, subjects who received cladribine 3.5 mg/kg in the first 2 treatment years had an incidence of 
malignancy AEs of 0.27 events per 100 person-years (Table X); the Applicant uses this incidence 
calculation in the proposed labeling submitted with the resubmission.  
 
Subjects who received additional treatment cycles of cladribine 3.5 mg/kg after the first 2 treatment years 
had a higher incidence of malignancy AEs (0.91 events per 100 person-years calculated at the start of 
cladribine in Year 3) [risk ratio 6.85 (95% CI 1.77, 26.50) compared to placebo]. 
 
Reviewer comment: The Applicant has proposed a Warnings and Precautions section describing 
malignancies.  If cladribine is approved, the higher risk of malignancy with additional treatment cycles of 
cladribine should be described in the cladribine Prescribing Information malignancy Warning. 
 
 
Table 8 provides a listing of malignancies in the monotherapy oral cohort. These malignancies were found 
at a variety of anatomic sites. Some malignancies in MAVENCLAD patients were more severe [e.g., 
metastatic pancreatic carcinoma, malignant melanoma (2 cases), ovarian cancer] compared to 
malignancy cases in placebo patients, all of which were curable by surgical resection [basal cell 
carcinoma, cervical carcinoma in situ (2 cases)]. 

 

                                                       
16 Mean duration of observation in patients treated with cladribine 3.5 mg/kg (during years 1 and 2) in the monotherapy oral 
cohort. Source: Applicant response to FDA information request submitted to NDA 022561 on January 10, 2019. 
17 This number is similar to the incidence of malignancy events reported in the 2010 NDA submission; in trials of oral cladribine 
worldwide, there was an incidence rate of 0.38 cases per 100 subject-years.  
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Table 8. Adjusted Malignancy Treatment-Emergent Adverse Event Incidence Rate. Monotherapy Oral Cohort. 

 

 
Source: Sponsor ISS Table 14.1.6.2a (p. 5850-5851) 
Study data included: CLARITY and ORACLE MS, as well as uncontrolled data from CLARITY Extension and the PREMIERE registry. 
T = time on study 
The time on study in the 3.5 mg/kg re-exposed column was calculated from the time of first cladribine dosing in Year 1.  
The time on study in the 3.5 mg/kg re-exposed* column was calculated from the time of re-exposure to cladribine (first dose in Year 3). 

 
At baseline, there were no notable imbalances in demographic characteristics between treatment groups 
(e.g., age, location).18 The Applicant performed analyses of demographic and disease characteristics of 
subjects overall, with, or without malignancy.19 Age was identified as a risk factor for development of 
malignancies, which is consistent with the general population.   
 
The incidence of malignancy events in cladribine 3.5 mg/kg oral monotherapy subjects from the United 
States was 2.21 per 100 person-years, which is higher compared to non-United States subjects (see table 
below).20 This United States incidence rate is based on a relatively small duration of observation (188.5 
person-years in cladribine 3.5 mg/kg United States subjects, compared to 3565.6 person-years in 

                                                       
18 Summary of Clinical Safety Table 10 
19 Summary of Clinical Safety p. 271-274. 
20 In the monotherapy oral cohort, the 4 malignancy events in United States subjects included (one case of each): Basal Cell 
Carcinoma, Bowen’s Disease, Bile Duct Adenocarcinoma (metastatic, fatal), and Papillary Thyroid Cancer.  
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cladribine 3.5 mg/kg non-United States subjects), and the incidence rate point estimate is unstable. The 
cause of this difference is not clear. In clinical studies of cladribine for multiple sclerosis, adverse event 
rates in the United States were consistently higher than rates reported worldwide. 
 

Table 9. Comparison of Malignant Tumors Between Cladribine and Placebo Groups – Incidence Rates, 
Risk Differences, and Risk Ratios, by Geographic Location (United States Subjects vs Non-United States 
Subjects) (Monotherapy Oral Cohort) 

 
Source: Response to FDA information request submitted to NDA 022561 on January 10, 2019 
Adj-AE per 100 PY=time-adjusted adverse event incidence rate (number of events occurring in 100 patient years),  
CI=confidence interval, Diff.=difference, NE=not estimable, PY=patient years. 
a CI is computed with the Wald method for the number of subjects with events using a Poisson regression model with fixed 
effect for treatment group and with log of time at risk as an offset. 
b CI is computed using the Miettinen and Nurminen method. 
 
Cases of myelodysplastic syndrome have been reported with parenteral cladribine in multiple sclerosis 
and in other indications. Please refer to review section 5.4.5 for details on cases of myelodysplastic 
syndrome and for the recommended hematologic laboratory monitoring.  
 
Reviewer comment: If cladribine is approved for treatment of multiple sclerosis, this reviewer recommends 
describing the malignancies with cladribine with a Boxed Warning. This reviewer recommends enhanced 
pharmacovigilance to assess malignancy incidence rates, including malignancy incidence rates specific to 
the United States, in the postmarketing setting.  
 

 Lymphopenia  

The mode of action for cladribine causes a dose-dependent reduction in lymphocyte count.21 This review 
references absolute lymphocyte count toxicity grades, which are listed in the table below.   
 

                                                       
21 Giovannoni G. Neurotherapeutics. 2017 Oct; 14(4): 874–887. 
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Table 10. Absolute Lymphocyte Count Decreased: Toxicity Grading Scheme (CTCAE v3.0) 

 
LLN = lower limit of normal     
CTCAE = National Cancer Institutes (NCI) National Institutes of Health (NIH) Common Terminology Criteria for Adverse Events 
 
In clinical studies, 87% patients treated with cladribine 3.5 mg/kg experienced lymphopenia; 26% and 1% 
of patients had nadir absolute lymphocyte counts less than 500 cells per microliter (Grade 3) and 200 
cells per microliter (Grade 4), respectively (see table below).  
 
Table 11. Abnormalities in Absolute Lymphocyte Count by Worst Post-Baseline Grade (Monotherapy 
Oral Cohort) 

 
Note: Rows correspond to baseline CTCAE grade levels. Columns correspond to post-baseline CTCAE grade levels.  
ALCs = absolute lymphocyte counts   LLN = lower limit of normal     
G1 = Grade 1 = < LLN - 800/mm3; G2 = Grade 2 = < 800 - 500/mm3; G3 = Grade 3 = < 500 - 200/mm3; G4 = Grade 4 = < 200/mm3. 
        Grade 1 = < LLN - 0.8 × 109/L;       Grade 2 = < 0.8 - 0.5 × 109/L;          Grade 3 = < 0.5 - 0.2 × 109/L;        Grade 4 =   < 0.2 × 109/L. 
Absolute lymphocyte count toxicity grades per CTCAE v3.0 
Source: P. 385 Summary of Clinical Safety 

 
Lymphocyte values over time are displayed in the figure and table below.  
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Figure 2. Median (Interquartile Range) Lymphocyte Counts Over Time (Monotherapy Oral Cohort, 
Placebo and 3.5 mg/kg Cladribine Groups) 

 
LLN=lower limit of normal range, Q1-Q3=interquartile range. 
Visits with sample size ≥ 30 per treatment group are displayed. The line indicates the LLN for the majority of measurements. 
Source: Figure 8 Summary of Clinical Safety 
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Table 12. Absolute Lymphocyte Count Over Time (Monotherapy Oral Cohort) 

 
Source: Summary of Clinical Safety Table 50 
LLN=lower limit of normal range    n=number of subjects with data,   NA=not applicable. 
a  Includes only data from date of first re-exposure (Year 3) onwards. 
b  Baseline for the cladribine re-exposed* groups is the last value prior to the start of Year 3 treatment. 
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The lowest absolute lymphocyte counts occurred approximately 7-9 weeks after the start of each 
treatment cycle and were lower with each additional treatment cycle. 
 
Table 13. Lowest Median Absolute Lymphocyte Count by Cladribine Treatment Year (Monotherapy Oral 
Cohort) 

Treatment 
Year 

Lowest Median Absolute  
Lymphocyte Count 

Week of Lowest Median Absolute  
Lymphocyte Count 

Weeks from Treatment Year Start to Lowest 
Median Absolute Lymphocyte Count 

1 1.03 Week 9 9 
2 0.82 Week 55 7 
3 0.77 Week 9* 9 
4 0.70 Week 55* 7 

Source: Summary of Clinical Safety Table 50 
In cladribine clinical studies, treatment cycles were 48 weeks long. 
* Clinical study data for subjects re-exposed to cladribine in Year 3-4. Weeks are calculated from the start of treatment in Year 
3. In the Applicant’s proposed prescribing information, prescribers are advised to not administer additional cladribine 
treatment n Years 3 and 4.  
 
At the end of Year 2 in the Monotherapy Oral Cohort, 2% of patients had absolute lymphocyte counts less 
than 500 cells per microliter (Grade 3);22 in these subjects, the median time to recovery to an absolute 
lymphocyte count at least 800 cells per microliter from Grade 3 was 28.1 weeks.23  
 
Effect of Prior MS Disease-Modifying Drug (DMD) Use on Lymphopenia 
 
In the 3.5 mg/kg cladribine group, the incidence of lymphopenia less than 500/mm3 was higher in 
subjects with use of DMDs prior to study entry (32.1%), compared to those with no prior DMD use  
(23.8%). 
 
Applicant-Proposed Lymphocyte Monitoring  
 

 
 
Criteria for Starting and Continuing Therapy (Section 2) 

                                                       
22 Figure 9 Summary of Clinical Safety  
23 P. 181 Summary of Clinical Safety 
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Reviewer comment:  
• Because of hematologic toxicity in addition to lymphopenia seen with cladribine, I recommend 

changing the prescribing information language to specify that prescribers need to obtain a complete 
blood count (CBC) with differential including lymphocyte count (see review section 5.4.5).  

• I recommend periodic long-term follow-up of CBC with differential.  Cases of myelodysplasia have 
been reported in patients treated with cladribine.  

• I also recommend adding language as follows: “Hold MAVENCLAD therapy if the lymphocyte count is 
below 200 cells per microliter.” This advice is consistent with cladribine study protocol instructions.24  

 Fetal Risk 

For additional information on nonclinical studies of embryofetal effects of cladribine, please refer to the 
pharmacology toxicology review.  
 
Cladribine has been shown to inhibit DNA synthesis. Pregnancy outcomes in the All Exposed Cohort are 
summarized in the table below.  
 
Table 14. Pregnancy Outcomes (All Exposed Cohort) 

 
Source: Table 196 Summary of Clinical Safety 
a Per decision of the subjects. 
The outcomes of pregnancies reported in female study subjects are presented in this table. 
 

                                                       
24 P. 61 CLARITY Extension protocol 
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There were 18 pregnancies in cladribine-treated subjects that resulted in live birth. The only reported 
birth defects occurred in the twin offspring of CLARITY Extension Subject  (cumulative cladribine 
dose 3.87 mg/kg in the CLARITY study). 25 One twin had an omphalocele, and one twin had a patent 
foramen ovale). The subject became pregnant approximately 2 years and 3 months after the last 
cladribine administration.  
 
There are no data on the presence of cladribine in human milk, the effects on the breastfed infant, 
or the effects of the drug on milk production.26 
 
Reviewer comment: Cladribine has been shown to inhibit DNA synthesis. I recommend that cladribine be 
contraindicated for use in pregnant women and in women of reproductive potential or their male partners 
who are not using effective contraception because of the potential for fetal harm. Teratogenicity and 
embryolethality occurred in animals.  
 

 Infections 

In the Oral Placebo-Controlled Double-Blind Cohort, treatment-emergent adverse events in the Infections 
and Infestations SOC occurred in 49% of MAVENCLAD-treated patients compared to 44% of placebo 
patients.27 The most frequent severe infections in cladribine subjects included herpes zoster and 
pyelonephritis (see table below). 
 
Table 15. Most Frequent Severe Infections. Oral Placebo-Controlled Double-Blind Cohort. 

 
Adj-AE per 100 PY=time adjusted adverse event incidence rate (number of events occurring in 100 patient years), AESI=adverse 
event of special interest, n=number of subjects with events, PY=patient years, T=total time of subjects on study in years. 
Source: P. 217 Summary of Clinical Safety 
 

                                                       
25 P. 491 Summary of Clinical Safety 
26 P. 489 Summary of Clinical Safety 
27 P. 213 Summary of Clinical Safety 
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In the All Exposed Cohort, there were 4 deaths related to adverse events in the Infections and 
Infestations SOC: 
• CLARITY Subject ): This 21-year-old female 

subject from Tunisia died from tuberculosis (cumulative cladribine dose: 0.85 mg/kg). 
Reviewer comment: In my assessment, this death is related to cladribine treatment. For additional 
details on this case, please refer to the original NDA review.  

• MS-Scripps Subject : This 43-year-old female 
subject from the United States died from fulminant hepatitis B (cumulative cladribine dose: 1.4 mg/kg 
intravenous, equivalent to an oral cladribine dose of 3.5 mg/kg). 
Reviewer comment: In my assessment, this death is related to cladribine treatment. For additional 
details on this case, please refer to the original NDA review.  

• PREMIERE Subject ): A 50-year-old female 
subject participating in the PREMIERE Registry experienced herpetic meningoencephalitis, 
pneumonia, and pneumothorax with fatal outcome 23 months after the most recent cladribine 
administration (cumulative cladribine dose of 5.5 mg/kg over 3 years in the ONWARD study in 
combination with interferon beta-1a).  
Reviewer comment: This is the only case of central nervous system herpetic infection reported in a 
cladribine study of multiple sclerosis patients. This case occurred in a subject who received cladribine 
at a higher dose than 3.5 mg/kg, in combination with interferon beta-1a.  

• PREMIERE Subject : This 35-year-old male subject 
participating in the PREMIERE Registry experienced serious pneumonia, serious brain edema and 
serious brain herniation with fatal outcome 5 years after the most recent dose of cladribine 
(cumulative cladribine dose 1.91 mg/kg in the ONWARD Study in combination with interferon β-1a).   
Reviewer comment: This event occurred 5 years after the last cladribine treatment, and its relationship 
to cladribine is unclear. White blood cell count at the time of hospitalization for pneumonia was high 
(14.2 × 109/L).  

 
In the All Exposed Cohort, 3 of 1976 (0.2%) cladribine subjects developed tuberculosis. In addition to the 
fatal case, two cases28 were treated and resolved. 
 
Opportunistic infections reported with MAVENCLAD treatment included fungal infections and 
coccidiomycosis. No cases of Cryptococcus, toxoplasmosis, pneumocystis jirovecii pneumonia, or 
cytomegalovirus have been reported in clinical studies of cladribine in multiple sclerosis patients.29  
 
 
 
 

                                                       
28 Unique subject IDs  (treated with placebo in CLARITY and cladribine 3.5 mg/kg in CLARITY Extension) and 

 (treated with cladribine 5.25 mg/kg in CLARITY and cladribine 3.5 mg/kg in CLARITY Extension) 
29 Adverse event datasets and P. 239 of the Summary of Clinical Safety 
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The Applicant proposes the following measures related to infections: 
 
• HIV infection, active tuberculosis and active hepatitis must be excluded before initiation of 

MAVENCLAD (Contraindications section of the proposed label).  
• Perform screening for latent infections, in particular tuberculosis and hepatitis B and C, prior to 

initiation of therapy in year 1 and year 2. Delay initiation of MAVENCLAD until the infection has been 
adequately treated. 

• Consider a delay in initiation of MAVENCLAD in patients with an acute infection until the infection is 
fully controlled. 

• Initiation of MAVENCLAD in patients currently receiving immunosuppressive or myelosuppressive 
therapy is not recommended (Drug Interactions section of the proposed label).  
 

Reviewer comment: This reviewer agrees with the measures listed above. 
 
Herpes Virus Infections 
 
In the Monotherapy Oral Cohort, the incidence of herpetic infections occurred in 6.4% of cladribine 3.5 
mg/kg subjects, compared to 3.0% of placebo subjects (see table below). The most frequent types of 
herpetic infections were herpes zoster infections and oral herpes. Herpes zoster occurred in 2.9% of 
cladribine 3.5 mg/kg subjects, compared to 0.6% placebo subjects.  
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Table 16. Herpes Virus Infections (Monotherapy Oral Cohort) 

 
Adj-AE per 100 PY=time adjusted adverse event incidence rate (number of events occurring in 100 patient years), AESI=adverse 
event of special interest, n=number of subjects with events, PY=patient years, T=total time of subjects on study in years. 
Preferred terms are presented by decreasing Adj-AE per 100 PY in the 3.5 mg/kg cladribine group. 
a Includes only data from date of first re-exposure (Year 3) onwards. 
Source: Page 231 Summary of Clinical Safety 
 
The Applicant proposes the following measures related to herpes virus infections: 
 
• Vaccination of patients who are antibody-negative for varicella zoster virus is recommended prior to 

initiation of MAVENCLAD. Postpone initiation of treatment with MAVENCLAD for 4 to 6 weeks, if 
possible, to allow for the full effect of vaccination to occur. 

• Administer anti-herpes prophylaxis in patients with lymphocyte counts less than 200 cells per 
microliter. 

• Patients with lymphocyte counts below 500 cells per microliter should be actively monitored for signs 
and symptoms suggestive of infections, including herpes zoster. If such signs and symptoms occur, 
initiate treatment as clinically indicated. Consider interruption or delay of MAVENCLAD until 
resolution of the infection. 

 
Reviewer comment: This reviewer agrees with the measures listed above. 
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Progressive Multifocal Leukoencephalopathy 
 
With parenteral cladribine in oncological indications, cases of progressive multifocal 
leukoencephalopathy (PML), including fatal cases, have been reported 6 months to several years after 
treatment.30 No cases of PML have been observed in over 9,500 person-years of exposure to cladribine in 
clinical studies of cladribine in multiple sclerosis patients. Given the risk of PML seen with cladribine in 
oncologic indications, the Applicant proposes the following language as part of the infections Warning 
section:  

 
Reviewer comment: This reviewer agrees with the Applicant’s recommendation that patients receive a 
baseline MRI prior to initiating treatment with cladribine.  
 
Vaccinations 
 
In the proposed prescribing information, the Applicant proposes language as follows: 
 

 
The Applicant has not conducted any formal vaccine-interaction studies. No specific data on 
cladribine use in patients recently vaccinated with live or live-attenuated vaccines were identified 
in the Applicant’s search of literature sources.31  
 
Reviewer comment: The Applicant’s recommendation is acceptable. It is consistent with published 
guidelines32-33 and is consistent with the recommendations provided in the Ocrevus and Lemtrada 
Prescribing Information. 
 

                                                       
30 P. 503 Summary of Clinical Safety 
31 Page 88 Applicant response to complete response letter appendix. Module 1 of the 5/31/18 submission to NDA 022561. 
32 Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA clinical practice guideline for vaccination of 
the immunocompromised host. Clin Infect Dis. 2014;58:309-18. 
33 Ariza-Heredia EJ and Chemaly RF. Practical review of immunizations in adult patients with 
cancer. Hum Vaccin Immunother. 2015;11:2606-14. 
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 Hematologic Toxicity and Bone Marrow Suppression 

In addition to lymphopenia (review section 5.4.2), increased frequencies of below normal measurements 
were seen in all hematologic laboratory parameters analyzed. Frequencies of below normal hematologic 
laboratory measurements for cladribine 3.5 mg/kg subjects compared to placebo subjects in the Oral 
Placebo-Controlled Double-Blind Cohort are summarized below.34 
 
Cladribine subjects had a higher incidence of below normal neutrophil counts35 (29.9%) compared to 
placebo-treated subjects (15.8%). Neutrophil counts qualifying as Grade 3 or 4 Toxicity (<1.0 x 109/L) 
occurred in 3.6% of cladribine subjects, compared to 2.8% of placebo subjects. 
 
Cladribine-treated subjects had a higher incidence of below normal hemoglobin levels36 (25.7%) 
compared to placebo-treated subjects (18.9%). Hemoglobin levels qualifying as Grade 3 or 4 Toxicity (<8 
g/dL) occurred in 0.8% cladribine subjects, compared to 0.5% placebo subjects. 
 
Cladribine-treated subjects had a higher incidence of below normal platelet levels37 (10.7%) compared 
to placebo-treated subjects (3.9%). A similar percentage of cladribine subjects had platelet levels 
qualifying as Grade 3 or 4 Toxicity (<50 x 109/L) compared to placebo subjects (0.2% in both groups). 
 
Serious Adverse Events and/or Events Leading to Discontinuation of Study Treatment 
 
A total of 4 pancytopenia events in 4 cladribine subjects in the All Exposed cohort were SAEs 
and/or TEAEs leading to discontinuation of study treatment:38 
 
Reviewer comment: Adverse event Preferred Terms are listed in bold italics. 
 

• MS–Scripps Subject ): This 
39-year-old female subject developed an SAE of bone marrow failure approximately 3 months 
after the first dose and 5 days after the last dose of iv cladribine (oral equivalent cumulative 
dose: 7.02 mg/kg). A bone marrow biopsy revealed hypocellular marrow containing 
approximately 90% fat on section and very few megakaryocytes. Hematology data are 
summarized in the table below. 
 

                                                       
34 Page 39 Applicant response to complete response letter appendix. Module 1 of the 5/31/18 submission to NDA 022561. 
35 Abnormal platelet count defined as measurements below the lower limit of reference range. 
36 Abnormal hemoglobin levels defined as measurements below the lower limit of reference range.  
37 Platelet counts less than the lower limit of the reference range.  
38 P. 301 Summary of Clinical Safety 

Reference ID: 4411143Reference ID: 4413345

(b) (6)



Clinical Safety Review 
Evelyn Mentari, MD, MS 
NDA 022561 Mavenclad (cladribine) 
 

45  

Table 17. MS Scripps Subject  Hematology Data 

 
 
Supportive therapy included transfusion of RBC and platelets and granulocyte macrophage 
colony stimulating factor. Study treatment was discontinued. The event resolved within 7 
months.  
 

• SCRIPPS-A Subject ): This 63-year-old female 
subject developed an SAE of pancytopenia 82 days after the first dose and 19 days after the last 
dose of iv cladribine (oral equivalent cumulative dose: 4.57 mg/kg). The subject had a 
gastrointestinal hemorrhage, which was treated with intravenous (i.v.) human immunoglobulin. 
The subject was treated with filgrastim. Study treatment was discontinued. Pancytopenia was 
ongoing as last reported.  
 

• CLARITY EXT Subject ): This 65-year-old female 
subject was diagnosed with pancytopenia of moderate intensity (lowest values: WBC: 2.1 x 
109/L, lymphocytes 0.2 x 109/L, neutrophils 1.5 x 109/L, platelets 81 x 109/L), approximately 22 
months after the first dose and 10 months after the last dose of cladribine (cumulative dose: 3.80 
mg/kg). Nine months after onset of event, a bone marrow biopsy showed cellularity 30-40% with 
trilineage maturation and mild to moderate erythroid hyperplasia. The event led to 
discontinuation of study treatment and resolved within 26 months.  
 

• CLARITY Subject ): This 21-year-old female 
subject who was diagnosed per autopsy to have tuberculosis died from cardiorespiratory arrest 
(see Section 2.1.5.2.4). During the course of her illness, SAEs of pancytopenia and 
myelodysplastic syndrome were reported. Pancytopenia was diagnosed approximately 
5.5 months after the first and last doses of cladribine (cumulative dose: 0.85 mg/kg).  
Reviewer comment: In this subject, myelodysplastic features of the bone marrow were likely 
secondary to disseminated tuberculosis infection.  
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In addition to the cases of pancytopenia described above, serious cases of thrombocytopenia39, 40, 41 and 
neutropenia,42 categorized as related to cladribine treatment or possibly related to cladribine treatment, 
have been reported.   
 
Two serious cases of thrombocytopenia were consistent with myelodysplastic syndrome:43 
  

• A 50-year-old male subject (MS-Scripps Subject ID  received parenteral cladribine 2.8 
mg/kg (cumulative oral cladribine dose equivalent 7.0 mg/kg). Five years after treatment with 
cladribine, the subject was hospitalized for urosepsis with a low platelet count. He was found on 
bone marrow examination to have some dysplastic changes with an abnormality of chromosome 
20. The subject had a history of occupational exposure to chloroethylene. No other drug known 
to affect hematopoiesis was listed as a concomitant medication in the Sponsor-submitted 
narrative. The investigator assessed the myelodysplasia as possibly related to cladribine. 

 
• A 63-year-old male subject who was administered parenteral cladribine (2.8 mg/kg or 7.0 mg/kg 

oral cladribine dose equivalent) for MS as part of a compassionate use program (Subject ‘T’). His 
platelet count was 225K/mm3 at baseline before cladribine treatment. His platelet count 
remained WNL until , 2 months after his last cladribine dose, when it was 
100K/mm3. In , six years after he received cladribine, his platelet count was  
60K/mm3. Bone marrow examination in  revealed a deletion of some karyotypes of the 
long arm of chromosome 20. The subject’s mother had myelodysplasia diagnosed at age 77 and died 
from acute leukemia at age 87. 
 

CLARITY Subject , who had fatal tuberculosis and pancytopenia, also had an adverse event of 
myelodysplastic syndrome. Given the short latency period of 6 months from the first dose of cladribine to the 
start of the event, the relationship of this event to cladribine treatment is unclear.  
 
Reviewer comment: Cases of myelodysplasia occurred several years after cladribine dosing.  Bone marrow 
suppression is also described in the Boxed Warning in the Leustatin prescribing information (cladribine for 
treatment of hairy cell leukemia). This reviewer recommends describing hematologic toxicity and bone marrow 
suppression in the Mavenclad prescribing information. Complete blood count with differential measurements 
are recommended (as described in review section 5.4.2). 
 

                                                       
39 MS-Scripps Subject ID  (parenteral cladribine 2.8 mg/kg or 7.0 mg/kg oral cladribine dose equivalent) 
40 CLARITY Extension subject  (cumulative oral cladribine dose 3.75 mg/kg) 
41 Compassionate use program Subject (parenteral cladribine 2.8 mg/kg or 7.0 mg/kg oral cladribine dose equivalent) 
42 CLARITY Subject  (cumulative oral cladribine dose 3.5 mg/kg) 
43 P. 117-118 original NDA clinical safety review.  
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 Risk of Graft-versus-Host Disease with Blood Transfusions 

Transfusion-associated graft-versus-host disease (TGVHD) is a rare complication of blood transfusion in 
which donor lymphocytes in a transfused blood component mount an immunodestructive response 
against the recipient.44 Clinical manifestations of TGVHD include hypoproliferative pancytopenia, fever, 
skin rash, diarrhea and hepatitis. Mortality in TGVHD has been estimated to be between 90% and 100%. 
 
An inability of the host’s immune system to recognize and/or eliminate foreign donor lymphocyte cells 
in allogeneic blood components has been identified as a key mechanism. TGVHD typically occurs in 
immunocompromised patients.  
 
TGVHD has been reported in 3 patients treated with cladribine for non-multiple sclerosis indications: 

• Zulian, et al:45  In Switzerland, a 66-year-old woman treated with cladribine for non-Hodgkin's 
lymphoma received 6 units of pooled non-irradiated platelets were transfused from six 
unrelated donors. Seven days after transfusion, the patient developed watery diarrhea, fever 
and rash. The patient developed pancytopenia, acute hepatitis, and multiple organ failure and 
died 9 days after the transfusion. On autopsy, histological examination of the skin, gut, and liver 
showed a non-specific picture consistent with inflammation and infiltration by lymphocytes. 
Minisatellite DNA analysis identified that cells of a specific donor were prevalent in the 
bloodstream and detected in every tissue analyzed post-mortem.  

• Chasty, et al:46 In the United Kingdom, a 69-year-old man received parenteral cladribine for B-
chronic lymphocytic leukemia.47 He developed hemolytic anemia during the third cladribine 
cycle and received transfusion with non-irradiated packed red blood cells and intravenous 
immunoglobulin. Widespread confluent erythematous rash and culture-negative fever 
developed 13 days after the first blood transfusion. The patient developed hepatic failure and 
remained cytopenic; he died 42 days after the onset of hemolysis. The authors considered the 
clinical picture as highly suggestive of TGVHD. Their centers changed protocol to use irradiated 
blood products for patients following purine analog therapy. 

• Nakai, et al:48 In Japan, a 19-year-old woman received parenteral cladribine as part of the 
conditioning regimen (together with busulfan and rabbit antithymocyte globulin) for reduced-
intensity stem cell transplantation to treat myelodysplastic syndrome. She received cyclosporine 
A as prophylaxis against GVHD. The patient developed systemic skin rash and high-grade fever 
on Day 11; histopathologic findings after a skin biopsy were compatible with acute GVHD. The 
patient died of multiple organ failure on Day 68. 

                                                       
44 Koplovic I, et al. A systematic review of transfusion-associated graft-versus-host disease. Blood. 2015 Jul 16;126(3):406-14. 
45 Zulian GB, et al. Transfusion-associated graft-versus-host disease in a patient treated with Cladribine (2-
chlorodeoxyadenosine): demonstration of exogenous DNA in various tissue extracts by PCR analysis. Br J Haematol. 1995 
Jan;89(1):83-9. 
46 Chasty RC, et al. Autoimmune Haemolysis in Patients with BCLL Treated with Chlorodeoxyadenosine (CDA), Leukemia & 
Lymphoma, 29:3-4, 391-398, 1998. 
47 Referred to as Case 6 in the publication 
48 Nakai, et al. Ann Hematol (2002) 81:593–596. 
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No cases of TGVHD were reported in clinical studies of the cladribine clinical development program or 
from postauthorization sources for cladribine in multiple sclerosis (MS).49 
 
The Applicant proposes the following language in the Warnings and Precautions section of the label: 
 
 
         

 
Reviewer comment:  
TGVHD had been reported with cladribine treatment, and mortality in TGVHD has been estimated to be 
between 90% and 100%. This reviewer agrees with describing the risk of TGVHD in the Warnings and 
precautions Section of the label and advising irradiation of cellular blood components is recommended 
prior to administration to prevent TGVHD.  
 
Irradiation of cellular blood components, the best-established intervention to prevent TGVHD, may 
generate operational costs, time delays (e.g., if irradiation is not done in-house), and may damage 
transfused red cells. In the assessment of this reviewer, prevention of TGVHD warrants the downsides of 
irradiation of cellular blood components.50  
 

 Hepatic Disorders 

Liver Laboratory Tests 
 
In analyses of liver laboratory parameters stratified by National Cancer Institute (NCI) Common 
Terminology Criteria for Adverse Events (CTCAE), the frequencies of liver laboratory parameter 
abnormalities were generally similar in placebo and cladribine 3.5 mg/kg subjects in the Monotherapy 
Oral Cohort (see tables below). 
 

                                                       
49 Applicant response to FDA information request submitted to NDA 022561 on February 8, 2019.  
50 Koplovic I, et al. A systematic review of transfusion-associated graft-versus-host disease. Blood. 2015 Jul 16;126(3):406-14. 
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Table 18. CTCAE (v3.0) Grading Parameters for Liver Laboratory Parameters 

 

 
Source: Summary of Clinical Safety page 67 
ALT=alanine aminotransferase, AST=aspartate aminotransferase, CTCAE=Common Terminology Criteria for Adverse Events, 
NCI=National Cancer Institute, ULN=upper limit of normal. 
 
Table 19. Number and percentage subjects by maximum liver laboratory test CTCAE grade. 
Monotherapy Oral Cohort.  
 Placebo (N=641) 

Maximum CTCAE Grade 

Cladribine 3.5 mg/kg (N=923) 

Maximum CTCAE Grade 

 CTCAE Grade 0 1 2 3 4 CTCAE Grade 0 1 2 3 4 

AST (U/L) n 503 115 28 5 0 n 736 147 24 8 0 

% 79 18 4 1 0 % 80 16 3 1 0 

 
ALT (U/L) n 429 161 36 14 0 n    629 230 42 15 1 

% 67 25 6 2 0 %     68 25 5 2 <1 

 
Total Bilirubin 

Bilirubin 
(umol/L) 

n 541 69 30 1 0 n   783 83 49 2 0 

% 84 11 5 <1 0 %    85 9 5 <1 0 

Source: Integrated Summary of Safety tables p. 10458-9 
ALT=alanine aminotransferase, AST=aspartate aminotransferase, CTCAE=Common Terminology Criteria for Adverse Events. 
 
Hepatobiliary Disorder SOC Adverse Events – Serious And/Or Leading to Discontinuation 
 
In the Monotherapy Oral Cohort, 10 of 1555 cladribine subjects51 (0.6%) had a Hepatic disorder system 
organ class (SOC) adverse event that was serious and/or lead to discontinuation, compared to 5/641 
(0.8%) placebo subjects.  
 

                                                       
51 Cladribine 3.5 and 5.25 mg/kg groups. All adverse events with possible drug-induced liver injury occurred with cumulative 
exposure to cladribine of 3.8 mg/kg or less.  
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Reviewer comment: After review of these adverse events, 552 of 10 cladribine subjects and 553 of 5 
placebo subjects were confounded or had etiologies not consistent with drug-induced liver injury.  
 
Five of 1555 (0.3%) cladribine subjects in the Monotherapy Oral Cohort had Hepatic disorder SOC 
adverse events (serious or causing treatment discontinuation) consistent with drug-induced liver injury, 
compared to 0 of 641 placebo subjects:   
 
Reviewer comment: Adverse event Preferred Terms are listed in bold italics. Some of the provided 
narratives did not contain relevant details, including symptoms, laboratory reference ranges, and 
whether the patient was hospitalized. 
 

• ORACLE Subject ): This 22-year-old female subject 
had a serious, severe ALT increase (peak ALT level 720 U/L; 21x ULN Grade 4) approximately 1 
month after first and last doses of cladribine (randomized to cladribine 3.5 mg/kg; cumulative 
dose: 0.87 mg/kg), and an additional AST increase (peak AST 449 U/L; Grade 3). The investigator 
considered the events as related to study treatment, cladribine treatment was discontinued. The 
events had resolved after 96 and 129 days, respectively. 
Reviewer comment: Because this subject’s bilirubin level remained within normal limits, this case 
does not fulfill Hy’s Law criteria.54Details regarding symptoms and hospitalization were not 
provided in the subject narrative.  
 

• CLARITY Subject ): This 56-year-old female 
subject had serious, severe Acute hepatitis, starting 56 days after her first dose and 24 days 
after her most recent dose of cladribine (cumulative dose at AESI onset: 1.90 mg/kg). The 
investigator considered the event as related to study treatment, cladribine treatment was 
discontinued. 
Reviewer comment: This subject was found to have a serum AST level that was ~4 times the ULN 
(139 IU/L; Grade 2) and a serum ALT level that was ~6.5 times the ULN (242 IU/L; Grade 3) at the 
beginning of the third course of cladribine treatment; a small increase in total bilirubin level was 
also observed, but bilirubin level remained within normal limits (peak value 9 µmol/L; ULN for 
bilirubin was 21 µmol/L). Peak alkaline phosphatase was 141 IU/L (reference range, 40–100 
IU/L). Review of medical history and viral serology and radiology results revealed no other 
possible cause of the hepatitis.55 

                                                       
52 Source: Pages 324-326 Summary of Clinical Safety and narratives.  Cladribine subjects: CLARITY Subject  (overdose 
of zopiclone and hydroxyzine); CLARITY Subject (chronic cholecystitis); CLARITY Subject  
(hepatosplenomegaly with fatal tuberculosis); CLARITY EXT Subject  (benign hemangioma of the liver); and CLARITY 
EXT Subject  (acute fatal hepatitis B). 
53 Source: Pages 326-327 Summary of Clinical Safety and narratives. Placebo subjects: CLARITY Subject  (hepatic 
cyst); CLARITY Subject  (hepatic dysfunction associated with fatal hemorrhagic stroke); CLARITY Subject  
(chronic hepatitis C); and  ORACLE Subject  and ORACLE Subject both had concomitantly elevated creatine 
kinase, AST, and ALT (consistent with muscle as a source of transaminase elevation).  
54 Page 103 original NDA review. Subject initials   
55 P. 103 original NDA review. 
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• ORACLE Subject ): This 30-year-old female 

subject had 2 events of ALT increased (peak ALT 188 U/L; Grade 3) and AST increased (peak AST 
90 U/L; Grade 2), 2 months after the first and 1 month after the most recent dose of cladribine 
(cumulative dose at AESI onset: 1.85 mg/kg). The investigator considered the events as related 
to study treatment, and cladribine treatment was discontinued. The events had resolved after 
43 days. 
 

• ORACLE Subject ): This 34-year-old female 
subject had 3 events of ALT increased (Peak ALT 282 U/L; Grade 3) and AST increased (Peak ALT 
295 U/L; Grade 3) starting 17 days after the first and 14 days after the last dose of cladribine 
(cumulative dose at AESI onset: 0.833 mg/kg). The investigator considered the events as possibly 
related to study treatment. and cladribine treatment was discontinued due to the Grade 3 ALT 
increased. 
 

• ORACLE Subject ): This 28-year-old female 
subject had a nonserious, moderate transaminase increase [Peak ALT 204 U/L (Grade 3); Peak 
AST 95 U/L (Grade 2); Preferred term: Transaminase increase], starting 16 months after the first 
and 5 months after the last dose of cladribine (cumulative dose: 3.80 mg/kg). Cladribine 
treatment was discontinued. The investigator considered the event as related to study 
treatment. 

 
No adverse events meeting the criteria for Hy’s Law56 occurred in the development program of 
cladribine for multiple sclerosis.57 
 
Reviewer’s comment: This reviewer recommends describing liver injury in the prescribing information of 
cladribine. 
 

 Hypersensitivity 

In the Oral Placebo-Controlled Double-Blind Cohort, 115 of 1324 (11.3%) of cladribine-treated subjects 
had a hypersensitivity adverse event, compared to 44 of 641 (6.8%) placebo-treated subjects (see table 
below).58  
 

                                                       
56 ALT or AST > 3x ULN; and total bilirubin > 2x ULN and alkaline phosphatase <= 2x ULN. 
57 P. 406 Summary of Clinical Safety 
58 Submission to NDA 022561 on October 4, 2010. P. 125-135 original NDA review.  
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Table 20. Hypersensitivity Adverse Events Reported in at Least 2 Subjects. Oral Placebo-Controlled 
Double-Blind Cohort 

 
Source: Summary of Clinical Safety p. 307 
 
Reviewer comment: CLARITY Subject  (cladribine 5.25 mg/kg group) had an Anaphylactic 
reaction adverse event on Study Day 71.59 However, the investigator did not categorize this event as 
related to cladribine. The subject continued to receive cladribine in CLARITY and the CLARITY Extension 
study with no reported recurrence of anaphylaxis. In the assessment of this reviewer, this event is 
unlikely to be related to cladribine.  
 
In the Oral Placebo-Controlled Double-Blind Cohort, 7 of 1294 (0.5%) cladribine-treated subjects 
experienced a Hypersensitivity Serious Adverse Event or discontinued treatment due to a 
Hypersensitivity adverse event.60 One of 641 (0.1%) placebo subjects experienced a Hypersensitivity 
Serious Adverse Event or discontinued treatment due to a Hypersensitivity adverse event). In the 
CLARITY study, cladribine subject  had a serious skin adverse event resembling erythema 
multiforme. 
  

                                                       
59 P 308 Summary of Clinical Safety 
60 This calculation does not include cladribine events assessed by this reviewer as being unlikely related to treatment. 
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Table 21. Hypersensitivity Adverse Events* -- Serious and/or Leading to Discontinuation. Oral Placebo-Controlled Double-Blind 
Cohort 
 
Subject 

No. 

Total 
Cladribine 

Dose at 
AE Onset 

 
Latency1  

 
Age 
Sex 

Country 

 
Preferred 

Term 

 
SAE 

and/or 
DC2

 

 
 

Comment 

 
 
 
 
 
 
CLARITY 

 
 
 
 
 
 
 
 

0.18 mg/kg 

 
 
 
 
 
 
 
 

1 day 

 
 
 
 
 
 
 

19 F 
Germany 

 
 
 
 
 
 
 
 

Hypersensitivity 

 
 
 
 
 
 
 
 

SAE 
 DC 

After taking the first cladribine tablet on  the 
patient had headache, burning eyes, double vision, and vertigo. The 
subject's left jaw was asymmetrically swollen, and her tonsils were 
swollen. Two days after starting cladribine she developed a skin 
reaction with mucous membrane involvement. She had acne-like 
red spots on her face, neck, breasts, arms, and legs, as well as 
ulcerations of the mouth and tongue. These events were 
considered incapacitating. There was no report of a skin biopsy. 
She took her last dose of cladribine on . Her 
double vision resolved by . No eye 
abnormalities were found by an ophthalmologist. Her skin 
reaction resolved by . The subject withdrew 
from the study on  and was lost to follow-up. 
Reviewer comment: This subject experienced a serious skin 
reaction with cladribine administration resembling erythema 
multiforme. Definitive diagnosis is impaired by the lack of a 
reported skin biopsy.  

 
CLARITY 

 
 

3.5 mg/kg 

 
 
5.5 months 

 

27 F 
Germany 

 
 

Hypersensitivity 

 
 

SAE 

The subject had an SAE of moderate hypersensitivity (suspected 
allergic reaction; PT: Hypersensitivity), starting approximately 8.5 
months after the first and 5.5 months after the last dose of cladribine 
(cumulative dose: 3.52 mg/kg). The investigator assessed the event as 
related to study treatment. 

 
CLARITY 

 
1.8 mg/kg 

 
27 days 

 
22 F 

Switzerland 

 
Dermatitis allergic 

 
SAE 
DC 

Cladribine treatment was discontinued on  
because of worsening exanthem on her face and head, which was 
likely related to cladribine. The dermatitis started approximately 2 
months after the first and 1 month after the last dose of cladribine. 

 
CLARITY 

 
 

2.5 mg/kg 

 
 

220 days 

 
39 F 

Russia 

 
Dermatitis 
Allergic 

 
 

SAE 

 
No additional information about this SAE was provided in the 
narrative.  
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Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

 
Latency1  

 
Age 
Sex 

Country 

 
Preferred 

Term 

 
SAE 

and/or 
DC2

 

 
 

Comment 

 
 
CLARITY 

 
 

2.7 mg/kg 

 
 

4 days to 
1.5 months 

 
 

30 F 
Poland 

 
 

Pruritis 

 
 

SAE 

Fifteen days after her last cladribine dose in year 1, the subject 
developed pruritis allergic. Medication was continued in year 2.   
Four days after the last cladribine treatment in year 2, the subject 
had pruritis, which resolved after 10 days. The subject had a third 
episode of pruritis 1.5 months after the last treatment course of 
cladribine, which resolved after on  which resolved after 
8 th    

CLARITY 
 

1.85 mg/kg 
 

7 months 
 

 
42 F 

United 
Kingdom 

 
Rash 

Erythematous 

 
 

DC 

The subject had an adverse event (Preferred term Rash 
erythematous) starting approximately 8 months after the first dose 
and 7 months after the last dose of cladribine (cumulative dose: 
1.85 mg/kg). The event lead to discontinuation of cladribine 
treatment. 

 
CLARITY 

 
0.91 mg/kg 

 
2 days 

 
29 F 

France 

 
Dermatitis 

 
DC   

The subject developed facial dermatitis starting 6 days after the first 
dose and 2 days after the most recent dose of cladribine. The event 
lead to discontinuation of cladribine treatment. The investigator 
considered the event as related to study treatment. 

 
ORACLE 

MS 

 
 

0 (placebo) 

 
 

1 day 
 

 
26 F 

Belgium 

 
Urticaria 

 

 
DC  

The subject developed urticaria of severe intensity, starting 50 days 
after the first and 1 day after the last dose of placebo, leading to 
discontinuation of placebo treatment. 

Sources: Applicant submission to NDA 022561 on October 4, 2010 and p. 304-305 Summary of Clinical Safety submitted May 31, 2018. 
1 Time from last day of treatment to adverse event diagnosis 
2Information classification of Serious Adverse Events and Discontinuations was obtained from Table 1 in EMD Serono’s October 12, 2010 submission. 
* This table does not include cladribine events assessed by this reviewer as being unlikely related to treatment.  
 
Reviewer comment: For some adverse events listed in the table above, little detail was available (e.g., symptoms, clinical course). 
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Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are important identified risks of 
parenteral cladribine, according to the Litak periodic safety update report (PSUR).61  
 
Reviewer comment: I recommend describing hypersensitivity adverse events in the cladribine prescribing 
information. The serious skin adverse event resembling erythema multiforme is of concern. I recommend 
enhanced pharmacovigilance for serious skin reactions [e.g., erythema multiforme, Stevens-Johnson 
syndrome (SJS) toxic epidermal necrolysis (TEN)] with cladribine treatment in the postmarketing setting.  

 Seizures 

In the All Exposed Cohort, 6 serious adverse events (SAEs) occurred in in 5 of 1976 (0.3%) cladribine 
subjects, compared to 0 of 802 placebo subjects.62 None of the 5 patients with seizure SAEs had a 
history of seizure prior to cladribine treatment.  
 
Reviewer comment: Adverse event Preferred terms are shown in bold italics. In many cases, clinical 
details regarding these adverse events were not available.  
 
• CLARITY Subject ): This 47-year-old female subject had 

a serious, severe event (PT: epilepsy), starting approximately 4 months after the first and 1 month 
after the most recent dose of cladribine (cumulative dose at SAE onset: 3.35 mg/kg).  The subject 
was hospitalized after being found at home with incontinence (bowel and bladder) and head and 
gaze deviated to the left. EEG in the hospital was normal. The subject regained consciousness within 
12 hours of hospitalization. The subject was diagnosed with a single secondary generalized tonic-
clonic seizure. She received additional cladribine 1 and 2 months later with no additional adverse 
events reported. 

• CLARITY Subject ): This 47-year-old female subject had 
a serious seizure event, with an episode of unresponsiveness and amnesia post-event, 
approximately 20 months after the first dose and 6 months after the most recent dose of study 
treatment (cumulative cladribine dose: 3.38 mg/kg).   

• CLARITY EXT Subject ): This 21-year-old male subject 
had a serious, severe status epilepticus event approximately 4 years after the first dose and 6 
months after receiving the last dose of study treatment (cumulative cladribine dose: 5.49 mg/kg).  

• ONWARD Subject ): This 35-year-old female subject 
had 2 serious seizure events (PTs: generalized tonic-clonic seizure and status epilepticus), with 
multiple generalized tonic clonic seizures, approximately 1 year and 2 months after the first and 46 
days after the last dose of cladribine (cumulative dose at AESI onset: 3.56 mg/kg). Eight months 
prior to the event, the subject started treatment with bupropion for depression.  
Reviewer comment: Bupropion is associated with seizures in 0.4% of patients treated with doses up 
to 450 mg/day (Prescribing Information Warning) and may have contributed to this event. 

                                                       
61 P. 502 Summary of Clinical Safety 
62 P. 311-314 Summary of Clinical Safety 
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• MS-Scripps Subject ): This 43-year-old female 
subject had a serious status epilepticus event in the course of the SAE of hepatitis B), starting 7 
weeks after the first and 8 days after the last dose of iv cladribine (oral equivalent cumulative dose: 
3.50 mg/kg). The subject died 1 day later due to hepatitis.  

 
Convulsion is an important identified risk of parenteral cladribine in oncology, according to the Litak 
periodic safety update report (PSUR).63  
 
Reviewer comment: I recommend describing the risk of seizures in the cladribine prescribing information. 

  Myocarditis and Cardiac Failure 

One of 1976 (0.1%) cladribine subjects in the All Exposed Cohort developed myocarditis and acute 
cardiac failure: 
 

• ORACLE-MS Subject , a 20-year-old male from the Czech Republic had Serious 
Adverse Events of Myocarditis, Atrial Fibrillation, Pulmonary Edema, Hypertension, and 
Bronchitis. Relevant past medical history included smoking (4 cigarettes a day) and occasional 
alcohol. The subject received oral cladribine, 0.875 mg/kg, from . On , 

 the subject developed dyspnea, headache, and atrial fibrillation with rapid ventricular 
response. On hospital admission, he was hypertensive (220/120) with atrial fibrillation on ECG. 
He had “hyposaturation (60% SaO2 on 100% oxygen.)” Sinus rhythm was reinstated with 
cardioversion. On  echocardiogram showed marked akinesia of septum and 
severely impaired systolic function (ejection fraction 25 to 30%). On , thyroid 
stimulating hormone was normal, serum troponin I was 0.04 µg/L (normal range 0-0.03 µg/L), 
and lymphocyte count 0.75 x109/L. 
 
On , treatment was discontinued, and the subject was permanently withdrawn 
from the study. Echocardiogram on  revealed diffuse left ventricular hypokinesia, 
hypo/akinesia of anterior wall and septum, and ejection fraction of 40-45%. 

Additional lab results ): 

 

                                                       
63 P. 501 Summary of Clinical Safety 
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Reviewer Note: Since viral titers were measured once and not in series, they do not contribute 
to an assessment for acute viral infection. 

 
The subject did not receive an endomyocardial biopsy, and tests for infection with cardiotropic 
viruses were not performed. 

On , coronarography (selective coronary arteriography, left ventriculography) 
showed normal coronary vessels, intact let ventricular kinetics, and a normal left ventricular 
ejection fraction of 66%. 

Cardiac MRI showed hypertrophy of left atrium, normal systolic fraction, and mild edema of 
myocardium. These findings supported the diagnosis of myocarditis. (Date of this cardiac MRI 
was not specified.) 

 
Reviewer comment: This is a case of a 20-year-old male with normal baseline cardiac function, 
who experienced life-threatening acute cardiac failure, pulmonary edema, and atrial fibrillation 
11 days after his first dose of cladribine. He was diagnosed with myocarditis based on results 
of cardiac MRI, which were reported to show “mild edema of myocardium.” Cardiac MRI image 
analysis of areas of late gadolinium enhancement (which appears to be the technique used) has 
a reported specificity of 100% in the diagnosis of acute myocarditis.64 It is not possible to 
discern whether a viral infection contributed to this case of myocarditis. Tests for infection with 
cardiotropic viruses were not performed, and the subject did not receive an endomyocardial 
biopsy. The subject did not report symptoms of viral illness before his acute illness. Given the 
time course of his illness in relation to treatment and the subject’s lack of cardiac risk factors, 
this event appears likely to be related to cladribine; possible mechanisms of myocarditis related 
to cladribine include infection or drug toxicity. Because the structure of cladribine is closely 
related to adenosine, drug toxicity may occur via disruption of the cardiac adenylate cyclase 
pathway. 

 
Additional cases of acute cardiac failure have been reported with cladribine for other treatment 
indications: 

• Koczwara, et al 65 published a case report of a 42-year-old male who received a 
cumulative dose of 0.7 mg/kg of intravenous cladribine for treatment of hairy cell 
leukemia. This patient had no other significant past medical history. He had a 10 pack-
year smoking history. He had no family history of cardiac disease. On day 7 he 
developed fever and was started on antibiotic therapy. He was discharged home and 
was readmitted on day 17 with rigors, pulmonary edema, and a newly-noted fourth 
heart sound. ECG showed sinus tachycardia and right axis deviation not seen on 
previous ECGs. Echocardiogram showed global hypokinesis with an ejection fraction of 

                                                       
64 Diagnostic performance of cardiovascular magnetic resonance in patients with suspected acute myocarditis. Abdel-
Aty H, et al. Journal of the American College of Cardiology 45(11), 7 June 2005: 1815-1822. 
65 The development of congestive cardiac failure in a patient with hairy cell leukemia treated with cladribine. Koczwara B, et 
al. Leukemia and Lymphoma 26: 413-415. 
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30%. He had moderate mitral regurgitation and mild tricuspid and pulmonary 
insufficiency. He had a mild elevation in cardiac enzymes. He was treated with digoxin, 
captopril, and diuretics, and his symptoms of cardiac failure resolved. Approximately 
one month later, a nuclear gated blood pool scan showed an ejection fraction of 54%. 
His cardiac medications were stopped. 

• Lorand-Metze, et al66 published a report of two subjects with prolymphocytic 
leukemia treated with cladribine. A 77-year-old patient received three monthly 
courses of cladribine, 0.14 mg/kg per day for 5 days. The subject’s hemoglobin 
remained around 7.0 g/dL, and he required several transfusions. Five months after the 
end of treatment, the patient developed acute heart failure and died. An autopsy was 
not permitted by his family. 
Reviewer note: This case is confounded by the patient’s advanced age and persistent 
anemia. No description of cardiac risk factors was reported. 

• Hoffman, et al67 described the treatment of patients with advanced indolent non-
Hodgkin’s lymphoma with cladribine intravenous infusion, 0.1 mg/kg/day for 5 or 7 days 
for one cycle. It was reported that one patient with a history of doxorubicin exposure 
developed systolic congestive heart failure after one cycle of treatment. She had also 
had a previous episode of heart failure attributed to diastolic dysfunction. The left 
ventricular ejection fraction decreased subsequent to 2-CdA but normalized with 
conservative management. 
Reviewer note: Neither a description of cardiac risk factors nor this subject’s age was    
reported. It is possible that doxorubicin contributed to this event.  

 
Reviewer note: I recommend describing cases of acute cardiac failure in the cladribine 
prescribing information. 

 Other Clinical Safety Evaluations 

Serious Adverse Events in the Haemorrhages Standardised MedDRA Query (SMQ) 
 
In CLARITY, serious adverse events (SAEs) under the MedDRA SMQ Haemorrhages were reported in: 
1/433 subjects in the placebo group, 3/442 subjects in the cladribine 3.5 mg/kg group, and 2/444 
subjects in the cladribine 5.25 mg/kg group. As requested in the Complete Response letter,68 The 
Applicant provided additional information and confirmed that the Hemorrhage SAEs were not 
associated with platelet decreases. There was no apparent role of cladribine-related hematologic 
toxicity in these events.69   
 

                                                       
66 Treatment of prolymphocytic leukemia with cladribine. Lorand-Metze I, et al. Ann Hematol (1998) 76: 85-86. 
67 2-Chlorodeoxyadenosine Is an Active Salvage Therapy in Advanced Indolent Non-Hodgkin's Lymphoma. 
Hoffman M, et al. Journal of Clinical Oncology, Vol 12, No 4 (April), 1994: pp 788-792 
68 February 28, 2011 
69 P. 24-27 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018.  
 

Reference ID: 4411143Reference ID: 4413345



Clinical Safety Review 
Evelyn Mentari, MD, MS 
NDA 022561 Mavenclad (cladribine) 
 

59  

Cardiac Disorders 
 
In analyses of cardiac disorders in the All Exposed Cohort, including cardiac arrhythmias and coronary 
artery disorders, overall incidence rates of these events were similar in cladribine and placebo 
subjects.70  There was one multiple sclerosis clinical study case of acute cardiac failure, as well as 
published reports of cardiac failure with cladribine treatment for non-MS indications.  See review 
section 5.4.10 for a discussion of cases of myocarditis and acute cardiac failure with cladribine. 
 
Analyses of changes in heart rate showed similar frequencies of significant changes heart rate in 
cladribine and placebo subjects.71  Analyses of presyncope, syncope, and dizziness events showed 
similar incidence rates in cladribine and placebo subjects.72 
 
Creatine Phosphokinase 
 
In the original NDA review completed controlled trials, elevations in creatine phosphokinase (CK) were 
distributed similarly in cladribine-treated and placebo-treated subjects; follow-up analyses (including 
previously unblinded cases of Grade 4 CK elevations) in the NDA resubmission had findings similar to 
the original NDA.73  
 
Uterine Leiomyoma 
 
In the original NDA,74 adverse events of uterine leiomyoma were reported in 9 of 722 female cladribine-
treated subjects (1.2%) and in 2 of 338 female placebo-treated subjects (0.6%). With additional study 
data in the NDA resubmission, the incidence rate of uterine leiomyoma serious adverse events was 
similar between cladribine and placebo groups (see table below).  
 
Table 22. Incidence Rate of Uterine Leiomyoma. All Exposed Cohort.  

 
 

Source: P. 144 Summary of Clinical Safety 
 
 

                                                       
70 P. 101-103 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
71 P. 113-115 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
72 P. 115-117 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
73 P. 51-55 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
74 P. 10 original NDA clinical safety review 2010 
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Hearing Loss 
 
In the original NDA, adverse events coded to the Hearing Losses MedDRA High Level term (HLT) 
occurred more frequently in cladribine subjects (0.5%), compared to placebo subjects (0.2%).75 The 
Applicant provided a systematic evaluation of hearing loss events, in response to requests made in the 
2010 Complete Response Letter.76 These events occurred at similar incidence rates in cladribine77 and 
placebo78 subjects.  
 
Neurotoxicity 
 
Reviewer comment: Seizure adverse events are reviewed separately in review section 5.4.9. 
 
Cases of severe neurotoxicity 79 have been reported with use of cladribine for treatment of hairy cell 
leukemia. In analyses of neurological disorders (excluding seizure) in the All Exposed Cohort of 
cladribine studies in MS, there was no increased incidence of any AEs in the System Organ Class (SOC) of 
Nervous System Disorders in cladribine subjects (Adj-AE per 100 PY for placebo vs cladribine: 19.17 vs. 
13.85).80 
 
Assessment of Changes in QT Interval 
 
Toxicity of cladribine limits the possibility of a thorough QT study that would exclude small effects.  Dr. 
Melissa Banks-Muckenfuss, in her nonclinical review dated February 11, 2018, noted no statistically 
effects of cladribine on cardiac action potential in isolated canine Purkinje fibers.  She noted that in 
stably transfected HEK-293 cells, cladribine produced only a 13% inhibition of the hERG tail current and 
that an IC50 value could not be determined. In the original review by the Interdisciplinary Review Team 
(IRT) for QT studies dated September 26, 2010, large effects on the QTc interval at Tmax were not 
observed in the cardiac safety report from CLARITY.  The IRT noted no cardiac AEs of concern in the 
clinical program.  Further evaluation of the effect of cladribine will not be pursued at this time. 

 Common Adverse Events 

The table below shows treatment-emergent adverse events in the CLARITY study with an incidence of at 
least 5% in cladribine 3.5 mg/kg subjects and more frequently than in placebo subjects.  
 
 
                                                       
75 P. 10 Original NDA review 2010.  
76 P. 121 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
77 All Exposed Cohort. Twelve events in 9508.9 person-years = 0.13 events per 100 person-years 
78 All Exposed Cohort. Four events in 2631.5 person-years = 0.15 events per 100 person-years.  
79 P. 122 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
80 P. 123 Response to Complete Response Letter Appendix. Submitted to NDA 022561 on May 31, 2018. 
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Reviewer comment: The table below is based on a table of individual Preferred Terms provided by the 
Applicant, 81 as well as analyses to combine split terms.82 Other clinical studies of cladribine for 
treatment of multiple sclerosis had frequencies of adverse events consistent with the CLARITY study 
adverse event frequencies shown below.  
 
Table 23. CLARITY Study. Treatment-Emergent Adverse Events that Occurred in at Least 5% of 
Cladribine 3.5 mg/kg Subjects and More Frequently Than in Placebo Subjects 

 
MAVENCLAD  
(N=440) 
% 

Placebo  
(N=435) 
% 

Upper respiratory infection 38 32 
Headache 25 19 
Lymphopenia 24 2 
Nausea 10 9 
Back pain 8 6 
Arthralgia and arthritis 7 5 
Insomnia 6 4 
Bronchitis 5 3 
Hypertension 5 3 
Fever 5 3 
Depression 5 3 

For adverse event rows defined by more than one MedDRA Preferred Term, Preferred Terms are listed below:  
• Upper respiratory infection includes Preferred Terms: ACUTE SINUSITIS, CHRONIC SINUSITIS, INFLUENZA LIKE 

ILLNESS, LARYNGITIS, LARYNGITIS VIRAL, NASOPHARYNGITIS, PHARYNGITIS, PHARYNGITIS BACTERIAL, PHARYNGITIS 
STREPTOCOCCAL, RESPIRATORY TRACT INFECTION, RESPIRATORY TRACT INFECTION VIRAL, RHINITIS, SINUSITIS, 
TONSILLITIS, UPPER RESPIRATORY TRACT INFECTION, UPPER RESPIRATORY TRACT INFECTION BACTERIAL, VIRAL 
PHARYNGITIS, VIRAL RHINITIS, VIRAL UPPER RESPIRATORY TRACT INFECTION. 

• Headache includes Preferred Terms: HEADACHE, MIGRAINE, TENSION HEADACHE 
• Lymphopenia includes Preferred Terms: LYMPHOPENIA, LYMPHOCYTE COUNT DECREASED 
• Arthralgia and arthritis include Preferred terms: ARTHRALGIA, ARTHRITIS, OSTEOARTHRITIS, SPINAL 

OSTEOARTHRITIS. Most events were arthralgia. 
• Bronchitis includes Preferred terms: BRONCHITIS, BRONCHITIS CHRONIC, BRONCHITIS VIRAL. 
• Hypertension includes PTs: BLOOD PRESSURE INCREASED, HYPERTENSION, HYPERTENSIVE CRISIS, HYPERTENSIVE 

EMERGENCY, LABILE HYPERTENSION. 
• Fever includes PTs: PYREXIA, HYPERTHERMIA, BODY TEMPERATURE INCREASED, HYPERPYREXIA. 
• Depression includes PTs: DEPRESSION, DEPRESSED MOOD, DYSTHYMIC DISORDER. 

 
 

                                                       
81 Response to FDA information request submitted to NDA 022561 on December 12, 2018.  
82 Analysis methods used across the Office of Drug Evaluation (ODE) I were used to combine split terms in Table 22.  
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 Safety Analyses by Demographic Subgroups 

Race 
 
The majority of patients in the trial was White. Differences in the occurrence of side 
effects among races could not be determined because of the small number of patients in other 
races.   
 
Age 
 
The clinical study data provide little information on the use of cladribine in patients ≥65, because the 
clinical study eligibility criteria included only persons between 18 and 65 years of age. The All Exposed 
Cohort included 2 subjects83 who met that age criterion at study enrollment.84

                                                       
83 CLARITY subjects  were 65 years old at the time of enrollment.  
84 Integrated Summary of Safety dataset ADSL 
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Sex 
 
The percentage of subjects who had at least one adverse event, who had at least one serious adverse 
event, or who discontinued treatment was slightly higher in female subjects than in male subjects in 
both the cladribine and placebo groups (see table below). 
 
Table 24. Adverse Events by Sex. CLARITY STUDY 

 
 
The frequency of selected common adverse events by sex is displayed in the table below.  
 
Table 25. Frequency of Selected Common Adverse Events by Sex. CLARITY Study.  

 
 
The frequencies of lymphopenia, nasopharyngitis, fatigue, herpes zoster infections, leukopenia, and 
decreased lymphocyte count were comparable between the female and male cladribine subjects (i.e., 
≤2% difference in frequency). The frequencies of upper respiratory tract infection and nausea were 
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higher in the female cladribine subjects than in the male cladribine subjects; however, a similar pattern 
was observed in the placebo group. In male subjects, cladribine and placebo subjects had similar 
frequencies of headache, while in female subjects cladribine subjects had a higher frequency of 
headache (27.0%) than placebo subjects (23.4%). 

6. Postmarketing Requirements  

The following postmarketing requirements are planned: 
• An observational study to assess the long-term risk of malignancy for Mavenclad compared to 

other therapies used in the treatment of adults with relapsing forms of multiple sclerosis.   
• A worldwide pregnancy surveillance program. 
• A clinical drug-drug interaction trial to evaluate the effect of cladribine on the pharmacokinetics 

(PK) of oral contraceptives.   
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1 Recommendations/Risk Benefit Assessment 

 

1.1 Recommendation on Regulatory Action 

Although this submission demonstrates that the requested oral dose of cladribine (3.5 
mg/kg) significantly reduces the frequency of relapses in patients with relapsing 
remitting multiple sclerosis (RRMS), I recommend a Complete Response at this time.  
Despite convincing evidence for efficacy, a strong safety signal for malignancy has been 
detected which needs to be further elaborated.  Only with longer duration follow-up from 
time of initial dosage and a larger database will the safety signal best be identified and 
mitigation strategies planned. 
 
The pivotal trial presented in this submission included three treatment arms, 3.5 mg/kg 
of cladribine, 5.25 mg/kg of cladribine, and placebo. Substantial evidence of efficacy 
was demonstrated with robust findings for each dose for both primary and secondary 
endpoints as well as reconfirmed in various subpopulations and in multiple sensitivity 
analyses. No significant dose response was seen with respect to either relapse rate or 
disability progression. The higher dose clearly was associated with greater risk of 
persistent lymphopenia and infection and for this reason approval of only the 3.5 mg/kg 
dose has been sought. If the drug receives approval, the label should be modified to 
explicitly state the maximum dose that is supported by the data from the application. 
 
As only a single adequate and well controlled trial was used to support the efficacy 
claim, especially careful attention was paid to the composition and balance of the three 
treatment arms of this trial. Inspection revealed that they were well balanced for 
baseline characteristics such as clinical disease activity, magnetic resonance imaging 
(MRI) and demographic characteristics. Those on high dose cladribine actually had 
slightly greater disease burden, but this factor would not favor active drug and hence 
should not have compromised the outcome. Subjects in the treatment arms were also 
reasonably well matched for protocol deviations and discontinuations.   
 
The primary outcome measure, the annualized relapse rate (ARR), was robustly 
positive for both doses of cladribine.  The ARR in the Intent to Treat (ITT) population 
was 0.15 for the 5.25 mg/kg dose, 0.14 for the 3.5 mg/kg dose and 0.33 for the placebo.  
Both doses of drug had a highly statistically significant difference in the qualifying 
relapse rate at 96 weeks when compared with placebo (p<0.001). Specifically, the 
higher dose (5.25 mg/kg) resulted in a 54.5% relative reduction in ARR compared to 
placebo and the lower dose (3.5 mg/kg) resulted in a 57.6% relative reduction in ARR 
compared with placebo.  
The ARR in the Evaluable Population was also robustly positive for both doses.  All 
three sensitivity analyses performed for the primary endpoint, an analysis that 
considered baseline disease imbalances, an analysis of all relapses rather than just  
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qualifying relapses and an analysis by pseudo-center rather than by region reconfirmed 
the primary outcome. The sensitivity analyses actually showed that having a higher 
baseline T1 hypodense lesion count or higher T2 lesion volume increased the likelihood 
that there would be a reduction in the qualifying relapse rate if taking active drug over 
placebo. Thus, those with a more active disease state seen radiographically at baseline 
appeared to have the greatest reduction in relapse rate with active drug. The analyses 
also showed that the shorter the interval since the last relapse, the greater the chance 
that cladribine would reduce the relapse rate. All of these factors contribute to 
substantiating the claim that cladribine 3.5 mg/kg reduces the annual relapse rate. It 
was noted that analyses were not done to assess the response rate in those who had 
failed prior immunomodulatory therapy, and this would be an important group to study 
as a post-marketing commitment, as these might be the individuals most likely to use 
cladribine. 
 
The secondary endpoints were also examined with respect to providing further 
confirmatory evidence for efficacy. The key secondary endpoint was a composite 
imaging endpoint, the mean number of combined unique lesions on MRI at 96 weeks in 
the ITT population. Both doses resulted in a highly statistically significant result. In the 
high dose group the mean number of CU lesions was 0.38 compared with 1.72 in the 
placebo group (p<0.001). In the low dose group the mean number of CU lesions was 
0.43 compared with 1.72 in the placebo group (p<0.001). This meant that for high dose 
cladribine there was a 78% reduction of relative risk compared with placebo and for low 
dose cladribine there was a 74% reduction of relative risk compared with placebo.  The 
same robust effect was seen in the Evaluable Population. 
 
The proportion of subjects that were relapse-free at 96 weeks was assessed and the 
odds ratio (OR) was calculated for each group. The OR was 2.43 (p<0.001, 95% CI 
1.81, 3.27) for the high dose group, and 2.53 (p<0.001, CI of 95% 1.87, 3.43) for the low 
dose group.  The OR represented the odds of remaining relapse-free compared to 
placebo at 96 weeks. This meant that 78.9% of those on high dose cladribine and 
79.7% of those on low dose cladribine were qualifying-relapse free during the 96 weeks 
of the study compared with only 60.9% of the placebo patients.  Thus a statistically 
significant proportion of subjects treated with either dose of cladribine were relapse-free 
compared with placebo. 
 
Sustained disability progression over at least three months was evaluated. Treatment 
with both doses of cladribine significantly prolonged the time to sustained change in 
EDSS score over 96 weeks compared with placebo. The hazard ratio was 0.69 (p 
=0.026; 95% CI 0.49, 0.96) for high dose cladribine, 0.67 (p=0.018; 95% CI 0.48, 0.93) 
for low dose compared to placebo.  Both were statistically significant. This meant that 
for those on high dose cladribine, they were 31% less likely to experience a 3-month 
sustained change in the Expanded Disability Status Score (EDSS) compared with 
placebo and for those on the low dose they were 33% less likely to experience such a 
change.  These results are considered independent substantiation of the primary  
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endpoint as they look at a very different but distinct endpoint and suggest that the drug 
is effective in decreasing disability over time.   

 

These findings support the use of a single well designed clinical trial to demonstrate 
effectiveness by a reduction in ARR and also suggest an effect on disease progression. 

1.2 Risk Benefit Assessment 

Despite convincing evidence for the efficacy of cladribine in preventing relapse at the 
end of 96 weeks there appears to be substantial risk as well.  Numerous cases of 
malignancy have been detected in patients treated with cladribine in the safety 
database, far fewer than  those treated with placebo.  In addition, a substantial number 
of exposed patients have persisting lymphopenia;  the long term consequences and 
resolution of this complication are as yet unclear. As the current safety database 
includes limited long term follow-up on patients after treatment, it is premature to 
determine if the risks of the drug justify its use as an induction agent or if treatment 
cycles should be repeated indefinitely over time. Without longer follow-up after exposure 
to a mutagenic agent, the risk of various malignancies cannot be adequately 
ascertained at this time.  If further long term data provides more substantial evidence 
that the risk of malignancy does not dramatically rise over time and there is further 
confirmatory evidence that cladribine delays the progression of disability, this may make 
the risk benefit ratio more acceptable than it is at present time where there are other 
reasonable choices for treatment of lowering relapse rate without overt risk for 
malignancy or prolonged lymphopenia.  

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

Please see comments of the Safety Reviewer and OSE. 

1.4 Recommendations for Postmarket Requirements and Commitments 

Please see further comments of the Safety Reviewer and OSE. 
 
As there appears to be a signal for several different types of malignancy and prolonged 
lymphopenia, a long term safety database needs to be established to further investigate 
these risks and their containment with potential mitigating strategies.   
 
As the study was done largely outside the U.S. it would be important to establish a post 
market safety profile for U.S. patients, as adverse event reporting in the trial for U.S. 
subjects appeared much greater than in those from the rest of the world (ROW). A 
postmarket database should be set up to further explore adverse events for the U.S.  
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population. It would also be important to evaluate the use of the product in those with 
renal and hepatic impairment. 
 
Another important post-marketing commitment would be to study those individuals most 
likely to take a drug that has the increased risk of prolonged lymphopenia and 
malignancy compared with other comparably effective medication. They would include 
those who have failed other immunomodulatory medications either because of side 
effects or very aggressive disease. 

2 Introduction and Regulatory Background 

Multiple Sclerosis (MS) is a chronic, inflammatory, demyelinating disorder of the central 
nervous system (CNS) which in some individuals can lead to progressive neurological 
disability.  It is one of the most common causes of disability in young adults. Symptoms 
can include visual loss, weakness, spasticity, dysesthesias, coordination problems, 
incontinence, and cognitive decline. 
 
Typically the disease presents with recurrent attacks or “relapses” characterized by 
focal neurological symptoms with variable recovery between attacks.  With greater 
duration the disease often enters a progressive course with increasing disability.  Lublin 
and Reingold classified MS into 4 distinct clinical categories which include: Relapsing 
MS (RMS), Secondary-progressive MS (SPMS), Primary-progressive MS (PPMS), and 
Progressive-relapsing MS (PRMS). RMS accounts for 85% of all initially presenting MS 
cases.  Relapsing MS is associated with aberrant activation of specific T and B cells 
that recognize self expressed in the CNS (myelin antigen). Breakdown of the blood-
brain barrier (BBB) causes an influx of inflammatory T cells into the CNS which is 
followed by an influx of B cells, antibodies and macrophage into the CNS. The 
neuropathologic findings are oligodendrocyte and neuronal loss, demyelination, and 
axonal transection. The vast majority of approved immunomodulatory or 
immunosuppressive treatments for MS are parenteral, either intravenous (IV), 
intramuscular (IM) or subcutaneous (SC); only the newly approved fingolimod is oral.  
Barriers to treatment include the inconvenience of parenteral medication as well as 
patient’s dislike and anxiety over taking an injection. There are also injection-specific 
side effects that many of the drugs share in addition to problems related to 
immunogenicity or other immune related side effects. Cladribine is one of several oral 
agents in development for the treatment of RMS. 

2.1 Product Information 

Oral cladribine is provided as a 10 mg immediate release tablet whose contents are 
listed in Table 1.  In its parenteral form, cladribine was previously approved for the 
treatment of hairy cell leukemia and has been shown to decrease the number of hairy 
cells in both the bone marrow and the peripheral blood. Long-term follow-up for this 
condition has shown that the result is long lasting. The adverse events most commonly  
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associated with cladribine in its past oncologic usage have been myelodysplasia, 
infection, recurrence of latent infections such as herpetic infections and TB, fever, 
fatigue, nausea, rash and headache.  For MS, Russia was the first country to approve  
 
oral cladribine on July 12, 20101 and this was followed by Australia2.  In Europe, the 
European Medicines Agency did not approve cladribine in the first application cycle 
because of concerns that the risk-benefit ratio was not favorable. The indication that 
was pursued in Europe was different than that pursued in the US. The indication sought 
was restricted to those with  high disease activity and /or risk of disease progression 
defined as those with 2 or more relapses in the previous year and one or more T1 
gadolinium-enhancing lesions or those who were intolerant to beta-interferon or 
glatiramer acetate therapies. Applications are currently pending in approximately 40 
countries. 
 
 
       Table 1  Composition of the Drug Product (Commercial Formulation) 

     Table 1 Section 3.2.P.1 Drug Product from NDA 22561 

 

 

2.1.1 Pharmacologic Class: Cladribine is a purine nucleoside analog first synthesized at 
the Scripps Clinic and Research Foundation as a synthetic anti-neoplastic agent 
belonging to a group of medicines called anti-metabolites. 
 
2.1.2 Chemical name: 2-chloro-6-amino-9-(2-deoxy-β-D-erythropento-furanosyl) 
 
2.1.3 Trade name: The proposed trade name is  
 
 
 
 
 

                                            
1 Reuters Update “1-Russia okays Merck KGaA’s multiple sclerosis pill” Monday July 12, 2010 
2 Merck Serono News Release September 3, 2010 
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2.1.4 Chemical Structure:  
 
Figure 1   Cladribine molecular structure    

     
From page1/1 section 3.2S.1.2 of NDA 22561 
 
2.1.5  Applicant’s proposed dosing regimen and age group recommendation 
The sponsor is seeking approval of their product for those ages . The product is 
administered in treatment courses.   A course consists of daily oral administration of 10 
mg tablets for the first four to five days of a  period. Dosage is based upon body 
weight and is adjusted using 10 kg weight ranges as summarized in Table 2. The 
recommended dose is 0.875 mg/kg/course of treatment. The tablets are to be taken as 
a single daily dose separated by intervals of approximately 24 hours. They are to be 
taken with water, and swallowed without chewing. 
 
Standard treatment is initiated with 2 consecutive courses at a  interval at the 
beginning of the first  period.  Retreatment consists of 2 additional, consecutive 
courses at a  interval starting at the beginning of a subsequent  period. 
Hematological criteria for starting and continuing therapy have to be met before dosing.  
Additional treatment beyond 96 weeks after treatment initiation has not yet been 
established nor has therapy in renally and hepatically impaired patients been evaluated. 
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Table 2  Treatment Algorithm Based on the Body Weight of Patient over 96 weeks 
initiated with 2 courses of treatment 

 
 
Reviewer’s Comments 
The CLARITY trial was conducted with two doses, 3.5 mg/kg and 5.25 mg/kg 
which appeared to be equally efficacious. At the time of the filing of the NDA the 
sponsor only sought approval of the lower dose, 3.5 mg/kg, based on safety 
issues and not efficacy issues. The higher dose was associated with significant 
long lasting grade 3 and 4 lymphopenia. Dosing limits need to be discussed more 
explicitly in the label. 
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2.2 Table of Currently Available Treatments for Proposed Indications 

     Table 3   Currently Available Treatments for Relapsing Multiple Sclerosis3

                                            
3 Most recently approved labels for products listed in Table 
 

Medication Indication Maintenance 
Dose/Route of 
delivery 

Efficacy  Safety concern 
1st or 2nd line 

Avonex  
(IFNβ-1a) 
NDA 103628 

↓ 
Exacerbations 
& slow relapse 
rate 

30 mg qweek IM 32% reduction 
RR 
37% reduction 
disability 

Decreases blood count, 
hepatic injury, flu-like 
symptoms 
1st line 

22 mcg  tiw SQ   
 

29% reduction in 
RR 

Rebif 
(IFNβ-1a) 
BLA 103780 

↓ 
Exacerbations 
 

44 mg tiw SQ 32% reduction in 
RR 

Hepatic injury, flu-like 
symptoms, injection site 
reaction 
1st line 

Betaseron 
(IFNβ-1b) 
BLA 103471 

↓ 
Exacerbations 
& delay physical 
disability 
 

0.25 mg every 
other day SQ          

30% reduction in 
RR 

Injection site necrosis, flu-like 
symptoms 
1st line 

Copaxone  
(glatiramer 
acetate) 
NDA 020622 

↓ 
Exacerbations 
Including patients 
with CIS 
 

20 mg/1 ml qday 
20 mg/0.5 ml 
qday SQ (filed, 
not approved) 

29-75% reduction 
in RR 

Transient chest pain, post 
injection reaction, skin 
necrosis 
1st line 

Tysabri  
(natalizumab) 
BLA 125104 

↓ 
Exacerbations 
and delay 
physical disability 
 

300 mg q4 weeks 
IV 

61% reduction in 
RR, 
33% reduction in 
disability 
progression 

PML, immunosuppression, 
malignant melanoma, hepatic 
toxicity 
 

Novantrone 
(mitoxantrone) 
NDA 021120 

↓ 
Exacerbations & 
neurological 
disability in 
SPMS or 
worsening RRMS 

 12 mg/m3  q3 
months IV 

60% reduction in 
RR, 64% 
reduction in 
disability 
progression 

Cumulative cardiotoxicity, 
AML 
2nd line 
 

Gilenya 
(fingolimod) 
NDA 022527 

↓ 
Exacerbations 
& delay physical 
disability 
 

 0.5 mg  PO qday 55-58% reduction 
in RR, 29-30% 
reduction 
disability 

AV conduction delay, 
decrease in HR with first 
dose, infections, macular 
edema, decreased pulmonary 
functions, increase in liver 
enzymes 
1st line 
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2.3 Availability of Proposed Active Ingredient in the United States 

This product is currently available worldwide in parenteral formulation under various 
trade names such as Leustatin, Leustatine, Leustat injection, and Litak. There is no 
marketed oral formulation of cladribine in the US.   

2.4 Important Safety Issues with Consideration to Related Drugs 

Treatments approved for decreasing the number of relapses in MS include several 
immunomodulatory and immunosuppressive medications. Some of these agents also 
appear to have effect on preventing disability. First line agents are those which are 
associated with less risk and include the various recombinant interferon β, Gilenya, and 
Copaxone (GA).  Other agents are second-line such as Mitoxantrone or recommended 
for those who have had an inadequate response to alternate MS therapies such as 
Tysabri. 
 
The interferon β safety profile in adult patients with a diagnosis of relapsing MS has 
been established and is summarized here.  The interferon drugs are made from 
recombinant technology and are intended to mimic the action of interferon molecules 
made in the body.  As such, all can elicit an immune response and cause 
hypersensitivity reactions, rare anaphylaxis and immunogenicity.  In clinical use there 
are three types that are approved for the treatment of MS which include interferon β1a 
(Avonex and Rebif), and interferon β1b (Betaseron and Extavia).  All are injectable.  It 
has been reported that as high as one third of treated patients can develop abnormal 
liver function tests. Localized injection site reactions (ISRs) such as redness, swelling, 
pain, edema and even infrequent necrosis can occur. In addition, some have been 
associated with a flu-like symptom complex (fever, chills, muscle aches, fatigue), and 
headache which can be moderated by taking nonsteroidals before injection. Severe 
adverse reactions are rare, and most are mild. Leukopenia, lymphopenia, 
thrombocytopenia and even pancytopenia have been associated with some of their use, 
but are not only rare, but generally reversible with drug cessation. Thyroid dysfunction 
and depression have also been associated with many of the products as well as other 
autoimmune disturbances. 
 
GA is an immunomodulator whose mechanism of action is not fully understood. It is a 
random polypeptide which resembles myelin basic protein which can affect T cell 
activation and differentiation. Because GA can modify immune function, concern exists 
about its potential to alter naturally occurring immune responses.  According to the 
label, results of a limited battery of tests designed to evaluate this risk produced no 
finding of concern, nevertheless, this possibility cannot be excluded. GA-reactive 
antibodies are formed in most patients with chronic use which are almost exclusively 
IgG.  No IgE type antibodies have been detected; nonetheless the possibility of  
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anaphylaxis can not be excluded.  Special warnings and precautions for GA include 
immediate post-injection reaction, chest pain, usually transient, lipoatrophy and skin 
necrosis. Common adverse reactions found in ≥ 10% include injection-site reactions, 
vasodilatation, rash, dyspnea, and chest pain. 
 
Tysabri is a humanized antibody to ά integrin and it is an immunomodulatory 
medication, and is recommended for patients who have had an inadequate response to, 
or are unable to tolerate, an alternate MS therapy.  It is associated with the rare side 
effect of Progressive Multifocal Leukocencephalopathy (PML). Tysabri binds to the ά4-
subunit of ά4β1 or ά4β7 integrins which are expressed on the surface of all leukocytes 
other than neutrophils. The complication of PML appears to be greatest after 2-3 years 
of therapy. Other potential risks include liver dysfunction and increased risk of 
opportunistic infections. 
 
Mitoxantrone, a chemotherapeutic agent, is a second line agent. Due to the 
cardiotoxicity associated with this product, it cannot be used beyond two years.  
Mitoxantrone affects replication of DNA especially in rapidly dividing cells such as 
lymphocytes and can affect the immune system by altering production of cytokines, 
interfering with antigen production, and altering  leukocyte trafficking. Melanoma has 
also been associated with this product. 
 
Gilenya is a sphingosine 1-phosphate receptor modulator which was recently approved 
as a first line agent and it is the first oral agent to treat RRMS. Significant safety signals 
that have been identified in clinical trials include the potential to decrease the heart rate 
and cause atrioventricular conduction delays after the first dose, macular edema which 
can occur with or without visual symptoms, decrease in pulmonary function, increased 
risk of infections related to the reduction in peripheral lymphocyte count, and increase in 
liver transaminases.    
 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

The International birthdate for cladribine is February 26, 1993. It was established under 
NDA 020229  with the name of Leustatin by Ortho Biotech approved as a parenteral 
chemotherapy agent.  Additional generic NDAs for cladribine include NDA 075405 
sponsored by Bedford Labs and NDA 076571 by APP Pharms. To date, all cladribine 
approved usage in the U.S. is for parenteral use in oncology for the treatment of Hairy 
Cell Leukemia (HCL).  The drug and was subsequently approved in some countries for 
the treatment of Chronic Lymphocytic Leukemia (CLL). 
 
The clinical development plan for MS for this product opened with IND 45033 with a 
submission on April 12, 1994, under the sponsorship of  

 which licensed the rights to the studies performed at the Scripps 
Clinic and Research Institute.  Five clinical studies in MS were part of the development  
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plan. Study 2-CdA-MS-SCRIPA (ScrippsA) was the open-label pilot study and there 
were four double-blind, placebo-controlled studies, 2-CdA-MS-SCRIPP (MS Scripps), 2-
CdA-MS-001 (MS-001), 2-CdA-MS-SCRIPC (Scripps-C), and 2CdA-MS-SCRIPB 
(Scripps-B). All were for the treatment of Progressive MS except Scripps-C which was 
for RRMS. The sponsor filed  on August 14, 1998 for an indication of MS. 
This NDA was withdrawn on April 30, 1999, one week before an Advisory panel was to 
convene, after the sponsor received a warning letter from the Agency about the integrity 
of the studies that supported efficacy. 4 

 
The rights for injectable cladribine were transferred  to the Scripps 
Clinic and Research Institute and then licensed to IVAX Laboratories, Inc., in 
November, 2000. Ivax Corporation then licensed the rights to cladribine to Ares Trading 
S.A., an affiliate of Serono in October 2002. IND  was inactivated on February 13, 
2003, but a request for reinstatement was made on March 23, 2004.  
 
The clinical development program for cladribine tablets was discussed with the Agency 
at an End of Phase 2 (EoP2) Type B meeting held on November 9, 2004. Although it 
was acknowledged that there are typically two pivotal trials, it was agreed that the 
Sponsor could perform a single large pivotal trial and rely on the smaller Scripps-C 
study as a supportive trial.  The Agency did state that the results from CLARITY would 
need to be “clearly positive.” In a teleconference from December 8, 2004, Dr. Bastings 
reiterated that the weight of evidence from the Scripps-C was lower than typical, as the 
primary outcome was negative and the dosing regimen was different than the CLARITY 
trial.  Any additional pivotal trial would need to be very robust and unequivocal in its 
effect on the primary outcome of the annualized relapse rate. Approvability would be a 
matter of review.  
 
At the EoP2 meeting the Agency agreed to the proposed dosing regimens and 
acknowledged that the size of the safety database, approximately 1100 patients, 
appeared adequate. It was also agreed that the EDSS did not need to be a primary 
endpoint, however it was unclear if the product would be considered a disease 
modifying drug if there was no demonstrated impact on disease progression.  It was 
suggested that the best way to prove that the product modifies the disease would be to 
withdraw drug treatment and demonstrate effect, for example, on imaging, compared 
with those who received placebo. 
 
The FDA also requested that a trial be conducted to evaluate the comparative 
metabolite profile of cladribine following oral and parenteral administration prior to 
initiating the Phase III program. The impact of food-effect, impact of renal and hepatic 
function and induction/inhibition studies needed to be studied prior to submission of the 
NDA. The potential for drug interaction with cyclodextrin needed to be taken into 
consideration with the PK and PD studies. 

                                            
4 FDA Warning Letter Ref #99-HFD-340-0404 signed by David A Lepay, M.D., PhD. Director DSI 
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Although the pivotal trial was first submitted under the reinstated IND  it was 
transferred to a new IND 74634 on March 10, 2006, specifically devoted to the oral 
formulation. The Agency was informed at that time that the pivotal trial was already 
being implemented outside the United States and was nearing completion and that 
subsequent enrollment of U.S. subjects would be limited. In addition, preclinical 
protocols were submitted to determine the PK and toxicity profile of the oral formulation 
in cynomolgus monkeys and to obtain further information about hydroxypropyl-β-
cyclodextrin (HPβCD), the excipient. 
 
The Sponsor submitted a request for fast track designation to the FDA Division of 
Neurology Products on June 30, 2006, that was granted for the following reasons: 
1) Relapsing forms of multiple sclerosis are serious and life threatening conditions, and 
2) Patients who are needle-phobic will be able to be treated with an otherwise 
unavailable oral formulation. 
 
The preNDA meeting was held on May 8, 2009, where it was agreed that the proposed 
NDA would qualify as a priority review. The sponsor was advised that further 
clarification was needed regarding the possibility that cyclodextrin might enhance the 
solubility and bioavailability of other drugs administered to MS patients.  More 
information was also requested on the primary metabolite 2-chloradenine and how it 
was metabolized. The Agency agreed that the quantitative formulation changes 
proposed were within allowable limits for SUPAC level 2 change. Since dose/solubility 
volume data was missing, it was stated that it might still be necessary to perform a 
bioequivalence study.  The information provided on the carcinogenicity of cladribine and 
cyclodextrin was not felt to be adequate.  The Agency requested that the sponsor 
submit the toxicokinetic data for the 3-month oral bridging toxicity study in monkey 
(Study 26669).  The adequacy of the Sponsor’s plan to bridge this data with the 
PK/ADME data in humans could not be determined until the information was made 
available. Data on in vitro receptor binding also needed to be submitted.  
 
The Agency made clear that they were extremely concerned about the risk-benefit ratio 
for this product and would be reviewing the safety database very carefully to see if the 
risks could be capped at an acceptable level. In particular this pertained to serious 
infections, reactivation of latent infections, myelodysplasia, lymphopenia, and neoplasia. 
The adequacy of the size of the safety database would be determined upon review. 
Pertaining to efficacy data, the Agency requested that an analysis be provided of all 
relapses in the CLARITY study and not just the qualifying relapses. The Sponsor made 
clear that the licensing for cladribine only allowed submission of safety data for MS and 
not the oncology database.  
 
The Agency agreed that if substantial evidence was provided for MRI endpoints then 
those endpoints could be considered for description in labeling.  Time to sustained 
disability progression could not be included in the Clinical Studies section if it was not 
independently substantiated as a secondary endpoint. The topic of using population PK  
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analysis to generate data in special populations was discussed.  The sponsor was 
advised to insure that there were adequate number of subjects and plasma samples per 
subject taken at random times during the day so that PK differences in special 
populations (renal/hepatic) could be assessed.  In addition they were advised to submit 
all PK data collected from the CLARITY study and not a subset. 
 
Pertaining to TQT assessment the Agency acknowledged that a typical TQT study could 
not be conducted in healthy subjects.  The sponsor was advised to submit more 
detailed information on the timing and extent of EKG testing and their relationship to 
exposure to determine if additional testing was necessary. 
 
The initial New Drug Application was dated September 29, 2009, under section 505(b) 
of the Federal Food, Drug and Cosmetic Act. The application was deemed not 
sufficiently complete to permit a substantial review and filing was refused under 21 CFR 
314.101(d) on November 25, 2009. Concerns arose about the viability of the efficacy 
data from one of the two pivotal trials, the Scripps C study. The integrity of the study 
was felt to be compromised after the warning letter provided by the Office of 
Compliance was reviewed.  In addition, the CLARITY database could not be verified so 
that an independent analysis could be performed.  
 
On January 26, 2010, an End-of-Review Meeting was held with the Sponsor and it was 
agreed that EMD Serono contract for an independent third-party audit of the Scripps C 
study report, database, and CRFs. As a result of the refuse to file (RTF), EMD Serono 
was then given the legal rights by the Scripps IRB to access the Scripps-C CRFs and 
source documents which was necessary to verify data of their study. As a result of this 
process the results of a long-term extension portion of the study became available. A 
new database was created .  The data were reanalyzed and a 
revised study report was prepared.  The auditor, , Inc. submitted a summary of their 
audit to the Agency on March 26, 2010. Additionally on March 25, 2010 the 
presentation of the CLARITY database was discussed in greater detail with the Agency 
so that it could be reformatted for ease of independent verification. 
 
 On March 26, 2010, the sponsor requested a rolling review which was granted on April 
30, 2010.  The NDA was resubmitted on May 27, 2010.  Agency review of the results of 
the audit and the newly prepared database and the CRFs showed that there were 
pervasive errors in data collection and recording particularly in regard to the outcome of 
relapses.  At the filing meeting on June 27, 2010 it was concluded that the application 
could be filed using only the efficacy data from the CLARITY trial and not the Scripps C 
trial.  During the formal review process it would be determined if a single efficacy trial 
would suffice for approval. 
 
The clinical development program for oral cladribine for MS does contain several other 
double-blind, placebo-controlled ongoing trials. Trial 27820 is the Phase IIIb CLARITY 
Extension Trial where subjects have the opportunity to be evaluated on treatment over 4  
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½ years, the first phase of which is nearing completion in April, 2011. Trial 26593, the 
ONWARD trial, is a 96-week Phase II trial where the safety, tolerability and efficacy of 
cladribine are being assessed with cladribine as an add-on to IFN-β for those who have 
a sub-optimal response to IFN-β alone, to be completed June, 2012.  Trial 28821, the 
ORACLE trial, is a Phase III trial for those with a first clinical demyelinating event (CIS) 
to be treated for up to five years and with anticipated completion in November, 2015.   

2.6 Other Relevant Background Information 

Request for Partial Waiver of Pediatric Assessments 
Initially a full waiver request was submitted on August 21, 2009. The sponsor justified 
their request for a full waiver with the argument that adverse events such as 
opportunistic and other infections could be associated with the drug’s 
immunosuppressive effects. In addition, the hematopoietic and genotoxic effects could 
be expressed as myelodysplasia or cause the development of secondary malignancies 
or neoplasia later in life.  The Full Waiver request was changed to a Partial Waiver 
request on May 12, 2010, after recommendations were made by the Agency at the RTF 
meeting. The sponsor asked for a deferral of pediatric studies for those subjects ages 
10-17 in accordance with 21 CFR 314.55(b) with the rationale that studies should be 
delayed in this age group until long-term adult safety data was evaluated. The sponsor 
requested a waiver for children under age 10 in accordance with 21 CFR 314.55(C) (3) 
because necessary studies would be impossible or highly impractical for this age group 
due to the small size and geographic dispersion of this population. 
 
Request for Type C meeting to discuss the cladribine REMS. 
This request was denied on August 19, 2009, as the questions asked were considered 
review issues. The sponsor was also advised that the main components of the 
proposed REMS should be submitted with the original NDA submission. 
 
Proprietary name approval 
The Office of Surveillance and Epidemiology (OSE) did a proprietary name review and 
the name  was approved on July 30, 2009.  

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

The initial RTF was based on both quality and integrity issues. The datasets from the 
CLARITY trial could not be independently corroborated by the Agency due to missing 
and mislabeled variables, and excessive information in datasets used to derive the 
efficacy endpoints. Additional concerns arose over the integrity of the Scripps C study. 
Because of these concerns the Agency suggested that an independent audit be 
performed of the Scripps C study to verify and reconcile discrepancies and omissions  
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found in the original submission such as the lack of case report forms. The auditor 
found many problems with the Scripps C study such as no available pharmacy records 
to verify dispensing records or product preparation, discrepancies in dosage that could 
not be resolved, inclusion of subjects not meeting  the  inclusion criteria with EDSS 
scores over 5.5 (11/49 subjects) , over the age limit of 50 (4/49 subjects), lack of ability 
to verify MRI results as images and regulatory binder not available, inadequate relapse 
history, missing source documents to evaluate follow-up, many transcription errors, 
omissions, corrections without dates, basic recording errors including race, birth control, 
and adverse events. There was also evidence of a major data cleaning process 
performed in 1998 when the data was extracted to CRFs and changes attributed to this 
cleaning were not dated or initialed.  
 
The second filing of the NDA was of higher quality and many of the original problems 
were adequately addressed, but the Scripps C study was still felt to be inadequate to 
support efficacy and was not admissible.  In addition to the problems associated with 
adhering to good clinical practices (GCP) detected by the auditor, the primary endpoint 
data was felt to be unreliable. There was no evidence that the Expanded Disability 
Status Scale (EDSS), Scripps Neurological Rating Scale (SNRS) or physical 
examination matched the relapse count and there were several instances where the 
exam and scores suggested that a relapse occurred but none was counted. For 
example, subject was reported without relapses but had an EDSS of 2 and no 
pathological reflexes on 7/22/94, an EDSS of 3 and a Babinski reflex on 9/14/94, and an 
EDSS of  2.5 and nonpathological reflexes on 11/8/94. On the basis of such discrepant 
findings affecting relapse rate, only the CLARITY trial was used to support efficacy in 
this application. 
 
The safety data required multiple extensive clarifications from the sponsor. Additionally 
there were substantial changes to the label over time pertaining to the claim and to the 
recommended dosage that  were sent  without explanation rather late in the review 
cycle and which did not seem to correspond to newly presented efficacy data. For 
example on September 29, 2010, the sponsor provided the SPL in word format, and this 
included a major change to the indication statement. 

3.2 Compliance with Good Clinical Practices (GCP) 

This pivotal trial was conducted in compliance with the International Conference of 
Harmonization (ICH), the United States Codes of Federal Regulations (CRF), the 
Guidelines on Good Clinical Practice (GCP) and the Declaration of Helsinki.  Informed 
consent was obtained for each subject.  The sponsor certified that they did not use any 
debarred investigators.  In addition, prior to the start of the trial, the CLARITY protocol 
and informed consent were reviewed and approved by local Institutional Review Boards 
(IRBs)/Independent Ethics Committees (IECS) and approved by the appropriate 
regulatory authorities in participating countries.  The statistical analysis plan (SAP) for 
the CLARITY trial was dated prior to the database lock. The CLARITY trial had a  
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sufficient number of subjects to evaluate efficacy. Please refer to the review of Dr. 
Evelyn Mentari to determine if the numbers needed for the safety review were 
adequate. 
 
Issues identified by the sponsor 
Problems in observing good clinical practice (GCP) were detected by the sponsor with 
two of the foreign sites, site 181 and site 53. At site 181 in the Czech Republic the 
sponsor closed the site after the Principal Investigator failed to adequately address GCP 
issues.  The issues were raised after a patient complaint lead to a site visit revealing 
numerous protocol violations.  
 
Pertaining to site 53 in Essen, Germany, an addendum to the clinical trial report was 
provided by the sponsor on September 8, 2010, which described that GCP were not in 
place at this site.  After the sponsor was informed that this site was delivering 
inadequate care, the sponsor did a site inspection, issued a warning to the Principal 
Investigator, and then closed the site after it was clear that the quality issues at that site 
could not be resolved.  Issues included non-adherence to study visits scheduled, 
inadequate organization getting patient’s study medication to them, MRI being read by 
personnel not trained on the 25643 protocol as well as other deviations of a similar 
nature. Although the sponsor did notify the German Regulatory Authority and the local 
Ethics Committee in a timely fashion about this issue, the sponsor neglected to inform 
the FDA in a timely fashion or remove all of the affected subjects from this site with 
protocol violations from the Evaluable Population and only did so later when the error 
was detected. The sponsor then submitted a new confirmatory sensitivity analysis with 
these subjects excluded. 
 
Issues identified by the Division of Scientific Investigations (DSI) Audit and 
Inspection 
The Division of Scientific Investigations at the FDA inspected six sites (five foreign and 
one domestic) where the pivotal CLARITY trial was performed.  More than the 
customary number of sites was chosen for audit because of the heavy reliance on 
subjects enrolled in Eastern Europe and Russia where adherence to GCP may differ 
substantially from the US. In addition, although US sites contributed few subjects, it was 
important to audit an American site.  The following comments regarding the audits are 
based on the DSI review by Antoine El-Hage, PhD, which was a preliminary review 
pending final inspection reports. All sites were found to be without significant deviations 
and data were deemed to be reliable. 
  
Site 13 Pleven, Bulgaria, Principal Investigator (PI) Stoyan Bojinov, M.D. 
23 subjects were randomized  at this site and all records were reviewed. 
Ste 106 Belgrade,  Serbia and Montenegro, PI Jelena Drulovic, M.D. 
31 subjects were enrolled at this site and all records were reviewed. 
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There were some minor protocol violations and record keeping violations at both of 
these sites, but the data integrity did not appear compromised. Consistent protocol 
violations appeared to be lack of a consistent Evaluating Physician and other minor 
record keeping discrepancies. 
 
Site 128 Lviv, Ukraine PI Tetanya Nehrych, M.D.  
26 subjects were randomized at this site and all records were reviewed. 
There were some minor protocol violations and record keeping violations at this site, but 
data integrity did not appear compromised.  It is noted that one of the violations was not 
recording the temperature of the investigational product during transit.  Since it is 
thought that the shipping took place at room temperature (above the required 25 
Centigrade), this should not have been a problem. 
 
Site 181 Olmouc, Czech Republic, PI Petr Kanovsky, M.D. 
40 subjects were randomized at this site and 21 records were reviewed. 
Protocol violations included having someone other than the treating physician assess 
the entire set of records of each patient and determine if a relapse was qualifying or 
non-qualifying.  Relapse assessments were recorded in the eCRF by someone other 
than the “treating physician”.  This violation was discussed with the Division and was not 
deemed to negatively impact the primary endpoint because both qualifying and 
nonqualifying relapses won statistically, independently and collectively. On review of the 
record keeping it was noted that two relapses were incorrectly coded as nonqualifying 
when in fact they were qualifying relapses, but this error did not have an impact on the 
primary endpoint. 
 
Site 104, St Petersburg, Russia, PI Leonid Zaslavsky, M.D. 
21 subjects were randomized at this site and all 21 records were reviewed. No 
significant deviations were found at this site and the data integrity was intact. 
 
Site 165 Las Vegas, Nevada, PI Steve Glyman, M.D. 
7 subjects were enrolled at this site and 4 completed the study.  Six records were 
reviewed in depth. There were a number of protocol violations at this site.  A subject 
who had previously used Natalizumab was randomized into the study.  Another subject 
was randomized within the study less than 28 days after a relapse. Two subjects had 
their non-qualifying relapses treated before their EDSS was assessed.  There were 
some delays on the neurological evaluation and MRI on some subjects, but this was 
prior to starting the study medication. None of these violations were felt to seriously 
compromise data integrity.  There were a number of record keeping violations noted 
such as incorrect recording of EDSS score and the components of EDSS scores in at 
least three patients but were not felt to compromise data integrity due to the small 
number of subjects at this site. 
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Reviewer’s Comments 
Although there were a number of protocol deviations and record keeping 
violations at five out of the six sites inspected, the violations found did not 
appear to have a significant impact on the data integrity, including analysis of the 
primary endpoint, of the efficacy trial. 

3.3 Financial Disclosures 

The sponsor provided the required information regarding financial disclosures. There 
were conflicts of interest in the CLARITY study, although the sponsor attempted to 
minimize these conflicts by reducing the number of subjects from sites that received 
funding.  
The financial disclosures of investigators for the CLARITY study are summarized below.  

•  received a grant to pay for a neurologist to assist him with his 
research.  He entered  randomized patients.  The size of the grant was 
not specified. 

•  received $33,750 from Merck Serono. Dr. Cook entered  
 randomized patients.   received $60,200 

from Merck Serono.  
•  received $42,369 from Merck Serono. 
• , received $74,091 for 

their research related to MS.  This site only followed  subjects in the 
pivotal trial.  

• , a sub-investigator who evaluated  subjects during his 
involvement with the CLARITY trial, failed to file a financial disclosure and was 
not reachable.  

• , another subinvestigator involved with the CLARITY trial, 
evaluated subjects and she also failed to file a financial disclosure.  

 
 

4 Significant Efficacy/Safety Issues Related to Other Review Disciplines 

Dr. Evelyn Mentari, the Safety Reviewer, identified a major signal for malignancy that 
appears to be increasing over time after treatment and is greatest in the 3.5 mg/kg dose 
for which the sponsor is seeking approval. 
 

Chemistry Manufacturing and Controls 
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Table 4   Comparison between oral and parenteral doses of cladribine 

 
      Page 21 of Section 2.5 Clinical Overview NDA 22561 

4.2 Clinical Microbiology 

N/A 

4.3 Preclinical Pharmacology/Toxicology 

Please see the review of Dr. Melissa Banks for further details.   

4.4 Clinical Pharmacology 

Please see the review of Dr. Hristina Dimova for a complete assessment of the clinical 
pharmacology.  It is noted that the pharmacology development program was designed 
and conducted in patients in the targeted indications rather than in healthy controls 
because of the side effect profile of long lasting selective reduction in lymphocytes. 

4.4.1 Mechanism of Action 

Cladribine is a chlorinated purine analog.  It differs from the naturally occurring 
adenosine nucleoside by a substitution of a chlorine for a hydrogen in the 2-position of 
the purine ring. This substitution renders cladribine metabolically resistant to 
deamination by adenosine deaminase (ADA) which results in a prolonged half life.  
Cladribine acts as a prodrug as it requires intracellular uptake and phosphorylation to 
form biologically active nucleotides. The drug passively crosses the cell membrane and 
is phosphorylated by deoxycytidine kinase to 2-chloro-1”-deoxy-β-D-adenosine 
monophosphate (2-CdAMP). This accumulates intracellularly and is subsequently 
converted into the active triphophate deoxynucleotide 2-chloro-2”-deoxy-β-D-adenosine 
triphosphate (2-CdATP). As these toxic deoxynuceotides accumulate, DNA synthesis is 
impaired as the broken ends of DNA can not be repaired. The broken ends of DNA 
activate the enzyme poly (ADP-ribose) polymerase which results in NAD and ATP 
depletion and disruption of cellular metabolism. Both dividing and quiescent or non-
dividing cells are affected. The drug is selectively toxic in cells with high levels of 
deoxycytidine kinase and low levels of deoxynucleotidease activity which include 
lymphocytes and lymphoblastic cells. It is selectively cytotoxic toward both normal and  
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malignant lymphocytes and monocytes after exposure of longer than three days. The 
drug is resistant to cellular catabolism.  Suppression of lymphocytes and inflammatory 
autoimmune processes such as suppression of cytokine production by lymphocytes is 
believed to be the mechanism of action.   
 

4.4.2 Pharmacodynamics 

Cladribine consistently shows a preferential and sustained reduction in T and B 
lymphocytes compared with other cells and this appears pivotal in interrupting the 
inflammatory processes at work in RMS. The effect on circulating CD4+T cells is more 
noticeable that that on CD8+ T cells and this results in a decreased CD4:CD8 ratio. The 
initial reduction in B cells is pronounced, but transient compared with the effect on T 
cells.  Other blood cells such as neutrophils, eosinophils, erythrocytes and platelets are 
reduced, but not compared with the effect on lymphocytes.  

4.4.3 Pharmacokinetics 

Absorption 
Cladribine is rapidly absorbed with Tmax of 5.6-7.6 hours and 18.4-19.7 hours which 
suggests different elimination processes.  It reaches Cmax only 30-50 minutes after oral 
administration. The extent of absorption of cladribine is comparable between the fed 
and fasted states. 
 
Metabolism 
Cladribine is not extensively metabolized.  It is 0-20% bound to plasma protein.  The 
oral bioavailability is 40%.  Food intake further reduces the Cmax of cladribine by 40%. 
This increases the Tmax from 0.55 hours in the fasted state to 1.25 hours in the fed state, 
but as this is not significant the drug is administered without regard to food intake.  
Cladribine can penetrate the blood-brain barrier (BBB) with a cerebrospinal fluid/plasma 
concentration of approximately 0.25%. The non-renal part of cladribine elimination 
consisted of limited hepatic metabolism (< 5% of total clearance) and intracellular 
metabolism.  No major metabolites have been identified. The most notable metabolite is 
2-chloradenenine which is found in both plasma and urine.  Several other metabolites 
were found in low levels in plasma and in urine. 
 
 
Excretion 
Approximately half of the absorbed cladribine is excreted unchanged in the urine. The 
renal and non-renal routes of cladribine elimination were approximately equal.   The 
clearance of cladribine is approximately 45.7 L/hr with the breakdown of 23.1 L/h for 
renal clearance and 22.7 L/h for non-renal clearance.  Intracellular metabolism of 
cladribine plays the most important non-renal elimination route of cladribine. 
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Special Populations 
Clinical experience in patients with moderate to severe renal impairment and hepatic 
impairment is limited and is considered contraindicated.   

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials 

Table 5   Single Trial supporting Efficacy of cladribine for Relapsing-Remitting Multiple 
Sclerosis 

 
 
Only one clinical trial, #25643, the CLARITY trial, was used to support the efficacy of 
cladribine in this NDA as summarized in Table 5. 

5.2 Review Strategy 

The main focus of the efficacy review at the time of the first and second filing was to 
determine the quality and integrity of the Scripps C study so that it could be ascertained 
if the study could be used to support the application. Considerable effort was placed on 
a careful review of several of the CRFs to compare them to what was entered in the 
Scripps C database.  This focused part of the review process suggested that relapses 
were inaccurately counted and that the integrity of the study was therefore 
compromised and could not be used to make a determination of effectiveness. 
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It was noted that the CLARITY trial was a large, multinational trial with multiple distinct 
endpoints that appeared robust.   Although the Agency typically requires replication in 
two adequate and well-controlled studies in order to gain sufficient evidence that the 
results are generalizable and reproducible, there are some circumstances where a 
single study can suffice. Attention was therefore directed to making a determination if 
this trial was consistent with those requirements and sufficiently robust enough to stand 
alone without a second trial. 
 
A main concern when relying on a single trial is that there can be undetected systematic 
biases introduced that may lead to flawed conclusions.  Careful attention was paid to 
experimental design, blinding, balance in baseline demographics and disease 
characteristics, balance in trial withdrawals, post-hoc changes in analysis in order to 
ascertain the validity of the results. One key concern was the applicability of foreign 
data to US patients.  It was therefore important to examine the data collected from the 
ROW to determine if it was referable to that from U.S. subjects by comparing 
demographic features, drop-outs, protocol violations and safety and efficacy results. 

5.3 Discussion of Individual Studies/Clinical Trials 

Study Title: CLARITY trial #25643 
 
A phase III, randomized, double-blind, three-arm, placebo-controlled, multi-center study 
to evaluate the safety and efficacy of oral cladribine in subjects with relapsing-remitting 
multiple sclerosis (RRMS) 
 
Objectives: 
Primary Objective: 

• To assess the efficacy of cladribine (3.50 mg/kg and 5.25 mg/kg) versus placebo 
in the reduction of qualifying relapse rate during 96 weeks of treatment in 
subjects with RRMS.  

 
Secondary Objectives: 

• To assess the effect of cladribine (3.5 mg/kg and 5.25 mg/kg) vs. placebo on 
progression of disability in subjects with RRMS 

• To assess the effect of cladribine (3.5 mg/kg and 5.25 mg/kg) vs. placebo in 
reducing lesion activity compared to placebo as measured by MRI in subjects 
with RRMS 

• To assess the safety of cladribine (3.5 mg/kg and 5.25 mg/kg) vs. placebo in 
subjects with RRMS 

• To assess population pharmacokinetics in subjects with RRMS 
• To identify DNA polymorphisms or gene expression profiles associated with 

certain traits (i.e. response, adverse events) of cladribine used in the treatment of 
multiple sclerosis as well as potential susceptibility loci for multiple sclerosis 
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Trial design: 
This was a 96 week randomized, double-blind, placebo-controlled, international, 
multicenter trial. High dose cladribine (5.25 mg/kg) was compared to low dose cladribine  
 
(3.5 mg/kg) and to placebo.  The trial included a pre-trial evaluation period, an initial 
treatment period during the first 48 weeks in the trial, and a retreatment period during 
the second 48 weeks in the trial. A treatment course was defined as daily administration 
over 4 to 5 consecutive days at the beginning of a 28-day treatment course. Treatment 
occurred according to the regimen described below. 
 
Trial visits were scheduled at pretreatment, study day 1, weeks 2, 5,9,13, 16,24,36,44, 
48, 52, 55, 60, 66,72,78,84.  The final visit was at week 96 or at early termination. A 
schedule of study assessments is provided below. Unscheduled visits took place at the 
time of relapse.  MRI assessment took place on study day 1, week 24, week 48, and 
week 96. 
 
Patients who completed the trial were offered an extension of the treatment for a further 
96 weeks. The Extension trial is currently ongoing and only unblinded data is part of the 
safety database. Eligibility of the extension trial was based on: 

• All hematologic parameters as measured at week 96 are at the lower limits of 
Grade 1 toxicity as defined by the CTCAE. 

• The subject does not have a significant illness or disease other than MS 
• No major protocol violations in antecedent study 
 

Subjects who did not meet these eligibility criteria were offered another 96 weeks of 
safety assessments.  
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Figure 2   Schedule of Study Assessments 

 
       Table 25643-1 from  CLARITY study report 
 
Key Inclusion Criteria: 

• Male or female, between the ages of 18-65 years of age 
• Have definite MS according to the McDonald criteria 
• Have relapsing-remitting disease with one or more relapses within the past 12 

months prior to Trial Day 1 
• Have been clinically stable and not have a relapse in the preceding 28 days 

before Trial Day 1 
• Have MRI consistent with MS 
• Have an EDSS from 0-5.5 
• Weigh between 40-120 kg 

 
Key exclusion criteria: 

• Have Secondary Progressive MS or Primary Progressive MS 
• Have received a disease modifying drug (DMDs), cytokine or anti-cytokine 

therapy, IVIG or plasmapheresis within the last three months prior to Trial Day 1. 
• Have received cladribine, mitoxantrone, total lymphoid irradiation, 

myelosuppressive therapy, campath-1h, cyclophosphamide, azathioprine, 
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methotrexate or natalizumab.  If at anytime treated with another 
immunosuppressive medication  then excluded if a history of persistent anemia, 
leukopenia, neutropenia or thrombocytopenia after immunosuppressive therapy 

• Have previously failed treatment with two or more DMDs on the basis of efficacy  
• Have prior or current history of malignancy 
• Have platelet and absolute neutrophil counts below the lower limit of normal 

range or significant leukopenia within 28 days prior to Trial Day 1 
• Have received oral or systemic corticosteroids or adrenocorticotropic hormone 

within 28 days prior to Trial Day 1 
• Used any investigational drug or experimental procedure within six months prior 

to Trial Day 1 
• Have systemic disease that might interfere with subject safety, compliance or 

evaluation of the condition under trial 
 
Subject Enrollment:   
This study randomized approximately 1290 subjects (430 per treatment arm) with 
RRMS over the course of approximately 12 months. Subjects were recruited from 155 
sites. 
 
Randomization and Controls: 
Once a subject met the eligibility criteria and was ready to begin treatment he/she was 
randomized by a computerized, central system in an equal fashion (1:1:1) to all 
treatment groups by study site. Trial medication was administered in a double-blind 
fashion.  The treating physician who administered treatment reviewed laboratory 
findings and assessed adverse events and safety findings. The evaluating physician 
was responsible for all neurological assessments.  MRIs were read in a blinded fashion 
by physicians at a central neuroradiology center trained in this protocol.  
 
Treatment: 
   Year One (Trial day 1, week 5, 9, 13) 

• Low Dose cladribine 3.5 mg/kg = 0.875 mg/kg/cycle x 2 cycles + placebo for 2 
cycles 

• High Dose cladribine 5.25 mg/kg = 0.875 mg/kg/cycle x 4 cycles 
• Placebo for all four cycles 

   Year Two (week 48, 52) 
• Cladribine at a low dose = 0.875 mg/kg/cycle for 2 cycles or 
• Placebo for 2 cycles 

Treatment cycles were defined as daily administration of tablets consecutively over four 
to five days during a 28-day period. Dose was based on weight using 10 kg weight 
ranges. 
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Rescue Medication: 
Beginning at Week 24, rescue medication was an option and subjects experiencing 
greater than one qualifying relapse and/or a sustained increase in EDSS were qualified 
to receive the rescue medication. Optional rescue medication of Rebif (44 mcg tiw) was 
supplied by Sponsor. The subject could elect not to accept Rebif as a rescue 
medication, and instead continue on blinded treatment according to the protocol. Any 
subject accepting rescue medication, Rebif or another disease modifying drug, 
remained in the study, and performed all scheduled assessments. Those subjects not 
wishing to continue with study assessments were asked to complete a Week 96/Early 
Termination Visit. 
 
In addition, corticosteroids for acute relapses were offered to patients.  Treatment was 
typically 500-1000 mg of IV Solumedrol for three to five days without taper.  Oral 
steroids could not be used for more than 14 days.   
 
Criteria for Interruption or Discontinuation of Investigational Medicine: 
In the event of CTCAE Grade 4 toxicity attributable to the investigational product, the 
treatment was permanently stopped.  In the event of Grade 3 toxicity, treatment was 
interrupted at the discretion of the investigator until the toxicity resolved to Grade 0 or 1. 
If there was a recurrence of Grade 3 toxicity, then dosing could again be interrupted as 
before. Persistence of Grade 3 toxicity after a 4 week interruption of therapy resulted in 
permanent discontinuation of the drug.  
 
Table 6    CTCAE Grade 4 Toxicity Criteria 

 
 
Concomitant Medication: 

• All medications not specifically excluded by the protocol that are considered 
necessary could be given at the discretion of the Investigator 

• MS relapses could be treated with IV steroids in a 3-5 day course. If steroid 
treatment coincided with study medication then study medication was interrupted 
until CBC was found to be in an acceptable range 
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• Rebif as needed for rescue 
 

Prohibited Medication: 
Use of the following treatments was not allowed during the course of the study: 

• Immunosuppressive medications (i.e., azothioprine, methotrexate, 
           cyclophosphamide, mitoxantrone, cyclosporin) 

• Cladribine (outside of the protocol), total lymphoid irradiation, myelosuppressive 
therapy, campath-1h, IVIG, and plasmaphoresis 

• Cytokine or anti-cytokine therapy 
• Other concomitant medications: immunoglobulins, monoclonal antibodies 

(including natalizumab), INF-ß, (with exception of Rebif as a rescue medication),   
glatiramer acetate 

• Use of medications that affect GI motility and absorption of cladribine, including 
proton pump inhibitors, H2 antagonists was discouraged 

 
Withdrawal from Study: 

• Initiation of treatment with another investigational drug 
• Non compliance 
• Major protocol violation 
• Pregnancy 
• Voluntary upon patient request 

Those who withdrawal prematurely were encouraged to return for follow-up of AEs and 
SAEs.  They were not replaced.  Those not willing to continue with study assessments 
were encouraged to complete an early withdrawal assessment. 
 
Efficacy Outcome Measures: 
Primary endpoint: 
The primary efficacy parameter was the qualifying relapse rate during 96 weeks of 
treatment of either high or low dose cladribine or placebo. Only qualifying relapses were 
considered for the primary analysis. 
 
Main secondary endpoint: 

• Mean number of combined unique (CU) lesions defined as  
o  new T1 gadolinium enhancing, 
o  new T2 non-enhancing or enlarging lesions 
o both, without double-counting (designated “combined unique lesions”) per 

subject per scan at 96 weeks in three treatment groups 
 
Other Secondary endpoints: 

• Proportion of subjects qualifying relapse-free at 96 weeks 
• Disability progression at 96 weeks (time to sustained change in EDSS over three 

months of ≥1.0 point for EDSS between 0.5-5.5, or ≥1.5 points if baseline EDSS 
was 0, or 0.5 if EDSS over 5.5 
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• Mean number of active T2 lesions per subject per scan at 96 weeks 
•  Mean number of active T1 gadolinium-enhanced lesions per subject per scan at 

96 weeks 
 
Numerous Tertiary Endpoints which include: 

• Mean change in T2 lesion volume from baseline to 96 weeks 
• Mean change in T1 hypointense lesion volume from baseline to 96 weeks 
• Mean change in brain atrophy as measured by mean percentage change in Brain 

Parenchymal Fraction (BPF) on MRI scan from baseline to Week 48, from 
baseline to Week 96 and from Week 48 to Week 96 

 
Analysis plan: 
General 
All statistical tests were two-sided and performed at the 5% significance level. When 
multiple comparisons were made, the overall family-wise error rate of 5% was 
maintained. Only qualifying relapses were considered for the primary analysis. For all 
efficacy analyses, data obtained on or after the rescue date were excluded from 
analysis.  
 
For analysis of baseline continuous parameters, the ANOVA model assumptions of 
normality were conducted and confirmed.  Normality was assessed using the normal 
probability plot and the Shapiro-Wilk statistic. Raw data was used if the model 
assumptions were satisfied, if not, then the ANOVA model with fixed effects for 
treatment and region were performed on the ranked data across all subjects.  To test for 
a treatment by region interaction the full ANOVA models was used with fixed effects for 
treatment, region and treatment by region interaction. If the interaction was statistically 
significant, then the full model was used as the final analysis model, otherwise the main 
effects model was used. 
 
 
Study Populations 

• Intent-to-treat population (ITT) was the primary analysis population. All patients 
who were randomized and received at least one dose of study medication were 
included. Patients were grouped according to the assigned treatment.  

• Evaluable population was a supportive analysis which included all patients in the 
population without any major protocol deviations with 96-week data.  

• Safety population includes all subjects who received at least one dose of trial 
medication with follow-up safety data.  This was the population used for the 
safety analysis. 

• Pharmacokinetic (PopPK) population was a subset of approximately 190 subjects 
used to study PK and ECG. 

 
Relapse definitions 
In the CLARITY study qualifying and nonqualifying relapses were distinguished and only 
qualifying relapses were included as a primary endpoint but all relapses was assessed  
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as a secondary endpoint. Relapses were supposed to be confirmed by the examining 
physician.  
 
Qualifying relapse 
A qualifying relapse was defined as a two grade increase in one or more Kurtzke 
Functional Scale (KFS) or a one grade increase in two or more KFS, excluding changes 
in bowel or bladder function or cognition, in the absence of fever, lasting for ≥ 24 hours, 
and preceded by at least 30 days of clinical stability or improvement. 
 
Non-qualifying relapse 
A non-qualifying relapse would be any relapse (as determined by the treating physician) 
that did not have the requisite neurological changes of a protocol defined qualifying 
relapse as above. This could include, for example, episodes that do not meet the 
protocol defined changes of a qualifying relapse but, with convincing historical features 
of focal neurological dysfunction consistent with a relapse in the opinion of the 
assessor. 
 
Confirmation of relapse 
The evaluating physician must confirm the relapse within 7 days of onset.  Relapse-
related signs and symptoms would not be recorded as AEs but would be recorded as a 
result of the neurologic examination. 
 
Imputations 
 
Event date imputation – if the event date was not complete, it was imputed using the 
following rules: 

• If the day and month were missing and the year recorded, then the day and 
month were imputed to be June 15. 

• If the day was missing and the month and year recorded, the day was imputed to 
be the 15th. 

• If the day and year were recorded, but not the month, then the month was 
imputed to be June. 

• If the year was missing, then the date was left as missing. 
 
 Rescued Subjects imputation 
For any rescued subject who had qualifying relapses after getting rescued, the 
qualifying relapses after the rescue were not counted, but instead, were imputed using 
the following algorithm: 
 

1) Only data from subjects in the placebo group were used in the imputation. 
2) The qualifying relapse rate per subject per day (RRI) was computed. 

RRI = (total number of qualifying relapses in the placebo group for all subjects 
who were not rescued during 96 weeks and for those subjects who were rescued 
up to the date of rescue) / (total time on study in the placebo group for all  
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subjects who were not rescued during 96 weeks and for those subjects who were 
rescued up to the date of rescue). RRI was 0.3419 per 246 relapses across all 
placebo subjects. 

3) Number of qualifying relapses (after date of rescue) = RRI x (date of last visit – 
date of rescue). This imputed number of qualifying relapses (after date of rescue) 
was rounded to the nearest integer. 

4) A rescued subject who had qualifying relapses after the rescue date 
had their total number of qualifying relapses during 96 weeks (depending on the 
subject’s time on study) imputed to be = the subject’s number of qualifying 
relapses before rescue + the subject’s imputed number of qualifying relapses 
after rescue. 

 
MRI lesion imputation 
If a subject had post-baseline MRI scans and the subject was not rescued, no 
imputation was needed.  The mean number of lesions/scan was computed using the 
number of scans the subject had. 
 
  If a subject had no post-baseline MRI scans, then the number of mean lesions/scan 
was imputed to be the median of the mean number of lesions/subject/scan across the 
three treatment groups using data from all subjects with post-baseline MRI scans. 
 
If a subject was rescued and had post baseline scans after the date of rescue, then all 
the scans up to the date of rescue were used.  If there were no post baseline scans or 
prior to the date of rescue, then the value was imputed from the overall “median” value 
at baseline for all subjects who had pre-treatment measurements. 
 
Rescue 
Prospective plans were made if ≥ 10% of the subjects required rescue with Rebif or a 
comparable agent, to augment the model for continuous efficacy parameters to include 
an indicator for intake of rescue medication and interaction between treatment and the 
indication for intake of rescue medication, but this was not necessary due to few 
rescues (47 out of 1325 subjects or 3.5%). 
 
Primary Efficacy Analysis 
The primary comparison for this study, designed to show the superiority of cladribine to 
placebo for the treatment of RRMS, was the qualifying relapse rate during 96 weeks of 
treatment.  The following 2-sided null and alternative hypotheses were tested. 
 

H0: There is no statistically significant difference in the number of qualifying 
relapses during 96 weeks of treatment in any of the cladribine dose groups 
compared with placebo.  
Ha: There is a statistically significant difference in the number of qualifying 
relapses during the 96 weeks of treatment in any of the cladribine dose groups 
compared with placebo.   
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A Poisson regression model with fixed effects for treatment group and region with log of 
time on study as an offset variable in the model was used to analyze the primary 
efficacy parameter. There were four parameters relating to the region effects, as there 
were five regions in the analysis.  The model included the logarithm of the time on study 
in days as an offset variable.  An approximate Chi-square test based on Wald statistics 
was used to test treatment differences in qualifying relapse rate adjusted for region. In 
addition, the relative risk of developing a qualifying relapse and the annualized 
qualifying relapse rate and its associated 95% CI (97.5% CI) were estimated for each 
treatment group and its comparison.  
 
Adjustments for multiplicity 
To control the overall type-I error rate, adjustment for multiplicity was applied to the 
primary and secondary endpoints.  The qualifying relapse rate was analyzed using 
Hochberg’s step-up procedure by comparing the cladribine dose groups with the 
placebo group at Week 96. The cladribine dose group with the largest p-value was 
compared to the placebo group for qualifying relapse rate. If the p-value of this group 
was ≤0.05, then the qualifying relapse rate of both cladribine groups was considered to 
be significantly different from the qualifying relapse rate of the placebo group. If the p-
value > 0.05, then the qualifying relapse rate of the other cladribine dose group was 
considered to be significantly different from the qualifying relapse rate of the placebo 
group if the corresponding comparison p-value is ≤0.025.  Otherwise, both cladribine 
groups were considered to have qualifying relapse rates that were not significantly 
different from the qualifying relapse rate of the placebo group. If both cladribine dose 
groups were significantly different from the placebo group, then the 95% CI would be 
applied and if only one group was significant then the 97.5 % CI would be applied. This 
same comparison method was applied to other efficacy parameters as well (except for 
Health Related Quality of Life (HRQL) and Health Resource Utilization (HRU) 
measures. 
 
Sensitivity Analyses of Primary endpoint 
1. All Qualifying relapses- a sensitivity analysis was done for the ITT population with no 
imputations, all qualifying relapses were counted, regardless of rescue medication 
2. By pseudo-center –these were used rather than region for a sensitivity analysis. A 
site with 6 or more subjects was considered a pseudo-center.  A site with less than 6 
subjects was assigned to a pseudo-center using an extremely complex algorithm. 
3. By baseline characteristics- three variables with statistical differences among the 
treatment groups were studied as supportive analyses to examine the robustness of the 
results which included the following baseline disease characteristic imbalances:      

• Time since first attack 
• Number of T1 hypointense lesions  
• T2 lesion volume  
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Secondary Efficacy Endpoints 
All three secondary MRI parameters were analyzed using a nonparametric ANCOVA 
model on ranked data with fixed effect for treatment group and region with adjustment 
for baseline T1 Gd+ lesion number, as baseline T2 and CU lesions were not available. 
 
A hierarchical test was used for the following three MRI parameters: 

1. mean number of the active T1 Gd+ lesions/subject/scan at week- 96  
2. mean number of active T2 lesions/subject/scan at week- 96 
3. mean number of CU lesions/subject/scan at week -96 
 

These MRI parameters were tested in hierarchical order following the testing of the 
primary efficacy parameter, only for those cladribine doses that were determined to be 
significantly different from the placebo for the primary efficacy parameter.  If both 
cladribine doses were significantly different from placebo for the primary parameter, 
then these MRI parameters were tested in the order of T1, T2 and CU for high dose 
cladribine versus placebo followed by T1, T2 and CU for low dose cladribine versus 
placebo in a hierarchical manner at the 0.05 level. If only one cladribine dose was 
significant for the primary parameter, then these MRI parameters were tested in the 
order of T1, T2, and CU for the significant dose of cladribine versus placebo at the 
0.025 level. Sequential testing of the parameters was only carried out if the test for the 
previous parameters was significant. 
 
An active T1 Gadolinium enhanced lesion was defined as a new, recurrent, newly 
enlarging or persistently enlarging lesion found during a given scan.  An active T2 lesion 
was also defined as any new, recurrent, newly enlarging or persistently enlarging lesion. 
A CU lesion was defined as new T1 gadolinium-enhancing or new T2 non-enhancing or 
enlarging lesions or both without double-counting, found during a given scan.  
 
Proportion of Qualifying Relapse-Free Subjects 
Relapse-free subjects were those who did not have a qualifying relapse during the study 
regardless of whether or not they discontinued treatment prior to the end of the study. 
The proportion of qualifying relapses-free subjects at the end of the 96 weeks was 
analyzed using a logistic regression model with fixed effect for the treatment group and 
region.  The odds ratio of being qualifying relapse-free in each group vs. placebo and 
the associated CI was estimated.  
 
Time to 3-month Sustained Change in EDSS Score 
Disability progression was measured in terms of a 3-month sustained change in EDSS 
score, an increase of at least: 

• 1.5 points if baseline EDSS score is 0 
• 1.0 points if baseline EDSS score is between 0.5 and 5.0 and 
• 0.5 points if baseline EDSS score is > 5 
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This was analyzed using the Cox proportional hazards regression model with fixed 
effects for treatment and region. An approximate Chi square test based on Wald 
statistic was used to compare treatment groups.  The hazard ratio of time to 3-month 
sustained change in EDSS score in each of the cladribine groups vs. the placebo group 
and the associated 95% or 97.5% CI was estimated.  Kaplan-Meier plots of time to 3-
month sustained change in EDSS score were presented by treatment group. In addition, 
the Kaplan-Meier estimates of time to 3-month sustained change in EDSS score was 
presented for treatment group. 
 
Confirmed disability progression 
A 3-month confirmed disability progression required onset EDSS, 3-month confirming 
EDSS, and all EDSS in between to meet the disability progression criteria. The 
confirmatory EDSS was required to occur in the absence of relapse, and to occur ≥ 76 
days after the onset EDSS, and to be at a scheduled visit. However, unscheduled visits 
were not used as confirmation visits, whether or not in absence of a relapse. 
 
Health Related Quality of Life (HRQL) and Health Resource Utilization (HRU): 
As this protocol was being implemented worldwide, several different quality of life 
assays were performed (in the local language). Assays were performed at study day 1, 
weeks 24, 48, 72, 96 and at each relapse.  In addition the SF-36 was administered at 
week 13 in the countries where it was being applied. 

• The EQ-5D is a self-administered generic measure to assess health status 
• MSQOL-54 is an MS specific questionnaire 
• SF-36 is a generic Health Status measure used extensively in MS patients 

 
Protocol Amendments 
The Original Protocol was approved January 31, 2005. Nine Amendments were 
submitted to this application and several of them involved adapting the protocol to 
conform to the regulations of other countries.  The key changes in the Amendments are 
highlighted here. 
Amendment 3 (July 29, 2005) 

• Added qualifying relapse rate analysis at weeks 48 and 96 
• Clarified entry criteria for MRI consistent with MS using the Fazekas criteria  to 

allow subjects with CIS and prior users or natalizumab 
• More detailed medical history added so that at the end of the study if breast 

cancer appears to be a signal there is better data for retrospective analysis 
• Numerous additional assays including the collection of the Health Related Quality 

of Life and Health Resource Utilization Questionnaire, ECGs, pregnancy testing 
prior to re-treatment, weight measurements for dosing, modifications to the 
schedule for PK and lymphocyte surface marker testing in a subset of patients 

• Definitions of qualifying and nonqualifying relapses modified for ease in global 
implementation 

• Numerous further safety observations and measurements to include 
 Additional pregnancy testing before retreatment 
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 PK sampling at the beginning of each treatment cycle 
 Additional lymphocyte markers (CD45RA and CD45RO) added for a 

subject of subjects 
 ECGs added at baseline and start of each cycle in subject 
 Health Related Quality of Life and Resource Utilization section revised 
 Nondrug therapies revised especially policy on blood transfusions 
 Rescue medication clarified for subjects who refuse Rebif after relapse 
 Language revised to instruct subjects on what to do if they miss a dose 
 Data Safety Monitoring Board revised so that they could see efficacy data 

early if the risk versus benefit profile needed to be assessed 
 Data analysis and statistics section revised to describe the sensitivity 

analyses to be performed and to describe the use of the Tyrer-Cuzick 
model in analyzing breast cancer data collected 

Amendment 6 (August 21, 2006) 
• “Active lesions” defined as combined unique active lesions (CU)  
• Pharmacogenomic analysis is an additional secondary study objective so that 

subpopulations could be assessed for differential response based on DNA 
polymorphisms or gene expression profiles. Information added as to how it will 
be analyzed as well as possibility for optional blood sampling for DNA and RNA 
extraction  

• Hemoccult testing added to obtain further safety information 
Additional hematologic testing added at week 2, 55, 66, 78 to increase safety 
monitoring.  These time points were suggested by a report of pancytopenia in 
Study 25643 in a patient at week 62, the expected nadir following re-treatment 
with 2 cycles of cladribine at week 52 

• Addition of the SF-36 questionnaire so that study can be compatible with what is 
used in available therapies 

• Multiple comparisons modified to clarify the analysis of qualifying relapse rate 
• Sample size calculations modified based on slight change to the statistical power 

and a change to the Type I error rate related to the main secondary endpoint. 
• 48 week analyses modified to include an interim analysis of qualifying relapse 

rate at 96 weeks for a subset of subjects who have completed 96 weeks or 
withdrawn prematurely.  This was used to validate the sample size. 

• Methodology added to describe how the Health Related Quality of life and 
healthcare resource utilization data will be analyzed 

• Microscopic analysis of urine added and included in collection of 
pharmacogenomic samples 

Amendment 7 (February 6, 2007) 
• Protocol updated to include mean brain atrophy measurements at baseline and at 48 

weeks. 
Amendment 9 (September 30, 2008) 

• This amendment permitted a truncation in the time interval between the last two 
visits for the last two subjects in the protocol who were due to perform their Week 
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96 visit after November 11, 2008. Truncation of last two subjects helped the 
sponsor expedite their review. The reduced time was taken into consideration in 
the analysis of the primary endpoint.   

 

6 Review of Efficacy 

6.1 Indication 

Cladribine is indicated for the treatment of the relapsing forms of multiple sclerosis  

6.1.1 Method 

6.1.2  Demographics  

The CLARITY trial sought to enroll subjects with clinically-active relapsing-remitting 
disease. In addition to describing the patient population’s age, race, weight, and gender, 
the sponsor collected baseline disease characteristics of their subjects which were 
compared by treatment and by region. 
 
General Demographics 
The demographic characteristics of the three treatment arms were in general well 
balanced in the ITT population and no statistically significant differences were observed 
among the entry criteria.  All three arms had subjects with well established disease.  Of 
note, the patients were predominantly female (68%), Caucasian (92%) and middle-age, 
with a mean age of 38.3 years for all randomized subjects. Further details on the 
baseline general demographics can be found in Table 7. 
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Table 7    Demographics by Treatment Group – ITT Population        

      
Table 25643-8 Clarity clinical study report  
 
 
Baseline Disease Characteristics and MRI Characteristics 
Baseline disease characteristics of the three arms of the CLARITY study were 
evaluated and were reasonably well balanced. (See Table 8) Those on low dose 
cladribine had the shortest disease duration (7.9 years), but this was not a statistically 
significant difference from high dose cladribine (9.3 yrs) or placebo (8.9 yrs). The mean 
entry EDSS scores of 2.8-3.0 were comparable between trial arms.  Some slight 
evidence that the disease may have been less active in those on high dose cladribine 
was found in the frequency of relapses in the 12 months prior to treatment.   Those on 
high dose cladribine more frequently had 0-1 relapses in the preceding year and those 
on low dose cladribine and placebo more frequently had ≥ 3 relapses in the preceding 
year. This difference may be inconsequential, particularly in light of the fact that the 
disease burden of those on high dose cladribine seemed greatest using MRI criteria. 
Those on high dose cladribine group started out with slightly increased disease burden 
as measured by mean entry level T1 hypointense lesions (8.5 vs. 7.1 and 7.4) and T2 
lesion volume (17467.7 mm3 vs. 16266.8 mm3 and 13104.8 mm3).   This would not be 
anticipated to adversely affect the outcome, and if anything would favor those not on 
active drug. (See Table 9) 
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         Table 8    Baseline Disease Characteristics – ITT Population 

Characteristic Statistics  Cladribine 
 5.25 mg/kg  
   (N=456) 

Cladribine 
3.5 mg/kg 
(n=433) 

Placebo 
(n=437) 

P-value 

Disease duration 
in years 

N 
Mean (SD) 
Median 
Min; Max 

 456 (0) 
9.3 (7.6) 
7.2 
0.4; 35.2 

433 (0) 
7.9 (7.2) 
5.8 
0.3; 42.3 

437 (0) 
8.9 (7.4) 
7.1 
0.4; 39.5 

0.005 

Time since last  
attack prior to 
study Day 1 (in 
months) 

N 
Mean (SD) 
Median 
Min; Max 

456 (0) 
5.3 (3.0) 
4.3 
0.9; 13.3 

433 (0) 
5.4 (2.9) 
4.8 
1.1; 15.2 

437 (0) 
5.4 (2.7) 
5.0 
0.9; 12.8 

0.352 

 EDSS  
 (n,%) 

 456 533 437 0.149 

0  11 (2.4) 12 (2.8) 13 (3.0)  
1  80 (17.5) 75 (17.3) 70 (16.0)  
2  119 (26.1) 133 (30.7) 127 (29.1)  
3  108 (23.7) 108 (24.9) 96 (22.0)  
4  84 (18.4) 71 (16.4) 83 (19.0)  
≥ 5  54 (11.8) 34 (7.9) 48 (11.0)  
EDSS  
 

Mean (SD) 
Median  
Min; Max 

3.0 (1.4) 
3.0 
0.0; 5.5 

2.8 (1.2) 
2.5 
0.0; 6.0 

2.9 (1.3) 
3.0 
0.0; 5.5 

 

 Relapse in Prior 
12 months 
(n,%) 

  
 
456 (0) 

 
 
433 (0) 

 
 
437 (0) 

 
 
0.667 

0  2 (0.4) 0 0  
1  323 (70.8) 303 (70.0) 306 (70.0)  
2  113 (24.8) 105 (24.2) 110 (25.2)  
3  14 (3.1) 22 (5.1) 19 (4.3)  
≥ 4  4 (0.9) 3 (0.7) 2 (0.4)  
Mean  1.3 1.4 1.4  

        Adapted from Tables 25643-9 and Table 25643-10 Clarity clinical study report 
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Table 9    Baseline MRI by Treatment Group- ITT Population  
 
        Characteristic                                           Statistics        Cladribine       Cladribine      Placebo       p-value 
                                                                                                5.25 mg/kg      3.5 mg/kg       
         ___________________________________________ (n=456)            (n=433)        ( n=437)  

 
       Table 25643-9 CLARITY clinical study report 
 
Prior Disease Modifying Therapies 
A requirement of the study was the exclusion of subjects that had been on disease 
modifying drugs within 3 months of trial initiation or who had ever been on 
immunosuppressive therapy.  In addition, subjects could not be enrolled if they had 
failed treatment with ≥ 2 DMDs based on efficacy. There were more treatment-naïve 
subjects on low dose cladribine than on high dose cladribine or placebo (73.9% vs. 
67.8% and 67.5%).  High dose cladribine and placebo were extremely well matched in 
this regard. (See Table 12). 
 
Table 10  History of prior disease modifying medications- ITT population 

Disease Modifying 
Drug 

Cladribine – high dose Cladribine – low dose Placebo 

Total Number 456 433 437 
Treatment -naive 309 (67.8) 320  (73.9) 295   (67.5) 
Disease Modifying 
Drug 

Cladribine – high dose Cladribine – low dose Placebo 

Previously treated 147 (32.2) 113 (26.1) 142  (32.5) 
Avonex 59 (12.9) 44 (10.2) 46 (10.5) 
Betaseron 42 (9.2) 42 (9.7) 56 (12.8) 
Copaxone 38 (8.3) 19 (4.4) 29 (6.6) 
Rebif 44 (9.6) 36 (8.3) 44 (10.1) 
Tysabri 1 (0.2) 0 1 (0.2) 
Other 14 (3.1) 7 (1.6) 17 (3.9) 

     Table 25643-11 CLARITY clinical study report 
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Reviewer’s Comment 
Because more treatment naïve subjects were on low dose cladribine than in the 
other arms it was not a surprise that they had a slightly shorter disease duration 
and that the drug worked better on this group as demonstrated in an ad hoc 
analysis done by our statistics reviewer, Dr. Sharon Yan. Nevertheless, for those 
who were on high dose cladribine and placebo these two groups were almost 
indistinguishable in terms of their past usage of DMD. 
 
Applicability of Foreign Data 
The efficacy database contained only 7% U.S. subjects (94/1236 subjects). The 
justification for this low U.S. enrollment was that even though the trial was planned to 
begin worldwide, entry to the trial was delayed in the U.S. by 14 months at which time 
trial enrollment was nearing completion. At the Agency’s request, a subgroup sensitivity 
analysis was requested for the key efficacy endpoints performed by pseudo-center and 
prespecified region to see if treatment by region interaction was statistically and 
clinically significant.  Pseudocenters were either unique sites or combinations of sites 
that included at least six subjects.  
 
Since subgroup analysis was performed, it was important to ascertain if there were 
regional differences in baseline demographics and baseline disease characteristics. It 
was noted that the study was not powered to statistically analyze such differences, and 
only qualitative comments could be made. 
 
 The sites/countries in each region can be seen in Table 11 and were based on 
geographic location. Randomization was stratified by site. The 155 sites were combined 
into 5 regions, namely, the Americas, Eastern Europe, Western Europe, Russia and the 
Rest of the World.  As more than half of those randomized (786/1326), came from 
Eastern Europe; Russia was split off from the rest of Eastern Europe and made into its 
own region. A post-hoc analysis was also carried out for the U.S.  U.S. subjects 
constituted 72% of the Americas region 
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Table 11  Numbers of subjects associated with each Region  

Americas             Eastern Europe         Russia               Western Europe    ROW 
9.9%                     38.6%                       22.6%                19.3%                    9.6%               
N= 131 N= 494  N= 292 N= 256 N= 127 
Brazil  1 
Canada 36 
US 94 
 
 
 
 
 
 
 
 
 
 

Bulgaria  190 
Croatia 11 
Czech Republic 
67 
Estonia 45 
Latvia 20 
Lithuania 13 
Poland 50 
Serbia/Montenegro
36 
Ukraine 62 

Russia 292 Australia 11 
Austria 5 
Belgium 15 
Denmark 2 
Finland 7 
France 47 
Germany 37 
Greece 18 
Italy 66 
Netherlands 2 
Portugal 8 
Switzerland 10 
UK  28 

Israel 1 
Lebanon 35 
Morocco 22 
Saudi Arabia 5 
Tunisia 54 
Turkey 10 

 
Although regional differences were seen for demographic and baseline disease 
characteristics it appeared that U.S. subjects were well characterized by the overall ITT 
population. Differences noted will be highlighted. Approximately two thirds of the 
subjects of the ITT population were female (67.7%) whereas in the U.S. females 
constituted 76.6% of the population. Baseline weight for subjects was 69.24 kg for the 
ITT population, but in the US the mean weight was 78.55 kg despite the fact that 
females predominated.  The mean age of subjects in the ITT population was 38.3 years 
but for US subjects it was 40 years. An analysis of the ARR by gender and age was 
provided by our statistical reviewer, Dr. Sharon Yan, because of the differences noted. 
 
Pertaining to baseline disease state, the most striking regional difference was the use of 
prior DMD.  The greatest usage was in the US where it was as high as 79.77% whereas 
30.3% of the ITT population used DMD.  By comparison, in Russia, prior usage was 
6.3%, and in the rest of Eastern Europe it was 28.4%.  Pertaining to history of relapses 
in the past 12 months, U.S. subjects had on average 1.30 relapses in the prior 12 
months whereas for the ITT population the average was 1.36. Other measures of 
disease activity at baseline were assessed. US citizens had a mean entry level EDSS of 
2.15 whereas for the ITT population the mean EDSS at entry was 2.90.  If one looked 
collectively at the various MRI endpoints such as T1 Gd+ lesions, T1 hypointense 
lesions, and T2 lesion volume all were less severe for those in the U.S. and Table 12 
highlights the details. In summary, U.S. subjects had less baseline disease activity and 
greater use of prior immunomodulatory medication. 
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Table 12  CLARITY Baseline Disease Characteristics U.S. vs. ITT Population  

                      ITT Population                       Region: U.S.  
Disease 
Characteristic 

 Cladribine 
 5.25 mg/kg  
   (N=456) 

Cladribine 
3.5 mg/kg 
(n=433) 

Placebo 
(n=437) 

Cladribine 
5.25 mg/kg 
(n=33) 

Cladribine 
3.5 mg/kg 
(n=28) 

Placebo 
(n=33) 

Disease 
duration in years 

 9.3 
 

7.9 
 

8.9 
 

9.61 4.50 7.76 

 EDSS 
category% 

      

0 2.4 2.8 3.0 0.0 3.6 9.1 
1 17.5 17.3 16.0 27.3 21.4 12.1 
2 26.1 30.7 29.1 30.3 32.1 48.5 
3 23.7 124.9 22.0 27.3 28.6 15.2 
4 18.4 16.4 19.0 12.1 10.7 12.1 
≥ 5 11.8 7.9 11.0 3.0 3.6 3.0 
 Median EDSS  
 

3.0 
 

2.8   2.9  
 

2.00 2.50 2.00 

 Relapses in 
Prior 12 months, 
distribution % 

 
 
 

 
 
 

 
 
 

   

0 0.4 0 0 0 0 0 
1 70.8 70.0 70.0 72.7 67.9 66.7 
2 24.8 24.2 25.2 27.3 14.3 24.2 
3 3.1 5.1 4.3 0.0 10.7 9.1 
≥ 4 0.9 0.7 2 0.0 7.1 0.0 
Mean 1.3 1.4 1.4 1.3 1.6 1.4 
Mean T1 Gd+ 
lesions (n) 

1.0 1.0 0.8 0.6 0.9 0.6 

Mean T1 
Hypointense 
Lesions (n) 

8.5 7.1 7.4 3.7 4.8 5.5 

Mean T2 Lesion 
volume mm3 

17467.7 16266.8 14287.6 9948.1 10806.2 11933.5 

Previously 
treated  with 
Disease 
modifying tx % 

32.2 26.1 32.5 78.8 75.0 84.8 

Avonex 12.9 10.2 10.5 42.4 46.4 45.5 
Betaseron 9.2 9.7 12.8 18.2 14.3 12.1 
Copaxone 8.3 4.4 6.6 51.2 32.1 27.3 
Rebif 9.6 8.3 10.1 3.0 0.0 0.0 
Tysabri 0.2 0 0.2 3.0 0.0 0.0 
Other 3.1 1.6 3.9 0.0 0.0 0.0 

   Adapted from Table 25643-40, Table 25643-9 of CLARITY clinical study report 
 
Reviewer’s Comments 
The regional differences in usage of DMD seen could be related to treatment 
response as well as differences seen in immunity related adverse events such as 
neoplasm and infection. Significant regional differences in usage were seen 
particularly for the U.S. subjects compared with subjects from Russia and 
Eastern Europe. Since the drug worked better in those who had never previously 
been treated with DMD this could have long term implications for efficacy in the 
U.S. where usage of other prior immunomodulatory medication is high. Despite 
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the differences seen in past use of immunomodulatory medication, it was 
reassuring to see that the disease activity as measured by the mean number of 
relapses in the past 12 months was similar between the US and the ITT 
population. In the U.S. subjects were on average 9.31 kg heavier than in the rest 
of the world and although females predominate worldwide female predominance 
was most pronounced in U.S. (76.7% vs. 67.7% worldwide) 

6.1.3 Subject Disposition 

 A total of 1641 subjects were screened for enrollment, 315 were screening failures and 
1326 subjects were randomized into the trial from 155 investigative sites. Of these 1326 
subjects, in accordance with the 1:1:1 randomization scheme, 456 were randomized to 
high dose cladribine (5.25 mg/kg), 433 were randomized to low dose cladribine (3.5 
mg/kg) and 437 were randomized to placebo. 
 
Figure 3   Disposition of Subjects for Treatment Completion and Study Completion              
 

 
Figure 25643-3 from CLARITY clinical study report 
 
Treatment Compliance 
The compliance rates were high in all three arms; over 99% according to the sponsor. 
Protocol deviations were reported by the sponsor and major deviations led to excluding 
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the subjects from the Evaluable population. Over the entire trial the rate of protocol 
violations was reported as 5.4% (72/1326 subjects). The most common violations were 
pregnancy and prior use of immunosuppressive therapy. The major deviations are 
captured in Table 13. 
Table 13   Major Protocol Deviations by Treatment Group – ITT Population 
 

 
       Table 25643-6 from CLARITY clinical study report 
 
Discontinuations 
Most subjects who entered the trial completed it.  Subjects on active drug had a 
somewhat higher completion rate than those on placebo.  A total of 142 subjects 
prematurely discontinued the trial (11%), 50 of those on high dose cladribine (11%), 35 
for those on low dose cladribine (8%) and 57 for those on placebo (13%).  
 
Two causes for premature withdrawal from the study were adverse events and disease 
progression.  Adverse event as a cause of withdrawal were highest in those on high 
dose cladribine (2% compared with 1.2% on low dose cladribine and 1.1% on placebo) 
and withdrawal due to disease progression were highest in those on placebo (4.8%) 
compared with high dose cladribine (0.9%) and low dose cladribine (1.2%). Deaths 
were evenly matched among treatment groups.  
 
 For those that discontinued prematurely, the mean time to discontinuation was 36.7 
weeks for those on placebo, 38.5 weeks for those on low dose cladribine and 40.2 
weeks for those on high dose cladribine.  
 Withdrawals were characterized by Treatment Group, such as the ITT population as 
seen in Table 14 and by Region as seen in Table 14.  It is noted that Russia and 
Eastern Europe subjects had the highest completion rate compared with US subjects. 
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Reviewer’s Comments 
Withdrawal due to inadequate response to treatment was highest in the placebo 
group and withdrawal due to adverse events was highest in the cladribine 
groups, as anticipated.  The low rate of reported adverse events in Russia and 
Eastern Europe cannot be accounted for by early discontinuation and may reflect 
differences in the practice of medicine compared to the U.S. 
 
Table 14   Study Termination by Treatment Group- ITT Population 

 
Table 25643-3 of CLARITY clinical study report 

 
Table 15  Subject Termination by Region – Eastern Europe, Western Europe, Americas 

 
Table 25643-41 from CLARITY clinical study report 

6.1.4 Analysis of Primary Endpoint(s) 

Annualized Qualifying Relapse Rate 
In the CLARITY trial the annualized qualifying relapse rate was the primary outcome 
measured at 96 weeks and was found to be robustly positive.  A sensitivity analysis for 
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all relapses was also performed and was robustly positive as well. The ARR at 96 
weeks was 0.14 (high dose cladribine), 0.15 (low dose cladribine, and 0.33 (placebo) in 
the ITT population. Compared with placebo this represented a 54.4% reduction in ARR 
for high dose cladribine and 57.6% for low dose cladribine both of which have a p < 
0.001 as documented in Table 16 below. 
 
Table 16  Qualifying Relapse Rate at 96 weeks in the ITT Population 
 
Treatment Group High dose cladribine

5.25 mg/kg 
N = 456  

Low dose cladribine 
3.5 mg/kg 
N= 433  

Placebo 
 
N= 437  

Number of relapses 456  433  437  
Mean number of 
relapses (SD) 

0.25 (0.58) 0.25 (0.59) 0.56 (0.88) 

ARR 0.15 0.14 0.33 
95% CI (0.12, 0.17) (0.12, 0.17) (0.29, 0.38) 
Relative Risk 
(cladribine/placebo) 

0.43 0.43  

P value <0.001 <0.001  
From Statistical Review  NDA 22561 Sharon Yan, page 14 
 
Sensitivity Analyses of the Annual Qualifying Relapse Rate 
Three sensitivity analyses of the primary endpoint, the ARR at 96 weeks, were 
performed as supportive analyses and all had statistically significant findings. The 
analyses done included: 

1. ARR by baseline disease characteristics imbalance including number of T1 
hypointense lesions, volume of T2 lesions, and time since first attack 

2. ARR using all qualifying relapses for the ITT population with no imputation 
(irrespective of whether or not the qualifying relapse occurred before or after 
subject rescue)  

3. ARR by pseudo-center rather than using region as a fixed effect (sites with six or 
more subjects were called pseudo-centers, and those with less were assigned to 
a pseudo-center closest to their site or region) 

 
The analyses were done to look at each cladribine dose and obtain a point estimate of 
the relative risk associated with 95% confidence intervals for three different values of 
the covariate, the 25%ile, the 50%ile and the 75%ile.  For the sake of brevity, Table 17 
displays these values at the 50%ile, but all relative risk estimates at the 25%ile, 50%ile, 
and 75%ile for cladribine were all highly significant when compared with placebo. 
 
Reviewer’s Comments 
The findings demonstrate that as the baseline T1 hypointense lesions increase 
there was a greater reduction in risk of having a qualifying relapse while taking 
active drug compared with placebo.  The data also showed this relationship to be 
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true for those starting out with a higher T2 lesion volume.  Shorter duration from 
last attack also was associated with a greater risk reduction on cladribine. In 
summary, all of these analyses supported the primary endpoint and suggest that 
cladribine is especially effective for those with active disease.  
 
Table 17  Sensitivity analyses of the ARR at week 96 

Qualifying Relapses 
At 96 weeks 

Cladribine 5.25 mg/kg 
(n = 456) 

Cladribine 3.5 mg/kg 
(n = 433) 

Placebo 
(n = 437) 

 Baseline T1 hypodense lesions 
ARR (95% CI) 0.15 (0.12,0.17) 0.14 (0.12,0.17) 0.33 (0.29,0.38) 
Relative Risk vs. 
placebo at 50% of 
covariate 

0.45 0.47  

P value vs. placebo <0.001 <0.001  
 Baseline T2 lesion volume 
ARR (95% CI) 0.15 0.14 0.33 
Relative Risk vs. 
placebo at 50% 
covariate 

0.46 0.48  

P value vs. placebo <0.001 <0.001  
 Baseline time since first attack 
ARR 0.15 0.14 0.33 
Relative Risk vs. 
placebo 

0.37 0.36  

P value vs. placebo <0.001 <0.001  
All qualifying relapses 
ARR 0.15 0.14 0.34 
Relative Risk vs. 
placebo 

0.42 0.42  

P value vs. placebo <0.001 <0.001  
By pseudo-center 
ARR 0.15 0.14 0.33 
Relative risk vs. 
placebo 

0.43 0.42  

P value vs. placebo <0.001 <0.001  
 
 
Other Analyses of the Primary Endpoint 
 
The Evaluable Population 
The evaluable population (those without any protocol violations) also demonstrated a 
highly significant difference in favor of both doses of cladribine over placebo.  Both 
doses of cladribine provided a highly significant reduction (p< 0.001) in annualized 
relapse rate at 96 weeks.  Both doses lead to a 58.1% relative reduction in annualized 
relapse rate compared with placebo as seen in Table 18.   
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Table 18  Qualifying Relapse Rate at Week 96 in the Evaluable Population 
 
Treatment Group High dose cladribine

5.25 mg/kg 
N = 377 

Low dose cladribine 
3.5 mg/kg 
N= 381 

Placebo 
 
N= 364 

Number of relapses 377 381 364 
Mean number of 
relapses (SD) 

0.23 (0.55) 0.23 (0.55) 0.57 (0.89) 

ARR 0.13 0.13 0.31 
95% CI (0.10, 0.15) (0.10, 0.15) (0.27, 0.36) 
Relative Risk 
(cladribine/placebo) 

0.41 0.40  

P value <0.001 <0.001  
Adapted from Table 25643-55 CLARITY clinical study report 
 
Qualifying and Nonqualifying Relapse Rate at Week 96 in ITT Population 
An additional analysis was performed on all relapses and not just qualifying relapses.  
As noted in other pivotal trials for RMS in the last decade, a low relapse rate in the 
placebo patients was observed. In this study, the exclusion of non-qualifying relapses 
from the primary endpoint suggests that there was a higher bar for counting relapses 
than was done historically. However, in the sensitivity analysis that was done for all 
relapses, both qualifying and non-qualifying, the ARR was also robust, namely 0.62 for 
placebo, 0.27 (high dose cladribine) and 0.28 (low dose cladribine) with the relative 
reduction of 55-56% over placebo.  
 
Reviewer’s Comments 
The cause of this decline in relapse rate in placebo patients may be related to 
several factors.  The widespread use of DMD preceding the trial may have caused 
the disease to be less active in candidates entering the trial.  The reluctance to 
enter clinical trials where one has a chance of being placed on placebo may be 
greatest in those with active disease. Perhaps those with mild disease are more 
willing to take the risk of entering a clinical trial with a placebo arm than those 
with highly active disease.  Certainly, the way that one counts or defines a 
relapse may have become more stringent over time as appears to be the case 
here.  
 
Annualized Relapse Rates of Competitors 
The sponsor provided a comparison of the annualized relapse rates found in the pivotal 
trials for products that are approved for the treatment of RRMS. (see Table 19) Both 
high dose and low dose cladribine have annualized relapse rates that are better or 
comparable to all first line agents (the interferons, Copaxone, Fingolimod).  Although 
Tysabri has the highest reduction in annualized relapse rate it is approved as a second 
line agent due to its association with the complication of PML. 
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Table 19   Relative Reductions in ARR compared to placebo: Comparison across 
pivotal RRMS clinical trials 
 

 
____________________________________ 
Clinical Overview Section 2.5 Figure 3 page 39/106 NDA 22661 
 
 

6.1.5 Analysis of Key Secondary Endpoint 

Mean number of Combined Unique (CU) lesions 
The mean number of combined unique lesions was a composite score of new T1 
gadolinium enhancing lesions, new T2 non-enhancing or enlarging lesions, and those 
who had both without double-counting per subject per scan at 96 weeks in each 
treatment group. The mean number of CU lesions/subject/scan during 96 weeks was 
analyzed using a nonparametric ANCOVA model on ranked data with fixed effects for 
treatment group and region and baseline T1 Gd+ lesion count, all as covariates. 
Treatment differences and the associated 95% and 97.5% CI were calculated for each 
treatment group comparison. 
 
At week 96 in the ITT population, there was a statistically significant difference 
(p<0.001) in the mean number of CU lesions/subject/scan for both groups on cladribine 
compared with placebo, high dose was 0.38, low dose was 0.43 and placebo was 1.72. 
For high dose cladribine the relative reduction was 78% and for low dose cladribine the 
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relative reduction was 74%. (See Table 20) These results were confirmed in the 
Evaluable population where both groups also had a statistically significance difference 
compared with placebo. In that population high dose cladribine had 0.35 CU 
lesions/subject/scan, low dose cladribine had 0.42 CU lesions/subject/scan and placebo 
patients had 1.57 CU lesions/subject/scan. Respectively, this represents a 78% and a 
74% reduction in the mean number of CU lesions/subject/scan vs. placebo. 
 
Table 20  Mean Number of CU Lesions at week 96- ITT Population 

 
Table 25643-18 from the CLARITY clinical study report 

6.1.6 Other Secondary Endpoints 

Proportion of subjects qualifying relapse-free at 96 weeks 
This endpoint was analyzed using a logistic regression model with fixed effects for 
treatment group and for region for the ITT population.  The OR was also calculated for 
each group and the associated CI was estimated at both 95% and 97.5%. As displayed 
in Table 21, 78.9% of subjects on high dose cladribine, 79.7% of those on low dose 
cladribine, and 60.9% of those on placebo were relapse-free at Week 96 which 
represented a statistically significant proportion.  The OR was 2.43 (p<0.001, 95% CI 
1.81, 3.27) for the high dose and the OR was 2.53 (p<0.001, CI of 95% 1.87, 3.43) for 
the low dose group.  The OR represented the odds of remaining relapse-free compared 
to placebo at 96 weeks. The analysis of the Evaluable Population also demonstrated a 
highly statistically significant difference between the two groups. 
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Table 21  Proportion of Qualifying Relapse-Free Subjects, at Week 96 in ITT Population 
 

 
Table 25643-14 CLARITY clinical study report 
 
Disability progression at 96 weeks as measured by change in EDSS 

 
 Although this is generally a 

secondary endpoint, when one considers approving a drug for RRMS, it is frequently 
the only major endpoint that can be said to represent a putative neuroprotective effect, 
namely delaying irreversible disease progression   
 
The sponsor chose to evaluate disability progression by looking at time to change in 
EDSS sustained for three months.  A sustained change was only counted as a 
progression if there was a sustained change in score of ≥1 point (baseline EDSS from 
0.5-4.5), ≥ 1.5 points (baseline EDSS of 0) and > 0.5 (baseline EDSS≥5.0). The 
disability rater was blinded to treatment.  This endpoint was analyzed using a Cox 
proportional hazards model with fixed effects for treatment group and region.  Treatment 
groups were compared using an approximate Chi-square test based on Wald statistic. 
The hazard ratio (HR) of time sustained change in EDSS score in each cladribine group 
versus the placebo group and the associated 95% and 97.5% CI were estimated. 
Treatment with both doses of cladribine significantly prolonged the time to sustained 
change in EDSS score over 96 weeks compared with placebo. The hazard ratio was 
0.69 (p =0.026; 95% CI 0.49, 0.96) for high dose cladribine, 0.67 (p=0.018; 95% CI 
0.48, 0.93) for low dose compare to placebo.  Both were statistically significant. This 
meant that for those in the high dose cladribine group they were 31% less likely to 
experience a 3-month sustained change in EDSS score compared with placebo and for 
those in the low dose group they were 33% less likely to experience such a change. 
The two arms on cladribine separated from those on placebo by day 200 (week 28) in 
having a reduced sustained change of EDSS.  The calculations were performed for the  
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Evaluable Population using the Hochberg step-up MCP assuming the Type I error rate 
at 2.5% and this analysis supported statistically significant results for the low dose arm 
compared to placebo (p=0.011). The results did not reach statistical significance for the 
high dose arm (p=0.092) with a Type I error rate at 5%. 

 
Table 22  Kaplan-Meier Estimates of Time to 3-Month Sustained Change in 
EDSS by Treatment Group – ITT 

 
                 Figure 25643-5 from CLARITY clinical study report 
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Table 23  Time to 3-month sustained change in EDSS Score by Treatment Group – ITT 
Population 

 
              Table 25643-15 from CLARITY clinical study report 
 
 
Reviewer’s Comments 
Reliance on a single study is generally limited to situations in which a trial 
demonstrates a meaningful effect on irreversible morbidity, mortality or disease 
prevention, so this is a pertinent endpoint for this trial’s consideration as a stand 
alone trial.5 Although a statistically significant finding for delaying change in 
EDSS was achieved,  there was 
no corroboration of this endpoint within the trial. These results can be considered 
an independent substantiation of the primary endpoint, however, and make the 
study findings more robust.   
 
 
Mean Number of Active T2 lesions/subject/scan at 96 weeks 
The mean number of active T2 lesions/subject /scan during 96 weeks was analyzed 
using a non-parametric ANCOVA model on ranked data with fixed effects for treatment 
group and region and baseline T1 Gd+ lesions count as a covariate.  Treatment 
differences and the associated 95% and 97.5% CI were calculated for each treatment 
group comparison as seen in Table 24.  These results were confirmed with highly 
significant results in the Evaluable population. 
 
 
 

                                            
5 Guidance for Industry Providing Clinical Evidence of Effectiveness for Human Drug and Biologic 
Products, FDA, May 1998, Clinical 6 
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Table 24  Mean number of active T2 lesions/subject/scan at 96 weeks 

 
     Table 25643-17 CLARITY clinical study report  
 
Mean Number of Active T1 gadolinium-enhanced lesions/subject/scan at 96 
weeks 
In addition to the composite endpoint of CU, the mean number of active T1 gadolinium-
enhanced lesions/subject/scan was calculated at 96 weeks.  These lesions are 
considered a hallmark of active disease.  This analysis was done using a non-
parametric ANCOVA model on ranked data with fixed effects for treatment group and 
region and baseline T1 Gadolinium enhanced lesion counts as a covariate.  Treatment 
difference and the associated 95% and 97.5% CI were calculated for each treatment 
group comparison. The adjusted mean of each dose of cladribine was highly significant. 
The mean for the ITT population was 0.11 for high dose cladribine, 0.12 for low dose 
cladribine and 0.91 for placebo. These results were corroborated with the results from 
the Evaluable Population where highly statistically significant results were also found. 
 

Table 25  Mean number of active T1 gadolinium-enhanced lesions/subject/scan at 96 
weeks 

 
          Table 25643-16 from the CLARITY clinical study report 
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Time to First Qualifying Relapse during 96 weeks 
Although this was a tertiary endpoint this is a common endpoint that is used to compare 
and contrast products. Treatment with both cladribine 5.35 mg/kg and cladribine 3.5 
mg/kg demonstrated a statistically significant effect in delaying the time to the first 
qualifying relapse compared with placebo as displayed in Figure 4. The Kaplan-Meier 
estimate of the 15th percentile time to first qualifying relapse was 406 days for high dose 
cladribine and 408 days for low dose cladribine which represented a prolongation of 265 
days and 267 days, respectively.  
 
Figure 4   Kaplan-Meier Estimates of Time to First Qualifying Relapse by Treatment 
Group-ITT Population 

 
             Figure 25634-6 from the CLARITY clinical study report 

6.1.7  Subpopulations 

ARR by age and gender 
A post hoc analysis was done by our statistics reviewer, Dr. Sharon Yan, to look at the 
relapse rate by gender and age. The median age of 39 was used as a cut point. It was 
noted that although the drug worked for those over and under age 39, it appeared to be 
slightly more effective for the older population. Although there were differences in 
effectiveness between the sexes, it is difficult to come to any definitive conclusions 
particular in regard to effectiveness in males, as enrolled females far outweighed males 
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in this study more than 2:1. Nonetheless it is noted that the drug worked robustly in all 
of these subgroups.  
 
Table 26 Relapse rate by gender and age group- ITT population 

 
 

 
 

Cladribine 5.25 
mg/kg 

(n=456) 

Cladribine 3.5 
mg/kg 

(n=433) 

Placebo 
(n=437) 

Male 
 
 
 
 
Female 

N 
Relapse Rate 
Relative Risk 
Nominal p-value 
 
N 
Relapse Rate 
Relative Risk 
Nominal p-value 

144 
0.12 
0.32 

<.0001 
 
 

312 
0.16 
0.51 

<.0001 

135 
0.15 
0.40 

<.0001 
 
 

298 
0.14 
0.44 

<.0001 

149 
0.38 

 
 
 
 

288 
0.31 

Age < 39 
years 
 
 
 
 
Age > 39 
years 

N 
Relapse Rate 
Relative Risk 
Nominal p-value 
 
N 
Relapse Rate 
Relative Risk 
Nominal p-value 

210 
0.15 
0.39 

<.0001 
 
 

246 
0.14 
0.51 

<.0001 

227 
0.15 
0.39 

<.0001 
 
 

206 
0.13 
0.48 

<.0001 

221 
0.39 

 
 
 
 

216 
0.27 

Statistical Review NDA 22561, Sharon Yan p. 18 
 
ARR by Region 
The regional analysis of the ARR as performed by Dr. Sharon Yan, the Agency 
statistician, is provided below in Table 27. These results, particularly in the Americas 
with high dose cladribine and the ROW with low dose cladribine, did not have robust 
findings. It is noted that in the larger regions the results remained robust.  In the 
Americas and the ROS, the two smallest regions evaluated, the p values were high, but 
the populations were too small for their results to be considered predictive.  
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An analysis by Region- ITT population 
 
Table 27 Relapse Rate by Region- ITT population  
  

 
Cladribine 5.25 

mg/kg 
(n=456) 

Cladribine 3.5 
mg/kg 

(n=433) 

Placebo 
(n=437) 

     Americas 
 

 
 
 
     E. Europe 
 
 
 
 
     W. Europe 
 
 
 
 
     Rest of World 
 
 
 
 
     Russia 

N 
ARR (95%CI) 
Relative Risk 
p-value 
 
N 
ARR (95%CI) 
Relative Risk 
p-value 
 
N 
ARR (95%CI) 
Relative Risk 
p-value 
 
N 
ARR ((95%CI) 
Relative Risk 
p-value 
 
N 
ARR (95%CI) 
Relative Risk 
p-value 

47 
0.27 (0.15, 0.38) 

0.60 
0.069 

 
173 

0.16 (0.12, 0.20) 
0.49 

<0.001 
 

91 
0.13 (0.07, 0.19) 

0.36 
<0.001 

 
45 

0.07 (0.01, 0.12) 
0.23 

0.004 
 

100 
0.12 (0.07, 0.17) 

0.38 
<0.001 

40 
0.16 (0.06, 0.26) 

0.35 
0.004 

 
166 

0.13 (0.09, 0.17) 
0.41 

<0.001 
 

85 
0.15 (0.09, 0.21) 

0.40 
<0.001 

 
42 

0.18 (0.08, 0.28) 
0.63 
0.197 

 
100 

0.14 (0.09, 0.20) 
0.45 
0.001 

44 
0.44 (0.29, 

0.60) 
 
 
 

173 
0.31 (0.25, 

0.37) 
 
 
 

80 
0.37 (0.27, 

0.47) 
 
 
 

40 
0.28 (0.16, 

0.40) 
 
 
 

100 
0.32 (0.23, 0.40) 

 Statistical Review NDA 22561, Sharon Yan p19 
 
ARR by previous treatment of disease-modifying therapy. 
An analysis of those previously treated with disease-modifying therapy was performed 
by Dr. Yan. This analysis showed a difference between those previously on 
immunomodulatory therapy prior to cladribine and those naïve to therapy.  Although the 
drug worked for both groups the results were more dramatic in those who were 
treatment naïve as displayed in Table 28. 
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Table 28 Relapse rate by previous treatment of disease modifying drug- ITT population 

 
 

 
 

Cladribine 5.25 
mg/kg 

(n=456) 

Cladribine 3.5 
mg/kg 

(n=433) 

Placebo 
(n=437) 

Previously 
Treated 
 
 
 
 
Naïve Subjects 

N 
Relapse Rate 
Relative Risk 
Nominal p-
value 
 
N 
Relapse Rate 
Relative Risk 
Nominal p-
value 

147 
0.18 
0.45 

<.0001 
 
 

309 
0.13 
0.43 

<.0001 

113 
0.22 
0.55 

0.0013 
 
 

320 
0.12 
0.39 

<.0001 

142 
0.40 

 
 
 
 

295 
0.31 

Statistical Review NDA 22561, Sharon Yan p20 
 
Reviewer’s Comments 
When one considers the differences in the ARR by region, a significant reduction 
in qualifying ARR was demonstrated in each of the regions, with the exception of 
the Americas region for the high dose cladribine treatment group (39% relative 
reduction, p-value 0.069) and the ROW region for the low dose cladribine 
treatment group (36% relative reduction, p-value 0.197) as seen in Table 28.  
Specifically for the US subjects, the relative reductions on cladribine were 51% 
for low dose cladribine and 43% of high dose cladribine.  Not much can be 
concluded from looking at the Americas and ROW region data, however, as the 
study was not powered for regional analysis. (Americas, n= 131; ROW, n=127). 
For the regions with a significant result, the relative reduction ranged between 56-
64% for the low dose cladribine and 48-75% reduction for the high dose 
cladribine. In conclusion, the trend in all regions was for a reduction in the ARR 
with both doses of cladribine.  The fact that cladribine appeared to work best in 
those that were treatment naïve is not a surprise and may be a result of those 
subjects having milder disease, or a shorter disease duration. It was considered 
important to look specifically at those who were previously treated as this group 
is particularly relevant to clinical practice in the U.S. where most MS patients 
have previously been on immunomodulatory therapy.  It would be important in 
the post-marketing period to identify the response in those who have failed 
previous therapy as they are the ones most likely to be willing to take a drug 
associated with the increased risk of prolonged lymphopenia and malignancy. 
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Mean Change in Brain Atrophy 
The Sponsor had planned to assess brain atrophy as a tertiary endpoint by measuring 
the mean percentage change in brain parenchymal fraction on MRI from baseline to 
week 48, baseline to week 96 and from week 48 to week 96.  Unfortunately a final 
report could not be produced due to methodological problems that arose with the MRI 
data that was sufficiently degraded so that data sets were missing. 
 
Reviewer’s Comment 
A measure of brain atrophy will be of particular interest when data from the 
Extension Trial is complete  

It would also be helpful to know the 
effects of cladribine on brain atrophy before exposing the pediatric population to 
this medication. 
 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Only two doses of cladribine were evaluated in the CLARITY trial compared with 
placebo.  These doses were selected based on data that suggested a dose response 
with regard to total lymphocyte counts and corresponding CD3+, CD4+, and CD8+ cell 
counts.  It was believed that the drug mechanism of effectiveness would be dependent 
upon lymphocyte and subtype count. For both doses there was a precipitous decline in 
cell counts after the first and second treatment, but in those who did not get the third 
and fourth cycle of drug (the 3.5 mg/kg group) the cell counts stabilized. For those who 
received all four doses there was a progressive further decline. 
 
The number of subjects experiencing at least one qualifying relapse was 88 for high 
dose cladribine, 82 for low dose cladribine and 161 for placebo. (See Table 29) This 
represents a 50% relative reduction in risk on drug compared with placebo.  The median 
cumulative dose at the time of the first relapse was 3.5 mg/kg for the high dose group 
and 1.676 mg/kg for the low dose group which encompasses the first year of treatment 
before week 48. Of note, a significant treatment effect was seen even at the time of first 
relapse. The number of subjects experiencing a second relapse was 19 in the high dose 
group, 20 in the low dose group and 62 on placebo. This represented a 68% relative 
reduction in the number of subjects with a second relapse on cladribine. The median 
cumulative dose at the time of the second relapse was 5.201 mg/kg and 3.392 mg/kg, 
almost the full treatment cycle at 52 weeks. For these subjects and for those with even 
more relapses during the 96 week trial those who received either 3.5 mg/kg or 5/25 
mg/kg had similar reduction in relapses.   
 
                                            
6 Zivadinov, R, et.al., Mechanisms of Action of Disease-Modifying Agents and Brain Volume Changes in 
Multiple Sclerosis, Neurology 2008:71:136-144 
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Reviewer’s Comments 
Despite these changes seen in lymphocyte count with dosing, no significant dose 
response was seen in efficacy between the two doses.  The sponsor summarized 
the cumulative doses of cladribine received at the time of each qualifying relapse 
by randomized treatment group. The sponsor only plans to pursue an approval 
for the 3.5 mg/kg dose of cladribine as the higher dose, 5.25 mg/kg, had 
significant safety issues. This was not clearly explained in labeling and will need 
to be addressed under dosing recommendations. 
 
Table 29  Dose Response Number of Subjects vs. Total Relapse over 96 weeks 

0
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1st relapse 2nd relapse 3rd relapse 4th relapse 5th relapse 6th relapse

3.5 mg/kg
5.25 mg/kg
placebo

 
 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

The CLARITY extension trial is a controlled trial that was ongoing at the time of this 
review.  Only safety data from that study was made available, so information about the 
persistence of efficacy beyond 96 weeks cannot be determined at this time. If one looks 
specifically at the data from the 96 week CLARITY trial in 24 week blocks of time from 
Trial Day 1 to Week 24, Week 24 to Week 48, Week 38 to Week 72, and Week 72 to 
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Week 96, it was noted at that at every time point the ARR was lower for those on active 
treatment than for those on placebo (see Table 30). Even from the earliest weeks of 
treatment there was a difference between placebo and drug and this difference in effect 
size was maintained over time regardless of receiving two or four doses. 
 
 
Table 30  Number of Qualifying Relapses by Assessment Time and Treatment Group- 
ITT Population 

Assessment 
Time 

Statistic High dose 
cladribine 
5.25 mg/kg 

Low dose 
cladribine 
3.5 mg/kg 

Placebo 

Study 1-Week 
24 

ARR 0.21 0.18 0.44 

Week 24-Week 
48 

ARR 0.12 0.17 0.32 

Week 48-Week 
72 

ARR 0.16 0.14 0.36 

Week 72-Week 
96 

ARR 0.10 0.08 0.21 

Adapted from Table 25643-26 CLARITY clinical study report 

6.1.10  Additional Efficacy Issues/Analyses 

The sponsor submitted an addendum to their clinical trial report on September 8, 2010, 
that included a sensitivity analysis excluding subjects from site 53, as this site was 
prematurely closed due to GCP non-compliance but failed to be removed from the prior 
analyses. Four of these subjects were erroneously included in the Evaluable Population 
in the clinical study report dated May 18, 2010. There had been a total of 8 subjects 
randomized at this site. Of those subjects, 3 withdrew consent, 3 subjects withdrew 
early, one due to AE and two due to disease progression, and 2 subjects completed the 
study, one of those transferred to another site. As expected all subjects were included in 
the ITT analysis. Four, however, were mistakenly included in the Evaluable Analysis.  
One subject was on cladribine 5.25 mg/kg, two were on cladribine 3.25 mg/kg and one 
was on placebo.  The analyses that were performed include a sensitivity analysis of the 
ARR which is shown in Table 31.  
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Table 31 Sensitivity Analysis of ARR with and without Site 53 in Essen, Germany 

Group n Statistic cladribine 
5.25 mg/kg 
(hi) 

cladribine  
3.50 mg/kg 
(low) 

placebo 

ARR 0.13 0.13 0.31 
Relative 
Reduction 
% 

58.1% 58.1%  
Evaluable 
population 

377 hi 
381 low 
364 Pb 

P value < 0.001 < 0.001  
ARR 0.13 0.13  
Relative 
Reduction 
% 

58.1% 58.1%  
Evaluable 
population 
– Site 53 

376 hi 
379  low 
363  Pb 

P value < 0.001 < 0.001  
 
 
Reviewer’s Comments 
It was noted that there was no significant impact on the ARR when subjects from 
site 53 were omitted. The omissions from Site 53 were balanced and few. 
 
 
The other analyses performed by the sponsor included the mean number of T1 
gadolinium-enhancing lesions, the mean number of active T2 lesions and the mean 
number of combined unique lesions/subject/scan during 96 weeks.  All demonstrated 
highly statistically significant differences. 
 
Another analysis that was performed which showed highly significant results was the 
change in T2 lesion volume from baseline to week 96. This was assessed using non-
parametric ANCOVA model on rank data with fixed effects for treatment group and 
region and the baseline T2 lesion volume as a covariate.  Both doses of cladribine 
showed a statistically significant (p<0.001) decrease in the T2 lesion volume compared 
to the placebo group.  For high dose cladribine this represented a 41% relative 
reduction in T2 lesion volume and for the lower dose this represented a 24% relative 
reduction in T2 lesion volume.  T1 hypointense lesion volume were assessed and 
analyzed in a similar fashion, but did not show statistically significant differences from 
placebo. 
 
Reviewer’s Comments 
Numerous other MRI endpoints provided confirmatory evidence of the 
robustness of the primary clinical endpoint. These included the mean number of 
T1 gadolinium-enhanced lesions, the mean number of active T2 lesions, the mean 
number of combined lesions, and the change in T2 lesion volume, all suggestive 
of the robust response to cladribine. 
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8 Postmarket Experience 

N/A 

9 Appendices 

N/A 

9.1 Literature Review/References 

Literature references were incorporated into the body of this review.  

Labeling Recommendations 

Indication and Usage: 
[Product] is a chlorinated purine nucleoside analogue indicated for the treatment of 
relapsing forms of multiple sclerosis  

. 
 
Reviewer’s Comments:  
The sponsor’s single pivotal trial only enrolled those with RRMS and cannot be 
generalized to all with relapsing disease; hence the approved label can only refer 
to those with RRMS .  

Advisory Committee Meeting 

N/A 
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Cross-Discipline Team Leader Review  
 
Date  2/27/10 
From Billy Dunn, MD 
Subject Cross-Discipline Team Leader Review 
NDA/BLA # 
Supplement# 

22561 

Applicant EMD Serono, Inc. 
Date of Submission 5/27/10 
PDUFA Goal Date 2/28/10 
  
Proprietary Name / 
Established (USAN) names 

/Cladribine 

Dosage forms / Strength 10 mg tablet 
Proposed Indication(s) Relapsing forms of multiple sclerosis  

Recommended: Complete Response 
 

1. Introduction 
 
Cladribine is an approved drug product (Leustatin and multiple generics) for the treatment of 
active hairy cell leukemia.  It is approved as an injection for intravenous infusion.  It is not 
approved for any neurologic indication. 
 
This submission is a new NDA for an oral preparation of cladribine that has not previously 
been approved.  This application is intended to support the marketing of oral cladribine as a 
treatment for relapsing forms of multiple sclerosis (MS)  

.  It is notable in that there is 
only one other oral drug available for this proposed indication.  Fingolimod (Gilenya) was a 
new molecular entity that was approved in September 2010 as an oral treatment for the same 
indication sought for cladribine.  Prior to the approval of fingolimod, only injectable 
medications were approved for the treatment of this patient population. 
 
Cladribine is a synthetic chlorinated purine nucleoside analog of the naturally occurring 
nucleoside deoxyadenosine.  Its proposed mechanism of action in MS is lymphocyte 
suppression with associated anti-inflammatory effects. 
  
The review team for this NDA included the following primary reviewers: 
 
Chemistry – Donghao Lu, PhD, and Houda Mahayni, PhD 
Nonclinical – Melissa Banks, PhD 
Clinical Pharmacology – Hristina Dimova, PhD, and Xinning Yang, PhD 
Statistics – Sharon Yan and Steve Thomson 
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Clinical – Jody Green, MD, and Evelyn Mentari, MD 
Oncology – Qin Ryan, MD, PhD 
QT IRT – Hao Zhu 
DRISK – Reema Jain, Pharm.D. 
DMEPA – Irene Chan, Pharm.D. 
DSI – Antoine El-Hage, Ph.D. 
 
I discuss below the key conclusions of each reviewer and provide my recommendations 
regarding this submission. 
 

2. Background 
 
Cladribine is an approved drug for the treatment of active hairy cell leukemia.  Its 
antineoplastic activity is thought to be due to preferential suppression of lymphocytes as a 
result of impairment of DNA repair and synthesis.  As a result of this lymphocyte suppression, 
the drug was considered a possible therapy for MS.  Although intravenous cladribine was 
initially approved in 1993 and has had significant clinical usage in oncology, the relevance of 
the oncology experience to the proposed patient population is uncertain. 
 
This NDA is for oral cladribine given as 10 mg tablets in a somewhat complicated regimen 
discussed below.  The sponsor seeks an indication for the treatment of relapsing forms of MS 

 
 in patients 18 years of age and older.  There is the first filed NDA submission for 

this product.  In the past year, this product was approved for a similar indication by Russia and 
Australia but was turned down both on initial application and again on appeal by the European 
Medicines Agency.  It is not approved elsewhere although applications are reportedly pending 
with multiple countries. 
 
The phase 3 clinical development program for cladribine that is the subject of this review 
consisted of a single pivotal efficacy study (#25643, the CLARITY trial) that evaluated two 
doses of cladribine vs. placebo in patients with relapsing-remitting MS (RRMS) treated for 
approximately two years.  An extension of the CLARITY trial for an additional two years is 
ongoing.  CLARITY is also the only completed trial of oral cladribine that contributed to the 
safety analysis, but additional completed studies in patients with MS using injectable forms of 
cladribine are included in the safety review.  There are also ongoing studies that provide some 
contribution to the evaluation of the safety of the product. 
 
The regulatory history of this product is somewhat complicated and is discussed below, 
however, the presence of only a single pivotal efficacy study in this application resulted from a 
preliminary analysis shortly after submission that indicated robust and consistent findings of 
effectiveness sufficient to support the filing of the application. 
 
Three meetings with the sponsor took place.  The first was an end-of-phase 2 meeting on 
11/9/04, the second was a pre-NDA meeting on 5/8/09, and the third was an end-of-review 
meeting on 1/26/10 following a Refuse to File (RTF) decision in response to the initial attempt 
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at submission of this NDA.  The circumstances related to the RTF are discussed below.  There 
are no significant outstanding issues from these meetings. 
 

3. CMC/Device  
 
As discussed in Dr. Mahayni’s review, the dissolution specification for the drug product is 
unacceptable.  The sponsor has proposed a dissolution specification of not less than % of the 
labeled amount of cladribine dissolved in 15 minutes (Q= ), however, cladribine dissolution 
is rapid with more than % dissolved within 15 minutes.  Thus, Dr Mahayni notes that the 
sponsor must tighten the dissolution specification to not less than % of the labeled amount 
of cladribine dissolved in 15 minutes (Q= ). 
 
There are no other unresolved CMC issues. 
 
The Office of Compliance found the facilities acceptable. 
 
Dr. Lu recommends approval. 
 
Dr. Mahayni does not recommend approval due to an unacceptable dissolution specification. 
 

4. Nonclinical Pharmacology/Toxicology 
 
There are no unresolved nonclinical issues. 
 
Of note, Dr. Banks only recommends approval with conditions/reservations.  These 
reservations relate to the carcinogenic potential of an excipient (HPβCD) if cladribine is taken 
for more than 48 weeks, the lack of extensive in vivo human metabolism data, a general 
concern regarding severe toxicities associated with cladribine, and reports of increased 
neoplasia in patients previously treated with cladribine.  These concerns are largely dealt with 
in the course of her review and do not present an obstacle to approval, however, Dr. Banks 
does recommend additional studies designed to assess the carcinogenic potential of cladribine 
and HPβCD, in part to support possible long-term, repeat- dose administration of cladribine to 
humans. 
 
Dr. Lois Freed, the nonclinical supervisor, discusses these concerns and recommendations in 
her supervisory memo.  In her opinion, the studies that Dr. Banks has recommended are not 
necessary for approval.  Dr. Freed argues that extant carcinogenicity studies of cladribine and 
HPβCD are adequate for approval and that extrapolation from an existing approved oral drug 
(Sporanox) containing HPβCD suggests that accumulation of HPβCD with theoretical long-
term dosing of cladribine is not a barrier to approval.  Dr. Freed does note that the sponsor’s 
plans for long-term administration of cladribine are vague and recommends that the intended 
maximum dosing duration of cladribine in clinical use be clarified. 
 
In the context of these recommendations, Dr. Freed recommends approval. 
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5. Clinical Pharmacology/Biopharmaceutics  
 
Outstanding clinical pharmacology issues include suggested changes in the proposed labeling 
and the suggestion that the sponsor conduct additional hepatic and renal pharmacokinetic (PK) 
studies as post-marketing commitments (PMC).  Assuming the sponsor adequately addresses 
these concerns, there are no other unresolved clinical pharmacology issues precluding eventual 
approval. 
 
As reviewed by Dr. Dimova, the clinical development program for clinical pharmacology 
consisted of six phase 1 PK studies in MS patients and five supportive PK studies in patients 
with malignancies.  No healthy volunteer PK studies were performed due to the clinical profile 
of cladribine.  Multiple bioanalytical reports and in vitro studies were submitted.  No intrinsic 
factor, inhibitor or inducer drug-drug interaction, or mass balance studies were performed.  
Population PK and pharmacodynamic (PD) analysis was performed on a subgroup of the 
pivotal study. 
 
Cladribine demonstrates rapid absorption (tmax 0.5-1.5 hours) with an oral bioavailability of 
about 40%.  It is not highly protein bound and has a large volume of distribution.  No major 
metabolites were seen in vitro, but in vivo data are lacking.  The elimination half-life is about 
20 hours.  Renal and non-renal (intracellular and hepatic) routes of elimination are about equal.  
Cladribine does not appear to accumulate with repeat doses. 
 
Insufficient data exists to draw conclusions about hepatic and renal impairment and Dr. 
Dimova recommends avoiding cladribine in patients with moderate or severe impairment in 
either of these areas. 
 
No age, gender, or race dosage adjustments are recommended, however, caution is 
recommended in the elderly due to low numbers of patients studied over age 65. 
 
No significant food-related effects were seen.  Cladribine should be taken 3 hours apart from 
any other drug to avoid possible solubility related complex formation. 
 
The sponsor performed an ECG sub-study of the pivotal trial in lieu of a thorough QT study 
given the effects of cladribine.  This was reviewed by QT Interdisciplinary Review Team 
(IRT) and was found to be inconclusive.  Accordingly, the QT IRT has recommended an 
improved ECG study that can be conducted as a post-marketing requirement (PMR). 
 
In summary, clinical pharmacology issues include changes in labeling, two PMCs relating to 
assessment of hepatic and renal metabolism, and one PMR relating to ECG assessment. 
 
In the context of these recommendations, Dr. Dimova recommends approval. 
 

Reference ID: 2911441

Reference ID: 4413345



Cross Discipline Team Leader Review 

Page 5 of 21 5

6. Clinical Microbiology 
 
N/A 
 

7. Clinical/Statistical- Efficacy 
 
There are no unresolved clinical or statistical issues related to efficacy.  The effect of 
cladribine has been robustly demonstrated. 
 
The sponsor conducted one adequate and well-controlled pivotal efficacy study, the CLARITY 
trial (#25643).  CLARITY was a phase 3, placebo-controlled, three-arm, randomized (1:1:1), 
double-blind, multi-center study to evaluate the efficacy and safety of two doses of cladribine 
(3.5 mg/kg cumulative dose and 5.25 mg/kg cumulative dose) over 96 weeks in 1326 adult 
RRMS patients enrolled at 155 centers in 32 countries. 
 
The specific dosing regimen in the trial was somewhat unusual, as noted by Dr. Yan on page 5 
of her review: 
 

“Eligible subjects were equally randomized by a central randomization system to receive: 
• Cladribine tablets 3.5 mg/kg (administered p.o. as 0.875 mg/kg/course for two 

courses plus placebo p.o. for two courses during the first 48 weeks and 0.875 
mg/kg/course for two courses during the second 48 weeks), or 

• Cladribine tablets 5.25 mg/kg (administered p.o. as 0.875 mg/kg/course for four 
courses during the first 48 weeks and 0.875 mg/kg/course for two courses during 
the second 48 weeks), or 

• Matching placebo (administered p.o. for four courses during the first 48 weeks and 
two courses during the second 48 weeks). 

 
Cladribine was administered orally in 10 mg tablets. The number of tablets administered 
was standardized based on weight. A course was defined as daily administration given 
consecutively over four to five days during a 28-day period. The courses administered for 
all treatment groups were initiated at Trial Day 1, Week 5, Week 9 and Week 13 (for the 
first 48-week period), and at Week 48 and Week 52 (for second 48-week period).” 

 
The primary efficacy variable was the annualized qualifying relapse rate at 96 weeks.  
Qualifying relapses were defined by the sponsor as a two grade increase in one or more 
Kurtzke Functional Systems (KFS) or a one grade increase in two or more KFS, excluding 
changes in bowel/bladder or cognition, in the absence of fever, lasting for ≥ 24 hours, and 
preceded by ≥ 30 days of clinical stability or improvement. 
 
Secondary efficacy endpoints included: 
 

• Proportion of subjects qualifying relapse-free at 96 weeks 
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• Disability progression at 96 weeks (time to sustained change in Expanded Disability 
Status Score (EDSS) ≥ one point, or ≥ 1.5 points if baseline EDSS was 0, over a period 
of at least three months) 

• Mean number of active T1 gadolinium-enhanced lesions per subject per scan at 96 
weeks 

• Mean number of active T2 lesions per subject per scan at 96 weeks 
• Mean number of CU lesions defined as 1) new T1 gadolinium-enhancing, or 2) new T2 

nonenhancing or enlarging lesions, or 3) both, without double-counting (designated 
“combined unique lesions”) per subject per scan at 96 weeks 

 
Dr. Yan notes that “If both cladribine doses were significant for the primary parameter, then 
the three MRI parameters were to be tested in the order of T1, T2, and CU for high dose 
cladribine versus placebo followed by T1, T2, and CU for low dose cladribine versus placebo 
in a hierarchical manner at the 0.05 level. If only one cladribine dose was significant for the 
primary parameter, then these MRI parameters were to be tested in the order of T1, T2, and CU 
for the significant dose of cladribine versus placebo at the 0.025 level. However, the sequential 
testing of the parameters was only to be carried out if the test for the previous parameter was 
significant.”  Clinical secondary endpoints (relapse-free proportion and disability progression) 
were analyzed independently without multiplicity adjustment. 
 
CLARITY provides substantial evidence for the effectiveness of both doses of cladribine on 
relapse rate when compared with placebo (0.15 for cladribine 5.25 mg/kg, 0.14 for cladribine 
3.5 mg/kg, and 0.33 for placebo), the primary outcome of the trial, as Dr. Yan’s confirmatory 
analysis demonstrates.  There was no statistically significant difference between active 
treatment groups, but treatment with both doses resulted in a highly significant (p<0.001) 
difference in relapse rate when compared with placebo.  Relative relapse rate reductions were 
54.5% for high-dose cladribine and 57.6% for low-dose cladribine.  These findings are both 
statistically and clinically meaningful.  As noted in section 6.1.4 of Dr. Green’s review as well 
as Dr. Yan’s review, multiple sensitivity and additional analyses of the primary endpoint 
confirmed the robust effect of both doses of cladribine. 
 
As discussed by Dr. Green, the proportion of subjects relapse-free at 96 weeks was 
significantly higher for high-dose and low-dose cladribine that for placebo (79%, 80%, and 
61%, respectively, with an odds ratio of 2.43 for high dose and 2.53 for low dose, p<0.001 for 
both). 
 
Dr. Yan’s analysis of disability progression measured as time to 3-month sustained EDSS 
change demonstrated a statistically significant effect for both high-dose and low-dose 
cladribine with hazard ratios of 0.65 (p=0.007) and 0.61 (p=0.003).  Dr. Green argues that 
while this finding is strongly supportive of the primary endpoint and the use of the single 
CLARITY trial as sufficient evidence of effectiveness, the secondary analysis of disability 
progression within the trial and the lack of a corroborating additional endpoint in the trial for 
disability progression suggest that it should not be included  for 
cladribine. 
 

Reference ID: 2911441

Reference ID: 4413345

(b) (4)



Cross Discipline Team Leader Review 

Page 7 of 21 7

Dr. Yan further analyzed the MRI-based secondary endpoints (T1, T2, and CU lesions as 
defined above) and all were robustly positive with p values all less than 0.0001 and substantial 
effect sizes (see Table 7 in Dr. Yan’s review). 
 
The demographic characteristics among the three treatment groups were well balanced.  There 
were no significant differences between them, however, small imbalances were noted: 
 

• Low-dose group had shorter disease duration 
• High-dose group had fewer relapses in the year preceding treatment 
• High-dose group had increased MRI disease burden 
• Low-dose group had increased proportion naïve to so-called disease modifying drugs 

 
These small differences were not likely to impact the results of the study and may have 
conceivably offset each other in certain circumstances. 
 
There were geographical imbalances in enrollment.  7% (94/1236 patients) were enrolled at 
U.S. sites.  This was attributed by the sponsor to delayed U.S. entry into the trial, such that 
enrollment was nearly complete at the time of U.S. initiation.  Regardless, few U.S. patients 
contributed to the efficacy finding.  U.S. enrollees differed numerically from the overall study 
population with regard to a few baseline characteristics (gender, weight, age, use of prior 
immunomodulatory drugs) but overall these were not striking differences and involved only 
small numbers of subjects.  The most notable difference was the use of prior 
immunomodulatory drugs with 80% of U.S. subjects being exposed compared with 30% of the 
overall study population.  Prior usage was particularly low in Russia at 6%, an area responsible 
for 23% of study subjects.  Despite this difference, Dr. Green notes that disease activity as 
measured by number of relapses in the past 12 months was similar between the U.S. subjects 
and the overall study population.  Dr. Yan was concerned about 2 U.S. sites (#207 and #209) 
due to high discontinuation rates and abnormally large changes in EDSS scores, however, as 
the numbers of patients enrolled at these sites was extremely small (7 and 5) she feels any 
impact they may have had on the outcome of the study is minimal. 
 
No evidence of dose-response was seen on clinical outcomes in CLARITY when comparing 
high-dose and low-dose cladribine.  Although imaging outcomes tended to numerically favor 
high-dose cladribine, both doses demonstrated robust findings on imaging outcomes and it 
does not appear that there is sufficient evidence to suggest that high-dose cladribine confers 
additional clinical benefits over low-dose cladribine. 
 

8. Safety 
 
Outstanding safety issues have been identified in the use of oral cladribine for MS that may 
adversely affect its approvability, despite its apparent robust effectiveness for this condition. 
 
Dr. Mentari performed the clinical safety analysis of this submission and her written review 
discusses the following issues in great detail.  Her review is supplemented by the supervisory 
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safety memo written by her safety team leader, Dr. Sally Yasuda.  Both of these reviews 
provide a detailed discussion of the safety issues encountered in the review of this application. 
 
In addition to the CLARITY trial noted above, safety data from four other placebo-controlled 
trials, known as the various Scripps trials, is available.  An additional Scripps study was 
uncontrolled, as were the extensions of all the Scripps studies.  All of the Scripps trials used 
injectable cladribine.  There are three ongoing, double-blind studies of oral cladribine, 
including the extension to CLARITY.  Subjects were also exposed to cladribine in the clinical 
pharmacology studies noted above. 
 
The safety database meets the ICH guidelines for assessment of common adverse events in 
both quantity and duration.  1587 patients MS patients were treated in placebo-controlled trials 
of oral and injectable cladribine.  1326 patients were treated in CLARITY, with 433 patients 
treated with the proposed dose in this NDA. 
 
DEATHS 
 
There were six deaths in CLARITY.  Four of these were treated with cladribine, with two at 
each dose.  Three of the four cladribine-treated deaths appear to be related to cladribine.  They 
were due to tuberculosis, metastatic pancreatic carcinoma, and myocardial infarction.  Dr. 
Mentari believes the association is strongest for the first two, with the latter case being 
possible. 
 
An additional death in a cladribine-exposed patient occurred in a Scripps study (MS-Scripps).  
This was due to fulminant hepatitis B and Dr. Mentari believes this is likely related to 
cladribine. 
 
In the clinical pharmacology studies, there were no deaths in the studies of oral cladribine, but 
there were ten deaths in the studies of cladribine in patients with malignancies (hematologic 
and solid tumor).  Details of these cases are not available, and the relevance of these deaths to 
this submission is questionable. 
 
There have been three additional deaths in cladribine-treated patients in the ongoing 
CLARITY extension (drowning, subdural hematoma after fall, and unknown cause in the 
setting of fever).  Dr. Mentari feels the latter case is possibly related, and Dr. Yasuda points 
out that dizziness and syncope associated with cladribine could have played a role in the fall. 
 
SERIOUS ADVERSE EVENTS (SAEs) 
 
In the MS clinical pharmacology studies (total 105 patients) there was a single SAE of 
thrombocytopenia, likely related to cladribine.  Reliable information is not available for the 
malignancy clinical pharmacology studies, however, there were SAEs in 3/61 patients. 
 
In the CLARITY trial, 77/884 (9%) cladribine patients experienced an SAE, compared with 
28/435 (6%) placebo patients.  Each cladribine dose group experienced a similar percentage of 

Reference ID: 2911441

Reference ID: 4413345



Cross Discipline Team Leader Review 

Page 9 of 21 9

SAEs.  As Dr. Yasuda discusses, these SAEs were most commonly infectious, gastrointestinal, 
hepatobiliary, and neoplastic, and these occurred more often in cladribine patients. 
 
When considering all placebo-controlled trials, Dr. Yasuda notes that the results are similar to 
those seen in the CLARITY trial overall, but with a notably higher incidence in the high dose 
group (>6.13 mg/kg) of 43% than overall (10%), and of these a higher proportion were 
infectious (29%) than the overall group (4%). 
 
In completed uncontrolled trials and ongoing trials, there is not a significant difference in SAE 
findings between patient groups. 
 
Specific SAEs of particular concern (for instance, malignancy) are discussed in greater detail 
below. 
 
ADVERSE EVENTS (AEs) LEADING TO STUDY DISCONTINUATION 
 
The incidence of AEs leading to discontinuation was higher for cladribine (6%) than placebo 
(2%) patients, and was disproportionate in the cladribine group with more high dose patients 
dropping out (9%) than low dose (3.5%).  Specific events leading to discontinuation that were 
more common in cladribine patients included lymphopenia, infections, hepatitis, neoplasms, 
and skin disorders. 
 
Specific AEs of particular concern are discussed in greater detail below. 
 
COMMON AEs 
 
The most useful comparison of common adverse events comes from CLARITY.  In this study, 
52% of low dose, 77% of high dose, and 59% of placebo patients experienced an AE.  The 
most relevant AEs that occurred in more than 10% of cladribine-treated patients and occurred 
more often than placebo were lymphopenia and upper respiratory infection.  See Dr. Mentari’s 
review for a complete presentation of AEs. 
 
LABORATORY DATA 
 
Cladribine causes a decrease in absolute lymphocyte count promptly after exposure and the 
effect is sustained.  It is seen as early as week 5 (the first reported measurement) and reaches a 
nadir at week 16 with a mean 62% reduction (median value 0.7x109/L) from baseline in the 
high dose group and 40% decrease (median value 1.1x109/L) in the low dose group.  At week 
96, these effects persisted with reductions of 46% (median value 1.0x109/L) and 40% (median 
value 1.1x109/L), respectively.  CLARITY patients were followed for 30 days post-study 
completion (post-week 96) and 57% continued to have lymphocyte counts lower than 
1.0x109/L at last assessment.  Therefore, the time to resolution of lymphopenia is unknown. 
Mild reductions in neutrophils, WBCs, and platelets were also seen. 
 
There were no significant changes in blood chemistry or liver function values for the study 
populations as a whole. 
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VITAL SIGNS 
 
In all completed controlled trials, there were slightly higher incidences of blood pressure and 
pulse decrease from baseline in cladribine patients compared with placebo.  These differences 
were not seen in CLARITY. 
 
MAJOR SAFETY ISSUES OF CONCERN WITH ORAL CLADRIBINE FOR MS 
 
Malignancy 
 
Malignancies are seen in excess in cladribine treated patients and a major source of concern.  
The pattern of excess is seen both within CLARITY and in larger pooled groups of patients.  
Dr. Mentari conducted a detailed analysis of this issue in her review and Dr. Yasuda provided 
further comprehensive discussion in her memo.  Although the sponsor argues that the 
background incidence, pre-existing risk factors, and type of malignancy all serve to mitigate 
the concern related to incidence of malignancy, the overall appearance in the clinical database 
(as discussed by Dr. Mentari on pages 235-236 of her review and Dr. Yasuda on page 26 of 
her memo) is one of a significantly disproportionate rate in malignancies without a 
predilection for any particular type of neoplasm.  This finding is supported by the biological 
plausibility associated with cladribine-induced malignancy given cladribine’s known effect of 
inducing defective repair of DNA strand breaks. 
 
Analysis of malignancies was complicated by continued reports of new cases submitted during 
the review cycle.  As Dr. Yasuda points out, a detailed analysis of malignancy rates performed 
by Dr. Mentari used a cutoff date of 6/21/10.  In this analysis, there were 8.2 cases of 
malignancy per 1000 subjects (13 cases in 1579 subjects) in all oral cladribine trials 
worldwide.  There were no cases in placebo.  In trials of oral cladribine in the U.S. there were 
18.3 cases of malignancy per 1000 subjects in cladribine treated subjects (3 cases in 164 
subjects) and no cases in placebo. 
 
Following additional reporting of malignancy cases by the sponsor during the review process, 
the total number of cases (as of 11/10/10) increased to 35, 2 of which had only been exposed 
to placebo.  In cladribine-treated patients, the site of these cancers varies widely, as noted by 
Dr. Yasuda:  6 basal cell carcinoma, 4 breast cancer, 3 malignant melanoma, 3 colon and rectal 
cancer, 2 myelodysplasia, 2 ovarian cancer, 2 bladder cancer, 2 squamous cell cancer, 2 skin 
cancers of unknown type, and the remainder were a variety of malignancies including cervical 
carcinoma, pancreatic carcinoma, choriocarcinoma, esophageal carcinoma, thyroid cancer, and 
renal cell carcinoma. 
 
In CLARITY, there are 4 cases of malignancy in cladribine-treated patients and none in 
placebo.  The sites are cervical carcinoma in situ, ovarian cancer, metastatic pancreatic cancer, 
and malignant melanoma. 
 
Dr. Mentari performed an analysis to evaluate whether there was an increasing rate of 
malignancy with increasing cumulative cladribine dose and found no such relationship.  Dr. 
Mentari also investigated the relationship of malignancy diagnosis to time of first cladribine 
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dose and found a median latency of 3.2 years for all trials.  In CLARITY, the latencies for the 
4 cases are 10 months, 1 year, 1 year, and 1.5 years.  The non-CLARITY cases have latencies 
in this range or longer, extending to more than 4 years. 
 
Of the current 35 cases, 23 are from the U.S.  This is consistent with malignancy rates 
calculated with a cutoff date of 6/21/10 noted above that showed a higher rate in the U.S. than 
worldwide. 
 
In response to these cases of malignancy, a consult was obtained from Dr. Ryan in Oncology 
requesting assistance with the issue of malignancy with cladribine treatment of MS.  Dr. Ryan 
recommended long-term/permanent follow-up of MS patients exposed to cladribine, careful 
documentation of all antineoplastic and immunosuppressive therapies administered to 
cladribine-treated MS patients, identification of an external control group to compare to 
CLARITY, performance of time to event analyses, and unequivocally stated that safety data 
from the use of intravenous cladribine for oncologic use could not be used to inform the MS 
experience.  She felt that the most robust data to inform the MS experience was contained in 
the current submission.  Dr. Ryan also recommended that labeling for cladribine for MS 
contain language that it should not be used for the treatment of hairy cell leukemia. 
 
Lymphopenia 
 
As discussed above, cladribine rapidly induces a sustained decline in lymphocyte count.  As a 
majority of patients in CLARITY continued to have marked lymphopenia post-study at last 
assessment, the time to resolution of lymphopenia is currently unknown and should be 
ascertained. 
 
Infections 
 
There were two deaths due to infection in placebo-controlled trials.  One was a case of 
fulminant hepatitis B and the other a case of disseminated tuberculosis.  There were no deaths 
due to infection in the placebo groups. 
 
Slightly more infections occurred in cladribine-treated patients in placebo-controlled trials.  
These infections included serious and unusual infections requiring aggressive intervention. 
 
Herpes virus infections were more common in cladribine-treated patients (5.3% vs. 2.9%) in 
placebo-controlled trials.  The difference was particularly striking for herpes zoster infections 
(2/4% vs. 0.2%). 
 
Cardiac 
 
Arrhythmias and conduction disorders are more frequent in cladribine-treated patients (4.9% 
vs. 2.7%), as were coronary artery disorders (1.8% vs. 1.0%) that were largely angina.  An 
episode of myocarditis occurred 11 days after first cladribine dose in a 20-year old with no 
cardiac risk factors resulting in significant morbidity. 
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Hypotension and Bradycardia 
 
Although CLARITY did not demonstrate between-group differences in blood pressure and 
pulse (see above), these differences were seen when evaluating all completed controlled trials.  
Ten cladribine-treated patients experienced heart rates below 50 while no placebo patients did.  
In addition, cladribine-treated patients experienced greater rates of dizziness, presyncope, 
syncope, angina, arrhythmia, and conduction disorders (see above). 
 
Hypersensitivity 
 
Hypersensitivity was seen disproportionately in cladribine-treated patients in CLARITY (6% 
vs. 4%).  This was more striking when limited to U.S. subjects (17% vs. 12%). 
 
Pregnancy 
 
As cladribine is known to be embryolethal and teratogenic in animals and has a mechanism of 
action that impairs DNA synthesis, pregnancy is to be avoided with the use of cladribine.  
Nevertheless, there were 25 pregnancies in CLARITY despite adequate study precautions.  Dr. 
Mentari describes one cladribine-treated subject who delivered twins, both with birth defects.  
Spontaneous abortions and abnormal uterine bleeding also occurred in other subjects. 
 
Seizure 
 
There were 3 SAEs in cladribine-treated patients in completed controlled trials related to 
seizure, including an episode of status epilepticus, and none in placebo.  An additional episode 
of status epilepticus has occurred in an ongoing trial in a patient with no history of seizure. 
 
Hepatitis 
 
Two cladribine-treated patients in controlled trials experienced an SAE of hepatitis with no 
other clear cause.  In both cases, marked transaminase elevations normalized after 
discontinuation of cladribine.  Bilirubins remained normal in both subjects. 
 
Leiomyoma 
 
In completed placebo-controlled trials, uterine leiomyomas were seen in greater numbers of 
cladribine-treated patients than placebo (1.2% vs. 0.6%) and appeared to be associated with 
somewhat greater morbidity than those seen in placebo patients.  Although the role of 
cladribine in these cases is unclear, it is plausible, and in the setting of the malignancy findings 
discussed above, these cases are notable. 
 

9. Advisory Committee Meeting  
 
N/A 
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10. Pediatrics 
 
The sponsor has requested a waiver of pediatric studies in children under 10 because the 
necessary studies would be impossible or highly impracticable due to the small size of the 
patient population. 
 
The sponsor has requested a deferral of pediatric studies in children aged 10-17 because the 
necessary studies should be delayed until long-term adult safety data is evaluated. 
 
As an approval action is not expected this cycle, further specific actions regarding pediatric 
requirements were not pursued.  Upon resubmission, the sponsor’s proposed plan appears 
reasonable and consistent with other MS products. 
 

11. Other Relevant Regulatory Issues  
 
Cladribine is an approved drug product for hairy cell leukemia (NDA 20229).  It was approved 
as an injection for intravenous infusion in 1993.  Generic approvals include ANDA 75405 and 
ANDA 76571 for the same preparation and indication. 
 
Cladribine for MS began development with  in 1994.  Under this IND, five clinical 
studies in MS (the so-called Scripps studies) were performed using injectable cladribine.  One 
of these studies was for the treatment of RRMS, the Scripps-C study. 
 
In 1998, the sponsor at the time filed an NDA  for the treatment of MS with injectable 
cladribine based upon the Scripps studies.  FDA investigations during this time called the 
integrity of the Scripps studies, including Scripps-C, into question and the sponsor received a 
warning letter regarding these studies during the review process.  The sponsor withdrew NDA 

 just before a scheduled Advisory Committee meeting to discuss the product and no 
action was taken on this NDA. 
 
IND  was transferred to multiple sponsors, culminating in a transfer to EMD Serono, 
Inc., the sponsor of this NDA, in 2004.  In that year, an End of Phase 2 Meeting requested by 
the current sponsor was granted by the Division.  A notable point of discussion at this meeting 
concerned the sponsor’s desire to use the Scripps-C study as a supportive pivotal trial in an 
application for oral cladribine based mainly upon the results from the planned CLARITY trial.  
At this time, the Division was unaware of that the Scripps-C study was compromised and had 
been the subject of a warning letter.  As a result of the meeting, the Division agreed that 
Scripps-C could be used to support the CLARITY trial, but that the results of the CLARITY 
would need to be exceptionally robust to support an approval in that scenario. 
 
The sponsor opened a new IND (74634) specifically for the development of oral cladribine as 
a treatment for MS in 2006 and the CLARITY trial was transferred to the new IND.  
CLARITY enrollment continued and was completed.  A pre-NDA Meeting was held with the 
sponsor in 2009 leading to eventual submission of NDA 22561 in September of 2009.  In the 
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course of determining whether this application would be filed, the warning letter from 1999 
was discovered and, after careful review, the Scripps-C study was found to be corrupt and 
unreliable.  Accordingly, the study could not be used to support the NDA as planned and a 
Refuse to File action was issued for NDA 22561 in November of 2009. 
 
Following this action, an additional meeting with the sponsor resulted in plans for an 
independent third-party audit of the Scripps-C study to be included in a resubmission.  NDA 
22561 was resubmitted in May 2010.  After considering the results of the audit, the Scripps-C 
study was determined to be unusable due to data integrity issues.  During the course of 
considering the resubmitted NDA for filing, the results of the CLARITY study were carefully 
considered and the Division determined that the CLARITY findings were sufficiently robust to 
allow for filing of the NDA based only upon effectiveness evidence arising from CLARITY. 
 
Accordingly, NDA 22561 was filed in June 2010.  During the course of the review process, a 
major safety amendment was submitted by the sponsor and the review clock was extended to 
its current action date of 2/28/11. 
 
The Division requested an inspection of investigators from the CLARITY study, as data from 
this study is considered essential to the approval process.  As noted by Dr. El-Hage in his 
review, five foreign clinical investigators and one domestic investigator were chosen for 
inspection of the protocol.  These sites were targeted for inspection due to: 1) enrollment of a 
relatively large number of subjects, 2) relatively large efficacy shown in both relapse rate and 
EDSS change at the sites, and 3) these sites demonstrating significant primary efficacy results 
pertinent to decision-making.  Although minor violations were noted (see Dr. El-Hage’s 
review for details), the inspections of the sites revealed no significant problems that would 
adversely impact data acceptability. 
 
The sponsor submitted a proposed risk evaluation and mitigation strategy (REMS) and 
medication guide for cladribine.  The Division of Risk Management (DRISK) deferred 
comment on the sponsor’s REMS proposal due to an anticipated Complete Response action for 
this application.  See Dr. Jain’s review for further administrative details regarding the 
proposed REMS. 
 

12. Labeling  
 
The sponsor submitted proposed labeling.  As a Complete Response action is anticipated, a 
detailed clinical review of the proposed labeling was not completed. 
 
The Division of Medication Error Prevention and Analysis (DMEPA) reviewed the final 
proposed trade name, , and found it acceptable. 
 
Dr. Chan from DMEPA reviewed the proposed carton and container labeling, insert labeling, 
and medication guide and has a number of recommended comments for the sponsor.  See 
section 4.2 of Dr. Chan’s review for these comments. 
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DRISK deferred review of the proposed medication guide due to an anticipated Complete 
Response action for this application.  See Dr. Jain’s review for details. 
 

13. Recommendations/Risk Benefit Assessment  
 
I do not recommend approval of this application.  I recommend a Complete Response letter be 
issued to the sponsor addressing the issues summarized in this review. 
 
The effectiveness of cladribine for the treatment of MS, based only upon the results of the 
CLARITY trial, appears compelling.  The CLARITY trial shows that cladribine is effective for 
the treatment of patients with RRMS.  This effect was primarily demonstrated by reducing the 
frequency of clinical exacerbations, secondarily demonstrated by delaying the accumulation of 
physical disability, and supported by consistent findings on MRI-based markers of disease 
activity.  Taken together, these findings represent the results of a single adequate and well-
controlled trial supported by confirmatory evidence and meet the standard for substantial 
evidence of effectiveness.  Should cladribine be eventually approved, and notwithstanding 
subsequent data to the contrary, I believe an indication for the treatment of RRMS is 
appropriate for this drug with supportive descriptions of the above findings in labeling.  
Although Dr. Green argues that disability progression should not be included in labeling due to 
its secondary analysis and lack of substantiation, I believe it is reasonably well substantiated 
by the robust effect on relapse rate, a related clinical endpoint whose relationship to disability 
progression has been demonstrated with some consistency in previous approvals of drugs for 
the treatment of RRMS.  The dose response between the two doses tested in the trial was 
largely unremarkable and the lower dose should be considered for eventual approval, though 
due to a lack of certainty that this is the minimum effective dose, consideration should be 
given to a post-approval exploration of effectiveness with a dose lower than that used in 
CLARITY. 
 
These benefits of cladribine, however, are outweighed by its risks.  The safety issues 
associated with its use in this population are concerning.  It appears the most concerning of 
these issues is the observed association with development of malignancy.  Although the 
sponsor argues that the incidence of malignancy is not of concern, the broad spectrum of 
cancer types, the biological plausibility regarding cladribine’s contribution to their 
pathogenesis, the lack of apparent alternative explanations for the occurrence of these 
malignancies, and the severity of some of the cancer cases all argue strongly against approval 
at this time.  An improved understanding of this risk is necessary to contemplate any eventual 
approval of this drug. 
 
An additional safety issue that is an obstacle to approval is an inadequate assessment of the 
duration of lymphopenia associated with cladribine use.  As a majority of patients in 
CLARITY continued to have marked lymphopenia post-study at last assessment, the time to 
resolution of lymphopenia is currently unknown and should be ascertained prior to any 
eventual approval. 
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There are additional safety concerns, however, they should prove manageable with appropriate 
further investigation, labeling, and risk mitigation.  They include infections, cardiac effects, 
fetal toxicity, hepatic effects, seizures, hypersensitivity, and uterine effects. 
 
Dr. Mentari has prepared an extensive list of safety concerns requiring the submission of 
additional information.  I have not reproduced that list in this memo, but I have reviewed it and 
agree with these requests.  The issues involved include laboratory measurements and clinical 
areas of concern.  These unresolved safety concerns also stand as an obstacle to approval.  I 
agree with Dr. Mentari’s recommendation to include them as an appendix to the action letter. 
 
Finally, the sponsor’s plans for long-term dosing of cladribine are notably vague.  Proposed 
labeling simply recapitulates the dosing regimen used in CLARITY.  The sponsor provides no 
specific discussion of how dosing should be approached after these initial cycles of treatment.  
While not necessarily a reason for non-approval itself, in the setting of the safety concerns 
associated with cladribine, plans for long-term dosing should be clarified with the sponsor. 
 
An important issue in contemplating approval of this application is its reliance on a single 
effectiveness study.  While the consensus of the review team, and my own opinion, is that the 
CLARITY study is sufficient for establishing effectiveness (it is a large study, rigorously 
designed and executed, with robust results on multiple independent outcomes), an interesting 
question arises when considered in conjunction with its safety concerns.  In the setting of 
significant risk, should a single study that in the absence of such risk would be sufficient for 
approval require an additional study to substantiate its effect?  This question rests on the 
principle that two studies are more convincing than a single study.  While generally true, it 
may not always be the case, particularly in the case of a well-designed, robust single trial.  As 
that is the case here, I do not feel that a second study demonstrating effectiveness is necessary.  
I do, however, recommend that this question be posed to an Advisory Committee (see below) 
if this application is resubmitted. 
 
Given the nature of the risk associated with the use of cladribine for MS, I feel that the input of 
an Advisory Committee would be useful in any future consideration of its risks and benefits. 
 
As noted above, although the sponsor submitted a proposed risk evaluation and mitigation 
strategy (REMS) and medication guide for cladribine, specific review of this proposal has been 
deferred given the anticipated Complete Response action for this application.  It appears likely, 
however, that any eventual approval of this application will require an acceptable REMS. 
 
No postmarketing requirements or commitments have been considered due to the expectation 
of a Complete Response during this cycle. 
 
Except for comment “B.3.” pertaining to the medication guide, I recommend that the sponsor 
be informed of the carton and container labeling recommendations from Dr. Chan in the 
Complete Response letter but that comment on the remainder of the proposed labeling be 
reserved until the application is otherwise adequate. 
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I recommend the following deficiencies serving as the basis for a Complete Response be 
communicated to the sponsor in the action letter: 
 
CMC 
 
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 % dissolution within 15 minutes.  You must tighten the dissolution specification 
to NLT % of labeled amount of cladribine dissolved in 15 minutes (Q= . 
 
CLINICAL 
 
Although we have concluded that cladribine is effective as a treatment for patients with 
relapsing remitting multiple sclerosis (RRMS), safety concerns associated with its use 
preclude its approval at this time. 
 
Substantial evidence of cladribine’s effectiveness was provided by the CLARITY study.  This 
study was an adequate and well-controlled clinical study of oral cladribine in patients with 
RRMS that was rigorously designed and executed.  The effect of cladribine was demonstrated 
by effects on relapse rate, disability progression, and various imaging markers of disease 
activity.  These findings were consistently demonstrated with multiple analyses and are robust.  
We believe that the data, taken as a whole, meet the standard for substantial evidence of 
effectiveness, as provided by one adequate and well controlled clinical trial and confirmatory 
evidence. 
 
These benefits of cladribine, however, are outweighed by its risks.  The presence of a 
disproportionate number of malignancies in cladribine-treated subjects represents an 
unacceptable risk. 
 
Cladribine clearly appears to be associated with an increased risk of malignancy.  In the 
CLARITY trial, there were four cases of malignancy in cladribine-treated subjects and none in 
placebo-treated subjects.  When considering the entire safety database, in completed studies of 
cladribine and ongoing controlled studies of cladribine, there were 33 cases of malignancy in 
cladribine-treated subjects and two in placebo-treated subjects.  These malignancies are found 
in a wide variety of anatomic sites.  Analysis of a subset of these patients revealed 8.2 cases of 
malignancy per 1000 cladribine-treated subjects (13 cases in 1579 subjects) in all oral 
cladribine trials worldwide and no cases in placebo.  In trials of oral cladribine in the U.S. the 
incidence was even higher with 18.3 cases of malignancy per 1000 subjects in cladribine 
treated subjects (3 cases in 164 subjects) and no cases in placebo.  Ongoing reporting of 
malignancy cases submitted throughout the review period appears to be consistent with these 
rates.  We analyzed whether increasing cumulative cladribine dose or increasing duration of 
clinical monitoring played a role in the development of malignancy but found no evidence of 
such relationship.  We also investigated the latency from time of first cladribine dose to time 
of malignancy diagnosis and found no evidence that any cases occurred an implausibly short 
time following exposure to cladribine. 
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This increased risk of malignancy seen in cladribine-treated subjects as compared to placebo-
treated subjects is unacceptable.  You must provide an improved understanding of this risk, 
either through additional analyses or by conducting additional studies, before we could 
consider approving this application. 
 
We note that while you have agreed that the association between malignancies and cladribine 
represents a potential significant safety concern, you have provided several arguments that 
seek to address this concern.  We have reviewed your arguments and do not agree with your 
conclusions. 
 
You have compared the rate of malignancy in cladribine-treated subjects to an expected 
general population rate, calculated using epidemiologic data.  Comparisons to epidemiologic 
data are problematic, because rates of malignancy based on epidemiologic data vary greatly 
according to many factors, including location, age, and gender.  We are concerned that 
comparing malignancy rates in cladribine-treated subjects to rates based on epidemiologic 
data, as opposed to randomized controls, may not adequately account for important differences 
between groups.  We request additional information on the methods used in calculating the 
standardized incidence ratios (SIRs) described on pages 289-290 of the Integrated Summary of 
Safety. 
 
You have discussed that many malignancy cases in cladribine-treated subjects were cases of 
cancer that rarely metastasize and are almost always curable by surgical resection (e.g., basal 
cell carcinoma).  We remain concerned, because an increased risk of malignancy in cladribine-
treated subjects compared to placebo-treated subjects persists after excluding these cases. 
 
You have discussed that pre-existing risk factors have been documented in cladribine-treated 
subjects with reported cases of malignancy.  We remain concerned, as pre-existing risk factors 
are likely to exist in some placebo-treated subjects, as well.  We request clarification on 
whether risk factors for malignancy were documented in all study subjects, and whether an 
imbalance in pre-existing risk factors has been documented in cladribine-treated subjects as 
compared to placebo-treated subjects. 
 
You have discussed that the analyses of the long-term data are potentially biased due to 
confounding by time since randomization.  Although we agree that there is considerably more 
long-term experience under treatment, compared to placebo, conditions, we note that there is 
still a worrisome signal for malignancy in CLARITY.  Although the maximum duration of 
observation in CLARITY is 2 years, we believe that this is a sufficient duration of exposure to 
cladribine to consider any malignancies occurring then to be biologically plausible.  Further, 
the signal seen in the long-term extension contributes to our concern, given our lack of a 
detailed understanding of what rate of malignancies should be expected over that duration of 
time. 
 
You have discussed conducting a long-term prospective follow-up safety registry 
(PREMIERE) to assess the risk of malignancies, as well as serious infections, lymphopenia, 
and other adverse events of special interest in subjects with MS who have participated in 
clinical trials of oral cladribine.  We remain concerned, as it is unclear how this registry will 
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serve to mitigate the risk of malignancy.  We request additional information on the information 
to be collected and the planned methods for analysis, including details on how the expected 
rates of adverse events will be determined. 
 
We have the following additional comments that will need to be addressed, assuming you can 
successfully respond to the previous concerns related to malignancies: 

 
1. Cladribine causes a prompt and sustained decrease in absolute lymphocyte count occurring 

shortly after exposure to cladribine.  In the CLARITY study, a majority of subjects 
continued to have significant lymphopenia at the time of last assessment.  Ongoing 
lymphopenia is of potential importance with regard to the development of infections and 
malignancies, and may influence plans for repeat dosing.  A clear understanding of 
lymphopenia in cladribine-treated subjects is essential when considering its safety profile. 

 
For this reason, you must ascertain the time to resolution of lymphopenia in cladribine-
treated subjects in CLARITY in order to better inform our decision about the ultimate 
approvability of this application, and to provide appropriate guidance on the necessary 
duration of hematologic monitoring. 
 

2. Your plans for long-term dosing of cladribine are vague.  Your submission and proposed 
labeling provide no specific discussion of how dosing should be approached after the 
initial cycles of treatment.  You should clarify, and justify, the intended maximum dosing 
duration of cladribine in clinical use. 
 

3. There are several additional safety issues of concern that require the submission of 
additional information. These requests for additional information include: 

 
• Since patients with a history of taking disease-modifying drugs for multiple sclerosis 

may have longer durations of immunosuppression than the general patient population, 
we request analyses of malignancy risk and changes in hematologic laboratory 
measurements for this subgroup of patients. 

 
• Since most cases of malignancy in cladribine-treated subjects occurred in subjects over 

age 40, we request analyses of malignancy risk stratified by age. 
 
• If cladribine is taken with another agent that affects lymphocytes, additive adverse 

effects leading to lymphopenia may occur.  We request additional information, 
including which specific medications may lead to these additive effects on 
lymphocytes, in order to provide guidance on cladribine’s use. 

 
Several other safety concerns also require the submission of additional information.  Please see 
the appendix to this letter for a complete list of our requests for additional information to be 
submitted with any resubmission of this application.  (CDTL Note:  Appendix to action letter 
containing multiple safety requests is not reproduced in this memo and may be found attached 
to the official action letter.) 
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LABELING 
 
Given our significant concerns about cladribine-induced malignancies, we have not included 
draft labeling with this letter.  However, we have the following comments related to carton and 
container labeling. 
 
Please submit draft carton and container labeling revised as follows: 
 

A. CARTON LABELING AND TABLET HOLDER LABELING (all quantities) 
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B. CARTON LABELING (all quantities) 

 
C. BLISTER LABEL (all quantities) 

 
D. TABLET HOLDER LABELING (all quantities) 

E. PACKAGING DESIGN (all quantities) 
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Review and Evaluation of Clinical Data 
Safety Team Leader Memorandum 

____________________________________________________________________ 
NDA:    22-561  
Drug:     Cladribine (  
Route:    Oral (tablets) 
Indication:  Treatment of relapsing forms of multiple sclerosis (MS)  

   
Sponsor:    EMD Serono   
Submission Date: 5/28/10 
Review Date:   1/4/11 
Reviewer:   Sally Usdin Yasuda, Safety Team Leader 
   Division of Neurology Products, HFD-120 
____________________________________________________________________ 

1. Background 
Cladribine is a synthetic chlorinated purine analog of the naturally occurring nucleoside 
deoxyadenosine.  According to the Sponsor, chlorination renders it resistant to deamination by 
adenosine deaminase.  Cells with high levels of deoxycytidine kinase (DCK) and low levels of 
deoxynucleotidase (5’NTase) activity (e.g. lymphocytes) phosphorylate cladribine to the 
monophosphate form (CdAMP).  CdAMP is further phosphorylated to the active CdATP.  The 
accumulation of CdATP has effects that include inhibition of DNA synthesis in dividing cells, 
defective repair of DNA strand brakes, and cell death.  The Sponsor states that cladribine causes 
a potent and preferential reduction of lymphocyte count due to its mechanism of action, and that 
is the proposed basis for its use in the treatment of multiple sclerosis (MS).   
 
Cladribine results in dose-dependent hematologic effects related to the mechanism of action.  
This includes, but is not limited to, significant lymphopenia that had not recovered to baseline by 
the end of a 96-week trial that is evident at the proposed total dose of 3.5 mg/kg.  Related to this, 
the Division noted its safety concerns in the pre-NDA meeting minutes of 7/14/09 that included 
serious infections including reactivation of latent infections (e.g. TB, JCV), myelodysplastic 
syndrome, and lymphopenia and its impact on the extended risk for infections and neoplasias and 
on the possible limitations for patients to start other MS therapies if they do not respond to 
cladribine but remain lymphopenic. 
 
Intravenous cladribine is marketed as Leustatin for the treatment of hairy cell leukemia for which 
it is given as a single course given by continuous infusion for 7 consecutive days at a dose of 
0.09 mg/kg/day.  The proposed dose for treatment of relapsing forms of MS is a treatment course 
that consists of a single oral daily dose of 10 or 20 mg  over the first 4 or 5 days of a  
period, (depending on patient weight).  This course of therapy is repeated at a  interval.  
Re-treatment consists of 2 additional, consecutive courses at a  interval starting at the 
beginning of a subsequent  period.  The cumulative dose is 3.5 mg/kg .   
 
This memorandum primarily summarizes the primary safety concerns from Dr. Evelyn Mentari’s 
safety review of the NDA submission and subsequent documents submitted through November 
10, 2010.  In addition, the following FDA consultants have contributed to the consideration of 
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safety:  Dr. Qin Ryan from the Division of Hematology Products and Dr. Hao Zhu for the QT- 
IRT.   Please refer to Dr. Mentari’s review for detailed safety considerations.   

2. Summary of Findings from the Safety Review 
 
2.1 Sources of Data, Exposure, and Demographics 
The development program for MS included 5 completed placebo-controlled trials in patients with 
MS.  These were the 26543 (Clarity), 2-CdA-MS-SCRIPPC (Scripps-C), 2-CdA-MS-001 (MS-
001), 2-CdA-MS-SCRIPP (MS-Scripps), and 2-CdA-MS SCRIPB (Scripps-B) trials.   
CLARITY was the only study with orally administered cladribine; it evaluated doses of 3.5 
mg/kg and 5.25 mg/kg over 96 weeks given as 2-4 courses at 28 day  intervals in the first 48 
week period, followed by 2 additional courses given at 28 day intervals in the second 48 week 
period.  In addition there are 3 ongoing double-blind studies with orally administered cladribine 
that are 26593 (ONWARD), 27820 (CLARITY Extension), and 28821 (ORACLE MS).  The 
safety evaluation includes data from these studies (CLARITY alone, pooled adverse event data 
from the double-blind placebo controlled trials, pooled data from completed uncontrolled trials 
and from extension studies, and data from the ongoing double-blind studies), as well as data 
from clinical pharmacology studies.   
 
Exposure to cladribine in subjects with MS meets the minimum ICH guidance (1500 total, 300 
subjects for 6 months, and 100 for 1 year at clinically relevant doses).  The pool of subjects from 
completed placebo-controlled trials (oral or parenteral) for treatment of MS included 1587 
subjects.  CLARITY included 433 subjects treated with the proposed dose of 3.5 mg/kg, 456 
subjects treated with 5.25 mg/kg, and 437 treated with placebo.  The median duration of follow-
up for the 1326 subjects in CLARITY was 1.8 years, with dosing at weeks 2, 5, 9, 13, 48, and 52. 
The end of the study was 96 weeks, and Dr. Mentari notes that patients were typically followed 
for 30 days post-study completion.  I agree with Dr. Mentari’s comment that this was not 
adequate time to document resolution of lymphopenia in many subjects, and this follow-up is not 
adequate for characterization of long-term risks such as malignancies.   
 
Dr. Mentari notes that in the CLARITY trial, 94 of the 1326 patients (7%) were from the US and 
that the majority of patients were from Eastern Europe.  Demographic characteristics including 
median age, age range, and mean EDSS scores were comparable between CLARITY patients in 
the US and worldwide, although CLARITY subjects in the US had a higher percentage of 
females (81.7%) compared to CLARITY subjects worldwide (66-69%) and to US placebo-
treated CLARITY subjects (66.7%).   The other placebo controlled trials were conducted in the 
US or US/Canada, but these studies contributed only 268 patients.  Location of the population is 
important in Dr. Mentari’s consideration of the relationship between demographics and adverse 
events discussed later in this memo.   
 
The demographic characteristics of the subjects who participated in the CLARITY trial were 
consistent with those in other applications for MS.  In the CLARITY trial mean age was 
approximately 38 years.  Approximately 68% of patients were female, and approximately 98% 
of subjects were white.  Mean weight was approximately 70kg.   No significant differences were 
observed among the treatment groups in these demographic characteristics, except for the 
percentage of females, as discussed above.  The mean EDSS score was approximately 2.9 and 
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was similar across the treatment groups.  More than 99% had not received treatment in the last 3 
months prior to Study Day 1.  Demographics in the CLARITY trial reflected the characteristics 
in the placebo-controlled trials in general, in which the cladribine-treated subjects were aged 18-
65 y.o. (mean 39.4 years, median 40 years, and approximately evenly distributed between <40 
y.o. and > 40 y.o.), approximately 2/3 female, and predominately white.  Age is another 
important consideration in Dr. Mentari’s consideration of safety, as will be discussed later in this 
memo.  
 
Subjects in CLARITY could not have received cladribine, mitoxantrone, myelosuppressive 
therapy, cyclophosphamide, azathioprine, methotrexate, or natalizumab, and  within 3 months 
prior to Day 1 could not have received cytokine or anti-cytokine therapy, IVIG, or 
plasmapheresis, and could not have received oral or systemic corticosteroids or 
adrenocorticotropic hormone within 28 days prior to Day 1.  Subjects could not have received 
disease modifying therapy within 3 months prior to Day 1.  Subjects could not have had platelet 
or absolute neutrophil counts below the lower limit of normal or significant leukopenia within 28 
days prior to trial Day 1.   
 
According to the CLARITY study report, a greater proportion of subjects in the cladribine 3.5 
mg/kg group were naïve to disease modifying therapy compared to the 5.25 mg/kg group and 
placebo groups.  Approximately 26%, 32%, and 33%, respectively, had prior exposure to disease 
modifying therapy overall.  However, exposure differed by region.  Compared by region 
approximately 26-32% had been previously exposed to any disease modifying therapy in Eastern 
Europe, approximately 31-40% in the ROW that includes Israel, Lebanon, Morocco, Saudi 
Arabia, Tunisia, and Turkey, 39-52% in Western Europe, and approximately 62-75% in the 
Americas, and approximately 75-85% in the US, with only approximately 7% in Russia having 
been exposed to prior disease modifying therapy.  Of note, Dr. Mentari has identified location 
differences in adverse events, with US rates consistently higher than rates reported worldwide.  
The role of potential contribution of prior disease modifying therapy to this finding should be 
considered.   
 
2.2 Significant Safety Findings 
 
2.2.1 Deaths   
Dr. Mentari notes no deaths in the 6 clinical pharmacology studies of oral cladribine in patients 
with MS where doses ranged from an oral cladribine equivalent of 3 mg to 35.5 mg (not adjusted 
to subject weight).  There were 10 deaths in clinical pharmacology studies in patients with 
malignancies but there was insufficient information available to assess the cause of death.  The 
Sponsor’s summary cites progression of disease or sepsis or other serious infection as playing 
primary roles in those cases.   
 
Dr. Mentari notes that there were 6 deaths in the CLARITY study, 2 (4.6%) among placebo 
patients (completed suicide and hemorrhagic stroke), 2 (4.4%) on Cladribine 5.25 mg/kg 
(tuberculosis and drowning), and 2 (4.6%) on cladribine 3.5 mg/kg (metastatic pancreatic 
carcinoma and myocardial infarction).  She considers the tuberculosis and pancreatic carcinoma 
cases likely related to cladribine, and believes that a role for cladribine in the myocardial 
infarction case cannot be ruled out.  In all completed placebo-controlled trials there were a total 
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of 7 deaths (6 from CLARITY and 1 from MS-Scripps).  The death in MS-Scripps was due to 
fulminant hepatitis B, and Dr. Mentari believes this is likely related to cladribine.   
 
The pancreatic cancer case occurred in a 61 y.o. white female (subject ) with no known 
risk factors for pancreatic cancer other than being over age 601.  She did not have a history of 
diabetes or smoking, and was not overweight.  The subject had not previously been treated with 
MS disease-modifying agents. At study entry the subject had been taking prednisone since , 
inhaled Seratide (fluticasone propionate and salmeterol xinafoate) and salbutamol both since 

 for asthma, omeprazole for chronic gastroduodenitis since , verapamil for 
hypertension since , hipromeloza for lack of tears since , norfloksacin for a 
urinary infection since , and vitamin AD for nutritional supplement since . 
Cladribine treatment started .  In  she developed constipation, nausea, vomiting, and 
weight loss and abdominal ultrasound in  showed a malignant head and trunk tumor of the 
pancreas, with MRI showing infiltration of retropancreatic fat, infiltration of regional blood 
vessels, and focal liver lesions.  This death, in , 9 months after the last dose, was considered 
by the Sponsor to be unrelated to cladribine.  As will be discussed below, an excess of 
malignancy cases was seen with cladribine treated subjects as compared to placebo treated 
subjects in placebo-controlled trials.  Cladribine is an antimetabolite which interferes with DNA 
repair.  For these reasons, and because the time course of developing the cancer in the case is 
approximately 16 months after first exposure to cladribine, and because the patient does not have 
a history of known risk factors, I agree that a role for cladribine in this case cannot be ruled out.   
 
The case of death related to tuberculosis was in a 21 y.o. female from Tunisia (subject 

).  She had not previously been treated with disease modifying drugs.  Previous medication 
history included treatment with steroids for MS relapse.  Medical hx other than MS was 
significant for only gastritis.  Other medications included oral contraceptives (per ISS) as well as 
famotidine, baclofen, and tocopherol (per CIOMS).  Subject received one course of cladribine 
from .  On  she had fever and myalgia. Lab values on  
included platelets 44 x 10 /uL (nl 150-450 x103/uL), RBC 3.23 x106/uL (nl 4.0-5.5 x106/uL), 
WBC 3.6 x103/uL (nl 4.0-10.0 x103/uL.  She was hospitalized and treated with cefotaxime.  On 

 lab values included WBC 2.6 x103/uL, absolute neutrophil count 500/uL (nl 2000-
7000/uL), and lymphocytes 1800/uL (nl 1500-4000)/uL.  Thrombocytopenia required platelet 
transfusion. On  she was discharged. On  lab values included platelets 74x103/uL, 
WBC 1.3 x103/uL, absolute neutrophil count 600/uL, and lymphocytes 600/uL.   She had 
persistent fever until , when she was hospitalized for fever, wasting, and shortness 
of breath, and pancytopenia.  Bone marrow biopsy on  showed a myelodysplastic 
syndrome. On  labs included platelets 85 x 103/uL, absolute neutrophil count of 1400/uL, 
and lymphocytes 300/uL.  On  she developed sudden dyspnea followed 30 minutes 
later by cardiorespiratory arrest and death.  The ISS states that based on verbal communication 
about the autopsy results, it was concluded that the subject’s death may have been caused by 
tuberculosis that was probably present in latent form as it is common in endemic regions such as 
Tunisia.  The narrative in the study report states that the chronic pathological nature of lesions in 
the liver and lungs suggested that the tuberculosis was longstanding and likely present in latent 

                                                 
1 Risk factors include increasing age, especially over age 60, being black, overweight or obese, chronic pancreatitis, 
diabetes, family history of genetic syndromes that can increase cancer risk, personal or family history of pancreatic 
cancer, and smoking ( http://www mayoclinic.com/health/pancreatic-cancer/DS00357/DSECTION=risk-factors) 
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form.  If the autopsy results are reliable, then I agree it is possible that immunosuppression 
resulting from the effects of cladribine could have resulted in tuberculosis and its sequelae.  
However, there is no written copy of the autopsy report.   It cannot be determined from the 
information available whether this is reactivation of latent TB or a primary infection.  
 
The case of acute myocardial infarction occurred in a 41 y.o. male (Subject ) with a 
history of Type 2 diabetes (for which he was taking gliclazide) and tobacco use.  He collapsed 
and died 11 months after his first dose of cladribine.  The autopsy report showed “severe 
sclerotic involvement of the coronary arteries, thrombotic occlusion of the front-interchamber 
left coronary artery and right coronary arteries, with chronic aneurysm of the front left heart 
chamber wall, with signs of long-term congestion in the major and minor circuit”.  This patient 
had several risk factors for cardiac disease.  In addition, sulphonylureas, including gliclazide, 
have been associated with cardiac mortality.   
   
The death in MS-Scripps occurred in a 43 y.o. female ( ) taking cladribine 2.8 mg/kg by a 
7-day continuous IV infusion.  She tested negative for Hepatitis B at study entry.  Hepatitis B 
was diagnosed on Day 43 and hepatic failure occurred on Day 44.  She was neutropenic on Day 
45 and on Days 47 and 48 she required packed RBCs, Vitamin K, and fresh frozen plasma to 
treat her coagulopathy, GI bleeding, and hypovolemia.  She died on Day 49.  The Sponsor 
considered this death unlikely related to cladribine.  As shown in Section 7.4.2.1 of Dr. Mentari’s 
review, lymphopenia is observed as early as Week 5 following the first dose of cladribine.  I note 
that systematically collected information on the time course of lymphopenia prior to 5 weeks has 
not been presented in the NDA.  According to the narrative, “the subject's case history revealed 
that her boyfriend had recently visited a Mexican border town where hepatitis B was known to 
be endemic”.  However, I do not believe that it is possible to rule out a role for cladribine and 
resulting immunosuppression in contributing to the death due to Hepatitis B.   
 
There were 7 deaths in the completed uncontrolled trials, 6 of 222 (2.7%) cladribine-treated 
patients and 1 of 38 (2.6%) of placebo-treated patients who entered the extension phase of the 
studies.  For the placebo-treated patient, the cause was unknown.  Among the cladribine-treated 
patients, there was 1 case of cardiac arrest, 1 myocardial infarction, and 1 suicide for which Dr. 
Mentari could not rule a role for cladribine.  There was 1 respiratory depression (patient with 
respiratory muscle weakness as a complication of MS died from choking on food 2 years after 
last dose) and 1 accidental drowning due to a head injury in a whirlpool for which she thought 
the role for cladribine was unlikely, and I agree.  There was one death with cause unknown but 
possible drowning for which she could not rule out if related.   
 
The cardiac arrest occurred in a 44 y.o. male (Scripps A subject ) approximately 39 
months after treatment ended in ; the patient had been hospitalized 5 times between  
and his death in  for exacerbation of MS and during those hospitalizations he was diagnosed 
with pyelonephritis, anemia, clonis, sepsis, C difficile diarrhea, intravascular hemolysis, severe 
depression, and increased respiratory distress for which he required intubation.  According to the 
study report, on  pneumonia was reported and the patient was treated with “general anti-
infectives”.  On  he had a fatal cardiac arrest.  Laboratory results were not available 
beyond , and I agree with Dr. Mentari that it is not possible to confirm or rule out a 
contribution of cladribine-related bone marrow suppression (and resulting serious infection) that 
may have contributed to his death.   
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The myocardial infarction occurred in a 47 y.o. male with a history of tobacco use and total 
cholesterol > 200 mg/dl at baseline, who died from a massive myocardial infarction 4 days after 
his last day of treatment, with a cholesterol level of 255 mg/dl and a low total lymphocyte count 
of 0.98e9/L.  I agree that it is not possible to confirm or rule out a role for cladribine.   
 
The suicide case occurred in a 39 y.o. female who had a baseline history of depression for which 
she was taking fluoxetine.  I agree that it is not possible to confirm or rule out a role for 
cladribine in this case.   
 
In the ongoing trials, as of 12/14/09 there had been 3 deaths reported among 797 subjects (0.4%) 
who had received treatment with cladribine or placebo in the CLARITY extension trial.  Death in 
Subject  was due to subdural hematoma after a fall from a ladder in a patient who had 
received 3.5 mg/kg cladribine in CLARITY, and received cladribine in the extension study (last 
dose approximately 3 months prior to fall) and with normal hemoglobin and platelet count 
documented 15 days before the fall; I agree with Dr. Mentari that this is unlikely due to 
cladribine, although I note that dizziness and syncope are adverse events observed after exposure 
to cladribine.  Death in Subject  was due to downing and I agree this is unlikely related 
to cladribine.  Cause of death in  was unknown (no witness, no autopsy); patient had 
persistent lymphopenia and was hospitalized with fever (treated with amoxicillin) and decreased 
consciousness approximately 2 years after receiving cladribine.  Patient was discharged from 
hospital at own request and died at home.  I agree with Dr. Mentari that the role of cladribine 
cannot be ruled out.   
 
No deaths had been reported in the ONWARD trial as of 12/14/09.  An initial report of a death 
due to cardiopulmonary arrest in the ORALCLE MS trial was submitted to the IND on 10/25/10 
in a patient with no history of cardiac risk factors or disease.  Further information will be 
requested.   
 
I agree with Dr. Mentari’s conclusion that although there is no excess of death in cladribine-
treated subjects in the completed placebo controlled trials, deaths from infections (disseminated 
tuberculosis and fulminant hepatitis B) are concerning.  In addition, although it is very difficult 
to attribute the cardiac deaths to cladribine, especially in patients with risk factors, Dr. Mentari 
notes a potential cardiac signal in Section 7.3.5.4 of her review that I believe warrants attention.  
Finally, the death due to pancreatic cancer is also concerning, in light of Dr. Mentari’s discussion 
of malignancies (please refer to section 7.6.1 of her review).   
                                                                                                                                                                                    
2.2.2    Nonfatal Serious Adverse Events (SAEs) 
As noted above, the end of the CLARITY study was 96 weeks, and patients were typically 
followed for 30 days post-study completion.  This was not adequate time to document resolution 
of lymphopenia in many subjects, and this follow-up is not adequate for characterization of long-
term risks such as malignancies.   
 
Dr. Mentari has reviewed SAEs by subject group: clinical pharmacology studies in patients with 
MS, clinical pharmacology studies in patients with malignancies, CLARITY subjects, subjects 
from all placebo-controlled trials of cladribine, subjects from completed uncontrolled trials of 
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cladribine, subjects in the CLARITY Extension, and subjects from the open-label ORACLE MS 
study.  Please refer to her review for details.     
 
In the clinical pharmacology studies in subjects with MS, 1 subject (  in study 26486) out of 
105 (1%) had an SAE.  As discussed by Dr. Mentari, this was a case of thrombocytopenia in a 
patient with a prior history of use of interferon-β1a, that occurred within a time frame consistent 
with introduction of cladribine, but that progressed when she was switched to interferon-β1a 
during the study.  According to the narrative the subject had also been taking pregabalin that was 
started in , within the month during which cladribine was started and during which 
the SAE began.  Pregabalin has been associated with a decrease in platelet count according to the 
prescribing information.  However, it appears that pregabalin was continued and the 
thrombocytopenia resolved after discontinuation of cladribine and of interferon.  Therefore, I 
agree that this SAE was likely related to cladribine.     
 
In the clinical pharmacology studies in subjects with malignancies, narratives with detailed 
information were not available.  There were SAEs in 3 of the 61 subjects (4.9%) that included 
fever and neutropenia in 2 of the subjects, and serious infection (L. monocytogenes in blood and 
CSF cultures) in 1 subject.  However, there is too little information to determine the role for 
cladribine.   
   
SAEs in the CLARITY trial were reported in 77 of the 884 cladribine treated subjects (8.7%), 
and in 28 of the 435 placebo-treated subjects (6.4%) during the 96-week trial.  At least 1 SAE 
was reported in 41 of the 454 subjects in the cladribine 5.25 mg/kg group (9.0%) and in 36 of the 
430 subjects in the 3.25 mg/kg group (8.4%). The most common SAEs were in Infections and 
infestations2 (primarily pneumonia),  Hepatobiliary disorders3, and Gastrointestinal Disorders 
that show evidence of a dose response and for which SAEs in the cladribine groups are greater 
than placebo, as well as Neoplasms benign, malignant and unspecified that were greater in 
cladribine-treated groups than in placebo.     
 
In all placebo-controlled trials, the results were similar with at least 1 SAE reported in 112 of the 
1073 cladribine subjects (10.4%) and in 42 of the 514 placebo-treated subjects (8.2%).  Among 
the cladribine-treated subjects, the highest percentage occurred in 9 of the 21 subjects treated 
with a cumulative dose of > 6.13 mg/kg (42.9%), with 16 of 103 subjects (15.5%) in the > 0-2.63 
mg/kg group, 49 of 471 subjects (10.4%) in the > 2.63-4.38 mg/kg group, and 38 of 478 subjects 
(7.9%) in the > 4.38-6.13 mg/kg group having at least 1 SAE.  The largest percentage of SAEs in 
the cladribine-treated group occurred in Infections and infestations (3.6% in all cladribine 
subjects vs 2.3% in placebo treated subjects and 28.6% in the 21 subjects treated with > 6.13 
mg/kg).   
 

                                                 
2 This SOC also included 1 case of Herpes zoster (0.2%) in Cladribine 3.5 mg/kg group, 1 case of Herpes zoster 
infection neurological (0.2%) in the cladribine 5.25 mg/kg group, and 1 case of Herpes zoster oticus (0.2%) in the 
cladribine 5.25 mg/kg group.   
3 This includes Cholelithiasis (0.3% in all cladribine vs 0  in placebo) as well as Hepatitis toxic in 1 patient in the 
cladribine 3.5 mg/kg group (0.2%) and 1 patient in the placebo group (0.2%), Hepatitis in 1 patient in the cladribine 
5.25 mg/kg group (0.2%), and Hepatitis acute in 1 patient in the cladribine 5.25 mg/kg group (0.2%).   
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In the completed uncontrolled trials, at least 1 SAE was reported in 49 of the 222 subjects 
(22.1%) who had been exposed to cladribine either during the double blind or extension phase of 
the studies and in 10 of the 38 (26.3%) who had received placebo during the double blind phases 
and who entered the extension phases for follow-up.  The largest percentage of SAEs in the 
cladribine-treated group occurred in Nervous system disorders (6.8% in all cladribine-treated 
subjects and 10.5% in placebo-treated subjects, with an inverse relationship with cladribine dose) 
and the preferred term Multiple Sclerosis accounted for the largest percentage in that SOC (5.9% 
in all cladribine-treated subjects and 2.6% in placebo-treated subjects, with an inverse 
relationship with cladribine dose).  This was followed by Infections and infestations that also had 
an inverse relationship with dose except at the highest dose.  These results are extracted below 
from the ISS.  These results for infections and infestations are difficult to interpret.   
 

 
 

Dr. Mentari reports that as of 12/14/09 at least 1 SAE had been reported in 7 of the 214 subjects 
with relapsing MS (3.3%) who had received treatment with cladribine or placebo as add-on 
therapy to interferon-β in the ONWARD trial, in 29 of 797 subjects (3.5%) with RRMS who had 
received treatment with cladribine or placebo in the CLARITY Extension trial, and in 2 of the 
194 subjects (1%) with Clinically Isolated Syndrome who had received treatment with cladribine 
or placebo in the ORACLE MS trial.  The SOC with the largest percentage of SAEs is Infections 
and infestations.   
 
Blood and Lymphatic System Disorders – Dr. Mentari notes that in weeks 0-96 of the controlled 
phase of the completed placebo-controlled trials, the incidence of SAEs in this SOC was similar 
in all dose categories, except for the highest dose category (> 6.13 mg/kg) in which 1 of 21 
(4.8%) subjects had an event (a single case out of a small number of patients).  These serious 
events are referred to in the ISS and in Dr. Mentari’s review by maximum toxicity grades.  I have 
extracted the definition of the toxicity grades from Dr. Mentari’s review. 
 
Common Terminology Criteria for Adverse Events (CTCAE) for Hematologic Laboratory Measurements 
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LLN = lower limit of normal 
 
In the completed controlled trials SAEs in this SOC occurred 7 in cladribine-treated patients and 
in no placebo patients.  The most common event was lymphopenia (n=4 in the > 2.63-4.38 
mg/kg group only).   Five of the cases were in the CLARITY study.  A case of pancytopenia, 
neutropenia, and thrombocytopenia (Subject ) was discussed under deaths (death due to 
disseminated tuberculosis).  Subject  showed Grade 1 lymphopenia (0.99x109/L) on 

(first dose of cladribine was ).  On , 2 days before the last dose of 
cladribine, the patient developed herpes zoster.  On  he was hospitalized for herpes 
zoster and on that date he had an absolute lymphocyte count of 0.5 x109/L (borderline Grade 
2/3).  On  the lymphocyte count was 1.1 x109/L (WNL).  Subject  received 4 
courses of therapy, first dose  and last dose .  On  subject had Grade 3 
lymphopenia and on , Grade 4 lymphopenia.  Prophylactic antibiotics were 
started, and continued until  when lymphocyte count had increased to the range of Grade 
2 lymphopenia that persisted through follow-up in , 2 years after the last dose.  Subject 

 received cladribine of cladribine between .  On  she 
developed Grade 3 lymphopenia.  Prophylactic antibiotics were administered from  

.  She did not have symptoms of infection.  She was hospitalized for evaluation 
of lymphopenia and leukopenia in  and was treated with pegfilgrastim (indicated to decrease 
the incidence of infection, as manifested by febrile neutropenia, in patients with nonmyeloid 
malignancies receiving myelosuppressive anticancer drugs associated with a clinically 
significant incidence of febrile neutropenia). Grade 2 or Grade 3 lymphopenia persisted through 

 but had resolved by .  Subject  received her first dose of cladribine 
 and last dose .  Baseline lymphocyte count, neutrophil count,  andWBC were 

WNL.  On  she developed Grade 2 lymphopenia and reported to have neutropenia 
although that was not demonstrated in the lab values that were reported in the ISS. Lymphopenia 
as low as Grade 3 persisted through  and had returned to Grade 2 on , and had 
resolved by .  She had an episode of sinusitis in  treated with azithromycin.  In MS-
Scripps Subject  had coagulopathy in the setting of fulminant hepatitis B.  Dr. Mentari 
suspects (and I agree) that immune suppression from cladribine resulted in the patient’s inability 
to respond to his infection.  This case was discussed under “Deaths”.  Subject  developed 
aplastic anemia 4 months into the study, having received 2.8 mg/kg of IV cladribine.  This had 
resolved by day 315 of the study.  She took phenytoin from Study month 2 to the time of 
hospitalization for aplastic anemia (and surreptitiously after that according to the ISS), and this 
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may have contributed to the aplastic anemia.  However, the role of cladribine cannot be ruled 
out.   
 
In addition to these cases, in the uncontrolled phases of completed trials there were SAEs of 
pancytopenia (in a patient who had first dose of cladribine  and last dose  and 
pancytopenia on ; not taking any other medications known to alter hematopoiesis, 
required treatment with Neupogen; patient also had a GI hemorrhage treated with IVIG), another 
case of pancytopenia 1 year after the last dose of cladribine, and occurred in the setting of a 
fever, that spontaneously recovered within 1 month (earlier laboratory values not available; 
cannot rule in/out role of cladribine), a case of anemia with no further information, and a case of 
thrombocytopenia beginning approximately 1 year after the last dose of cladribine, with 
subsequent bone marrow analysis showing myelodysplastic syndrome.   
 
In CLARITY, Dr. Mentari notes that 2.6% of cladribine-treated subjects had a SAE or 
discontinued because of a hemorrhage adverse event vs 1.4% of placebo-treated subjects.   
 
These SAEs demonstrate that clinically relevant serious hematologic toxicities occur in 
association with the use of cladribine.  These effects can be prolonged.  Some cases appear to be 
delayed; the time course is not well characterized.  These are not limited to the effects of 
cladribine on lymphocytes.   
 
Infections and infestations – In the controlled phase of the placebo-controlled trials, 3.6% of 
cladribine-treated subjects had at least 1 SAE in this SOC compared to 2.3% of placebo-treated 
subjects.  There were higher rates of SAEs of Urinary tract infections in the cladribine group 
(1.0%) compared to 0.4% in the placebo-treated group.  I agree with Dr. Mentari that cladribine 
likely played a role in 2 deaths (the case of fulminant hepatitis and the case of tuberculosis); 
there were no infection-related deaths in the placebo group.  Dr. Mentari describes serious and 
unusual infections in cladribine treated 2 subjects, 1 who experienced disseminated pelvic 
coccidiodomycosis in the setting of lymphopenia (0.87 x109/L) 2 years after her last dose of 
cladribine (nadir had been 0.2 x109/L in the month after her last dose), and 1 who developed 
inguinal actinomycosis after undergoing surgery for a bilateral inguinal hidradenitis abscess 1 
year after the first dose of cladribine and 10 days after the last dose.  There was a higher rate of 
SAEs of Herpes Viral Infections in cladribine treated subjects compared to placebo-treated 
subjects (0.4% vs 0).  These cases are discussed under “Submission Specific Primary Safety 
Concerns”.   In addition to the case of disseminated tuberculosis discussed under “Deaths”, there 
was a case of pulmonary tuberculosis in a patient on cladribine the CLARITY extension trial 
(MMFR Control #7014989), and a report on a cladribine-treated subject (MFR control 
#7015119) who converted to PPD positive.  Additional information on these cases has been 
requested.   
  
Neoplasms Benign, Malignant, and Unspecified –In the controlled phase of placebo controlled 
trials, SAEs in this SOC occurred in 13 of 1073 (1.2%) cladribine-treated subjects and 1 of 514 
(0.2%) of placebo-treated subjects.  5/13 were uterine leiomyoma and this was fairly similarly 
distributed across dose groups (and there 1 was case in placebo).  The other cases were 2 cases of 
basal cell carcinoma and 1 each of cervix carcinoma, cervix carcinoma stage 0, malignant 
melanoma, myelodysplastic syndrome (described under “Deaths”, patient with disseminated 
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tuberculosis), ovarian cancer, and pancreatic carcinoma metastatic (described under “Deaths”).  
Neoplasms will be discussed in more detail under submission-specific concerns.   
 
Cardiac - SAEs in the cardiac SOC in the placebo-controlled studies occurred to a greater extent 
in placebo-treated subjects than in cladribine treated subjects (0.8% vs 0.3%).  This SOC will be 
discussed in more detail under Submission-Specific Primary Concerns.   
 
Immune System Disorders – In the placebo controlled trials, 2 of 1073 (0.2%) of cladribine-
treated patients vs 0 of 514 placebo treated patients had SAEs classified as hypersensitivity.  
Subject  in CLARITY had an “allergic” reaction of moderate severity with headache, 
burning eyes, double vision, and vertigo, swollen left jaw and swollen tonsils after taking the 
first dose of cladribine on .  Two days after starting cladribine she developed a skin 
reaction (acne-like sports on face, neck breasts, arms, and legs) with mucous membrane 
involvement (ulcerations on mouth and tongue), considered to be incapacitating.  She took her 
last dose of cladribine on .  No eye abnormalities were found by an ophthalmologist.  The 
skin reaction resolved by .  This serious cutaneous reaction may be a case of erythema 
multiforme major, although there was no skin biopsy to confirm this.    Dr. Mentari notes that 
SJS has been reported with anti-HIV nucleoside analogs zidovudine and didanosine, and it is 
also reported in the postmarketing section of the Leustatin label that says “In isolated cases 
Stevens-Johnson and toxic epidermal necrolysis have been reported in patients who were 
receiving or had recently been treated with other medications (e.g., allopurinol or antibiotics) 
known to cause these syndromes”.  According to the narrative for this case, there were no other 
medications that were likely to have caused this reaction.  This case is not addressed by the 
Sponsor in the ISS, although the proposed label notes cases of allergic dermatitis that include 

 
.  I recommend that the sponsor provide adequate follow-up on any future 

cases of severe cutaneous reactions outside of clinical trials and in future clinical trials. 
 
There was 1 case reported as a SAE of Hypersensitivity in which the subject was hospitalized 
due to mild paresthesias in her neck and both arms that occurred approximately 6 months after 
receiving the last dose of cladribine in CLARITY.  It was assessed to be caused by either a 
suspected allergic reaction or suspected arthritis but a definite diagnosis was not established.  
The Sponsor’s assessment in the CLARITY study report was that the paresthesia could possibly 
have been a manifestation of late-occurring neurological toxicity, which has been reported in the 
scientific literature, and that the timing argued against an allergic reaction.  I agree that this is not 
likely to be due to an allergic reaction to cladribine.   
 
Nervous System – In completed controlled studies, 16 of 1073 (1.5%) cladribine-treated subjects 
and 8 of 514 (1.6%) of placebo-treated subjects had a SAE in this SOC.  Three cladribine treated 
subjects (0.3%) had SAEs involving seizure (convulsion, epilepsy, and status epilepticus) 
compared to no placebo subjects.  These cases were not well described, but occurred after having 
had several courses of cladribine. There were 2 cases in the CLARITY extension which remain 
blinded and for which narratives were not provided.  The possibility of seizures being associated 
with MS relapse could not be determined from the narratives when they were provided, and the 
narratives did not suggest that an infection played a role in those cases.  There were 2 cases in 
MS Scripps, 1 that occurred after a fall and 1 a day before death in the patient with fulminant 
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Hepatitis B.  There was an additional case in ONWARD in a patient taking bupropion, a drug 
that is associated with seizures (0.4%).  I agree with Dr. Mentari that further information is 
required to interpret the seizure adverse events.  Seizure should be continued to be monitored in 
any further development of cladribine.   
 
This SOC also included coma due to inadvertent overdose  of baclofen in a cladribine-treated 
patient, altered state of consciousness due to accidental overdose of baclofen in a cladribine-
treated patient, and syncopal episodes thought to be due to overdose of ropinirole in a cladribine-
treated patient.   
  
One SAE of Hemiparesis and Dysarthria occurred in a Scripps C subject who had a history of 
hypertension and organic brain disease, and who had an acute hypertensive crisis and MS 
relapse, including the SAEs of Dysarthria and hemiparesis 12 days after her 6th course of 
cladribine.  No other details were provided.  Dr. Mentari notes that the prescribing information 
for Leustatin contains a Boxed Warning and waning regarding serious neurological toxicity, 
including progressive irreversible motor weakness (paraparesis/quadriparesis) first noted 35-84 
days after starting high dose therapy with Leustatin in a Phase 1 study and axonal peripheral 
polyneuropathy was observed at doses 4x the recommended dose for Hairy Cell Leukemia.  That 
labeling also states that severe neurological toxicity has been reported rarely following treatment 
with standard cladribine dosing. She notes that the patient population in the Hairy Cell Leukemia 
studies differs from those in the MS studies, and that the oral cladribine dose equivalent in that 
Phase 1 study ranged from 7 to 8.75 mg/kg in 7 days, compared to the doses used in the MS 
trials that are given over a longer period.  It is not possible to determine the role of cladribine in 
this case.  I agree with Dr. Mentari’s recommendation that additional details are needed 
regarding the cases of neurological toxicity with standard doses of cladribine for Hairy Cell 
Leukemia.  The Sponsor should be diligent about follow-up on any cases of neurologic toxicity, 
and perhaps the details from the Hairy Cell Leukemia cases will be helpful in identifying 
characteristics of neurologic toxicity that might be due to cladribine in the treatment of MS.   
 
Renal and Urinary Disorders – In completed controlled studies, 4 of 1073 (0.4%) cladribine-
treated subjects had a SAE in this SOC compared to 2 of 514 (0.4%) of placebo-treated subjects.  
There was a case of renal failure in the MS-Scripps subjects as part of fulminant Hepatitis B (see 
Deaths).  There was a case of renal failure in the setting of an ibuprofen overdose in the 
CLARITY extension.  There were no other cases of acute nephrotoxicity in cladribine treated 
subjects in the MS database.  Dr. Mentari notes that the Leustatin prescribing information 
describes acute nephrotoxicity in pediatric patients with acute leukemia, several of whom were 
treated with other drugs with known nephrotoxic potential.   
 
Skin and Subcutaneous Tissue Disorders – In the completed controlled studies, 4 of 1073 (4%) 
cladribine treat subjects, all in CLARITY, had a SAE in this SOC and none in the placebo-
treated group.  These included 1 case each of hidradenitis, lichen sclerosus (a condition that may 
be related to immune function), skin reaction (that was in the patient with the serious cutaneous 
reaction described under Hypersensitivity), purpura and rash generalized that occurred in the 
patient with disseminated tuberculosis.  In the ongoing trials there was 1 SAE of angioedema and 
urticaria.   
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Hepatobiliary disorders – In completed controlled studies, 10 of 1073 (0.9%) of cladribine 
treated subjects had a SAE in this SOC compared to 4 of 514 (0.8%) of placebo-treated subjects.  
There were 3 cases of cholelithiasis in the cladribine treated subjects (0.3%) and none in the 
placebo treated subjects.  There was 1 case of cholecystitis and 1 case of cholecystitis acute in 
cladribine treated patients and 1 case of cholecystitis in a placebo-treated patient.   
 
There were 3 SAEs related to hepatitis (hepatitis toxic, hepatitis, and hepatic acute) in cladribine 
treated patients and 1 in a placebo-treated patient.  Dr. Mentari notes that 2 of these in the 
cladribine group were confounded by chronic calculous cholecystitis and an overdose of 
zopiclone and hydroxyzine, respectively.  In the third case (Subject  in CLARITY), she 
did not find another potential cause.  This subject had AST 4X ULN and ALT 6.5x ULN at the 
beginning of the 3rd course of cladribine treatment.  Dr. Mentari notes that a slight increase in 
total bilirubin was also observed but without evidence of jaundice.  I note that the total bilirubin 
remained within the reference range.  The narrative, excerpted from the ISS is as follows:   
 
This 56-year-old white female was diagnosed with MS in . She had no relevant medical history. At study 
entry the subject was not taking any concomitant medications. She did not smoke or consume alcohol. She had not 
had a recent bacterial infection and her electrocardiogram was normal. Excluding findings related to her MS, 
findings of the prestudy physical examination were normal. She had not previously been treated with MS disease 
modifying agents.  The subject was randomized to cladribine 5.25 mg/kg and received the first course of therapy 
from , the second course of therapy from , and the third course of therapy from  

. On , 2 days after completing her third course of study drug, the subject was hospitalized with 
a diagnosis of "acute biological hepatitis." She had no clinical signs or symptoms; the hepatitis was diagnosed based 
on her abnormal laboratory test results. Viral serologies for hepatitis B and C were negative, and an abdominal 
ultrasound was reported to be negative. No medical treatments were reported during the subject’s hospitalization.  
Based on these laboratory findings  the investigator considered the hepatitis to have resolved. At the time of 
the event the subject was not receiving any concomitant medications 
 
Date ALT (IU/L) 

(ref range 
 6-37 IU/L) 

AST (IU/L) 
(ref range 
 10-36 IU/L) 

Alk Phos 
(IU/L) 
(ref range  
40-100 IU/L) 

GGT 
(IU/L) 
(ref range 
<30 IU/L) 

Total Bilirubin 
(umol/L) 
(ref range  
3-21 umol/L) 

242  139  141   
 164 104 127 38.7 4.2 

28 28 120  9 
 
Additional diagnostic laboratory tests were requested by the sponsor on  and the final results of these 
tests were received on . Hepatitis A IgM serology was nonreactive. Anti-DNA and antinuclear antibodies 
were both negative. CMV IgG was 16.0 (reference range, < 0.5), and screening for EBV revealed EBNA antibodies 
of 9.91 (reference range, <1.00 Index), anti-VCA IgM of 0.02 (reference range, <0.12) and anti-VCA IgG of 320 
(reference range, <50) (no units of measurement supplied). Treatment with cladribine was discontinued as a result of 
the hepatitis.  
 
According to the product information for a diagnostic kit for serological diagnosis of Epstein 
Barr Virus (EBV)  anti-viral capsid 
antigen (VCA) IgM is present during the early course of EBV infection and disappears within 2-
4 months.  Anti-VCA IgG persists for life.  Epstein-Barr Nuclear Antigen (EBNA) antibodies to 
nuclear antigen are absent or barely detectable during acute infectious mononucleosis. EBNA 
antibodies are almost always present in sera containing IgG antibodies to VCA of EBV.  
Therefore, EBV is not the likely cause of acute hepatitis in this case.  CMV IgG suggests a prior 
infection, although a CMV IgM titer would have helped rule out a primary infection.  In 
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addition, not all hepatitis virus types were evaluated.  However, based on the time course of the 
event, the role for cladribine cannot be ruled out.   
 
One subject in ORACLE MS had a SAE of increased ALT that was 21x ULN on , after 
having received cladribine on .  By  this ALT was approximately 5X 
ULN.  Alk Phos and Bilirubin remained within normal limits as of   AST was not 
reported, and viral hepatitis testing was not done.  The role of study drug in this case cannot be 
determined.  The Sponsor should provide adequate follow-up of potential cases of hepatotoxicity 
in this instance and in any future events during drug development.   
 
Eye disorders – There were no SAEs in this SOC in completed controlled trials or in the 
completed uncontrolled trials.  In the ongoing CLARITY Extension Trial, Subject 4 had 
a SAE of uveitis.  She received low dose cladribine (3.5 mg/kg) from  and was 
assigned to placebo in the CLARITY Extension Trial.  On  she presented with loss of 
visual acuity in the right eye with acute anterior uveitis amid chronic uveitis that was treated   
with boluses of methylprednisolone, as well as Tobrex ointment and collyrium drops.  Following 
initial improvement in her loss of visual acuity, she was treated with prednisone beginning 

 she presented with severe lowering of right visual acuity and 
ophthalmological exam showed sequelae of anterior uveitis and “macular right eye”.  As of 

 she had no improvement in visual acuity.  The role of cladribine is difficult to 
determine.   
 
In analysis of AEs in the Ocular infections, irritations, and inflammations HLGT in completed 
controlled trials, Dr. Mentari notes that 2.6% of cladribine treated subjects vs 1.4% of placebo 
treated subjects had AEs in this HLGT.  The most common preferred term was conjunctivitis that 
occurred in 1.2% of cladribine-treated patients and in 0.3% of placebo-treated patients.   
 
2.2.3    Dropouts and Other Significant Adverse Events    
 
During the CLARITY study, 51 of 884 cladribine-treated subjects (5.8%) were classified by the 
Sponsor as discontinuing due to an adverse event (AE) vs 9 of 435 placebo-treated subjects 
(2.1%).  This was higher in the 5.25 mg/kg group (36/454, 7.9%) vs the 3.5 mg/kg group 
(15/430, 3.5%).  The largest number of discontinuations (with cladribine greater than placebo) 
were due to events in the Blood and lymphatic system disorders (1.6% in cladribine treated 
patients and 0 in placebo) with lymphopenia accounting from most of those, Investigations (1% 
in the cladribine group vs 0 in the placebo group) due to  lymphocyte count decreased or 
lymphocyte count abnormal, Infections and Infestations (0.6% in cladribine treated patients vs 
0.5% in placebo treated patients) with 2 cases due to herpes zoster or herpes zoster oticus in the 
cladribine group, Hepatobiliary disorders (0.3% in the cladribine group and 0.2% in the placebo 
group) with the 3 cases in the cladribine group due to hepatitis, hepatitis acute, or hepatitis toxic 
vs 1 case of “liver disorder” in the placebo group, Neoplasms (0.5% in the cladribine group vs 0 
in the placebo group), and Skin and subcutaneous tissue disorders (0.5% in the cladribine group 
and 0 in the placebo group).  These discontinuations reflect the nature of the SAEs that were 
observed.   
                                                 
4 Dr. Mentari notes that this subject’s treatment assignment remains blinded, and if this information is released to the 
public, any information that reveals this subject’s treatment assignment should be redacted.   
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Dr. Mentari reviewed the narratives for subjects who prematurely discontinued participation in 
CLARITY, and found additional cases of discontinuation because of one or more adverse events, 
that were not characterized as such by the Sponsor.  With her findings, 42 of 454 (9.3%) of 
subjects in the 5.25 mg/kg group, 15/430 subjects (3.5%) in the 3.25 mg/kg group, and 10 of 435 
(2.3%) of placebo subjects discontinued because of an AE.  The additional cases for cladribine 
had adverse events at the time of discontinuation (identified by the Sponsor as lost to follow up 
or withdrew consent) of Grade 3 lymphopenia, depression, headache, and generalized body 
itching; lobar pneumonia with no lymphocyte counts at the time of pneumonia but 0.9e9/L 
approximately 2.5 months prior to that event; labored breathing and cardalgia; Grade 1 
lymphopenia and Grade 2 hyperbilirubinemia; and 2 additional cases of lymphopenia.  The case 
of placebo had AEs of tonsillitis, viral infectious bowel disease, fungal infection of the breast, 
cough, dizziness, and allergic rhinitis, with dizziness and allergic rhinitis ongoing at the time of 
withdrawal.   
 
2.2.4 Significant Adverse Events (Nonserious) 
Dr. Mentari discusses nonserious significant AEs under Submission Specific Primary Safety 
Concerns.   
 
2.2.5 Submission Specific Primary Safety Concerns 
 
Herpes Virus Infections – Reactivation of latent infections was a concern noted in the pre-NDA 
minutes.  This may be a concern with herpes simplex virus that is carried by 65-72% of adults in 
the United States5  and varicella zoster virus that can reactivate decades after initial infection to 
cause herpes zoster with an estimated 1 million new cases in the United States annually.6  Dr. 
Mentari notes that herpes virus infections were reported in 57 of the 1073 cladribine-treated 
subjects (5.3%) and in 15 of the 514 placebo-treated subjects (2.9%) in the completed placebo-
controlled trials.  The frequency of herpes virus infections increased with dose noticeably at the 
highest dose:  from > 0-6.13 mg/kg cumulative dose the frequency was 4.2-5.2% and at doses > 
6.13 mg/kg the frequency was 33.3%.  However there were only 21 subjects in the highest dose 
group.   
 
The frequency of oral herpes infections was similar in cladribine-treated subjects (2.1% for both 
groups).     
 
Genital herpes was reported in 4 of 1073 cladribine-treated subjects (0.4%), 2 of whom received 
doses of > 4.38-6.13 ng/kg and 2 with doses of > 6.13 mg/kg, and in none of the 514 placebo-
treated subjects.  Two of the 4 cases of genital herpes occurred in subjects with Grade 3 or 4 
lymphopenia.   

                                                 
5 According to the National Health and Nutrition Examination Surveys (NHANES) during 1988-1994 (NHANES 
III) and 1999-2004 (NHANES IV), approximately 65-72% of adults between 40 and 49 in the US carry the HSV-1 
virus. Xu F, Sternback MR, Kottiri BJ, McQuillan GM, Lee FK, Nahmias AJ, Berman SM, Markowitz LE. Trends 
in herpes simplex virus type 1 and type 2 seroprevalence in the United States. JAMA. 2006;296(8):964-973. 
6 Harpaz R, Ortega-Sanchez IR, Seward JF; Advisory Committee on Immunization Practices (ACIP) Centers for 
Disease Control and Prevention (CDC). MMWR Recomm Rep. 2008 Jun 6;57(RR-5):1-30; quiz CE2-4. Erratum in: 
MMWR Recomm Rep. 2008 Jul 18;57(28):779. 
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No cases of invasive herpes simplex virus infection were reported.   
 
Varicella infection was reported in 2 cladribine-treated subjects (0.2%) and 1 placebo-treated 
subject (1%). Varicella was reported as a SAE in 1 patient 16 months after the last dose of 
cladribine in MS-Scripps (Subject ).   
 
Herpes zoster infections were reported in 2.4% of cladribine treated subjects and in 0.2% of the 
placebo-treated subjects in completed placebo-controlled trials.  The herpes zoster infections in 
the cladribine treated patients were reported as herpes zoster (22 subjects), herpes zoster 
infection neurological (2 subjects), herpes zoster oticus (1 subject), and herpes zoster ophthalmic 
(1 subject).   Of these, 4 were SAEs (herpes zoster ophthalmic in MS-001 Subject , herpes 
zoster oticus in CLARITY Subject , herpes zoster infection neurological (severe, acute 
bilateral lumbrosacral and thoracic pain) in CLARITY  Subject , and herpes zoster 
affecting the T8 dermatome in CLARITY Subject .  These are described in detail in Dr. 
Mentari’s review. Herpes zoster infections generally increased with cumulative dose with 
frequencies of 1.9% with doses of >0-2.63 mg/kg, 2.3% with doses of > 2.63-4.38 mg/kg, 2.1% 
with doses of > 4.38-6.13 mg/kg, and 14.4% with doses of > 6.13 mg/kg.  The risk of herpes 
zoster was correlated with severity of lymphopenia.  Dr. Mentari reports that the percentage of 
subjects who had herpes zoster infections by the worst value for absolute lymphocyte count 
during the studies was: Grade 0/1, 0.8% (2 out of 248), Grade 2, 2.3% (9 out of 384), Grade 3/4, 
3.4% (15 out of 438).  At the time of the onset of herpes zoster infection, absolute lymphocyte 
counts were Grade 0, Grade 1, Grade 2, and Grade 3/4 in 4, 6, 6, and 10 of the 26 cladribine 
subjects who had herpes zoster infections.  The timing of the infections was relatively evenly 
distributed throughout the 96 week period; 13 of the 26 occurred from Weeks > 48-96.  Dr. 
Mentari notes that there were no reported cases of herpes zoster encephalitis or meningitis.   
 
Serious herpes zoster infections were reported in 2 cladribine-treated subjects in the extension 
phases of the studies, both of whom had received parenteral cladribine (MS-001 Subject  and 
MS-Scripps subject ).   
 
In summary, the risk of herpes infections and in particular, herpes zoster was greater in 
cladribine-treated patients than in placebo-treated patients.  The frequency of herpes zoster  
increased with increasing dose and with degree of lymphopenia.   
 
The CDC recommends the following8:  
“The risk for zoster and its severe morbidity and mortality is much greater among persons who are 
immunosuppressed. Review of vaccination status for zoster and other vaccines should be a key component of the 
medical assessment for immunocompetent patients aged >60 years who might be anticipating initiation of 
immunosuppressive treatments or who have diseases that might lead to immunodeficiency. Such patients without a 
history of zoster vaccination should receive 1 dose of zoster vaccine at the first possible clinical encounter while 
their immunity is intact. Zoster vaccine should be administered at least 14 days before initiation of 
immunosuppressive therapy, although some experts advise waiting 1 month after zoster vaccination to begin 
immunosuppressive therapy if delay is possible.”   
 
The Sponsor notes the risk for herpes zoster in the proposed label, although sufficient detail is 
lacking.  The Sponsor should provide a recommendation with justification regarding zoster 
vaccination.    
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Myelodysplasia – Myelodysplasia is a form of bone marrow failure.  Myelodysplasia was 
reported in CLARITY Subject , who had pancytopenia and was reported to have 
disseminated tuberculosis as described under “Deaths”.  MS-Scripps Subject , with a 
history of occupational exposure to chloroethylene, had myelodysplasia noted 5 years after 
treatment with cladribine.  One subject was administered parenteral cladribine for MS as part of 
a compassionate use (Subject ).  Six years after the last dose of cladribine, his platelet count 
was 60K/mm3 (was 100K/mm3 after last cladribine dose and 225K/mm3 at baseline).  Bone 
marrow examination revealed a deletion of some karyotypes of the long arm of chromosome 20. 
According to Bench et al, deletion of the long arm of chromosome 20 is seen in approximately 
4% of patients with myelodysplastic and such malignancies are thought to result from acquired 
mutations.7  However, it is noted that the subject’s mother had myelodysplasia diagnosed at age 
77 and died from acute leukemia at age 87.   
 
It is not possible to rule out the role of cladribine in these cases.  Dr. Mentari notes that Dr. Qin 
Ryan from the Office of Oncology Drug Products said that long-term hematology follow-up 
would be necessary for patients with MS.  I agree with Dr. Mentari that myelodysplasia is a 
safety issue that should be monitored.     
 
Uterine Leiomyoma – Dr. Mentari notes that uterine leiomyomas were reported in 9 of the 722 
female cladribine-treated subjects (1.2%) and in 2 of the 338 female placebo-treated subjects 
(0.5%) in the completed placebo controlled trials and were the most frequently reported type of 
neoplasm.  Dr. Mentari notes that uterine leiomyomas were reported as serious events in 5 of the 
female cladribine treated subjects (0.7%) and in 1 of the female placebo-treated subjects.  She 
does not find a clear evidence of a dose related effect on frequency.  She also notes that 2 
subjects have reported uterine leiomyoma adverse events in the CLARITY extension trial.  Three 
cladribine-treated subjects underwent elective hysterectomies: CLARITY Subject  who 
had a hysterectomy more than 1 year after the first dose of cladribine (although I note that this 
subject had a history of uterine myomas prior to participating in the trial), CLARITY Subject 

 who had a hysterectomy approximately 4 months after her first course of treatment, 
and CLARITY Subject  with uterine myoma diagnosed approximately 7 months after 
the first course of treatment.  Although a 4 month period seems relatively short, I do not think a 
contribution of cladribine can be ruled out in any of these cases. I agree with Dr. Mentari’s 
concern regarding the increased frequency of uterine leiomyomas because of the morbidity as 
well as the possibility of transformation to uterine leiomyoscarcoma, and the uncertainty as to 
whether the rate of transformation may be different in cladribine-treated subjects.   
 
Cardiac Safety –  
 Cardiac Arrhythmias and Conduction Disorders – Dr. Mentari summarizes the Sponsor’s 
analysis of a pre-specified group of AEs indicative of cardiac arrhythmias and conduction 
disorders in completed placebo-controlled trials.  A higher percentage of cladribine treated 
subjects (4.9%) than placebo-treated subjects (2.7%) had such events.  The most frequent were 
syncope (1.5% for cladribine, 0.8% for placebo), palpitations (1.1% for cladribine vs 0.6% for 
placebo), and tachycardia (1.1% for cladribine vs 0.4% for placebo). 
                                                 
7 Oncogene, 10 August 2000, Volume 19, Number 34, Pages 3902-3913 
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Dr. Mentari notes that 2 subjects in MS-001 died of unknown causes but that cardiac 
dysrhythmia is a possible cause (1 cladribine and 1 placebo treated subject).  The cladribine-
treated subject was found dead in the bathtub and the initial explanation of his death was 
drowning due to possible seizure, cardiac dysrhythmia or suicide.  It is not possible to determine 
the role of cladribine in this case.   A case of death from cardiopulmonary arrest has been 
reported in ORACLE-MS in a 37 y.o. female with no history of cardiac risk factors or disease.  
Only preliminary information is available at this time and further information is pending.   
 
 Coronary Artery Disorders – In completed placebo-controlled trials, AEs in the Coronary 
artery disorders HLGT were more frequent in cladribine-treated subjects than in placebo treated 
subjects (1.8% vs 1.0%).  Most of the cases were angina pectoris (1.6% in cladribine-treated 
subjects vs 0.6% in placebo-treated subjects).  
 
There was 1 SAE of Prinzmetal angina (CLARITY Subject ) and 1 SAE/death of 
myocardial infarction.  The case of Prinzmetal angina occurred in 5 months after the last dose of 
cladribine in a 46 y.o. female with a history of hypertension, hyperlipidemia, obesity and 
smoking with no significant changes in her coronary arteries.  According to Harrison’s Principals 
of Internal Medicine,8 Prinzmetal angina “is due to focal spasm of an epicardial coronary artery, 
leading to severe myocardial ischemia. The exact cause of the spasm is not well defined, but it 
may be related to hypercontractility of vascular smooth muscle due to vasoconstrictor mitogens, 
leukotrienes, or serotonin”.   Any role for cladribine in this case is unknown.  The case of 
Myocardial infarction (See Deaths) in CLARITY Subject  was in a patient had several 
risk factors for cardiac disease.  In addition, sulphonylureas, including gliclazide, have been 
associated with cardiac mortality.  Autopsy revealed “thrombotic severe sclerotic involvement of 
coronary heart arteries, with thrombotic occlusion of the front-interchamber left coronary artery 
and right coronary heart artery”.  There was 1 SAE each of Acute Myocardial Infarction and 
Angina Pectoris in placebo treated subjects and 2 additional cases of Angina pectoris in placebo-
treated subjects.   
 
I agree with Dr. Mentari that additional information regarding cases in this HLGT is necessary, 
particularly for the cases of Angina pectoris.   
 
 Myocarditis and Acute Cardiac Failure – Dr. Mentari describes in detail the case of a 20 
y.o. male in the ORAL-MS study (Subject ) who was diagnosed with acute cardiac 
failure, pulmonary edema, and atrial fibrillation 11 days after his first dose of cladribine.  He was 
diagnosed with myocarditis based on results of cardiac MRI.  Tests for infection with 
cardiotropic viruses were not performed and the subject did not receive an endomyocardial 
biopsy.  The subject did not report symptoms of viral illness before his acute illness.  I agree with 
Dr. Mentari that given the time course of illness in relation to treatment, and lack of risk factors 
for myocarditis that this event could be related to cladribine, possibly due to infection or drug 
toxicity.  She notes that the structure of cladribine is closely related to adenosine and 

                                                 
8 
http://online.statref.com/Document/Document.aspx?SessionId=1396083DLBTOLTMX&DocID=2070&fxId=55&n
po=p7&anon=yes&noteId=43848 
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hypothesizes that drug toxicity may occur via disruption of the cardiac adenylate cyclase 
pathway.   
 
Dr. Mentari has identified 3 additional cases of cardiac failure in the literature in patients 
exposed to cladribine.  These cases were poorly documented.  I agree that the Sponsor should 
provide information on other known cases of myocarditis or cardiac failure.    
 
The Sponsor plans to study the cardiac effects of cladribine in the proposed post-authorization 
safety registry study. 
 
Hypersensitivity – In response to an FDA request, the Sponsor performed a search of cladribine 
completed controlled trials in MS to identify possible hypersensitivity AEs.  Dr. Mentari 
performed additional searches for AEs of interstitial nephritis, drug-induced lupus, and drug-
induced vasculitis and did not find any cases.  SAEs were also reviewed for cases of drug 
hypersensitivity.  Dr. Mentari has focused on evaluation of cases with oral cladribine, as route of 
administration could affect immunogenicity.  I agree with this approach. 
 
The Sponsor’s presentation of incidence of hypersensitivity events in CLARITY showed that 57 
of 886 (6.4%) of cladribine-treated subjects vs 17 of 435 (3.9%) of placebo-treated subjects had 
a Hypersensitivity AE (within 30 days of drug administration).  In the US subjects, 10 of 60 
(16.7%) cladribine-treated subjects vs 4 of 33 (12.1%) of placebo-treated subjects had a 
Hypersensitivity AE.  Those with rates greater than 5% and greater than placebo were rash 
(25.9% for cladribine vs 15.8% for placebo), dermatitis allergic (10.6% for cladribine and 0 for 
placebo), and urticaria (14.1% for cladribine and 10.5% for placebo).   
 
Incidence rates were calculated and Dr. Mentari notes the difficulty in interpretation as the 
numerator includes only events within 30 days of dosing but the denominator includes all 
exposure.  With that caveat in mind, the incidence rate per 1000 subject years for orally 
administered cladribine was calculated to be 23.48 for placebo and 37.45 for any dose of 
cladribine worldwide (1.6 x greater in cladribine than placebo) and 77.82 for placebo vs 100.40 
for any dose of cladribine in the US (1.3 x greater in cladribine than placebo).   
 
In CLARITY, angioedema AEs occurred in 6 of 886 (0.7%) of cladribine-treated subjects 
compared to 6 of 435 (1.4%) placebo-treated subjects.  In the US, 0 of 60 (0%) of cladribine-
treated subjects had an angioedema AE compared to 1 of 33 (3.0%) of placebo=treated subjects.  
 
In CLARITY, 10 of 886 (1.1%) cladribine-treated subjects experienced a Hypersensitivity SAE 
or discontinued treatment due to a Hypersensitivity AE, compared to 0 of 435 placebo-treated 
subjects.  Those cases are summarized in Dr. Mentari’s review.  They included a case of severe 
cutaneous reaction/Stevens Johnson Syndrome vs Erythema Multiforme major discussed in 
section 2.2.2 of this review (Subject ), paraesthesia discussed elsewhere in this memo 
and not clear whether it is a hypersensitivity event (Subject ), pruritis allergic that  
could possibly be related to cladribine (Subject ), dermatitis allergic that had no 
information regarding the event in the narrative (Subject ), rash erythematous 7 months 
after the last dose in a patient who started taking gabapentin shortly before the onset of rash 
( ), rhinitis allergic with no  information in the narrative (Subject ), dermatitis 
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allergic within 1 day after starting cladribine ), rash beginning approximately 7 months 
after the last cladribine dose ( ), rhinitis allergic beginning approximately 2 months after 
completing 4 courses of therapy but with no further information ( ), and rash in the 
patient with disseminated tuberculosis (Subject ), with rash thought more likely related 
to thrombocytopenia.   
 
The frequency of hypersensitivity events in cladribine-treated subjects is greater than in placebo-
treated subjects.  The most common that were greater than placebo were rash, dermatitis allergic, 
and urticaria.  SAEs included a severe cutaneous reaction.  I agree with Dr. Mentari that 
information regarding the increased frequency of hypersensitivity events should be included in 
any future prescribing information for oral cladribine.  I do not believe that this is adequately 
addressed in the sponsor’s current proposed labeling.   
 
2.2.6 Common Adverse Events  
The percent of patients with treatment emergent adverse events (TEAE) during all placebo-
controlled trials was 85% in cladribine-treated subjects and 72% in subjects exposed to placebo.  
In CLARITY, 75% of cladribine-treated subjects and 59.3% of placebo-treated subjects 
experienced a TEAE (52.1% for cladribine 3.5 mg/kg and 76.7% for cladribine 5.25 mg/kg).  
The most commonly reported AEs in CLARITY (reported in ≥ 10% of all cladribine-treated 
subjects and > placebo) were headache, lymphopenia, nasopharyngitis, upper respiratory tract 
infection, and nausea.  Dr. Mentari also notes greater incidence of back pain, depression, anxiety, 
vertigo, tinnitus, toothache, pyrexia, alopecia, and hearing loss in cladribine-treated patients than 
in placebo.  Please refer to her review for more details.  I note that the Sponsor’s proposed label 
does not adequately present findings of common AEs. 
 
2.2.7  Laboratory findings   
Hematology findings – Please refer to Dr. Mentari’s review for a detailed discussion.  As 
expected based on the mechanism of action, cladribine produced a dose-dependent decrease in 
lymphocyte count beginning with the first reported measurement, Week 5.  The lowest median 
absolute lymphocyte count was at Week 16 in which a mean 61.9% decrease from baseline was 
observed in the cladribine 5.25 mg/kg group for a median value of 0.7x109/L and a mean 40% 
decrease from baseline in the 3.5 mg/kg group for a median value of 1.1x109/L.  At Week 96 
there was a persistent mean decrease from baseline of 45.5% (median value of 1.0 x109 /L) and 
40.1% (median value of 1.1 x109 /L) for the 5.25 mg/kg group and the 3.5 mg/kg group, 
respectively.  Cladribine-treated subjects had a higher incidence of abnormal lymphocyte counts 
defined as < 1.0 x109 /L compared to placebo-treated subjects (93.1% vs 18.6%) and  a larger 
percentage of cladribine-treated subjects had lymphocyte counts qualifying as Grade 3 or 4 
Toxicity (< 0.5 x109 /L) compared to placebo-treated subjects (40.9% vs 1.2%).   
 
Reductions in median neutrophil count, WBC count, and platelet count were observed.   
 

Lowest median value  Reference 
range** Placebo Cladribine 3.5 

mg/kg 
Cladribine 
5.25 mg/kg 

Neutrophils 1.4-15.2 x109 /L   4.2 x109 /L * 3.0 x109 /L 3.6 x109 /L 
WBC 2.0 -18.9 x109 /L 6.8 x109 /L* 5.3 x109 /L 4.4 x109 /L 
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Platelets 134-657 x109 /L   267 x109 /L*  224 x109 /L   219 x109 /L   
*baseline values, median counts fluctuated around baseline values during the trial 
**Dr. Mentari notes that these reference ranges differ from the ranges in standard texts, and I 
note that the LLN is lower than those reported in standard texts 
 
% of Subjects with Grade 3 or 4 in Placebo-Controlled Trials 
 Grade 3 or 4 

Criteria 
% of Cladribine 
Subjects 
with Grade 3/4 
Toxicity 

% of Placebo 
Subjects 
with Grade 3/4 
Toxicity 

 

Neutrophils <0.5 x109 /L 3.1% 3.7%  
WBC <2.0x109 /L 2.1% 0.4%  
Platelets <50x109 /L 0.2% 0.2%  
 
Dr. Mentari notes that cladribine-treated subjects had a higher incidence of abnormal CD4 
lymphocyte counts (80.8%) compared to placebo-treated subjects (13.9%) and a higher 
percentage of Grade 3/4 toxicity (0.2 x109 /L) for cladribine treated subjects (43.4%) vs placebo-
treated subjects (1.3%).   
 
Dr. Mentari notes that 16.4% of all cladribine subjects in the controlled phase of the controlled 
trials had unresolved Grade 3 or 4  lymphocyte decreased and 10.7% had unresolved Grade 3 or 
4 CD4 lymphocyte decreased during Weeks 0-96.  She also notes that 56.5% of subjects in 
CLARITY continued to have lymphocyte counts < 1 x109 /L at last assessment.   I agree with Dr. 
Mentari that longer durations of follow-up are necessary to characterize the duration of 
hematologic effects.  These findings have implications for long-term follow-up and for 
subsequent treatment with other drugs that adversely affect the immune system.  The time course 
is not adequately addressed in the Sponsor’s proposed labeling.  As Dr. Mentari  notes, on 
November 10, 2010 the sponsor submitted limited data regarding hematology findings for 36 
subjects (31 cladribine-treated and 5 placebo-treated) from a long term follow-up study of 
subjects who participated in Scripps studies of cladribine for MS. Findings for cladribine-treated 
subjects included lymphopenia as a persistent abnormality or as an abnormality noted on the 
2004 follow-up (2004 was study completion in several SCRIPPS studies) in 71%, absolute 
lymphocyte count < 1000/µl in 2004 in 29%, platelet count <130,000/mcl in 2004 in 10%, and 
MCV abnormal in 84%. None of the five placebo-treated subjects had reported hematologic 
laboratory abnormalities. I agree with Dr. Mentari’s recommendation to request additional 
information regarding this long term data.  
 
As identified above, the references ranges in the CLARITY trial were significantly wider than 
references ranges generally reported.  As Dr. Mentari writes, this results in fewer subjects 
qualifying as having toxicities.  Ideally the sponsor should provide revised presentations of 
hematologic toxicities using standard reference ranges and cutoffs.   
 
Chemistry laboratory findings – As Dr. Mentari notes, a standard reference range for laboratory 
values was not provided by the sponsor in the original submission, although various references 
ranges were provided for each test.  According to Dr. Mentari’s review, there were no clinically 
important median changes from baseline to last assessment in chemistry tests, including liver 
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function tests, and there were also no clinically important changes in measurements taken at 
weeks 5, 9, 13, 16, 24, 36, 44, 52, 60, 72, 84, and 96 in the CLARITY study.  Percentage of 
cladribine-treated subjects who had outlier values (3x, 5, x, 10x, or 20x ULN) for ALT, AST, 
ALT or AST, >1,5X ULN for ALP, or >1.5X ULN or >2X ULN for bilirubin were comparable 
or lower than the percentage of placebo-treated subjects with such values. 
 
Dr. Mentari notes 2 cases of hepatitis (with bilirubin in the normal range) for which she believes 
no other likely cause could be found.  The case of Subject  in CLARITY was discussed 
under SAEs.  In that case, although I do not believe the workup was complete, based on the time 
course, the role of cladribine cannot be ruled out.  Clarity Subject  was a 35 y.o. male 
who had total bilirubin of 2X ULN at baseline that did not significantly change with treatment.  
.Before his 6th course of cladribine, serum ALT was 3X ULN, ALT was 3.5x ULN, alkaline 
phosphatase levels were within normal limits.  One week later, AST was within normal limits 
and ALT was 1.5 times ULN.  Generally, throughout the study AST was < 1.7X ULN and ALT 
was < 1.9x ULN except at week 60 when it was 3.1X ULN.   
 
An ORACLE MS subject with a SAE of increased ALT was discussed under SAEs.  There was 
not enough information in that case to determine a role for cladribine.  CLARITY Subject 

 had elevated AST (2.4X ULN), ALT (7.5X ULN), and Alk Phos (2.2XULN) 44 weeks 
after the last dose of cladribine, with BR level within normal levels.  Elevated LFTs in this case 
may have been related to hepatic complications of ulcerative colitis. Further information will be 
requested to interpret this case.  CLARITY Subject  was a 36 y.o. female with no 
known previous medical history of, or risk factors for, liver disease who had elevated AST (7X 
ULN and ALT (15X ULN) with slightly elevated alk phos and with serum bilirubin within 
normal limits at weeks 16 and 24, but normal at other visits during the trial.  Further workup is 
necessary to interpret these findings.   
 
There were elevations in serum ALT or AST in 5 subjects, isolated to single visit.   
 
Dr. Mentari notes a single case with an isolated increase in serum creatinine at Week 9, and will 
request further information regarding this case. She also notes elevations in creatine kinase, (> 
10X ULN) distributed similarly in cladribine-treated and placebo treated subjects in completed 
controlled trials, but notes 5 subjects in ORACLE-MS with elevations > 10X ULN that remain 
blinded.  Additional information regarding these cases will be requested.  Dr. Mentari notes that 
cladribine has documented effects on mitochondrial functions and suggests that myopathy as a 
result of this effect is a theoretical concern.   
 
Total cholesterol, HDL, LDL, or triglycerides were not measured, and coagulation parameters 
were not measured.  Urinalysis was performed but results were not reported.    
 
2.2.8 Vital Signs  
Vital signs appeared to be measured at baseline and then monthly during Scripps-C, MS-001, 
MS-Scripps, and Scripps-B but in CLARITY at prestudy, baseline, Week48, and Week 96.  They 
did not appear to have measured on the day of administration after the dose was given.   In 
CLARITY there were no clinically significant mean or median changes in vital sign 
measurements (systolic or diastolic blood pressure, pulse rate, or temperature).   However, in 
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completed controlled trials, cladribine-treated subjects had higher frequencies of significant 
decreases in systolic blood pressure (≥30 mm Hg decrease, 5.8% in cladribine subjects vs 4.6% 
in placebo-treated subjects), decreases in diastolic blood pressure (≥30 mm Hg decrease in 1.9% 
of cladribine-treated subjects vs 0.6% of placebo-treated subjects), and decreases in pulse rate 
from baseline.  Ten cladribine-treated subjects (1.0%) had pulse rate of < 50 bpm at some time 
during the studies compared with none of the placebo-treated subjects.   Dr. Mentari notes that in 
completed controlled trials, cladribine-treated subjects had increased rates of reported adverse 
events of dizziness, presyncope, and syncope, as well as increased rates of angina adverse events. 
I agree with Dr. Mentari that this requires further follow-up including evaluation of orthostatic 
changes, a more sensitive analysis of bradycardia in the completed controlled trials using a 
threshold of 60 bpm, analysis of vital sign changes seen in adverse events of dizziness, 
presyncope, syncope, and angina, and clarification on time of vital sign measurements in relation 
to the dose.   
 
2.2.9 ECGs 
A thorough QT study was not conducted.  The Sponsor collected intensive ECG data in the 
CLARITY trial and the results were reviewed by the QT IRT (9/24/10).  The results did not 
predict a clinically relevant prolongation of QTcF with higher systemic cladribine levels, 
according to that review.  However, there were no time-matched PK samples.  ECGs were 
randomly taken from each subject at multiple visits between 0.5 hours and 3 hours post-dose, 
and the QT IRT states that these timepoints were inadequate to cover the potential delayed effect 
during 1 dosing interval (24 hours).  In addition, the reported QTc values represented weighted 
time-averaged QTc changes, and the QT IRT does not accept this analysis.  The QT IRT states 
that summary statistics could not be meaningfully derived because the sample size varied at each 
sampling time point.  The QT IRT recommends that the sponsor repeat an ECG assessment with 
time-matched ECG and PK sampling, 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 conduct of the study. 
  
2.2.10   Other Safety Explorations 
 
Geographic Location and AEs – As noted in Section 2.1 of this review,7% of CLARITY patients 
were from the US and the majority of patients were from Western Europe.  Dr. Mentari notes 
that the reported rates of adverse events in US subjects are consistently higher than rates reported 
in all subjects worldwide.  For example she reports that the mean number of AEs per subject in 
the CLARITY US oral group is 10 and the mean number of AEs per subject in the Worldwide 
oral group is 4.  The incidence rate of malignancies for US subjects who received oral cladribine 
in completed and ongoing trials was approximately 2.6x the rate worldwide.  US CLARITY 
subjects treated with cladribine had a frequency of hypersensitivity adverse events 2.6X higher 
than worldwide subjects, and the US placebo-treated subjects had a frequency that was 3.1 
higher than the worldwide frequency in placebo-treated subjects.  Similarly, the frequency of AE 
in the Infections and Infestations SOC in the US was approximately 1.8X greater than the 
frequency worldwide for either or placebo.  As only 94 US subjects participated in CLARITY, 
Dr. Mentari considers the relatively small exposure in the US population to be a notable 
deficiency.  If this drug were to be approved, I would recommend following specifically in the 
US population safety signals of concern.    
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Dr. Mentari also notes regional differences in proportion of subjects previously exposed to 
disease modifying therapy.  Previous exposure occurred in approximately 26-32% of subjects in 
Eastern Europe, 39-52% in Western Europe, and 62-75% in the Americas.  I agree with her 
recommendation to ask for analyses stratified by history of prior use of disease modifying 
therapy.     
 
Age  – Dr. Mentari notes that with the exception of 2 malignancy cases (one case of 
choriocarcinoma and one case of cervical carcinoma in situ) all of the reported malignancies in 
cladribine-treated subjects in completed and ongoing controlled trials have occurred in subjects 
aged > 40 years.  In addition, cladribine-treated subjects > 40 y.o. had a higher frequency of 
herpes zoster (2.5%) compared to cladribine-treated subjects aged 18-40 (1.6%).  The 
frequencies of lymphopenia, leukopenia, and decreased lymphocyte counts were > 2% higher in 
the cladribine-treated subjects aged > 40 years than in those aged 18-40 years; mean and median 
cumulative doses were comparable between the age groups.  Grade 3 and 4 lymphopenia 
occurred in a higher percentage of cladribine-treated subjects aged >40 years than in those aged 
18-40 years.  A higher percentage of cladribine-treated patients in the 18-40 y.o. groups had a 
serious event in the blood and lymphatic system disorders SOC, in the Hepatobiliary SOC than 
those aged > 40 years.  However, a higher percentage of cladribine-treated patients aged > 40 
years had a higher frequency of SAEs in the neoplasms, benign, malignant, and unspecified 
SOC, and in the Hepatobiliary SOC.   
 
Gender – Dr. Mentari has noted some gender related differences in SAEs and in some TEAEs.  
Please refer to her review for detail. 
 
Concomitant  Medications  
 Corticosteroid use – Dr. Mentari finds that the percentage of subjects who had at least 1 
TEAE in CLARITY was at least 1% higher in cladribine-treated subjects with corticosteroid use 
compared to cladribine-treated subjects without steroid use in several SOCS. Please refer to her 
review for details.      
 Drug Affecting the Hematologic Profile – Dr. Mentari notes an increased frequency of 
Grade 3 and 4 lymphopenia with a wide range of medications including commonly-used over the 
counter drugs such as aspirin and NSAIDs, as well as antibiotics and corticosteroids. Dr. Mentari 
recommends that if the drug is to be marketed, information for patients and prescribers should 
include specification about which drugs may increase the frequency of reductions in lymphocyte 
count.  I agree that including this information as part of an educational effort should be 
considered.   
 
2.2.11 Additional Safety Evaluations 
Human Carcinogenicity – Dr. Mentari has thoroughly reviewed malignancies in the cladribine 
database.  As of 11/10/10 there were 35 cases of malignancy reported, 2 of which had only been 
exposed to placebo.  Six occurred in the completed placebo controlled studies, of which 1 case 
occurred in a placebo-treated subject.  Six were cases of basal cell carcinoma, 4 were breast 
cancer, 3 were malignant melanoma, 3 were colon and rectal cancer, 2 were myelodysplasia, 2 
were ovarian cancer, 2 were bladder cancer, 2 were squamous cell caner, and 2 were skin cancers 
(unspecified or unknown), and the remainder were a variety of malignancies including cervical 
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carcinoma, pancreatic carcinoma,  choriocarcinoma, esophageal carcinoma, thyroid cancer, and 
renal cell carcinoma in the cladribine-treated subjects, and ovarian cancer and basal cell 
carcinoma in placebo-treated subjects.  Twenty-three of the 35 cases were from the US, 1 from 
Italy, 1 from Finland, and the remainder from Eastern Europe (Russia, Ukraine, Bulgaria, and 
Estonia).   
 
Malignancy rates were calculated for cases reported during completed and ongoing controlled 
studies of cladribine, not including cases reported post-study (4 in a cladribine-treated subjects 
and 1 in a placebo treated subject) or myelodysplasia (2 cases in cladribine-treated subjects).  
This analysis had a cut-off date of 6/21/10.  In trials of oral cladribine worldwide, there were 8.2 
cases of malignancy per 1000 subjects (13 cases in 1579 subjects), with an incidence rate of 3.8 
cases per 1000 subject-years (total exposure 3387 subject-years).  There were no cases in 
placebo (n=672, total exposure 1088 subject-years).  In trials of oral cladribine in the US there 
were 18.3 cases of malignancy per 1000 subjects in cladribine treated subjects (3 cases in 164 
subjects), with an incidence rate of 10.2 cases per 1000-subject years (total exposure 294 subject-
years) compared to no cases in placebo (n=79, total exposure 119 subject-years).   Except for 2 
cases, all of the reported cases in cladribine-treated subjects occurred in patients over 40 years 
old.   
 
The figure below, taken from Dr. Mentari’s review, shows the distribution of latency (time from 
first cladribine dose to malignancy diagnosis) for malignancy cases from cladribine-treated 
subjects from completed and ongoing trials.  The median latency was 3.2 years.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, the median time on study was 1.8 years for each cladribine-treated group and for the 
placebo-treated group in CLARITY.  Dr. Mentari notes that there is no true placebo control 
beyond 2 years of initial treatment.   
 
Recommendations from Qin Ryan, M.D., Ph.D. from the Division of Hematology Products are 
summarized as follows:  

1. Long term to permanent follow up of MS patients receiving oral cladribine (CdA) to 
define the long term cancer risk for this group, which is unknown at present. 

 

0 1 2 3 4

Latency (years)  
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2. Information on IV CdA from oncology use should not be used to guide monitoring in 
MS, since the disease nature of CLL/HCL and the route/ dose/exposure of CdA therapy 
are completely different from the MS circumstances. 

      3.   All previous and subsequent antineoplastic and immunosuppressive therapies should be 
carefully documented for all CdA treated patients, since there may be a long-term 
additive effect of multiple drugs on cancer incidence or cancer type. 

 4.  Since all patients in CLARIFY eventually receive CdA, a true control group is lacking. It 
may be impossible to know the true increase in cancer risk absent a valid control group. 
Efforts should be made to identify and qualify an external control group for comparative 
risk assessments. Consider epidemiology consultation to assist. 

5. Time to event (cancer occurrence, overall survival) analyses should also be performed. 
 

The Sponsor agrees that sufficient experience has not been accrued with cladribine to reach a 
definitive conclusion regarding the risk of malignancy but that an association between 
malignancies and cladribine represents a potential significant safety concern.  The Sponsor has 
questioned whether these are truly treatment-emergent related adverse events. I agree with Dr. 
Mentari’s response that the controlled trials are randomized data, so pre-existing risk factors are 
expected to  exist in placebo-treated subjects as well.  The Sponsor comments that “…cancer that 
rarely metastasizes and are almost always curable by surgical resection (e.g., basal cell 
carcinoma), as well as high grade dysplasia of the cervix have been considered malignancies for 
this analysis. These events accounted for 40% (8 of 20) of the malignancy events in cladribine-
treated subjects.”  In response, Dr. Mentari notes that: Even after excluding these cases, an 
increased risk of malignancy is seen in cladribine-treated subjects.  
 
As Dr. Mentari writes in her review, on November 10, 2010, EMD Serono submitted an 
unsolicited information update to NDA 022561.  This submission included reports of 6 
previously unsubmitted cancer cases in 5 subjects from: 1) ongoing studies of cladribine tablets; 
and 2) a 1994 long-term follow-up study of subjects who participated in the Scripps Research 
Institute studies of cladribine in MS. The submitted malignancy cases have been included in the 
cases described at the beginning of this section of my review and in Dr. Mentari’s table of 
malignancy cases.    Five of these 6 cases of malignancy were reported as part of a 2004 
investigator-sponsored long-term follow-up of subjects who had participated in parenteral 
cladribine clinical studies in MS done in the early 1990’s at the Scripps Research Institute. They 
were from a group of 36 patients (31 cladribine-treated and 5 placebo-treated) who agreed to 
participate in this follow-up out of a group of 92 who had been identified.  Dr. Mentari attempted 
to evaluate the malignancy incidence rate in cladribine-treated subjects using Scripps long term 
data, compared with incidence rates reported in the Surveillance Epidemiology and End Results 
(SEER) cancer data.  However, she found this approach to be problematic for several reasons 
including insufficient information to calculate person-years of follow-up, concern regarding 
whether these 36 subjects were a representative sample, large age range in a small number of 
subjects with an age range that has variation in malignancy rates, and concerns regarding 
adequate reporting of adverse events in the Scripps studies.  I agree with Dr. Mentari’s concerns 
and with her conclusion that randomized, placebo-controlled data provides the best basis for 
evaluating the risk of malignancy with cladribine in subjects with MS.  
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As a risk minimization activity, the Sponsor proposes to address the risk of malignancies in the 
Warnings section of the label to indicate that the use of cladribine in patients with current 
malignancies is not recommended.  Prescribers and patients would be advised by instructional 
materials of the potential risk for malignancies following treatment with cladribine.  Criteria for 
evaluation would be reporting rate of malignancies.  It is not clear to me how this would 
minimize the risk.    
 
Dr. Mentari notes that cladribine has been shown to cause defective repair of DNA strand breaks 
in resting cells and proposes that the increased frequency of malignancy in cladribine-treated 
subjects compared to placebo-treated subjects is concerning enough to prevent approval of this 
NDA.  The rate of malignancy observed has not been reported with other available therapies for 
MS including Tysabri, fingolimod, or Rebif.  Dr. Mentari has noted that subjects > 40 y.o. 
appear to be at greater risk of malignancy compared to younger subject.  Other than age, risk 
factors are not known.  The latency in this database was 3.2 years.  However, this may become 
better characterized with more experience and longer-follow-up, and effort for further 
characterization should include evaluating the risk of malignancy in patients with a history of 
prior MS disease modifying therapy.  Because of the serious risk, and unanswered questions, I 
would propose that the sponsor provide an adequate justification and plan to further characterize 
the development of malignancies after exposure to cladribine prior to approving this drug.    
 
Pregnancy –  Cladribine is embryolethal in pregnant mice, and teratogenic in mice and rabbits.  
Cladribine has been shown to inhibit DNA synthase, and Dr. Mentari notes that other agents that 
inhibit DNA synthesis, including methotrexate and aminopterin, have been reported to be 
teratogenic in humans.   
 
Dr. Mentari notes that pregnant and breastfeeding women were specifically excluded form 
CLARITY and all female study participants were required to use adequate contraception.  Male 
participants were also required to use contraception so that their partners did not become 
pregnant.  Despite this, 25 pregnancies were reported in 24 of the female subjects who 
participated in the CLARITY trials. (1 pregnancy occurred in the partner of a male study 
subject).  Six were in placebo and 19 were in cladribine-treated subjects.  The outcome was 
miscarriage in 3 cladribine-treated subjects and 1 placebo treated subject, elective abortion in 11 
cladribine-treated subjects and 2 placebo-treated subjects, therapeutic abortion in 1 cladribine-
treated subject and no placebo-treated subjects, ectopic pregnancy in 1 cladribine treated subject, 
and normal term live birth in 3 cladribine-treated subjects and 3 placebo-treated subjects.   In the 
CLARITY Extension trial there have been 9 pregnancies.  In one case in which the subject had 
received cladribine more than 2 years before conception, the subject was hospitalized because of 
uterine bleeding.  Another subject, in whom treatment remains blinded, had twins who suffered 
sequelae of premature birth including periintraventricular hemorrhages, retinopathy of the 
prematurely born, and anemia of the prematurely born.  One twin had an omphalocele and the 
other had a patent foramen ovale.   
 
The proposed labeling says that pregnancy should be excluded before initiating treatment and 
before each treatment course.  The sponsor proposes a pregnancy registry as part of the proposed 
a post-authorization safety registry (PASS) study that will be a prospective cohort study.   
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2.2.12 Postmarketing Risk Management Plan   
The Sponsor’s proposed postmarketing risk management plan has not been reviewed in detail by 
the safety team at the time of the writing of this memo.   

The Sponsor has also proposed a Risk Management Plan that includes routine 
pharmacovigilance, Risk Assessment Measures that the sponsor states are aimed at confirming 
and quantifying the risks, and risk mitigation measures.  The Risk Assessment Measures include 
a long-term prospective follow-up registry (PREMIERE - Prospective Observational Long-term 
Safety Registry of Multiple Sclerosis Patients who have Participated in Cladribine Clinical 
Trials) that assesses the risk of malignancies, severe and serious infections, deaths, and time to 
resolution of lymphopenia in the population of patients who participated in five Merck Serono 
cladribine clinical trials, and to contribute in the evaluation of risk on reproductive health, and 
describe the frequency of pregnancy outcomes in this population.  It is planned that 
approximately 2000 subjects will be enrolled in the cladribine clinical development program and 
will be available for enrollment in the registry. It is estimated that 75% of these subjects will 
participate in the registry. This appears to have been implemented in November 2009.   In 
addition, a post-authorization safety registry (PASS - a prospective cohort study) will be set up to 
further characterize the identified risks, as well as assess the potential risks in a cohort of patients 
with a first time treatment with cladribine tablets prescribed in routine healthcare delivery. The 
PASS will contain embedded a pregnancy registry, set up to measure the frequency of all 
pregnancy outcomes in patients whose pregnancy was inadvertently exposed to cladribine, or in 
patients exposed to cladribine prior to the establishment of pregnancy. The safety concerns 
identified by the sponsor for follow-up with these approaches are severe lymphopenia, herpes 
infection, activation of latent TB or exacerbation of chronic infections, vertigo and tinnitus, 
myelodysplastic syndrome, malignancies, serious infections, opportunistic infections, PML, 
severe cytopenia, aplastic anemia, autoimmune hemolytic anemia, teratogenicity/adverse 
pregnancy outcomes, severe neurological toxicity, nephrotoxicity, Hepatoxicity, hypersensitivity, 
medication errors, and to conduct risk assessment for information that is currently lacking 
including developmental defects in offspring, long-term studies to evaluate myelosuppressive 
effects of cladribine, pediatric population, patients with compromised immunocompetence, 
patients at risk of malignancies, and the elderly.   
 
2.2.13 Conclusions  and Recommendations 
Cladribine causes dose-related lymphopenia that is the proposed basis for its use in MS.  In 
addition to dose-dependent lymphopenia, other dose-dependent hematologic toxicity is observed 
including decreases in neutrophil count, CD4 counts, hemoglobin levels, and platelets.  
Myelodysplasia has been reported in 3 cladribine-treated subjects.  Clinical consequences likely 
associated with this pharmacologic effect include adverse events of hemorrhage, serious 
infections including herpes zoster infections, a case of tuberculosis and a case of fulminant 
hepatitis B that resulted in death, and cases of other serious infections.   
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In addition to immunosuppression, cladribine has been shown to cause defective repair of DNA 
strand breaks in resting cells.  An increased risk of malignancy has been observed in the NDA 
database in cladribine-treated subjects and this is of great concern.   
 
Dr. Mentari believes that the finding of malignancy is concerning enough to prevent approval of 
this NDA.  I think that this signal needs to be considered very carefully in determining whether 
the benefits of this drug can justify the risk that is known after even relatively short term 
exposure, and for which the risk after longer exposure or long-term follow-up has not been 
characterized.     
 
The Sponsor’s submission was not ideal.  Safety signals have been observed, although to more 
fully characterize them, Dr. Mentari will request additional supporting information and alternate 
analyses for specific safety signals.  I agree, in general, with these requests and believe that this 
will allow for better understanding of the risks.  These include analyzing signals of concern, 
particularly malignancy, by age, US vs non-US, and history of disease modifying therapies, and 
follow-up on cases of increases in creatine kinase, serum creatinine, elevation in transaminases, 
and hearing loss, neurologic toxicity, and cases of cardiac-related morbidity or death in patients 
with no history of cardiac risk factors.   
 
The Sponsor has proposed a pregnancy registry.  If cladribine is approved, the maternal health 
team should review the proposal for the registry.   
 
In addition to the inadequacies already mentioned, there are several safety concerns that I believe 
require additional evaluation.   

• Long-term follow-up of persistent lymphopenia that had not resolved by the end of the 
study and the clinical consequences is necessary.  Without this information it will be 
difficult to provide guidance to physicians on the duration of monitoring necessary even 
after discontinuing treatment and it will be difficult to provide guidance on how patients 
could be switched from this drug to another treatment that is also immunosuppressive.  It 
is possible that the approach used for the proposed PREMIER study could be used to 
acquire this information, if enough patients with persistent lymphopenia enroll in the 
study.   The Sponsor proposes REMS  

.  A registry that could be 
generated based on this approach, similar to that for Tysabri, could allow for further 
characterization of the duration of lymphopenia and further investigation of the short and 
long-term effects of lymphopenia including persistent lymphopenia, such as serious 
infections and malignancies.   

• Greater numbers of cladribine-treated patients than placebo-treated patients had 
significant decreases in systolic blood pressure, diastolic blood pressure, and heart rate.  
In addition, there were unexplained events of dizziness, presyncope, syncope, and angina.  
Orthostatic changes in vital signs have not been evaluated.  I agree with Dr. Mentari’s 
recommendation that this requires further follow-up, and I suggest that evaluation of 
orthostatic changes be done in an ongoing controlled study or another study that will 
adequately characterize these changes, at a relevant time with respect to the dose of 
cladribine.   

• Adequate follow-up of cases of myelodysplasia.   
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• Adequate follow-up should be provided for any future cases of serious events of 
hypersensitivity including severe cutaneous reactions (to include skin biopsy).   

• Adequate follow-up should be provided for any future cases of hepatotoxicity, including 
efforts to rule out infectious causes.   

• The QT-IRT recommended that the Sponsor repeat an ECG assessment with time-
matched ECG and PK sampling, 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 the conduct of the 
study.  The QT-IRT stated that this could be a PMR.  I agree that if cladribine were to be 
approved, this could be a PMR.  If other clinical studies are required prior to approval, it 
may be possible to include an adequately designed study to address the deficiency in 
ECG assessment as a sub-study. 

 
The Sponsor does not adequately consider how to minimize the morbidity and mortality from 
serious infections.  The Sponsor should provide recommendations with adequate justification 
regarding baseline screening for tuberculosis for example.  Recommendations should be made 
regarding vaccination for infectious hepatitis, or varicella zoster, including timing of the 
vaccination relative to dosing with cladribine.   Potential for development of PML is a concern, 
although PML was not observed in this database.   I recommend that a protocol put in place for 
appropriate follow-up for any case in which PML is suspected.  This includes having samples for 
JC virus sent to a laboratory that is recognized internationally as having the expertise to 
quantitatively analyze these samples.   
 
The Sponsor’s proposed labeling does not adequately describe the safety concerns associated 
with cladribine use in MS.  The deficiencies are throughout the labeling, from dosage and 
administration, to Warnings, to common adverse events observed in clinical trials.  If cladribine 
is to be approved, then the safety team will provide specific recommendations.   
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1 Recommendations/Risk Benefit Assessment 

 
1.1 Recommendation on Regulatory Action 
 
Because of serious safety concerns evident in the currently available information, this reviewer 
recommends that the Division of Neurology Drug Products decline EMD Serono's application to 
market oral cladribine for treatment of relapsing forms of multiple sclerosis.  Main safety 
concerns are summarized in this section.  
 
Hematologic Toxicity 
 
Dose-dependent increased rates and increased severities of hematologic toxicity were seen in all 
hematologic laboratory parameters analyzed (Section 7.4.2.1). The frequencies of abnormal 
hematologic laboratory measurements for subjects in the CLARITY Trial are summarized below.  
 
Cladribine-treated subjects had a higher incidence of abnormal lymphocyte counts (<1.0 x 109/L) 
(93.1%) compared to placebo-treated subjects (18.6%).  A larger percentage of cladribine-treated 
subjects had lymphocyte counts qualifying as Grade 3 or 4 Toxicity (<0.5 x 109/L) (40.9%) 
compared to placebo-treated subjects (1.2%). At last assessment, the percentages of subjects with 
each absolute lymphocyte count toxicity grade were as follows: Grade 0 (≥1.0 x 109/L): 463 
(43.2%); Grade 1 (<1.0 to 0.8 x 109/L): 279 (26.0%); Grade 2 (<0.8 to 0.5 x 109/L): 272 (25.3%); 
Grade 3 (<0.5 to 0.2 x 109/L): 55 (5.1%); and Grade 4 (<0.2 x 109/L) : 1 (0.1%). 
 
Cladribine-treated subjects had a higher incidence of abnormal CD4 lymphocyte counts (80.8%) 
compared to placebo-treated subjects (13.9%).  A larger percentage of cladribine-treated subjects 
had CD4 lymphocyte counts qualifying as Grade 3 or 4 Toxicity (<0.2 x 109/L) (43.4%) 
compared to placebo-treated subjects (1.3%). 
 
Cladribine-treated subjects had a higher incidence of abnormal neutrophil counts (27.2%) 
compared to placebo-treated subjects (15.0%).  A similar percentage of cladribine-treated 
subjects had neutrophil counts qualifying as Grade 3 or 4 Toxicity (<1.0 x 109/L) (3.1%) 
compared to placebo-treated subjects (3.7%). 
 
Cladribine-treated subjects had a higher incidence of abnormal hemoglobin levels (28.1%) 
compared to placebo-treated subjects (22.4%).  A similar percentage of cladribine-treated 
subjects had hemoglobin levels qualifying as Grade 3 or 4 Toxicity (0.7%) compared to placebo-
treated subjects (0.6%).   
 
Cladribine-treated subjects had a higher incidence of abnormal platelet levels (<134 x 109/L) 
(10.6%) compared to placebo-treated subjects (4.1%).  A similar percentage of cladribine-treated 
subjects had platelet levels qualifying as Grade 3 or 4 Toxicity (<50 x 109/L) (0.2%) compared to 
placebo-treated subjects (0.2%).   
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The Sponsor performed analyses of adverse events of hemorrhage using the MedDRA 
Hemorrhage Standardized MedDRA Query (SMQ). In the CLARITY Trial, 2.6% of cladribine-
treated subjects had a hemorrhage Serious Adverse Event or discontinued because of a 
hemorrhage adverse event, compared to 1.4% of placebo-treated subjects.  In the CLARITY 
Trial, 6.5% of cladribine-treated subjects had an adverse event of hemorrhage, compared to 4.8% 
of placebo-treated subjects. 
 
Long-term monitoring of hematological toxicity in cladribine-treated patients will be necessary.  
Given that 56.5% of subjects in the CLARITY Trial continued to have lymphopenia with counts 
<1.0 x 109/L at last assessment, longer durations of follow-up post-treatment are necessary to 
characterize the duration of the hematologic effects of cladribine.  
 
Malignancy 
 
An increased risk of malignancy has been reported in cladribine-treated subjects (Section 7.6.1).  
While cutaneous malignancies comprise the largest proportion of cases, malignancies have been 
reported in a variety of sites in cladribine-treated subjects.  
 
In completed and ongoing trials of oral cladribine worldwide, there were 8.2 cases of malignancy 
per 1000 subjects (13 cases in 1579 subjects) in cladribine-treated subjects, compared to 0 cases 
per 1000 subjects in placebo-treated subjects (N=672). In trials of oral cladribine worldwide, the 
incidence rate of malignancy was 3.8 cases per 1000 subject-years in cladribine-treated subjects 
(total exposure = 3387 subject-years), compared to 0 cases per 1000 subject years in placebo-
treated subjects (total exposure = 1088 subject-years).   
 
Reported malignancy rates were higher in U.S. cladribine-treated subjects, compared to all 
cladribine-treated subjects worldwide. In completed and ongoing trials of oral cladribine in the 
U.S., there were 18.3 cases of malignancy per 1000 subjects in cladribine-treated subjects (3 
cases in 164 subjects), compared to 0 cases in placebo-treated subjects (N=79).   In trials of oral 
cladribine in the U.S., the incidence rate of malignancy in cladribine-treated subjects was 10.2 
cases per 1000 subject-years (total exposure = 294 subject-years), compared to 0 cases per 1000 
subject years in placebo-treated subjects (total exposure = 119 subject-years).  
 
There was no clear pattern of increasing rates of malignancy with increasing cumulative 
cladribine dose.  In analyses of all subjects and subjects followed ≥48 weeks, ≥96 weeks, and ≥ 
144 weeks, there was no clear pattern of increasing incidence rates of malignancy in subject 
groups with increasing thresholds of follow-up duration.  The median latency for malignancy 
cases in cladribine-treated subjects from completed and ongoing trials was 3.2 years. 
 
The CLARITY Trial provided in-study follow-up of two years after initial treatment.  The 
CLARITY Trial provides the longest duration of in-study follow-up with placebo control. Four 
of 884 cladribine-treated subjects had a reported malignancy in weeks 0-96 of the CLARITY 
Trial, compared to 0 of 435 placebo-treated subjects. The four cases of malignancy in cladribine-
treated CLARITY Trial subjects included cervix carcinoma in situ, ovarian cancer, metastatic 
pancreatic cancer, and malignant melanoma. The median time on study per subject was the same 
(1.8 years) for each CLARITY subject group. 
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No trial of oral cladribine provides true placebo control beyond 2 years from initial treatment. 
Subjects in the CLARITY Extension Trial have the longest duration of subject follow-up. 
However, all CLARITY Extension subjects receive cladribine, either in CLARITY or the 
CLARITY Extension. 
 
Cladribine has been shown to cause defective repair of DNA strand breaks in resting cells. In the 
opinion of this reviewer, the increased frequency of malignancy in cladribine-treated subjects, 
compared to placebo-treated subjects, is concerning enough to prevent approval of this NDA.  
Except for two malignancy cases (a case of carcinoma in situ and a case of choriocarcinoma) all 
of the reported malignancies in cladribine-treated subjects occurred in subjects over age 40.  
Given that the median age of subjects in cladribine studies is 40 years, a large subgroup of 
subjects is likely subject to a greater risk of malignancy compared to cladribine subjects overall; 
additional analyses of malignancies stratified by age will be requested.  
 
Myelodysplasia 
 
Myelodysplasia has been reported in 3 cladribine-treated subjects (Section 7.3.5.2).  Long-term 
hematology follow-up will be necessary for patients with multiple sclerosis after taking oral 
cladribine.  
 
Infections 
 
Two deaths attributable to infection were reported among the 1073 cladribine-treated subjects in 
the controlled phase of placebo-controlled trials (0.2%) (MS-Scripps Subject who died of 
fulminant hepatitis B and CLARITY Subject  who died of disseminated tuberculosis).  
There were no deaths attributable to infection among the 514 placebo-treated subjects (Section 
7.3.2.8.2).  
 
In weeks 0-96 of the controlled phase of placebo-controlled trials, 39 of 1073 (3.6%) cladribine-
treated subjects had at least one Serious Adverse Event in the MedDRA  Infections and 
Infestations System Organ Class (SOC), compared to 12 of 514 (2.3%) of  placebo-treated 
subjects. Unusual, serious infections in cladribine-treated subjects included a case of 
disseminated pelvic coccidioidomycosis and a case of inguinal actinomycosis that required 
surgical resection. Two cases of tuberculosis have been reported in cladribine-treated subjects.  
 
Herpes Virus Infections  
 
Herpes virus infections were reported in 57 of the 1073 cladribine-treated subjects (5.3%) and in 
15 of the 514 placebo-treated subjects (2.9%) in the completed placebo-controlled trials. The 
frequency of herpes virus infections increased with cladribine dose.  Herpes zoster infections 
were reported in 26 of the 1073 cladribine-treated subjects (2.4%) and in 1 of the 514 placebo-
treated subjects (0.2%). The herpes zoster virus infections in the cladribine-treated subjects were 
reported as herpes zoster (22 subjects), herpes zoster infection neurological (2 subjects), herpes 
zoster oticus (1 subject), and herpes zoster ophthalmic (1 subject). There were no reported cases 
of herpes zoster encephalitis or meningitis. The two cases coded to the Preferred Term “herpes 
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zoster infection neurological” in cladribine-treated subjects included a case of herpes zoster 
radiculitis  and a case of bilateral lumbosacral and thoracal ganglioradiculoneuritis. (Section 
7.3.5.1) 
 
Cardiac Safety 
 
According to a consultation done by the QT Interdisciplinary Review Team (QT-IRT), the 
submitted QT study was inconclusive.  QT-IRT Recommended a repeat ECG assessment with 
time-matched ECG and PK sampling to cover immediate and delayed effects with cladribine. 
There were no large effects on QTc interval in the submitted study. (Section 7.4.4) 
 
Adverse events of concern regarding cladribine and cardiac safety include: 1) An increased rate 
of adverse events of cardiac arrhythmias and conduction disorders; 2) An increased rate of 
adverse events in the High Level Group Term of Coronary artery disorders; and 3) A case of 
myocarditis causing cardiac failure (Section 7.3.5.4).   
 
In a Sponsor analysis of a prespecified group of cardiac arrhythmias and conduction disorders, a 
higher percentage of cladribine-treated subjects (4.9%) than placebo-treated subjects (2.7%). 
conduction disorders.   
 
In completed placebo-controlled trials, adverse events in the MedDRA Coronary artery disorders 
High Level Group Term (HLGT) were more frequent in cladribine-treated subjects (1.8%) 
compared to placebo-treated subjects (1.0%).  Most of the cases in this HLGT were adverse 
events of angina pectoris, which occurred in 1.6% of cladribine-treated subjects and 0.6% of 
placebo-treated subjects. 
 
 In the ORACLE-MS Trial, a 20 year old male with no significant cardiac risk factors was 
diagnosed with acute cardiac failure, pulmonary edema, and atrial fibrillation 11 days after his 
first dose of cladribine.  He was diagnosed with myocarditis based on results of cardiac MRI. 
Given the time course of his illness in relation to treatment and the subject’s lack of cardiac risk 
factors, this event appears likely to be related to cladribine; possible mechanisms of myocarditis 
related to cladribine include infection or drug toxicity.  Published reports have described acute 
cardiac failure, but not necessarily myocarditis, after treatment with cladribine for conditions 
other than multiple sclerosis (MS).  
 
Decreases in Blood Pressure and Pulse 
 
In completed controlled trials, cladribine-treated subjects had higher frequencies of significant 
decreases in systolic blood pressure, decreases in diastolic blood pressure, and decreases in pulse 
rate from baseline.  Ten cladribine-treated subjects (1.0%), compared with none of the placebo-
treated subjects, had a pulse rate of <50 bpm at sometime during the studies. (Section 7.4.3) 
 
In completed controlled trials, cladribine-treated subjects had increased rates of reported adverse 
events of dizziness, presyncope, and syncope. Cladribine-treated subjects also had increased 
rates of angina adverse events and adverse events in the MedDRA High Level Term (HLT) 
Breathing disorders [21 of 1073 cladribine-treated subjects (2.0%), compared to 5 of 514 
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placebo-treated subjects (1.0%]).  Conduction disorders, dizziness, decreased blood pressure, 
dyspnea, and chest pain are effects seen with administration of adenosine.  The structural 
similarity of cladribine to adenosine may contribute to these adverse events seen with cladribine.  
 
Hypersensitivity 
 
The Sponsor performed a search of cladribine completed controlled trials in MS to identify 
possible hypersensitivity adverse events, using the MedDRA Angioedema SMQ and a custom 
search for instances of rash and allergies.  In analyses of CLARITY subjects worldwide, 57 of 
886 (6.4%) of cladribine-treated subjects had a Hypersensitivity adverse event compared to 17 of 
435 (3.9%) placebo-treated subjects. In analyses of U.S. CLARITY subjects, 10 of 60 (16.7%) 
cladribine-treated subjects has a Hypersensitivity adverse event, compared to 4 of 33 (12.1%) of 
placebo-treated subjects. There was no increased in the frequency of angioedema adverse events 
in cladribine-treated subjects compared to placebo-treated subjects in the CLARITY Trial. In the 
CLARITY Trial, cladribine-treated subjects had a greater frequency of Hypersensitivity SAEs 
(1.1%), compared to placebo-treated subjects (0%). One cladribine-treated CLARITY subject 
had a suspected case of Erythema Multiforme Major. (Section 7.3.5.5) 
 
Pregnancy  
 
Cladribine has been shown to inhibit DNA synthesis.  It was embryolethal in pregnant mice and 
teratogenic in mice and rabbits. Other agents that inhibit DNA synthesis have been reported to be 
teratogenic in humans.  The majority of known pregnancies in cladribine-treated subjects ended 
in termination.  Two infants with birth defects were born to a mother who received cladribine 
(twins born prematurely to CLARITY Subject : one had an omphalocele, and one had a 
patent foramen ovale). The Sponsor’s proposed labeling says that pregnancy should be excluded 
before initiating treatment and before each treatment course. If the drug is marketed in the future, 
pregnancies in treated patients will likely occur. (Section 7.6.2) 
 
Seizure 
 
Three of 1073 (0.3%) cladribine-treated subjects in completed controlled trials had seizure 
Serious Adverse Events (Convulsion, Epilepsy, and Status epilepticus) without a clear alternative 
cause; 0 of 514 placebo-treated subjects had a seizure reported as an SAE. In ongoing trials, one 
cladribine-treated subject without prior history of seizure had an episode of status epilepticus 1 
year and 3 months after her first dose of cladribine; this subject was also taking bupropion. 
(Section 7.3.2.8.6) 
 
Hepatitis 
 
Hepatitis with no other clear cause was reported as a Serious Adverse Event in two cladribine-
treated subjects.  Peak ALT was 21x ULN in a 34 year old female ORACLE-MS subject.  Peak 
ALT was 6.5 ULN in a 56 year old female CLARITY subject. Bilirubin levels for both subjects 
remained within normal limits.  Transaminase abnormalities resolved after discontinuation of 
cladribine in both subjects. Two other reported Serious Adverse Events of hepatitis in cladribine-
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treated subjects were confounded by: 1) chronic calculous cholecystitis; and 2) an overdose of 
zopiclone and hydroxyzine (Section 7.3.2.8.9) 
 
 
Elevated creatine kinase  
 
In weeks 0-96 of completed controlled trials, elevations in creatine kinase (CK) were distributed 
similarly in cladribine-treated and placebo-treated subjects; subjects in both treatment groups had 
Grade 4 elevations in CK (>10.0 x ULN).  There were 5 subjects in the ORACLE-MS trial who 
had Grade 4 increases in CK levels.  The treatment assignments for these cases were blinded at 
the time of this review.  We will request additional information regarding these cases of 
increased CK.  A detrimental effect of cladribine on mitochondrial function is a possible 
mechanism for elevated and CK and myopathy. (Section 7.4.2) 
 
Other adverse events 
 
In an analysis of adverse events in the High Level Group Term (HLGT) “Ocular infections, 
irritations, and inflammations” from completed controlled trials, 28 of 1073 (2.6%) cladribine-
treated subjects had an adverse event, compared to 7 of 514 (1.4%) of placebo-treated subjects 
(Section 7.3.2.8.10).  
 
Uterine leiomyomas, which were reported in 9 of the 722 female cladribine-treated subjects 
(1.2%) and in 2 of the 338 female placebo-treated subjects (0.6%) in the completed placebo-
controlled trials (Section 7.3.5.3). 
 
In the CLARITY Trial, vertigo was reported more commonly in the all cladribine group (4.2%) 
than in the placebo group (2.5%) and was dose related, with frequencies of 5.1% in the 
cladribine 5.25 mg/kg group and 3.3% in the cladribine 3.5 mg/kg group (Section 7.4.1). The 
percentage of subjects who had tinnitus was almost 3 times higher in the combined cladribine 
group (1.4%) than in the placebo group (0.5%).  
 
In completed controlled trials, 5 of 1073 (0.5%) subjects had an adverse event mapped to the 
High Level Term Hearing Losses, compared to 1 of 514 (0.2%) placebo-treated subjects (Section 
7.4.1).  
 
Drug-Demographic Interactions  
 
Location 
The reported rates of adverse events in U.S. subjects are consistently higher than rates reported 
in all subjects worldwide. (Section 7.5.3) This reviewer is concerned that adverse event rates for 
subjects worldwide may not be representative of adverse event rates in the U.S. population, and 
this limits the applicability of the worldwide adverse event data reported in this NDA application 
to the U.S. population and medical practice.  Given the differences in adverse event rates 
reported in U.S. vs. worldwide subjects, this reviewer considers the relatively small amount of 
data for oral cladribine in U.S. subjects to be a notable deficiency of this NDA application. A 
total of 94 U.S. subjects participated in CLARITY, the only completed trial of oral cladribine. 
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Age 
With the exception of two malignancy cases (one case of choriocarcinoma and one case of 
cervical carcinoma in situ), all of the reported malignancies cladribine-treated subjects in 
completed and ongoing controlled trials have occurred in subjects aged > 40 years.  Additional 
information on the rate of malignancy in cladribine-treated subjects aged >40 will be requested. 
Grade 3 and 4 lymphopenia occurred in a higher percentage of cladribine-treated subjects aged 
>40 years than in those aged 18 to 40 years. 
 
 
Gender 
A higher proportion of cladribine-treated female subjects (50.0%) had Grade 3 or 4 lymphopenia 
(<500 cells/mm3), compared to cladribine-treated male subjects (37.3%).  
 
Drug-Drug Interactions  
 
A Sponsor analysis showed an increased frequency of Grade 3 and 4 lymphopenia with a wide 
range of concomitant medications. The list of medications includes commonly-used over the 
counter drugs, including aspirin and non-steroidal anti-inflammatory drugs, as well as antibiotics 
and corticosteroids.  The Sponsor has not provided a list specifying which drugs may increase 
the frequency of reductions in lymphocyte count.  (Section 7.5.5) 

2 Introduction and Regulatory Background 

 
2.1 Product Information 
 
Cladribine (2-chloro-2′-deoxyadenosine [2-CdA]) is a synthetic chlorinated purine analog of the 
naturally occurring nucleoside deoxyadenosine.1 It differs in structure from the naturally 
occurring nucleoside deoxyadenosine only by the substitution of a chlorine for hydrogen in the 
2-position of the purine ring. This change renders cladribine resistant to deamination by 
adenosine deaminase. Cells with high levels of deoxycytidine kinase (DCK) and low levels of 
deoxynucleotidase (5’NTase) activity (e.g., lymphocytes) phosphorylate cladribine to the 
monophosphate form (CdAMP). Subsequently, CdAMP is further phosphorylated to the active 
CdATP by other kinases. Accumulation of the 5’-triphosphate derivative of cladribine leads to 
numerous effects on the metabolism of susceptible cells, including: 1) in dividing cells, depletion 
of the deoxynucleotide triphosphate pool, resulting in inhibition of DNA synthesis; and 2) in 
resting cells, defective repair of DNA strand breaks and activation of poly (ADP-ribose) 
polymerase, with depletion of nicotinamide adenine dinucleotide and adenosine triphosphate, 
leading to cell death. Therefore, cladribine causes a potent reduction of lymphocyte count due to 
its mechanism of action. However, the pharmacologic effects of cladribine are not limited to 
lymphocytes. 
 
Parenteral cladribine is approved in many countries for the treatment of hairy cell leukemia 

                                            
1 Beutler E. Cladribine (2-chlorodeoxyadenosine). The Lancet 1992; 340:952-956.  
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(HCL) under various trade names such as Leustatin, Leustatine, Leustat injection, and 
Litak. Cladribine has also been approved in some countries for the treatment of chronic 
lymphocytic leukemia (CLL). 
 
2.2 Tables of Currently Available Treatments for Proposed Indications 
 
Table 1 shows disease-modifying medications that are FDA-approved for use in relapsing forms 
of multiple sclerosis.  
 
Table 1. Disease-modifying medications approved for use in relapsing forms of multiple 
sclerosis 
Brand Name Generic Name Year of FDA 

Approval Frequency/Route of Delivery/Usual Dose 

Avonex Interferon beta-1a 1996 Once weekly; intramuscular injection; 30 mcg 
Betaseron Interferon beta-1b 1993 Every other day; subcutaneous injection; 250 mcg 
Copaxone Glatiramer acetate 1996 Every day; subcutaneous injection; 20 mg 

Extavia Interferon beta-1b 2009 Every other day; subcutaneous injection; 250 mcg 

Novantrone Mitoxantrone* 2000 
Four times per year; intravenous infusion in a medical 

facility; lifetime cumulative dose limit of approximately 
8-12 doses over 2-3 years (140 mg/m2) 

Rebif Interferon beta-1a 2002 Three times per week; subcutaneous injection; 44 mcg 

Tysabri Natalizumab 2006 Every four weeks ; intravenous infusion in a registered 
infusion facility; 300 mg 

Gilenya Fingolimod 2010 Once daily; oral administration; 0.5 mg  
*Available as a generic drug as of 2006 
 
2.3 Availability of Proposed Active Ingredient in the United States 
 
Cladribine injection (for intravenous infusion) is approved in the United States for the treatment 
of active Hairy Cell Leukemia (HCL) under the trade name Leustatin.   
 
The recommended dose and schedule of Leustatin injection for active hairy cell leukemia is a 
single course given by continuous infusion for 7 consecutive days at a dose of 0.09 mg/kg/day 
(total parenteral dose 0.63 mg/kg).  Calculated using the approximate 40% bioavailability of the 
oral formulation as described by the Sponsor, the total parenteral dose of 0.63 mg/kg, as 
recommended for the treatment of active hairy cell leukemia, has an oral dose equivalent of 1.6 
mg/kg. 
 
For comparison, the proposed oral cladribine prescribing information, submitted with this NDA 
application, describes “treatment…initiated with 2 consecutive courses at a  

 period. Retreatment consisting of 2 additional, consecutive 
courses  started at the beginning of a subsequent  period. This 
corresponds to a cumulative dose of 3.5 mg/kg over .”  Patients who take the proposed 
course of treatment in full would receive four courses of 0.875 mg/kg each, for a total cumulative 
dose of 3.5 mg/kg over .   
 
Safety considerations described in the Leustatin prescribing information are listed in Table 2.  
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Table 2. Safety considerations described in Boxed Warnings and Warnings in the Leustatin 
Prescribing Information 

Prescribing Information Section Leustatin Safety Considerations 
Boxed Warnings Leustatin should be administered under the supervision of a qualified 

physician experienced in the use of antineoplastic therapy.  
 Suppression of bone marrow function, including neutropenia, 

anemia, and thrombocytopenia. 
 Serious neurological toxicity (including irreversible paraparesis and 

quadraparesis) reported in patients who received Leustatin injection 
at doses 4 to 9 times the dose recommended for hairy cell leukemia. 
Severe neurological toxicity has been reported rarely following 
treatment with standard Leustatin regimens.  

 Acute nephrotoxicity observed with high doses of Leustatin (4 to 9 
times the dose recommended for hairy cell leukemia).  Several of 
these patients also received other medications with nephrotoxic 
potential. There have been no reports of nephrologic toxicities in 
patients with hairy cell leukemia treated with the recommended 
Leustatin regimen.  

Warnings* Fever (≥100F) was as associated with Leustatin use in 131/196 
patients in the first month of therapy. 

 Of 196 hairy cell leukemia patients in two clinical trials, 8 died 
following treatment; 6 were of infectious etiology (of which 3 were 
pneumonias).    

 Benzyl alcohol, a constituent of the recommended diluent for the 7-
day infusion solution, has been associated with the fatal “Gasping 
Syndrome” in premature infants.  

 Pregnancy Category D. Cladribine is teratogenic in mice and rabbits.  
There are no adequate and well controlled studies in pregnant 
women.  

*Bone marrow suppression,  neurological toxicity, and acute nephrotoxicity are described both in Boxed Warnings 
and Warnings in the Leustatin prescribing information.  
 
2.4 Important Safety Issues with Consideration to Related Drugs 
 
Safety issues included as Boxed Warnings, Warnings, and/or Precautions in the Prescribing 
Information for disease-modifying medications approved for use in relapsing forms of MS are 
summarized below.  
 
Table 3. Safety issues for disease-modifying medications approved for use in relapsing forms of 
multiple sclerosis 
Brand Name Generic Name Safety Issues 

Avonex Interferon beta-1a 

Warnings: 
• Depression and suicide 
• Anaphylaxis (rare) and other allergic reactions 
• Decreased peripheral blood counts in all cell lines, 

including rare pancytopenia and thrombocytopenia 
• Severe hepatic injury (rare), including hepatic failure, 

and asymptomatic transaminase elevation 
• Albumin (a derivative of human blood) in lyophilized 

vials of Avonex carries an extremely remote risk of 
transmission of viral diseases or Creutzfeldt-Jakob 
disease (CJD) 

Precautions:  
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Brand Name Generic Name Safety Issues 
• Seizures – an increased rate of seizures was seen in 

Avonex-treated subjects in 2 placebo-controlled trials 
in MS 

• Cardiomyopathy and congestive heart failure – post-
marketing cases were reported in patients without 
known predisposition to these events 

• Autoimmune disorders – post-marketing cases of 
disorders including idiopathic thrombocytopenia, 
hyper-and hypothyroidism, and autoimmune hepatitis 
have been reported 

 

Betaseron Interferon beta-1b 

Warnings: 
• Depression and suicide 
• Injection site necrosis reported in 4% of patients in 

controlled clinical trials 
• Anaphylaxis (rare) and other allergic reactions 
• Albumin (a derivative of human blood) in lyophilized 

vials of Avonex carries an extremely remote risk of 
transmission of viral diseases or Creutzfeldt-Jakob 
disease (CJD) 

Precautions:  
• Flu-like symptoms  
• Abortifacient potential 

Copaxone Glatiramer acetate 

Warnings and Precautions: 
• Immediate post-injection reaction in about 16% of 

exposed placebo-trial patients (compared to 4% of 
placebo-treated patients) with symptoms that included 
at least two of the following: flushing, chest pain, 
palpitations, anxiety, dyspnea, constriction of the 
throat, and urticaria. These symptoms were generally 
transient and did not require treatment. 

• Chest pain (transient) 
• Lipoatrophy and skin necrosis at injection sites 
• Potential effects on immune response 

Extavia Interferon beta-1b 

Warnings and Precautions: 
• Depression and suicide 
• Injection site necrosis reported in 4% of patients in 

controlled clinical trials 
• Injection site reactions (injection site inflammation, 

pain, hypersensitivity, mass, or edema) in 78% of 
controlled clinical trial subjects 

• Anaphylaxis (rare) and other allergic reactions 
• Flu-like symptoms  
• Leukopenia 
• Hepatic enzyme elevation 
• Laboratory tests – in addition to tests normally required 

for monitoring patients with MS, complete blood count 
and differential white blood cell counts, platelet counts, 
and blood chemistries, including liver function tests are 
recommended at regular intervals. Thyroid function 
tests are recommended every 6 months in patients with 
thyroid dysfunction.  

• Albumin (a derivative of human blood) in lyophilized 
vials of Avonex carries an extremely remote risk of 
transmission of viral diseases or Creutzfeldt-Jakob 
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Brand Name Generic Name Safety Issues 
disease (CJD) 
 

Novantrone Mitoxantrone* 

Boxed Warnings: 
• May only be given into a freely flowing intravenous 

infusion.  Severe injury may occur if there is 
extravasation during administration or if it is given 
subcutaneously, intramuscularly, intra-arterially, or 
intrathecally.  

• Bone marrow suppression, primarily nonlymphocytic 
leukopenia 

• Cardiotoxicity – potentially fatal congestive heart 
failure may occur during or after termination of  
therapy 

• Secondary acute myelogenous leukemia 
Warnings: 

• Safety in patients with hepatic insufficiency has not 
been established 

• May cause fetal harm when given to pregnant women 
 

Rebif Interferon beta-1a 

Warnings: 
• Depression and suicide 
• Severe hepatic injury (rare), including hepatic failure, 

and asymptomatic transaminase elevation 
• Anaphylaxis (rare) and other allergic reactions 
• Albumin (a derivative of human blood) in lyophilized 

vials of Avonex carries an extremely remote risk of 
transmission of viral diseases or Creutzfeldt-Jakob 
disease (CJD) 

Precautions:  
• Seizures – an increased rate of seizures has been seen 

with beta-interferons 
• Leukopenia 
• Worsening thyroid abnormalities 
• Possible abortifacient effects similar to other beta-

interferons 
 

Tysabri Natalizumab 

Boxed Warning: 
• Increased risk of Progressive Multifocal 

Leukoencephalopathy (PML) 
• Available only under a special restricted distribution 

program called the TOUCH Prescribing Program 
Warnings and Precautions: 

• Hypersensitivity reactions (including anaphylaxis) 
occurred at an incidence of <1% . Hypersensitivity 
reactions were more common in patients with 
antibodies to Tysabri. 

• Immune system effects may increase the risk for 
infections.   

• Hepatotoxicity – clinically significant liver injury has 
been reported in the post-marketing setting.  

• Laboratory test abnormalities – Tysabri induces 
increases in circulating lymphocytes, monocytes, 
eosinophils, basophils, and nucleated red blood cells.  

 
Gilenya Fingolimod Warnings and Precautions: 
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Brand Name Generic Name Safety Issues 
• Bradyarrhythmia and atrioventricular blocks following 

the first dose. 
• Dose-dependent reduction in peripheral lymphocyte 

count may increase risk of infections. 
• Macular edema 
• Respiratory Effects – dose-dependent reductions in 

forced expiratory volume over 1 second (FEV1) and 
diffusion lung capacity for carbon monoxide (DLCO) 

• Elevation of liver enzymes 
• Fetal harm  - women of childbearing potential should 

use effective contraception during and for 2 months 
after stopping Gilenya treatment 

• Increase in blood pressure 
 

 
  

2.5 Summary of Presubmission Regulatory Activity Related to Submission 
 
In 1998, a clinical development program evaluating the safety and efficacy of cladribine 
injection in patients with MS was completed under IND , which produced clinical data 
supporting submission of an NDA  

. Studies conducted  included four double-blind, placebo-
controlled studies [2-CdA-MS-SCRIPC (Scripps-C), 2-CdA-MS-Scripp (MS-Scripps), 2-CdA-
MS-001 (MS-001), and 2-CdA-MS-SCRIPB (Scripps-B)], and one open label, uncontrolled 
study [2-CdA-MS-SCRIPA (Scripps-A)].  
 
Between December 1, 1998 and January 22, 1999 FDA performed an inspection to validate two 
clinical studies: 2-CdA-MS-Scripp (MS-Scripps) and 2-CdA-MS-SCRIPC (Scripps-C); 24 of 
102 subject records were audited.  FDA provided a Warning Letter, dated April 30, 1999, 
describing the inspection findings (Appendix Section 9.5). The Agency concluded that Dr. 
Ernest Beutler, the investigator of record, had significantly violated the Federal Food, Drug, and 
Cosmetic Act, FDA regulations governing the study of investigational new drugs, and the 
protection of human research subjects in the following respects: 1) failure to prospectively obtain 
informed consent (21 CFR 312.60 and 21 CFR 50); 2) failure to conduct the investigations in 
accordance with the protocols (21 CFR 312.60); 3) failure to prepare adequate and accurate case 
histories (21 CFR 312.62); and 4) failure to report adverse events to the sponsor [21 CFR 
312.64(b)]. In a Note to Review Division attached to the Warning Letter, The Division of 
Scientific Investigations (DSI) recommended that NDA submission  be analyzed without 
the data from the inspected site.   withdrew NDA  in April 1999. 
 

 transferred  to IVAX Research, Inc. in May 2001. Based on the existing data 
from the phase II and phase III trials in MS with parenteral cladribine, an oral formulation of 
cladribine (tablets) was developed by Merck Serono employing an intermittent dosing regimen. 
A cyclodextrin containing tablet formulation of cladribine was selected based on the results of 
comparative pharmacokinetic evaluation in dogs and a favorable stability profile.  
 
EMD Serono met with the Division of Neuropharmacological Drug Products on November 9, 
2004 to discuss the development of oral cladribine, and the design of the Phase III study for the 
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purpose of supporting registration. EMD Serono proposed that the 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 of treatment of patients with relapsing forms of multiple 
sclerosis  

.  
 
Reviewer note: In discussing the use of clinical study data  to support an NDA for 
cladribine tablets, EMD Serono did not mention the 1999 DSI Warning Letter recommending 
that the data not be used, until the Division cited the Warning Letter in its November 29, 2009 
Refuse to File Letter for NDA 22-561 (see Appendix 9.6 for a copy of the warning letter).  
 
EMD Serono submitted a request for fast track designation on June 30, 2006 based on the ability 
of an oral therapy for MS to meet the criteria for an unmet medical need. A designation as a fast 
track product was granted by the Division on September 1, 2006 for the following reasons:        
1) relapsing forms of multiple sclerosis is a serious and life threatening disease; and 2) patients 
who are needle-phobic will be able to be treated with the oral formulation. 
 
The Phase III randomized, double-blind, three-arm, placebo-controlled, multi-center clinical 
study (Study 25643 or CLARITY) to evaluate the safety and efficacy of cladribine over two 
years in subjects with relapsing-remitting multiple sclerosis (RRMS) was initiated outside of the 
US in March 2005 and in the US in April 2006. The trial randomized 1326 patients, at 155 trial 
centers, in 32 countries and the completion date of the last subject, last visit was November 12, 
2008. The Statistical Analysis Plan was submitted to the IND on November 20, 2008 (Serial No. 
144) and Agency comments were received on January 12, 2009. 
 
Treatment groups into which patients were randomized 1:1:1 included cladribine tablets 5.25 
mg/kg total dose, cladribine tablets 3.5 mg/kg total dose, and placebo. Cladribine tablets were 
administered daily during the first 4 or 5 days per 28-day treatment course for 2 or 4 consecutive 
courses during the first 48 weeks and for 2 consecutive courses at the beginning of the second 48 
weeks to achieve total doses of 3.5 mg/kg cladribine (low dose, LD) and 5.25 mg/kg cladribine 
(high dose, HD). 
 
The primary end point for the CLARITY study was the qualifying relapse rate at the end of 96 
weeks of study. Key secondary end points evaluated included safety, three pre-specified MRI 
end points: mean number of active T1-gadolinium enhancing lesions per subject per scan during 
the 96 weeks of study, mean number of active T2 lesions per subject per scan during the 96 
weeks of study, and mean number of combined unique lesions per subject per scan during the 96 
weeks of study, and also proportion of subjects relapse-free and time to disability progression. 
 
Scripps-C was an 18-month, single-center, randomized, parallel-group, double-blind, placebo 
controlled phase II study designed to evaluate the efficacy and safety of cladribine in subjects 
with relapsing-remitting MS. A total of 52 patients were initially enrolled in the double-blind 
phase, with one patient withdrawn in each of the placebo and cladribine groups after 3 and 4 
months respectively. There were 26 cladribine and 23 placebo patients available for evaluation at 
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12 months.  Patients were treated with up to six 5-day subcutaneous courses of cladribine 
injection (0.07 mg/kg/day parenteral equivalent dose) plus two placebo courses for a total dose 
of 2.1 mg/kg parenteral dose equivalent or matching placebo. 
 
On September 30, 2009, EMD Serono, Inc, submitted a New Drug Application (NDA 22-561) 
for cladribine tablets to FDA for the proposed indication of treatment of patients with relapsing 
forms of multiple sclerosis (MS). EMD Serono received a Refuse to File (RTF) letter for NDA 
22-561 from FDA on November 25, 2009. On January 26, 2010, EMD Serono and the Division 
met to discuss a plan to address the deficiencies outlined in the RTF letter. A plan for 
resubmission of the NDA included the submission of an independent audit to verify the Scripps 
C Study data integrity; the independent audit report was submitted on March 29, 2010.   
 
EMD Serono resubmitted the cladribine NDA on a rolling basis.  Modules 3 and 4 (Quality and 
Preclinical modules) with associated Module 2 sections were submitted on April 28, 2010.  
Modules 1 and 5 with associated Module 2 sections were submitted on May 27, 2010. 
 
2.6 Other Relevant Background Information  
 
For additional information on presubmission regulatory activities, the reader is referred to Dr. 
Jody Green’s clinical review of efficacy.  

3 Ethics and Good Clinical Practices 

See Appendix 9.6 for a copy of the FDA warning letter to Ernest Beutler, M.D., which describes 
concerns related to good clinical practices in the Scripps studies.  

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

 
4.1 Chemistry Manufacturing and Controls 
 
Please refer to the Chemistry review.  
 
4.2 Clinical Microbiology 
 
Not applicable.  
 
4.3 Preclinical Pharmacology/Toxicology 
 
Please refer to the Pharmacology/Toxicology review.  
 
4.4 Clinical Pharmacology 
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For additional information on this topic, the reader is referred to the Clinical Pharmacology 
Review.  Information from Sections 4.4.2 and 4.4.3 come from the proposed Prescribing 
Information provided by EMD Serono.  
 
4.4.1 Mechanism of Action 
 
Cladribine (2-chloro-2′-deoxyadenosine [2-CdA]) is a synthetic chlorinated purine analog of the 
naturally occurring nucleoside deoxyadenosine.2 It differs in structure from the naturally 
occurring nucleoside deoxyadenosine only by the substitution of a chlorine for hydrogen in the 
2-position of the purine ring. This change renders cladribine resistant to deamination by 
adenosine deaminase. Cells with high levels of deoxycytidine kinase (DCK) and low levels of 
deoxynucleotidase (5’NTase) activity (e.g., lymphocytes) phosphorylate cladribine to the 
monophosphate form (CdAMP). Subsequently, CdAMP is further phosphorylated to the active 
CdATP by other kinases. Accumulation of the 5’-triphosphate derivative of cladribine leads to 
numerous effects on the metabolism of susceptible cells, including: 1) in dividing cells, depletion 
of the deoxynucleotide triphosphate pool, resulting in inhibition of DNA synthesis; and 2) in 
resting cells, defective repair of DNA strand breaks and activation of poly (ADP-ribose) 
polymerase, with depletion of nicotinamide adenine dinucleotide and adenosine triphosphate, 
leading to cell death. Therefore, cladribine causes a potent reduction of lymphocyte count due to 
its mechanism of action.  Cladribine affects both resting and proliferating human lymphocytes. 
 
4.4.2 Pharmacodynamics 
 
The relationship between the plasma concentration of cladribine and the efficacy in MS is 
currently not known. The clinical studies of cladribine in subjects with cancer and in subjects 
with MS suggest that the treatment effect, including a reduction in lymphocyte count, depends on 
the total (cumulative) dose administered.  
 
4.4.3 Pharmacokinetics 
 
Cladribine pharmacokinetics were studied following oral and intravenous administration in MS 
patients and patients with malignancies, and in in vitro systems.  
 
Following oral administration of cladribine tablets, cladribine is rapidly absorbed. 
Administration of 10 mg cladribine tablets resulted in a cladribine mean maximum concentration 
(Cmax) in the range of 22 to 29 ng/mL and corresponding mean AUC in the range of 80 to 101 
ng·h/mL (arithmetic means from various studies). Median time of maximum concentration 
(Tmax) was 0.5 h (range 0.5 to 1.5 h). The terminal elimination half-life is approximately 20 
hours.  When administered with a high fat meal, cladribine absorption was delayed (median 
Tmax 1.5 h, range 1 to 3 h) and Cmax was reduced by 29% (based on geometric mean), while 
AUC was unchanged.  The oral bioavailability of 10 mg cladribine tablets was approximately 
40%.  

                                            
2 Beutler E. Cladribine (2-chlorodeoxyadenosine). The Lancet 1992; 340:952-956.  
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5 Sources of Clinical Data 

Unless otherwise noted, this review covers information submitted to NDA 022-561 up to 
November 10, 2010.  
 
5.1 Tables of Studies/Clinical Trials 
 
Sponsor Table 3 from the Integrated Summary of Safety (ISS) lists the completed placebo-
controlled trials included in the Integrated Summary of Safety combined data. Sponsor Table 6 
describes ongoing studies of cladribine tablets in subjects with multiple sclerosis.  
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5.2 Review Strategy 
 
The efficacy of oral cladribine for the treatment of relapsing forms of MS was evaluated by Dr. 
Green.  I evaluated the safety of oral cladribine related to this application.  Safety will be 
presented for Deaths, Serious AEs, Discontinuations due to AEs, AEs of interest, laboratory and 
ECG evaluations, and vital signs   
 
5.3 Discussion of Individual Studies/Clinical Trials 
 
The only completed trial of oral cladribine is the CLARITY Trial.  In the CLARITY Trial, 94 of 
1326 (7.0%) subjects randomized were from the United States.  

6 Review of Efficacy 

The reader is referred to Dr. Green’s review of efficacy. 

7 Review of Safety 

 
7.1 Methods 
 
7.1.1 Studies/Clinical Trials Used to Evaluate Safety 
 
The main completed and ongoing studies used to evaluate safety are listed in Sponsor Tables 3 
and 6 in Section 5.1 of this review.  
 
7.1.2 Categorization of Adverse Events 
 
Definition of Adverse Events across Studies 
 
In the CLARITY trial, an adverse event was defined as any untoward medical occurrence in the 
form of signs, symptoms, abnormal laboratory findings, or diseases that emerged or worsened 
relative to baseline (i.e., present at the initial screening visit) in a subject, regardless of a causal 
relationship and even if no investigational medicinal product had been administered. This same 
definition is being used in the ongoing studies of cladribine tablets in subjects with MS 
(ONWARD, CLARITY Extension, and ORACLE MS). 
 
In the MS-001 trial , an adverse event was defined as any 
noxious or unintended event that occurred in association with the use of the investigational 
agent, whether considered related to the investigational agent or not. This definition 
encompassed symptoms or signs that were reported by the subject or detected by the investigator 
or other competent observer, as well as medically important deviations from normality in the 
results of ancillary investigations. If present at study entry, such adverse events were to have 
been recorded as part of the medical history. 
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In the Scripps-C and MS-Scripps trials, an adverse event was defined as any untoward event or 
medical event, such as intercurrent illness or injury, which occurred during the trial. Treatment-
emergent adverse events were defined as those that had a first occurrence or that increased in 
severity after the start of treatment. The same definition was most likely applied in the Scripps- 
A and Scripps-B trials as well, although no specific definitions were given in the protocol. 
 
Adverse Event Terminology 
 
The adverse events that were reported in the CLARITY trial were coded using MedDRA, 
Version 11.0. This same dictionary is being used to code adverse events for the ongoing trials of 
cladribine tablets in subjects with MS (ONWARD, CLARITY Extension, and ORACLE MS). 
The adverse events for MS-001 and for Scripps-C, MS-Scripps, Scripps-B, and Scripps-A were 
originally coded using WHO Adverse Reactions Terminology (WHOART). To allow pooling of 
adverse event data across the completed, double-blind, placebo-controlled trials, the adverse 
events that were reported in these studies were recoded from the verbatim using MedDRA, 
Version 11.0. 
 
7.1.3 Pooling of Data across Studies/Clinical Trials to Estimate and Compare Incidence 
 
The EMD Serono ISS describes adverse events for the following groups of trials: 

• The CLARITY Trial 
• Completed, double-blind, placebo-controlled trials (pooled adverse event data from 

            CLARITY, Scripps-C, MS-001, MS-Scripps, Scripps-B) 
• Completed uncontrolled trials (pooled data from Scripps-A and from the extensions of 

Scripps-A, Scripps-B, Scripps-C, MS-Scripps, and MS-001) 
•  Ongoing double-blind studies of cladribine tablets (blinded data from 

ONWARD,CLARITY Extension, and ORACLE MS) 
 
7.2 Adequacy of Safety Assessments 
 
Adverse Event Coding 
 
Upon review of the Sponsor’s adverse event coding, there were some adverse events for which 
this reviewer disagreed with Sponsor coding: 

• Scripps A subject  had an SAE with a reported term “Cancerous lesion on R 
anterior ankle” The Sponsor mapped this SAE to a LLT of “Skin Lesion,” which did not 
capture the cancerous nature of the reported term.  After FDA inquiry, the Sponsor re-
mapped this SAE to a Preferred Term “Skin cancer.” 

• MS-Scripps subject  had an adverse event with a reported term “AK REMOVED 
FROM L SIDE OF TRUNK.” The event was coded to the LLT “Keratosis.” However, 
AK is a commonly used abbreviation for Actinic Keratosis, which is a premalignant 
condition that can develop into squamous cell carcinoma. The Sponsor recoded the 
event after FDA inquiry.  
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• ONWARD subject (Mfr Control No. 7017149) had status epilepticus, but the adverse 
event was coded as “Grand Mal Convulsion.”3 After and FDA inquiry, the Sponsor 
recode this adverse event to reflect that this subject had status epilepticus.  

 
Also, this reviewer disagreed with the Sponsor’s categorization of several treatment 
discontinuations (see Section 7.3.2.3.1) 
 
CLARITY Trial Central Laboratory Reference Ranges 
 
Some central laboratory reference ranges used in the CLARITY Trial were wider than reference 
ranges used in other laboratories (see Section 7.4.2).  In categorical analyses, the wider reference 
ranges, in some cases, resulted in fewer subjects qualifying as having toxicity (most often 
CTCAE Grade 1 toxicity). For example, the reference range for CD4 lymphocyte count for the 
CLARITY Trial central laboratory was 210-1546 cells/uL.  According to Drs. Gallant and 
Hoffman at Johns Hopkins Hospital,4 normal adult CD4 count reference ranges vary by 
laboratory; however, ranges are generally within 500-1500 cells/ uL.  Since the CTCAE criterion 
for Grade 1 decrease in CD4 lymphocyte count is a reading between the lower limit of normal 
and 500 cells/uL, the atypical reference range caused no subject to qualify for grade 1 toxicity 
(See Sponsor Table 100). 
 
Reviewer Comment: For some analyses, we will request re-analysis with prespecified reference 
ranges. 
 
CLARITY Trial Eligibility Criteria 
 
The CLARITY Trial Eligibility Criteria are listed below: 
 
Inclusion Criteria 
 
To be eligible for inclusion into this trial, the subjects were to fulfill all of the following criteria 
prior to Trial Day 1: 
• Male or female, between 18 and 65 years of age (inclusive, at time of informed consent) 
• Had definite MS according to the McDonald criteria 
• Had relapsing-remitting disease with one or more relapses within twelve months prior to 
Trial Day 1 
• Must have been clinically stable and not had a relapse within 28 days prior to Trial Day 1 
• Had MRI consistent with MS at the pre-trial evaluation, according to the Fazekas criteria 
• Had an EDSS from 0-5.5, inclusive 
• Weighed between 40-120 kg, inclusive 
• If female, she must have either 
a) been post-menopausal or surgically sterilized; or 
b) used a hormonal contraceptive, intra uterine device, diaphragm with spermicide, or 
condom with spermicide, for the duration of the trial; and 

                                            
3 Report submitted to IND 074634 on October 22, 2010. 
4 Johns Hopkins Point of Care Information Technology. HIV Guide. Accessed at http://www.hopkins-
aids.edu/management/laboratory testing/cd4 cell count.html?contentInstanceId=8279 on November 4, 1010.  

Reference ID: 2885264

Reference ID: 4413345



 29 

c) been neither pregnant nor breast-feeding 
• If male, he must have been willing to use contraception to avoid pregnancies 
• Been willing and able to comply with trial procedures for the duration of the trial 
• Voluntarily provided written informed consent, and for USA sites only, a subject 
authorization under Health Insurance Portability and Accountability Act (HIPAA) 
 
Exclusion Criteria 
 
To be eligible for inclusion in this trial the subjects must have not met any of the following 
criteria: 
• Had Secondary Progressive MS (SPMS) or Primary Progressive MS (PPMS) 
• Had received disease modifying drugs (DMDs) within the last three months prior to Trial 
Day 1 
• Had previously failed treatment with two or more DMDs on the basis of efficacy (could have 
previously failed treatment based on tolerability and/or convenience) 
• Had prior or current history of malignancy 
• Had a history of persistent anemia, leukopenia, neutropenia, or thrombocytopenia after 
immunosuppressive therapy 
• Had platelet and absolute neutrophil counts below the lower limit of normal range within 28 
days prior to Trial Day 1 
• Had significant leukopenia (white blood cell count <0.5 times the lower limit of normal of 
the central laboratory) within 28 days prior to Trial Day 1 
• Had received cladribine, mitoxantrone, total lymphoid irradiation, myelosuppressive therapy, 
campath-1h, cyclophosphamide, azathioprine, methotrexate or natalizumab 
• Had received cytokine or anti-cytokine therapy, intravenous immunoglobulin (IVIG) or 
plasmapheresis within three months prior to Trial Day 1 
• Had received oral or systemic corticosteroids or adrenocorticotropic hormone within 28 days 
prior to Trial Day 1 
• Used any investigational drug or experimental procedure within six months prior to Trial 
Day 1 
• Had systemic disease that, in the opinion of the Investigator, might interfere with subject 
safety, compliance or evaluation of the condition under trial (e.g. insulin-dependent diabetes, 
Lyme disease, clinically significant cardiac, hepatic, or renal disease, Human 
Immunodeficiency Virus, or Human T-Cell Lymphotrophic Virus Type-1) 
• Had compromised immune function or infection 
• Had a psychiatric disorder that, in the opinion of the Investigator, was unstable or would 
preclude safe participation in the trial 
• Had an allergy or hypersensitivity to gadolinium, to cladribine or any of its excipients 
 
7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of Target 
Populations 
 
The exposure to cladribine in subjects with MS meets the minimum ICH guidance (minimum 
1500 total, 300 subjects for 6 months, and 100 subjects for one year at clinically relevant doses). 
The pool of subjects from completed placebo-controlled trials of (oral or parenteral) cladribine 
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for treatment of multiple sclerosis included 1587 subjects. The median duration of follow-up for 
1326 subjects in the CLARITY Trial was 1.8 years, with dosing at weeks 2, 5, 9, 13, 48, and 52.     
 
Nucleoside analogs have the potential to cause late occurring effects.  Limited systematically 
collected information is available on the effects of cladribine beyond drug discontinuation. 
Patients were typically followed for 30-days post study completion. 
Reviewer Note: In the CLARITY Trial, 56.5% of subjects continued to have lymphocyte counts 
<1.0 x 109/L at last assessment. An additional 30 days of follow-up post-study is not, in itself, 
adequate time to document resolution of lymphopenia for many of these subjects. Also, the 
follow-up of 30 days post-study is not adequate for documenting long-term risks such as 
malignancies.  
 
 Any deaths or SAEs that occurred were reported in the NDA. Some of the MS trials have/had 
long term safety extensions. EMD Serono has started a long-term follow-up observational safety 
registry called PREMIERE, which will assess risks of cladribine in subjects who participated in 
five EMD Serono cladribine clinical trials.5   
 
The available data for subjects in the U.S. treated with oral cladribine is relatively small.  In the 
CLARITY trial, 94 of the 1326 patients (7%) were from the US and that the majority of patients 
were from Eastern Europe.  Demographic characteristics including median age, age range, and 
mean EDSS scores were comparable between CLARITY patients in the US and worldwide, 
although clarity subjects in the US had a higher percentage of females (81.7%) compared to 
CLARITY subjects worldwide (66-69%) and to US placebo-treated CLARITY subjects.   
Differences in adverse event reporting by location are discussed in Section 7.5.3.1. 
 
The demographic characteristics of the subjects who participated in the CLARITY trial were 
consistent with those in other applications for MS.  In the CLARITY trial. mean age was 
approximately 38 years.  Approximately 68% of patients were female, and approximately 98% 
of subjects were white.  Mean weight was approximately 70kg.   No significant differences were 
observed among the treatment groups in these demographic characteristics.  The mean EDSS 
score was approximately 2.9 and was similar across the treatment groups.  More than 99% had 
not received treatment in the last 3 months prior to Study Day 1.  Demographics in the 
CLARITY trial reflected the characteristics in the placebo-controlled trials in general, in which 
the cladribine-treated subjects were aged 18-65 y.o. (mean 39.4 years, median 40 years, and 
approximately evenly distributed between <40 y.o. and > 40 y.o.), approximately 2/3 female, and 
predominately white.   
 
 
7.2.2 Explorations for Dose Response 
 
Please refer to the review of efficacy for explorations of dose-response with respect to efficacy.  
Analyses of safety stratified by cumulative cladribine dose were performed and are discussed in 
this review. 
 

                                            
5 Section 2.2 of the Safety Risk Management Plan  
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7.2.3 Special Animal and/or In Vitro Testing 
 
Please refer to the pharmacology toxicology review. 
 
7.2.4 Routine Clinical Testing 
 
CLARITY Trial 
 
In the CLARITY Trial, clinical laboratory tests, including chemistry, hematology and urinalysis 
were performed by a central laboratory at every visit except for visits at Weeks 2, 55, 66 and 78 
when only hematology analysis were performed. 
As part of safety monitoring, the following clinical laboratory parameters were analysed at a 
central laboratory, using standard methods. 
• Hematology: CBC with differential, platelets, absolute neutrophil count (ANC), absolute 
lymphocyte count (ALC), absolute monocyte count (AMC), microscopy 
• Chemistry: sodium, potassium, calcium, uric acid, blood urea nitrogen, creatinine, bilirubin 
total, total protein, albumin, AST, ALT, alkaline phosphatase, creatine kinase, and glucose 
(random) 
• Urinalysis: protein, glucose, ketones, pH and blood 
In a subset of subjects, lymphocyte surface markers (CD3, CD19, CD4, CD8, CD4/CD8 ratio, 
CD16 plus 56, CD45RA and CD45RO) were assessed at Trial Day 1 and at Weeks 5, 9, 13, 16, 
24, 44, 48, 52, 72, and 96. 
 
7.2.5 Metabolic, Clearance, and Interaction Workup 
 
Please see the clinical pharmacology review.  
 
7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 
 
See Section 2.4 for a description of safety issues for disease-modifying medications approved for 
use in relapsing forms of multiple sclerosis. 
 
7.3 Major Safety Results 
 
7.3.1 Deaths 
 
7.3.1.1 Clinical Pharmacology Studies 
 
7.3.1.1.1 Clinical Pharmacology Studies in Subjects with Multiple Sclerosis 
 
No deaths were reported among the 105 subjects with MS who participated in the 6 clinical 
pharmacology studies of oral cladribine. Cumulative doses in these studies ranged from an oral 
cladribine equivalent of 3 mg to 35.5 mg; doses were not adjusted to subject weight.  
 
7.3.1.1.2 Clinical Pharmacology Studies in Subjects with Malignancies 
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Reviewer Note: For 2 supportive clinical pharmacology studies of cladribine in subjects with 
hematologic malignancies [(Study 6226) and in the subjects with solid tumors (Study 6414), 
subject narratives with sufficient information6 were not submitted.  Detailed information on 
patient course, including laboratory values, were not available, despite Sponsor efforts after 
FDA inquiry.7   
 
Ten deaths, either during the studies or shortly after discontinuation from the studies, were 
reported among the 61 subjects (16.4%) who were treated with cladribine in the 2 supportive 
clinical pharmacology studies of cladribine in subjects with hematologic malignancies (Study 
6226) and in the subjects with solid tumors (Study 6414).  
 
Deaths in clinical pharmacology studies in subjects with malignancies are summarized in Table 
4.  Cause of death in this table was provided by EMD Serono. No additional information on 
patient course or laboratory data was available, so a reviewer’s assessment of the cause of death 
for these subjects could not be performed.  
 
 

                                            
6  Information to be included in patient narratives was specified at the pre-NDA meeting between FDA and the 
Sponsor on May 9, 2009.   
7 The last Sponsor response regarding FDA requests for additional information regarding Studies 6226 and 6414 
was submitted to NDA 022561 on July 2, 2010.  
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Table 4. Deaths in Subjects with Malignancies 
 

 

Study 
No.  

Cladribine 
Dose (mg/m2) 
[Course No.] 

Diagnosis Day of 
Death1

 

 Cause and Comment  

4.0 [2] Acute myeloid 
leukemia 9 

Death was due to PD and Clostridium 
sepsis. Neutrophil count was similar at the 
beginning of treatment and at the time of 
death (<1000/µL), but platelet count had 
decreased for ≥50,0000/µL to <50,000/µL.  

6.0 [2] Acute myeloid 
leukemia 28 Cause of death was leukemia.  

12.5 [1] Acute myeloid 
leukemia 20 

Death was related to PD and Candida 
sepsis. Before cladribine treatment and at 
the time of death, the subject’s neutrophil 
count was <1000/µL and the platelet count 
was <50,000/µL.  

15.0 [1] 
Chronic 

lymphocytic 
leukemia 

20 

After first course of therapy, subject had 
mild tumor lysis syndrome and 
thrombocytopenia (3000-13,000/µL) that 
was refractory to platelet infusions. Cause 
of death was Staphylococcus aureus 
infection and bleeding. Neutrophil count 
(≥1000/µL) and platelet count (50,000/µL) 
were similar at the beginning of treatment 
and at the time of death.  

18.0 [1] Waldenström’s 
macroglobulinemia 14 

Death was related to PD and Stomatococcus 
mucilaginosus sepsis. At the beginning of 
treatment and at the time of death, the 
subject’s neutrophil count was <1000/µL 
and the platelet count was <50,000/µL.  

18.0 [1] 
Chronic 

myelogenous 
leukemia 

31 

Death was related to PD, Escherichia coli 
sepsis, and possible fungal infection. 
Decreases from pretreatment were observed 
in neutrophil count (from ≥1000/µL to 
<1000/µL) and platelet count (from 
≥50,000/µL to <50,000/µL) were noted at 
the time of death.  

6226 

18.0 [2] Non-Hodgkin’s 
leukemia NR 

Death was due to progressive respiratory 
failure from pulmonary aspergillosis with 
lymphoma infiltrating into the lung and 
renal failure due to amphotericin treatment. 
Before cladribine treatment and at the time 
of death, the subject’s neutrophil count was 
<1000/µL and the platelet count was 
<50,000/µL.  
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1 Day of death after starting cladribine.  
DIC = disseminated intravascular coagulation, NR = not recorded, PD = progression of disease 
 

7.3.1.2 Efficacy/Safety Studies 
 
7.3.1.2.1 Completed Placebo-Controlled Trials 
 
7.3.1.2.1.1 Placebo-Controlled Trial of Cladribine Tablets (CLARITY) 
 
A total of 6 deaths (4 among cladribine-treated subjects and 2 among placebo-treated subjects) 
were reported among the 1326 subjects who participated in the CLARITY trial.  Two of 456 
(4.4%) subjects treated with cladribine 5.25 mg/kg died, 2 of 433 (4.6%) subjects treated with 
cladribine 3.5 mg/kg died, and 2 of 437 (4.6%) subjects treated with placebo died.  Deaths in the 
CLARITY study and this reviewer’s interpretation of the relationship to study drug are 
summarized in the following tables.  
 
Table 5. Deaths in the CLARITY Trial 
Randomized 
Treatment 

Group 
Subject 
Number 

Days on 
Treatment 
at start of 

AE1 

Days from 
Treatment 

Start to 
Death2 

Total 
Cladribine 

Dose 
Cause of 

Death 
Relationship 

to Study 
Treatment* 

5 192 0.875 mg/kg Tuberculosis Likely related Cladribine 5.25 
mg/kg 90 90 1.75 mg/kg Drowning Unlikely 

related 
363 605 

 
1.75 mg/kg Pancreatic 

carcinoma 
metastatic 

Likely related Cladribine 3.5 
mg/kg 

315 315 3.5 mg/kg Myocardial 
infarction 

Cannot rule out 
if related 

Placebo 126 128 0 Completed Not on 

 

Study 
No.  

Cladribine 
Dose (mg/m2) 
[Course No.]  Diagnosis  

Day of 
Death1  Cause and Comment  

 

21.5 [1] 
Chronic 

myelomonocytic 
leukemia 

19 

Subject was withdrawn from the study after 
the first cladribine dose because of 
pulmonary infiltrates. Cultures did not 
confirm infection. The death was due to 
deteriorating pulmonary status, which was 
considered to be secondary to either 
infection or leukemic infiltrates.  

4.0 [1] Pancreatic cancer 12 
Cancer progressed rapidly, and subject 
developed DIC during first treatment 
course. Death was related to DIC and to 
cancer.  

6414 

NR [1] Non-small cell 
lung cancer 26 Death was related to PD.  
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Randomized 
Treatment 

Group 
Subject 
Number 

Days on 
Treatment 
at start of 

AE1 

Days from 
Treatment 

Start to 
Death2 

Total 
Cladribine 

Dose 
Cause of 

Death 
Relationship 

to Study 
Treatment* 

suicide cladribine 
327 327 0 Hemorrhagic 

stroke 
Not on 
cladribine 

1 Days on treatment at the beginning of the adverse event was calculated as minimum (adverse event start date, last 
dose date) - 
first dose date + 1. 
AE=Adverse Event 
2 Days from treatment start to death was calculated as date of death – first dose date +1. 
Sources: Narratives and CRFs, EMD Serono ISS Table 68, CLARITY Clinical Trial Report, Table 25643-45, 
Appendix 16.2.7, AE listing 
*Attribution to study drug as per FDA reviewer. 
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Table 6. Brief narratives of deaths in the CLARITY Trial 

Randomized 
Treatment 

Group 
Subject 
Number 

Age  
Sex 

Country  
Cause of 

Death Comment 

Cladribine 
5.25 mg/kg 

 21 F 
Tunisia 

Tuberculosis 

Subject had not previously been treated with disease-
modifying drugs for MS.  Previous medication history 
included treatment with high-dose steroids for MS 
relapse.  Medical hx other than MS significant for only 
gastritis.  Other medications included oral contraceptives 
(per ISS) as well as famotidine, baclofen, and tocopherol 
(per CIOMS).8  Subject received one course of cladribine 
from .  On  she had 
fever and myalgia. Lab values on  included 
platelets 44 x 103/uL (nl 150-450 x10 /uL), RBC 3.23 
x106/uL (nl 4.0-5.5 x106/uL), WBC 3.6 x103/uL  (nl 4.0-
10.0 x103/uL .  She was hospitalized and treated with 
cefotaxime.  On  lab values included WBC 2.6 
x103/uL, absolute neutrophil count 500/uL (nl 2000-
7000/uL), and lymphocytes 1800/uL (nl 1500-4000)/uL.  
Thrombocytopenia required platelet transfusion. On 

 she was discharged. On  lab values 
included platelets 74x103/uL, WBC 1.3 x103/uL, 
absolute neutrophil count 600/uL, and lymphocytes 
600/uL.   She had persistent fever until , 
when she was hospitalized for fever, wasting, and 
shortness of breath, and pancytopenia.  Bone marrow 
biopsy on  showed a myelodysplastic syndrome.  
On  labs included platelets 85 x 103/uL,  absolute 
neutrophil count of 1400/uL, and lymphocytes 300/uL,  
On  she developed sudden dyspnea 
followed 30 minutes later by cardiorespiratory arrest and 
death.   
 
The Sponsor was unable to obtain a copy of the subject’s 
autopsy report.  A report from the Tunisian National 
Centre of Pharmacovigilance, which was based on 
verbal communication only, concluded that the 
subject’s death may have been caused by tuberculosis 
that was probably present in latent form as it is common 
in endemic regions such as Tunisia.  The narrative in the 
study report states that the chronic pathological nature of 
lesions in the liver and lungs suggested that the 
tuberculosis was longstanding and likely present in latent 
form.     Reviewer Comment: It appears that this 
subject’s tuberculosis was not recognized prior to her 
death.  The Sponsor refers to this as a likely case of 
latent tuberculosis reactivation, but no testing prior to 
cladribine treatment was discussed.  The sponsor was 
not able to obtain a copy of the autopsy report. In the 
opinion of this reviewer, it is not possible for the 

                                            
8 A summary report regarding CLARITY Subject  was submitted to IND 074634 on February 25, 2006.  
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Randomized 
Treatment 

Group 
Subject 
Number 

Age  
Sex 

Country  
Cause of 

Death Comment 

Sponsor to conclude that there was reactivation of latent 
tuberculosis, as opposed to infection after cladribine 
treatment, in this subject. A narrative and link to CRF is 
located on page 1248 of the CLARITY study report. 

 

40 M  
Croatia Drowning 

The subject drowned in the sea 90 days after first 
cladribine dose. No MS relapse was recorded prior to 
death.  A narrative and link to CRF is located on page 
1251 of the CLARITY study report. 

61 F 
Serbia 

Pancreatic 
carcinoma 
metastatic 

Subject had no known risk factors for pancreatic cancer.  
Cladribine treatment started .  In , 
she developed constipation, nausea, vomiting, and 
weight loss. Abdominal ultrasound in  showed 
a malignant head and trunk tumor of the pancreas.  MRI 
showed infiltration of the retropancreatic fat, infiltration 
of the regional blood vessels, and a large number of 
focal liver lesions.  She underwent two courses of 
cytostatic therapy.  She died on  as a result 
of the metastatic pancreatic cancer.  A narrative and link 
to CRF is located on page 1252 of the CLARITY study 
report. Cladribine 

3.5 mg/kg 

41 M  
Czech 

Republic 

Acute 
myocardial 
infarction 

The subject had a history of Type 2 Diabetes Mellitus 
(diagnosed  and treated with gliclazide), 
obesity (115.7 kg), and tobacco use. His first dose of 
cladribine was .  He collapsed at a train 
station and died on .  Autopsy report 
showed “severe sclerotic involvement of the coronary 
arteries, thrombotic occlusion of the front-interchamber 
left coronary artery and right coronary artery, with 
chronic aneurysm of the front left heart chamber wall, 
with signs of long-term congestions in the major and 
minor blood circuit.”  A narrative and link to CRF is 
located on page 1254 of the CLARITY study report. 

37 F 
Germany Suicide 

Subject had a history of depression, treated with 
Cipramil and trimipramine.  First cladribine dose was on 

.  No adverse event documenting worsening 
of depression was recorded. One month after completing 
her fourth dose of cladribine on , the 
subject jumped in front of a train and died.  A narrative 
and link to CRF is located on page 1255 of the CLARITY 
study report. Placebo 

39 F 
Russia 

Haemorrhagic 
stroke 

Subject had a history of hypertension  
with a baseline blood pressure of 145/90 mm/Hg. 

She did not use tobacco.  She received her first placebo 
dose on .  She died of a hemorrhagic stroke 
on .  A narrative and link to CRF is 
located on page 1256 of the CLARITY study report. 

Source: Narratives and CRFs
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7.3.1.2.1.2 All Completed Placebo-Controlled Trials of Cladribine 
 
A total of 7 deaths (5 among cladribine-treated subjects and 2 among placebo-treated subjects) 
were reported among the 1587 subjects who participated in the completed placebo-controlled 
trials. The frequency of death was 0.5% (5 out of 1073) among the cladribine-treated subjects 
and 0.4% (2 out of 514) among the placebo-treated subjects.  Six of the seven deaths during 
completed placebo-controlled trials occurred in the CLARITY trial. Deaths during completed 
placebo-controlled trials and this reviewer’s interpretation of the relationship to study drug are 
summarized in the following tables.  
 
 
Table 7. Deaths during Controlled Phases of Completed Placebo-Controlled Trials 
Randomized 
Treatment 

Group 
Subject 
Number 

Days on 
Treatment 
at start of 

AE1 

Days from 
Treatment 

Start to 
Death2 

Total 
Cladribine 

Dose 
Cause of 

Death 
Relationship 

to Study 
Treatment* 

CLARITY Trial 
5 192 0.875 mg/kg Tuberculosis Likely related Cladribine 5.25 

mg/kg 90 90 1.75 mg/kg Drowning Unlikely 
related 

363 605 
 

1.75 mg/kg Pancreatic 
carcinoma 
metastatic 

Likely related Cladribine 3.5 
mg/kg 

315 315 3.5 mg/kg Myocardial 
infarction 

Cannot rule out 
if related 

126 128 0 Completed 
suicide 

Not on 
cladribine 

Placebo 

327 327 0 Hemorrhagic 
stroke 

Not on 
cladribine 

MS-Scripps  
Cladribine 
2.8 mg/kg 
7-day 
continuous i.v. 
infusion3 

40 49 1.4 mg/kg total 
parenteral 
dose4 

 

Fulminant 
Hepatitis B 

Likely related 

1 Days on treatment at the beginning of the adverse event was calculated as minimum (adverse event start date, last 
dose date) - 
first dose date + 1. 
AE=Adverse Event 
2 Days from treatment start to death was calculated as date of death – first dose date +1. 
3This parenteral dose is equivalent to a 7.0 mg/kg oral dose. 
4 This parenteral dose is equivalent to a 3.5 mg/kg oral dose.  
*Attribution to study drug as per FDA reviewer. 
Sources: Narratives and CRFs, EMD Serono ISS Table 68, CLARITY Clinical Trial Report, Table 25643-45, Appendix 16.2.7, 
AE listing 
*Attribution to study drug as per FDA reviewer. 
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Table 8. Brief Narratives of Deaths during Completed Placebo-Controlled Trials 

Randomized 
Treatment 

Group 
Subject 
Number 

Age  
Sex 

Country  
Cause of 

Death Comment 

CLARITY Trial 

Cladribine 
5.25 mg/kg  21 F 

Tunisia 
Tuberculosis 

Subject had not previously been treated with disease-
modifying drugs for MS.  Previous medication history 
included treatment with high-dose steroids for MS 
relapse.  Medical hx other than MS significant for only 
gastritis.  Other medications included oral 
contraceptives (per ISS) as well as famotidine, 
baclofen, and tocopherol (per CIOMS).9  Subject 
received one course of cladribine from  

.  On  she had fever and 
myalgia. Lab values on  included platelets 44 x 
103/uL (nl 150-450 x103/uL), RBC 3.23 x106/uL (nl 
4.0-5.5 x106/uL), WBC 3.6 x103/uL  (nl 4.0-10.0 
x103/uL .  She was hospitalized and treated with 
cefotaxime.  On  lab values included WBC 2.6 
x103/uL, absolute neutrophil count 500/uL (nl 2000-
7000/uL), and lymphocytes 1800/uL (nl 1500-
4000)/uL.  Thrombocytopenia required platelet 
transfusion. On  she was discharged. On 

 lab values included platelets 74x103/uL, WBC 
1.3 x103/uL, absolute neutrophil count 600/uL, and 
lymphocytes 600/uL.   She had persistent fever until 

 when she was hospitalized for fever, 
wasting, and shortness of breath, and pancytopenia.  
Bone marrow biopsy on  showed a 
myelodysplastic syndrome.  On 6 labs included 
platelets 85 x 103/uL,  absolute neutrophil count of 
1400/uL, and lymphocytes 300/uL,  On  
she developed sudden dyspnea followed 30 minutes 
later by cardiorespiratory arrest and death.   
 
The Sponsor was unable to obtain a copy of the 
subject’s autopsy report.  A report from the Tunisian 
National Centre of Pharmacovigilance, which was 
based on verbal communication only, concluded that 
the subject’s death may have been caused by 
tuberculosis that was probably present in latent form as 
it is common in endemic regions such as Tunisia.  The 
narrative in the study report states that the chronic 
pathological nature of lesions in the liver and lungs 
suggested that the tuberculosis was longstanding and 

                                            
9 A summary report regarding CLARITY Subject  was submitted to IND 074634 on February 25, 2006.  
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Randomized 
Treatment 

Group 
Subject 
Number 

Age  
Sex 

Country  
Cause of 

Death Comment 

likely present in latent form.     Reviewer Comment: It 
appears that this subject’s tuberculosis was not 
recognized prior to her death.  The Sponsor refers to 
this as a likely case of latent tuberculosis reactivation, 
but no testing prior to cladribine treatment was 
discussed.  The sponsor was not able to obtain a copy 
of the autopsy report. In the opinion of this reviewer, it 
is not possible for the Sponsor to conclude that there 
was reactivation of latent tuberculosis, as opposed to 
infection after cladribine treatment, in this subject. A 
narrative and link to CRF is located on page 1248 of 
the CLARITY study report. 

40 M  
Croatia Drowning 

The subject drowned in the sea 90 days after first 
cladribine dose. No MS relapse was recorded prior to 
death.  A narrative and link to CRF is located on page 
1251 of the CLARITY study report. 

61 F 
Serbia 

Pancreatic 
carcinoma 
metastatic 

Subject had no known risk factors for pancreatic 
cancer.  Cladribine treatment started .  In 

 she developed constipation, nausea, 
vomiting, and weight loss. Abdominal ultrasound in 

 showed a malignant head and trunk tumor of 
the pancreas.  MRI showed infiltration of the 
retropancreatic fat, infiltration of the regional blood 
vessels, and a large number of focal liver lesions.  She 
underwent two courses of cytostatic therapy.  She died 
on  as a result of the metastatic pancreatic 
cancer.  Cladribine is an antimetabolite drug which 
interferes with DNA repair.  In placebo-controlled 
trials, an excess of malignancy cases was seen with 
cladribine-treated subjects as compared to placebo-
treated subjects.  Thus, the reviewer’s assessment is 
that cladribine treatment likely had a relationship to this 
subject’s death. A narrative and link to CRF is located 
on page 1252 of the CLARITY study report. 

Cladribine 
3.5 mg/kg 

41 M  
Czech 

Republic 

Acute 
myocardial 
infarction 

The subject had a history of Type 2 Diabetes Mellitus 
(diagnosed  and treated with gliclazide), 
obesity (115.7 kg), and tobacco use. His first dose of 
cladribine was .  He collapsed at a train 
station and died on .  Autopsy report 
showed “severe sclerotic involvement of the coronary 
arteries, thrombotic occlusion of the front-interchamber 
left coronary artery and right coronary artery, with 
chronic aneurysm of the front left heart chamber wall, 
with signs of long-term congestions in the major and 
minor blood circuit.”  A narrative and link to CRF is 
located on page 1254 of the CLARITY study report. 
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Randomized 
Treatment 

Group 
Subject 
Number 

Age  
Sex 

Country  
Cause of 

Death Comment 

 

37 F 
Germany Suicide 

Subject had a history of depression, treated with 
Cipramil and trimipramine.  First cladribine dose was 
on .  No adverse event documenting 
worsening of depression was recorded. One month after 
completing her fourth dose of cladribine on  

, the subject jumped in front of a train and died.  A 
narrative and link to CRF is located on page 1255 of 
the CLARITY study report. 

39 F 
Russia 

Haemorrhagic 
stroke 

Subject had a history of hypertension  
 with a baseline blood pressure of 145/90 mm/Hg. 

She did not use tobacco.  She received her first 
cladribine dose on .  She died of a 
hemorrhagic stroke on .  A narrative and 
link to CRF is located on page 1256 of the CLARITY 
study report. Placebo 

39 F 
Russia 

Haemorrhagic 
stroke 

Subject had a history of hypertension  
 with a baseline blood pressure of 145/90 mm/Hg. 

She did not use tobacco.  She received her first 
cladribine dose on .  She died of a 
hemorrhagic stroke on .  A narrative and 
link to CRF is located on page 1256 of the CLARITY 
study report. 

 
 

MS Scripps Study 
 
 

 
Cladribine 
2.8 mg/kg 
7-day 
continuous 
i.v. 
infusion1 

43 F 
USA 

Fulminant 
Hepatitis B 

The subject had tested negative for Hepatitis B at study 
entry. She experienced urinary incontinence and 
asthenia on Study Day 40. Hepatitis B was diagnosed 
on Day 43, and hepatic failure occurred on Day 44. She 
was neutropenic on Day 45 with a neutrophil count of 
350 /µL. On Days 47 and 48 she required packed 
RBCs, Vitamin K and fresh frozen plasma to treat her 
coagulopathy, gastrointestinal bleeding, and 
hypovolemia. On Day 49 the subject died. Cladribine 
was likely related to this subject’s death, as bone 
marrow suppression related to Cladribine treatment 
likely reduced her immune response to this infection. A 
brief narrative of this case is located on page 64 of the 
MS-Scripps Study report. 

1 This parenteral dose is equivalent to a 7.0 mg/kg oral dose. 
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7.3.1.2.2 Completed Uncontrolled Trials 
 
Seven deaths (6 among cladribine-treated subjects and 1 among placebo-treated subjects) were 
reported among the 260 subjects who participated in the completed uncontrolled extension phase 
trials. The frequency of death was 2.7% (6 out of 222) among the cladribine-treated subjects and 
2.6% (1 out of 38) among the placebo-treated subjects who entered the extension phase of the 
studies for follow-up.  Deaths during completed uncontrolled extension phase trials and this 
reviewer’s interpretation of the relationship to study drug are summarized in the following tables.  
Limited information was available on the deaths of some subjects.  
 
Table 9. Deaths during Completed Uncontrolled Extension Phase Trials  

Study 
Subject 
Number 
Sex/Age 

Total 
Cladribine 

Dose1 

Time in 
Follow-Up 

(Years)2 
Cause of Death 

Relationship 
to Study 

Treatment* 
Scripps A  

M/44 y 
Cladribine 
4.5 mg/kg 3.6 Cardiac arrest Cannot rule out if 

related 

Scripps-C  
M/47 y 

Cladribine 
2.8 mg/kg 0.2 Myocardial 

infarction 
Cannot rule out if 

related 
 

F/39 y 
Cladribine 
7.0 mg/kg 0.9 Suicide Cannot rule out if 

related 

 
F/45 y 

Cladribine 
3.5 mg/kg 3.1 

Respiratory 
depression  

(choked on food) 
Unlikely MS-Scripps 

 
F/28 y 

Cladribine 
7.0 mg/kg 2.8 

Accidental 
drowning due to 

head injury 
Unlikely 

 
M/35 y 

Cladribine 
5.3 mg/kg 2.5 

Cause unknown 
(possible 

drowning) 

Cannot rule out if 
related MS-001 

 
F/45 y 

Placebo 
0 mg/kg 3.4 Cause unknown Did not receive 

cladribine. 
1 From ISS database: All doses for subjects listed in this table were delivered parenterally. Total oral cladribine dose 
equivalent  
 was calculated based on limited derived study data received . 
2 From ISS database: Total time on Study = (last visit date - first dose date + 1) 
*Attribution to study drug as per FDA reviewer. 
Sources: Narratives and CRFs. EMD Serono ISS Table 70.  
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Table 10. Brief Narratives of Deaths during Completed Uncontrolled Extension Phase Trials 

Study 
Total 

Cladribine 
Dose1 

Subject 
Number 

Age 
Sex 

Country 

Cause of 
Death Comment 

Scripps A 4.5 mg/kg 44 M 
USA 

Cardiac 
arrest 

Subject received open label IV cladribine.  
First course was given .  
He had grade 4 lymphopenia in  

.  He experienced an MS relapse on  
  He withdrew from the study on  
  Between  

 (three years after treatment) , he was 
hospitalized five times for exacerbation of MS 
after which he died from cardiac arrest on 
Study Day 1310. During those hospitalizations, 
he was diagnosed with pyelonephritis, anemia, 
clonus, sepsis, C. difficile diarrhea, 
intravascular hemolysis, severe 
depression, and increased respiratory distress 
for which he required intubation. A fatal 
cardiac arrest occurred on .  
Laboratory results for this subject were not 
available beyond  were not 
available, so it is not possible to confirm or 
rule out a contribution of cladribine-related 
bone marrow suppression to this subject’s 
death.    A narrative and link to the CRF is 
located on page 78 of the Scripps A study 
report.  

Scripps-C 2.75 mg/kg 47 M 
USA 

Myocardial 
infarction 

History of tobacco use and total cholesterol > 
200 mg/dL at baseline. Laboratory results 
during his third cycle were within normal 
limits except for a low total lymphocyte count 
(0.98 x 109/L) and a cholesterol level of 255 
mg/dL. Four days after this last day of 
treatment, he died from a massive myocardial 
infarction. A narrative is located on page 79 of 
the  ISS.  

7.0 mg/kg 39 F 
USA Suicide 

Developed aplastic anemia after her fourth 
course of cladribine.  Hematologic parameters 
improved as of Study Day 315. History of  
repeated suicide attempts.  Completed suicide 
in Year 3 approximately 17 months after her 
last course of treatment.  A narrative is located 
on page 68 of Appendix G of the MS-Scripps 
Extension report.  

MS-
Scripps 

3.5 mg/kg 45 F 
USA 

Respiratory 
depression 
(choked on 

food) 

Two years after her last course of treatment, 
she died from choking on food. She had known 
respiratory muscle weakness at that time as a 
complication of MS. A narrative is located on 
page 79 of the   ISS. 
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Study 
Total 

Cladribine 
Dose1 

Subject 
Number 

Age 
Sex 

Country 

Cause of 
Death Comment 

 

7.0 mg/kg 28 F 
USA 

Accidental 
drowning 

due to head 
injury 

Three years after study treatment, she drowned 
from a head injury that occurred in the 
whirlpool. The investigator considered the 
drowning to be of unlikely relationship to 
study drug. A narrative is located on page 79 
of the   ISS. 

5.3 mg/kg 35 M 
USA 

Cause 
unknown 
(possible 

drowning) 

During the follow-up extension phase, he 
continually experienced MS aggravated 
problems such as increased fatigue, decreased 
vision, reduced balance, and reduced hand 
function. Approximately one year after his last 
course of double-blind treatment, he was found 
dead in the bathtub. The initial explanation for 
his death was drowning due to a possible 
seizure, cardiac dysrhythmia, or suicide. A 
narrative is located on page 79 of the  
ISS. Narrative and link to CRF are located on 
page 2 of Appendix H of the EMD Serono ISS. 

MS-001 

Placebo  
0 mg/kg 

45 F 
USA 

Cause 
unknown 

Treatment with placebo started .  
 subject was found dead at home 

of unknown causes.  Narrative and link to CRF 
are located on page 55 of Appendix H of the 
EMD Serono ISS.  

 
ISS = Integrated Summary of Safety 
1 From ISS database: All doses for subjects listed in this table were delivered parenterally. Total oral cladribine dose 
equivalent was calculated based on limited derived study data received . 
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7.3.1.2.3 Ongoing Trials of Cladribine Tablets 
 
7.3.1.2.3.1 Subjects Receiving Study Drug (Cladribine or Placebo) in the 
Ongoing Studies 
 

As of 14 Dec 2009, 3 deaths had been reported among the 797 subjects (0.4%) with RRMS 
who had received treatment with cladribine or placebo in the CLARITY Extension trial. Deaths 
during the CLARITY Extension trial and this reviewer’s interpretation of the relationship to 
study drug are summarized in the following tables. 
 
Table 11. Deaths during the CLARITY Extension Trial 
Randomized 
Treatment 
Group1 

Subject 
Number 

Total 
Cladribine 
Dose2 

Cause of Death Relationship 
to Study 
Treatment 

Cladribine/Placebo 5.25 mg/kg Traumatic subdural 
hematoma Unlikely 

Cladribine/Placebo 3.5 mg/kg Drowning Unlikely 
Cladribine/Placebo 3.5 mg/kg Exact cause 

unknown – likely 
infection  

Cannot rule out 
if related  

1 Treatment group in the CLARITY trial/treatment group in CLARITY Extension 
2 Includes prior exposure to cladribine in the CLARITY trial. 
Source: Narratives and CRFs,; Sponsor Table 71; Appendix E2, Listing O2b 
 
 
Table 12. Brief Narratives of Deaths during the CLARITY Extension Trial 

Subject 
Number 

Total 
Cladribine 

Dose1 
Age 
Sex 

Cause of 
Death Comment 

5.25 mg/kg 66 M 
Traumatic 
subdural 

hematoma 

Past medical history included hypertension  
hypothyroidism  decreased hearing  

, and decreased mentation   On  
 his blood pressure was 130/90.Hemoglobin 

and platelet count were normal on . On  
 he fell from a ladder and hit his head.  He 

developed a right temporal subdural hematoma. He 
received a decompressive craniotomy and surgery to 
remove the hematoma. Post-surgery was in the ICU in a 
barbiturate coma. Subject died on . 

3.5 mg/kg 45 M Drowning 

Received a total cladribine dose of 3.5 mg/kg from  
. Randomized to placebo in the 

CLARITY Extension. He was hospitalized in  
 because of a gastric ulcer. On  

he died by drowning.  
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3.5 mg/kg 29 F  

Completed Study 25643 where she received a total dose of 
cladribine of 3.5 mg/kg from .  
Had Grade 1-2 lymphopenia after receiving cladribine.   
She continued to have lymphopenia through .  
Hospitalized  with fever and decreased 
consciousness.  CXR did not show pneumonia.  WBC count 
was 13.2  10E12/L (“Neutro stab 28%, Neutro Segment 
54%, Monocytes 9%, Lymphoctyes 5%).  Absolute 
lumphocyte count was 660 E12/L (Grade 2 lymphopenia.)  
Patient was diagnosed with an exacerbation of  chronic 
bronchitis, but investigators did not see any evidence of 
chronic bronchitis during trials 25643 or 27820.  Treatment 
while hospitalized included Trifamox (amoxicillin). On  

 she was discharged from the hospital at her own 
request despite that there was “no obvious positive 
progress.”  On  she died at home.  There were 
no witnesses to her death.  No autopsy was performed. 
Cause of death was listed at multiple sclerosis, but 
investigators did not document significant change in her 
MS since entry in the CLARITY Extension.  

1 Includes prior exposure to cladribine in the CLARITY trial. 
CXR = Chest X-ray 
 
No deaths had been reported among the 214 subjects with Relapsing MS who were receiving 
treatment with cladribine or placebo as add-on therapy to IFN-β in the ONWARD trial as of the 
14 Dec 2009 data cutoff date.   
 
No deaths had been reported among the 194 subjects treated with cladribine or placebo in 
ORACLE MS as of the 14 Dec 2009 data cutoff date. However, on October 25, 2010 an initial 
report of a death from cardiopulmonary arrest in the ORACLE-MS Trial was submitted to IND 
074634. SSL, a 37 year old female from India (Mfr. Control No. 7019448) received the 
Investigational Medicinal Product (IMP, cladribine or placebo) .  She had no 
history of cardiac risk factors or disease. She was hospitalized for an MS relapse with increased 
unsteadiness, dysarthria, and dysphagia on . She was conscious and oriented on 
admission.  MRI of the brain on  showed demyelinating plaques, mass effect 
partially effacing the fourth ventricle, and minimal tonsillar herniation (0.3 mm below the 
foramen magnum).  On  she received Rebif after 5 days of i.v. methylprednisolone 
therapy.  Her clinical status was improving, and she was able to walk with support and take 
feeds. On  she had lunch and slept.  She was found unresponsive and was 
pronounced dead at 4:15 P.M. Her death was assessed by the investigator to be caused by 
cardiopulmonary arrest. 
 
Additional information will be requested regarding this subject’s death, including information on 
prior ECGs, and prior CT scans of the head. According to the CIOMS report, “No autopsy was 
performed as the attendees were not willing for an autopsy.”10 
 
                                            
10 Page 2 of the CIOMS report submitted to IND 074634 on November 3, 2010.  
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7.3.1.2.3.2 Subjects Followed for Safety in CLARITY Extension 
 
No deaths had been reported among the 48 subjects who are being followed for safety in the 
CLARITY Extension trial as of the 14 Dec 2009 data cutoff date.11 
 
7.3.1.2.3.3 Subjects Receiving Open-label Rebif in ORACLE MS 
 
No deaths were reported among the 9 subjects in the ORACLE MS trial who had converted to 
clinically definite MS as of the 14 Dec 2009 cutoff date and who were receiving open-label 
Rebif. 
 
Reviewer Comment: A comparable number of subjects in completed placebo-controlled trials 
died in the cladribine-treated (0.5%) and placebo-treated (0.4%) subject groups.  However, two 
deaths from infections in relatively young subjects (a 21 year old who died of disseminated 
tuberculosis and 43 year old who died of fulminant hepatitis B) are likely related to cladribine 
and are concerning.  
 
7.3.2 Serious Adverse Events 
 
Comparisons of incidences of Serious Adverse Events will be discussed by subject group 
(subjects in clinical pharmacology studies with multiple sclerosis, subjects in clinical 
pharmacology studies with malignancies, CLARITY trial subjects, subjects from all placebo-
controlled trials of cladribine, subjects from completed uncontrolled trials of cladribine, subjects 
followed for safety in the CLARITY Extension, and subjects receiving open-label Rebif in 
ORACLE MS).  Subsequently, Serious Adverse Event cases from all subject groups will be 
discussed by SOC.  
 
7.3.2.1 Clinical Pharmacology Studies in Subjects with Multiple Sclerosis 
 
One nonfatal serious adverse event was reported in 1 of the 105 subjects (1.0%) with MS who 
received treatment with oral cladribine in the 6 clinical pharmacology studies.  The subject 
(Subject Number  in Study 26486) experienced an SAE of Thrombocytopenia; the subject 
was discontinued from the study because of this SAE.12  The subject was a 43 year old white 
female diagnosed with MS in 1998.  Previous medication for her MS included interferon-β1a 30 
mcg (from  
 
The subject received cladribine treatment at the dose of one 10 mg tablet orally per day for 5 
consecutive days from . According to her screening weight, she received a 
total dose of 0.926 mg/kg during the 5 days of treatment. On , the subject started 
                                            
11 On November 8, 2010, in an e-mail to Dr. Hamet Toure, the Sponsor clarified that the group of CLARITY 
Extension subjects followed for safety was comprised of subjects who needed to delay entry into the CLARITY 
Extension Trail, because of one or more abnormal hematologic laboratory parameters.  
12 A link to the narrative and CRF for this subject is located on page 202 of the EMD Serono Integrated Summary 
of Safety.  
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treatment with subcutaneous IFN-β1a, 3 times weekly, and received 8.8 mcg from  
, 22 mcg from , and 44 mcg starting . Treatment 

was stopped on . 
 
The subject’s baseline platelet count was 180 x 109/L (reference range 150-400 x 109/L) on  

; subsequent counts on  were both 142 x 109/L. Before the 
second pharmacokinetic blood sampling on , a significant thrombocytopenia of 52 x 
109/L was noted. Subsequent measurements of the platelet count over the following 3 days 
showed a stabilization of the decline to between 46 x 109/L and 48 x 109/L (Grade 3 
thrombocytopenia). An interference of EDTA in the thrombocyte measurements was ruled out 
by the laboratory. 
 
Study treatment was discontinued on .  Platelets were measured at 125 x 109/L on 

 and 146 x 109/L on . The subject did not experience symptoms related 
to thrombocytopenia.  She had been taking pregabalin since ; pregabalin is 
unlikely to have caused her thrombocytopenia, as the subject’s platelet count improved while she 
continued to take pregabalin. Because this subject had no noted thrombocytopenia with prior use 
of interferon-β1a, this reviewer assesses this SAE as likely related to cladribine therapy.  
 
7.3.2.2 Clinical Pharmacology Studies in Subjects with Malignancies 
 
Reviewer Note: For 2 supportive clinical pharmacology studies of cladribine in subjects with 
hematologic malignancies [(Study 6226) and in the subjects with solid tumors (Study 6414], 
narratives in the format requested by DNP were not submitted.  Detailed information on patient 
course, including laboratory values, were not available.13  
 
Nonfatal serious adverse events were reported in 3 of the 61 subjects (4.9%) who were treated 
with cladribine in the 2 supportive clinical pharmacology studies of cladribine in subjects with 
hematologic malignancies (Study 6226) and in the subjects with solid tumors (Study 6414). 
 
Two of the 43 subjects (4.7%) with hematologic malignancies (both with a diagnosis of chronic 
lymphocytic leukemia) were hospitalized: 
• One subject was hospitalized because of fever, neutropenia, and Grade 3 hyperbilirubinemia 
that the investigator attributed as secondary to infection.  
• One subject was hospitalized because of fever, severe fatigue, and weight loss secondary to 
anorexia but was subsequently found to have blood and cerebrospinal fluid cultures that were 
positive for L monocytogenes. The infection in this subject was considered by the investigator 
to be possibly related to cladribine or to the subject’s prior chemotherapy. 
 
One of the 18 subjects (5.6%) with solid tumors were hospitalized because of neutropenic fever, 
which resolved with recovery of the neutrophil count (refer to Study 6226/Study 6414 Clinical 
Trial Report, Section 4.7.2.3.2). 

                                            
13 Response submitted to NDA 022561 on July 2, 2010.  
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7.3.2.3 Completed Placebo-Controlled Trials 
 
7.3.2.3.1 Placebo-Controlled trial of Cladribine Tablets: CLARITY Trial 
 
At least one serious adverse event was reported in 77 of the 884 cladribine-treated subjects 
(8.7%) and in 28 of the 435 placebo-treated subjects (6.4%) during the 96-week CLARITY trial. 
At least one serious adverse event was reported in 41 of the 454 subjects in the cladribine 5.25 
mg/kg group (9.0%) and in 36 of the 430 subjects in the cladribine 3.25 mg/kg group (8.4%).  
Sponsor Table 72 below summarizes the Serious Adverse Events reported during Weeks 0-96 of 
the CLARITY Trial (Safety Population). 
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7.3.2.3.2  All Placebo-Controlled Trials of Cladribine 
 
At least one serious adverse event was reported during the completed placebo-controlled trials in 
112 of the 1073 cladribine-treated subjects (10.4%) and in 42 of the 514 placebo-treated subjects 
(8.2%) The highest percentage of subjects with serious adverse events received cumulative 
cladribine doses of >6.13 mg/kg. Sponsor Table 75 below summarizes all Serious Adverse 
Events during the controlled phase of cladribine placebo-controlled studies (CLARITY, Scripps-
C, MS-001, MS-Scripps, and Scripps-B). For subject who received cladribine parenterally in 
these studies, the dose was converted to the equivalent oral dose in Sponsor Table 75.  
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7.3.2.4 Completed Uncontrolled Trials 
 
At least one serious adverse event was reported during the extension phases of the studies in 49 of the 222 subjects (22.1%) who had 
been exposed to cladribine either during the double-blind or extension phase of the studies and in 10 of the 38 subjects (26.3%) who 
had received treatment with placebo during the double-blind phases of the studies and who entered the extension phases of the study 
for follow-up (see Sponsor Table 78). 
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7.3.2.5 Ongoing Trials of Cladribine Tablets 
 
As of 14 Dec 2009, at least one serious adverse event had been reported in 7 of the 214 subjects with RMS (3.3%) who had received 
treatment with cladribine or placebo as add-on therapy to IFN-β in the ONWARD trial, in 29 of the 797 subjects (3.6%) with RRMS 
who had received treatment with cladribine or placebo in the CLARITY Extension trial, and in 2 of the 194 subjects (1.0%) with 
Clinically Isolated Syndrome (CIS) who had received treatment with cladribine or placebo in the ORACLE MS trial (see Sponsor 
Table 79).  
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7.3.2.6 Subjects Followed for Safety in the CLARITY Extension 
 
As of 14 Dec 2009, serious adverse events had been reported in 2 of the 48 subjects (4.2%) who were being followed for safety in the 
CLARITY Extension trial. (These subjects were being followed for safety only and were not receiving treatment as part of the 
CLARITY Extension.) The events in these subjects were threatened abortion (1 subject) and asthma (1 subject). 
 
7.3.2.7 Subjects Receiving Open-Label Rebif in ORACLE MS 
  
As of 14 Dec 2009, no serious adverse events had been reported in the subjects with Clinically Isolated Syndrome who were receiving 
open-label treatment with Rebif in the ORACLE MS trial. 
 
7.3.2.8 Serious Adverse Events by System Organ Class (SOC) 
 
All serious adverse events were reviewed.  Adverse event categories with increased frequency in cladribine-treated subjects compared 
to placebo-treated subjects, as well as adverse events judged to be possibly drug-related, are discussed in the sections below.  
 
7.3.2.8.1 Serious Adverse Events: Blood and Lymphatic System Disorders SOC 
 
In weeks 0-96 of the controlled phase of completed placebo-controlled trials, the incidence of Serious Adverse Events in the Blood 
and Lymphatic System Disorders SOC was 7 of 1073 (0.7%) in cladribine-treated subjects and 0 of 514 in placebo-treated subjects 
(see tables below). The incidence of events was similar in all dose categories, except for the highest dose category (>6.13 mg/kg), in 
which 1 of 21 (4.8%) subjects had an event in this SOC. The higher incidence in the highest dose category was based on a single case 
out of a small number of patients exposed to that dose.   
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Table 13. Subjects with SAEs in the Blood and Lymphatic Disorders SOC during Weeks 0-96 of Placebo-Controlled Completed 
Studies by Preferred Term and Cladribine Tablets Equivalent Cumulative Dose Range 

 

 
Source: Sponsor Table 75. EMD Serono Integrated Summary of Safety.  
 
 
 
Table 14. Brief Narratives for Subjects with SAEs during Weeks 0-96 of Placebo-Controlled Completed Studies, Blood and 
Lymphatic Disorders SOC 

Study 
Total 

Cladribine 
Dose 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) Comment 

CLARITY 0.875  21 F 
Tunisia 

Pancytopenia, 
Neutropenia, 

Thrombocytopenia  

Note: This subject is discussed in additional detail in Section 7.3.1.2.1. Subject 
received one course of cladribine from .  On  
she had fever and myalgia. She was hospitalized, treated with cefotaxime, and 
discharged. She had persistent fever until , when she was 
hospitalized for fever, wasting, and shortness of breath, and pancytopenia.  Bone 
marrow biopsy showed a myelodysplastic syndrome. On  she 
developed sudden dyspnea followed 30 minutes later by cardiorespiratory arrest 
and death.  This subject had bone marrow suppression and pancytopenia after 
receiving cladribine; thus, the reviewer assessment is that there likely was a 
relationship between study treatment and the subject’s death related to 
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Study 
Total 

Cladribine 
Dose 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) Comment 

tuberculosis.   A narrative and link to CRF is located on page 1248 of the 
CLARITY study report. 

CLARITY 3.5 mg/kg 31 M 
Switzerland Lymphopenia 

Subject’s first dose of cladribine was on .  On  (Week 
52) showed Grade 1 lymphopenia (reported numeric result, 0.99 x 109/L). On  

, 2 days before receiving his last dose of cladribine, he developed herpes 
zoster at the tight thoracal segment at the eight thoracic vertebrae.  On  

 he had an absolute lymphocyte count of 0.5 x 109/L , which is borderline 
Grade 2-3 lymphopenia. He was hospitalized for herpes zoster treatment  

. On  his lymphocyte count was WNL at 1.1 x 109/L. A 
narrative and link to CRF is located on page 1355 of the CLARITY study report. 

CLARITY 3.9 mg/kg2 37 M 
Canada Lymphopenia 

Randomized to receive 5.25 mg/kg cladribine.  Received 4 courses of therapy.  
First dose was on   Last dose was on .  On  
his lymphocyte count was 290/mm3 (Grade 3 lymphopenia).  Other WBC indices 
were reported as WNL on that date. Lymphocyte count was 140/mm3 on  

 (Grade 4 lymphopenia). Prophylactic Valtrex and Bactrim 
DS were started. On  the subject’s lymphocyte count was 620/mm3. 
Phrophylactic Valtrex and Bactrim DS were discontinued.  The subject did not 
have any infection or complication. The subject was discontinued from the study.  
His last study visit was .  Follow-up in  revealed that the 
subject was doing well clinically with glatiramer treatment, despite a persistent 
Grade 2 lymphopenia (600-700 cells/mm3).    A narrative and link to CRF is 
located on page 1448 of the CLARITY study report. 

CLARITY 3.5 mg/kg 46 F 
Greece 

Lymphopenia, 
Leukopenia 

Subject received cladribine  
.  On ,she developed Grade 3 lymphopenia 

(0.2x109/L).  Prophylactic fluconazole, valacyclovir, and Bactrimel were 
administered from .  She did not have symptoms of infection. She 
was hospitalized for evaluation of her lymphopenia and leukopenia  

. She received pegfilgrastim.  On  Grade 2 lymphopenia 
persisted. Her lymphopenia and leukopenia resolved by .  She had no 
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Study 
Total 

Cladribine 
Dose 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) Comment 

symptoms of infection related to her lymphopenia or leukopenia.   A narrative and 
link to CRF is located on page 1328 of the CLARITY study report. 

CLARITY 3.5 mg/kg 32 F 
Finland 

Lymphopenia, 
Neutropenia 

Received her first dose of cladribine on  and her last dose on  
.  At baseline, her lymphocyte count, neutrophil count, and WBC count were 

WNL.  On  she developed Grade 2 lymphopenia and reported to have 
neutropenia although that was not demonstrated in the lab values that were 
reported in the ISS. Lymphopenia as low as Grade 3 persisted through  and 
had returned to Grade 2 on , and had resolved by .  She had an 
episode of sinusitis in treated with azithromycin.  A narrative and link to 
CRF is located on page 1326 of the CLARITY study report. 

MS-Scripps 

Cladribine 
2.8 mg/kg 

7-day 
continuous 

i.v. 
infusion2 

43 F  
USA Coagulopathy 

Note: This subject is also discussed in the Deaths section of this review.  The 
subject had tested negative for Hepatitis B at study entry.  She experienced urinary 
incontinence and asthenia on Study Day 40.  Hepatitis B was diagnosed on Day 
43, and hepatic failure occurred on Day 44.  She was neutropenic on Day 45 with 
a neutrophil count of 350/µL. On Days 47 and 48 she required  packed RBCs, 
Vitamin K, and fresh frozen plasma to treat  her coagulopathy, gastrointestinal 
bleeding, and hypovolemia. On Day 49 the subject died.  Cladribine was likely 
related to this subject’s death, as bone marrow suppression related to cladribine 
treatment likely reduced her immune response to this infection. A brief narrative 
of this case is located on page 64 of the MS-Scripps Study report. 

MS-Scripps 

Cladribine 
2.8 mg/kg 

7-day 
continuous 

i.v. 
infusion2 

39 F  
USA 

Bone marrow 
failure 

At study entry subject has a history of MS, vertigo, hypothyroidism, anxiety, 
depression, and trigeminal neuralgia. On Study Day 4 she made a suicide attempt 
by ingesting excess acetaminophen and codeine and was hospitalized.    
Aplastic anemia was reported about 4 months into the study; at that time she had 
received 2.8 mg/kg of i.v. cladribine. Her hematology data are summarized in the 
table below: 
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Study 
Total 

Cladribine 
Dose 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) Comment 

 
She was hospitalized and received supportive therapy.  The subject withdrew from 
the double-blind interval on  Study Day 315.  
 A brief narrative of this case is located on page 68 of the MS-Scripps Study 
report. The subject was also taking phenytoin, from Study month 2 to the time of 
hospitalization; phenytoin may have contributed to the aplastic anemia.  

1Total dose received was not specifically listed by the Sponsor.  Total dose received was calculated by the FDA reviewer.  
2 This parenteral dose is equivalent to a 7.0 mg/kg oral dose. 
WNL = Within normal limits 
WBC = White Blood Cell 
Source: Narratives and CRFs 
 
In uncontrolled phases of completed trials, 4 of 222 (1.8%) cladribine-treated subjects had a Serious Adverse Event in the Blood and 
lymphatic system disorders SOC (see tables below).   
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Table 15. All Serious Adverse Events Occurring during the Uncontrolled Phase of Completed Studies in the Blood and Lymphatic 
System Disorders SOC by Preferred Term and by Cladribine Tablets Equivalent Cumulative Dose Range 

 

 
Source: Sponsor Table 78. EMD Serono Integrated Summary of Safety 
 
 
Table 16. Brief Narratives for Subjects with SAEs in the Blood and Lymphatic Disorders SOC 
During Uncontrolled Phases of Completed Trials 

Study 
Total 

Cladribine 
Dose1 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) Comment 

Scripps A 1.8 mg/kg  63 F 
USA Pancytopenia 

First dose of cladribine was on .  Last dose of cladribine was on  
. Pancytopenia was reported , and the subject was 

discontinued from the trial. She was not taking any other medications known to 
affect hematopoiesis. She was treated with Neupogen (subcutaneously as needed) 
for the pancytopenia until an unknown date .  She had a GI hemorrhage, 
which was treated with intravenous (i.v.) human immunoglobulin (unknown 
dose) from  to an unknown date . The GI hemorrhage was 
reported to have resolved in .  
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MS-001 7.0 mg/kg 39 F 
USA Pancytopenia 

First cladribine dose was on . Last cladribine dose was on  
. Hematological parameters were normal in  
. On  the subject started having multiple falls. When the 

subject was unable to stand, she was admitted to the hospital with a fever of 
103°F.   Laboratory results showed severe pancytopenia: WBC 1.0, Hgb 10.9, 
MCV 100, and Plt 95K. The subject’s counts began to recover spontaneously 
without any hematological intervention.  On  the professor of 
hematology indicated that “she was doing fine and her counts were basically 
normal: WBC 4.5, Hgb 11.0, and platelets 185K.” Reviewer Comment: A 
narrative and link to CRF are located on page 18 of Appendix H of the EMD 
Serono ISS.  Pancytopenia was diagnosed one year after her last dose of 
cladribine.  The narrative did not confirm whether any hematologic toxicity 
existed in the months after her last dose.  Cladribine could possibly related to 
this subject’s pancytopenia directly or via a viral infection in the setting of 
immune depression causing bone marrow suppression.  

MS-001 >4.38-6.13 45 M Anaemia Categorized as mild. No narrative provided.  

MS-Scripps 7.0 mg/kg 50 M Thrombocytopenia 

First dose of cladribine was .  Last dose of cladribine was  
 he was hospitalized with a severe UTI, sepsis, and 

thrombocytopenia. Absolute platelet count, lymphocyte count, and WBC count 
were within normal limits when the subject began his first course of therapy. 
Lymphopenia persisted throughout the study. Thrombocytopenia was reported  

 and low platelet count (nadir of 34 x 10E9/L) was reported  
  Bone marrow analysis showed myelodysplasitic syndrome: 

“seventeen of the mitotic cells collected for GTG-band analysis were clonally 
abnormal, containing a deletion of the long arm of chromosome 20 as the sole 
anomaly.”  A narrative for this case is located on page 31 of Appendix G of the 
EMD Serono ISS. Additional information was provided on page 54 of a response 
to an FDA information request submitted to NDA 022561 on 7/30/10. 
Concomitant medications at the time of diagnosis of his thrombocytopenia and 
myelodysplasia were not listed.   

1 Subjects received cladribine parenterally. Oral dose equivalent is listed in this table.  
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The Sponsor performed analyses of adverse events of hemorrhage using the MedDRA Hemorrhage SMQ. In the CLARITY Trial, 
2.6% of cladribine-treated subjects had a hemorrhage Serious Adverse Event or discontinued because of a hemorrhage adverse event, 
compared to 1.4% of placebo-treated subjects.14  In the CLARITY Trial, 6.5% of cladribine-treated subjects had an adverse event of 
hemorrhage, compared to 4.8% of placebo-treated subjects.15     
 
The reported SAEs in the Blood and lymphatic disorders SOC represent a minority of cases of hematologic toxicity that occurred with 
cladribine.  The reader is referred to Section 7.4.2.1, which discusses hematologic laboratory findings in detail.  
 
7.3.2.8.2 Serious Adverse Events: Infections and Infestations SOC 
 
In weeks 0-96 of the controlled phase of placebo-controlled trials, 39 of 1073 (3.6%) cladribine-treated subjects had at least one 
Serious Adverse Event compared to 12 of 514 (2.3%) of  placebo-treated subjects (see table below). The highest rate of SAEs in this 
SOC was seen in the highest category of cumulative exposure (>6.13 mg/kg); 6 of 21 (28.6%) of subjects had an SAE in this SOC.  

                                            
14 Table 8 in the EMD Serono response submitted to NDA 022561 on October 18, 2010 
15  Table 20 in the EMD Serono response submitted to NDA 022561 on October 4, 2010 
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Table 17. Subjects with SAEs in the Infections and Infestations SOC during Weeks 0-96 of Placebo-Controlled Completed Studies  
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As discussed previously, two deaths attributable to infection were reported among the 1073 
subjects in the controlled phase of placebo-controlled trials (0.2%) treated with cladribine (MS-
Scripps Subject  who died of fulminant hepatitis B and CLARITY Subject  who 
had tuberculosis).  There were no deaths attributable to infection among the 514 placebo-treated 
subjects.  
 
Infections were observed in subjects regardless of absolute lymphocyte count.  The percentage of 
subjects who had at least one infection-related event increased as the severity of lymphopenia 
increased. The percentage of subjects who had at least one infection-related event by worst value 
for absolute lymphocyte count during the studies was as follows: Grade 0/1, 42.3% (105 out of 
248); Grade 2, 48.4% (186 out of 384); and Grade 3/4, 60.0% (263 out of 438).16  
 
Unusual, serious infections were reported in two cladribine-treated subjects: 
 
 • A 47-year-old woman who received treatment with 0.7 mg/kg of cladribine parenterally in the 
MS-Scripps study (MS-Scripps Subject ID , cumulative cladribine dose 3.5 mg/kg17) 
experienced disseminated pelvic coccidioidomycosis. After cladribine treatment in Period 2 of 
the double-blind phase starting on  and ending on  (4 7-day courses), 
she had thrombocytopenia (nadir 83 x 109/L on ) and lymphopenia (nadir 0.2 x 
10E09/L on ). On  her platelet count was 175 x109/L and her White 
Blood Cell count was 4.4 x109/L; lymphocyte count was not done on that date.  On  
her lymphocyte count was 0.87 x 109/L.  Two years after receiving her last dose of cladribine, 
the subject underwent an abdominal hysterectomy for abdominal bloating with an ovarian cyst. 
During the surgery, she was found to have peritoneal coccidioidomycosis. She was reported to be 
in good health in .  
Reviewer comment: In the opinion of this reviewer, this subject’s infection, lymphopenia, and 
thrombocytopenia are likely related to cladribine use.  
 
• A subject 39-year-old female who was randomized to the cladribine 5.25 mg/kg group in the 
CLARITY trial (CLARITY Subject ID , cumulative cladribine dose >4.38- 6.13) 
developed inguinal actinomycosis that required surgical resection of the fistulae after undergoing 
surgery for a bilateral inguinal hidradenitis abscess. The diagnosis of bilateral inguinal 
hidradenitis was made 1 year after the subject’s first dose of cladribine and 10 days after the 
subject’s last dose of cladribine.  
 
High Level Terms (HLT) categories with higher rates of SAEs in cladribine-treated subjects in 
placebo-controlled trials include Urinary Tract Infections (10 of 1073 [1.0%]) compared to 2 of 
514 [0.4%]) of placebo-treated subjects.  SAEs categorized in the Herpes Viral Infections HLT 

                                            
16  Table 25_1 in Appendix C2 of the EMD Serono ISS; link on p. 265 of the EMD Serono ISS. Criteria for 
CTCAE tocicity grades for lymphopenia are as follows: Grade 1: <LLN (1.0) to 0.8 X 109/L; Grade 2: <0.8 to 0.5 X 
109/L; Grade 3: <0.5 to 0.2 X 109/L; and Grade 4: < 0.2 X 109/L. 
17 Cumulative oral dose equivalent is listed as 3.5 mg/kg in the subject’s narrative.  It is listed as being >0-2.63 
mg/kg on page 269 of the EMD Serono ISS, which is an apparent error.  
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were more common in cladribine-treated subjects (4 of 1073[0.4%]) compared to placebo-treated 
subjects (0 of 514).   
 
The increased rate of herpes virus infections will be discussed in Section 7.3.5 Submission-
Specific Primary Safety Concerns. 
 
In addition to the case of disseminated tuberculosis in Subject  the CLARITY Trial (see 
Deaths Section 7.3.1.2.1.1 for narrative), one other case of tuberculosis has been reported in the 
CLARITY Extension Trial.  
 

, a 26 year old male CLARITY Extension Trial cladribine-treated subject from the Ukraine 
was diagnosed with tuberculosis of the right upper lung on  (MFR Control No. 
7014989).  On , absolute lymphocyte count was 0.82 x X 109/L (baseline was 2.49 X 
109/L on ). An initial report was submitted to FDA on 02 Sep 2010, and a follow-up 
was submitted on 17 Sep 2010.  He received a total of 5.25 mg/kg in Study 25643 (CLARITY) 
from , as well as from  and a total of 3.5 mg/kg of 
cladribine from  in the CLARITY Extension.  Since  the subject 
has been treated with isoniazid and rifampin for TB.   
 
In addition to the two reported cases of tuberculosis, an initial report on a cladribine-treated 
subject who converted to PPD positive , a 45 year old female CLARITY Extension subject; 
Mfr. Control No. 7015119) was submitted on 02 Sept 2010. 
 
 We plan to request from the Sponsor additional information about , a 26 year old male from 
the Ukraine who was diagnosed with tuberculosis of the right upper lung (MFR Control No. 
7014989; initial report submitted 02 Sep 2010) and  a 45 year old female from Lebanon 
who was found to have conversion to a positive PPD. The requested information will include:  

• An update on status of the subject 
• Past PPD results 
• Laboratory results, including all available hematologic laboratory measurements at 

baseline and after treatment with cladribine.  
 
Reviewer Comment: There is an increased risk of infection in cladribine-treated subjects.  The 
two deaths in young subjects with multiple sclerosis and no reported relevant comorbidities 
reported are particularly concerning (one 21 year old female who died of disseminated 
tuberculosis and one 43 year old female who died of fulminant hepatitis B).  Two deaths 
attributable to infection were reported among the 1073 cladribine-treated subjects in the 
controlled phase of placebo-controlled trials (0.2%), compared to 0 of 514 placebo-treated 
subjects.  
 
The Sponsor recommends the following information regarding infections in the Warnings and 
Precautions Section (September 2010 proposed labeling): 
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I agree with the Sponsor’s proposals to advise clinicians to screen for latent infections prior to 
treatment and also to withhold treatment if signs and symptoms of an infection exist. (The exact 
language for any future versions of the prescribing information would need additional 
discussion.) Additional detail in the Warning section would be necessary regarding infections 
that have occurred in cladribine-treated subjects, including the fact that there were deaths. We 
will also request additional information from the Sponsor on whether they recommend other 
measures to reduce morbidity and mortality from infection with cladribine treatment, including 
vaccinations for varicella or Hepatitis B. The varicella vaccine would need to be administered at 
least 3 months prior to initiating cladribine therapy, because it contains live attenuated virus.  
 
7.3.2.8.3. Serious Adverse Events: Neoplasms Benign, Malignant, and Unspecified SOC 
 
A detailed discussion of reported adverse events from the Neoplasms Benign, Malignant, and 
Unspecified SOC (including myelodysplasia and uterine leiomyomata with cladribine) is located 
in Section 7.3.5 Submission-Specific Primary Safety Concerns. A discussion of malignancy 
neoplasms in cladribine trials and studies is located in Section 7.6.1. Human Carcinogenicity.
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In weeks 0-96 of the controlled phase of completed placebo-controlled trials, the incidence of 
Serious Adverse Events in the Neoplasms Benign, Malignant, and Unspecified SOC was 13 of 
1073 (1.2%) in cladribine-treated subjects and 1 of 514 (0.2%) in placebo-treated subjects (see 
table below). The incidence of events was similar in all dose categories, except for the highest 
dose category (>6.13 mg/kg), in which 1 of 21 (4.8%) subjects had an event in this SOC; 
however, the higher incidence in the highest dose category was based on one case in a small 
number of patients.  Serious adverse events in this SOC included cases of uterine leiomyomata 
and malignancies at various sites. Table 19 contains narratives for Serious Adverse Events of 
malignant neoplasms in weeks 0-96 of placebo-controlled trials.  
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Table 18. Subjects with SAEs in the Neoplasms Benign, Malignant, and Unspecified SOC during Weeks 0-96 of Placebo-Controlled 
Completed Studies by Preferred Term and Cladribine Tablets Equivalent Cumulative Dose Range 

 

 
Source: Sponsor Table 75. EMD Serono Integrated Summary of Safety. 
 
Table 19. Brief Narratives for Subjects with an SAE of Malignant Neoplasm during Weeks 0-96 of Placebo-Controlled Completed 
Studies 

Study/ 
Subject No. 

Total 
Cladribine 

Dose 
Latency1 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

CLARITY/ 
 3.7 mg/kg 1 year 46 F 

Russia 
Malignant 
melanoma 

First dose of cladribine was .  Last dose of cladribine was on  
. On an unspecified date in spring , the subject injured a nevus on the left 

lumbar region. In , an oncologist gave the preliminary diagnosis of 
melanoma and recommended immediate surgery, which was performed on  

. The skin melanoma was diagnosed as a lumbar region skin melanoma IIA, 
T3a, N0, M0. The subject's condition post-skin melanoma resection surgery was 
KGIII.  On  the subject had an ultrasound which showed that the supra 
and infraclavicular lymphatic nodes and the subaxillary lymph nodes were without 
specific changes, but signs of benign right-sided lymphadenopathy (fat infiltration) 
were observed and perineal lymphatic nodes were thickened. A biopsy of the 
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Study/ 
Subject No. 

Total 
Cladribine 

Dose 
Latency1 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

resection site performed on , showed mucous fluid with single 
erythrocytes; no other cells were found.  
Narrative and link to CRF is located on page 1366 of the CLARITY study report. 

MS-Scripps/ 
 3.5 mg/kg 9 months 43 M 

USA 
Basal cell 
carcinoma 

Had 4 courses prior to basal cell carcinoma diagnosis. Also had bladder cell cancer 
diagnosed in the uncontrolled study phase.. A link to the CRF is on EMD Serono ISS p. 280. 

MS-Scripps/ 
 7.0 mg/kg 2 years, 9 

months 
50 M 
USA 

Basal cell 
carcinoma 

First dose of cladribine was .  Basal cell cancer of the nose was diagnosed  
.  Pt. presented with a basal cell cancer recurrence on . A link to the CRF is 

on EMD Serono ISS p. 282. 

MS-001/ 
 2.1 mg/kg <9 months 42 F 

USA Cervix carcinoma 
Both adeno-and squamous cell cancer in situ were found on biopsy.  Subject 
underwent a total hysterectomy. CIOMS report in Appendix 4 of MS-001 Extension 
Study Report under initials . 

CLARITY/ 
 3.9 mg/kg 10 months 33 F  

Italy 
Cervix carcinoma 

in situ 

First dose of cladribine was on .  Last dose of cladribine was on  
 The subject underwent a routine gynecological examination on  

and the Pap smear test showed a high-grade squamous cervical intraepithelial 
neoplasia (CIN3), a condition that precedes cervical cancer. The subject repeated 
the Pap smear test in . The results were positive for a diagnosis of "in situ 
carcinoma of cervix portio." The subject was hospitalized on  and 
underwent surgical conization of the uterus and a biopsy without complication. 
Biopsy results confirmed in situ squamous cell carcinoma. Narrative and link to 
CRF is located on page 1278 of the CLARITY study report. 
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Study/ 
Subject No. 

Total 
Cladribine 

Dose 
Latency1 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

CLARITY/ 
 1.8 mg/kg 

~1 year 
(exact 
latency 

unknown) 

44 F 
Ukraine Ovarian Cancer 

First dose of cladribine was on .  Last dose of cladribine was on  
. On an unspecified date in , the subject's husband advised the 

investigator that the subject had developed cancer of the left ovary. No further 
information concerning the event and its outcome are available.  Narrative and link 
to CRF is located on page 1347 of the CLARITY study report. 

CLARITY/ 
* 3.8 mg/kg 1.5 years 61 F 

Serbia 

Pancreatic 
carcinoma, 
metastatic 

Subject had no known risk factors for pancreatic cancer.  Cladribine treatment 
started .  In , she developed constipation, nausea, vomiting, 
and weight loss. Abdominal ultrasound in  showed a malignant head and 
trunk tumor of the pancreas.  MRI showed infiltration of the retropancreatic fat, 
infiltration of the regional blood vessels, and a large number of focal liver lesions.  
She underwent two courses of cytostatic therapy.  She died on  as a 
result of the metastatic pancreatic cancer.  Cladribine is an antimetabolite drug 
which interferes with DNA repair.  In placebo-controlled trials, an excess of 
malignancy cases was seen with cladribine-treated subjects as compared to 
placebo-treated subjects.  Thus, the reviewers assessment is that cladribine 
treatment likely had a relationship to this subject’s death. A narrative and link to 
CRF is located on page 1252 of the CLARITY study report. 

CLARITY/ 
* 0.9 mg/kg 2 months 20 F 

Tunisia 
Myelodysplastic 

Syndrome 

Subject received one course of cladribine from .  On  
she had fever and myalgia. She was hospitalized, treated with 

cefotaxime, and discharged. She had persistent fever until , when she 
was hospitalized for fever, wasting, and shortness of breath, and pancytopenia.  
Bone marrow biopsy showed a myelodysplastic syndrome.  On  she 
developed sudden dyspnea followed 30 minutes later by cardiorespiratory arrest 
and death.  This subject had bone marrow suppression and pancytopenia after 
receiving cladribine; thus, the reviewer assessment is that there likely was a 
relationship between study treatment and the subject’s death related to tuberculosis.   
A narrative and link to CRF is located on page 1248 of the CLARITY study report. 
The sponsor-submitted narrative is included as an appendix to this review.  
Additional detail regarding this subject is located in Section 7.3.1.2.1.  

1 Time from first day of treatment to diagnosis 
* Death related to SAE.  
Note: For several cases, especially those from the Scripps studies, details provided were sparse.  
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WNL = Within normal limits 
WBC = White Blood Cell 
Source: Narratives and CRFs 
 
7.3.2.8.4. Serious Adverse Events: Cardiac Disorders SOC 
 
A discussion of adverse events in the Cardiac Disorders SOC, including additional detail regarding SAEs in the Cardiac disorders 
SOC, is located in Section 7.3.5 Submission-Specific Primary Safety Concerns. 
 
In the Cardiac Disorders SOC, 3 of 1073 (0.3%) cladribine-treated subjects in completed placebo-controlled trials had Serious 
Adverse Events compared to 4 of 514 (0.8%) placebo-treated subjects (see table below).  

 

 

 
 
 
7.3.2.8.5. Serious Adverse Events: Immune System Disorders SOC 
 
A detailed discussion of Hypersensitivity adverse events is located in Section 7.3.5 Submission-Specific Primary Safety Concerns. 
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In the Immune Systems Disorders SOC, 2 of 1073 (0.2%) cladribine-treated subjects in completed placebo-controlled trials had 
Serious Adverse Events classified as hypersensitivity compared to 0 of 514 placebo-treated subjects (see table below). The diagnosis 
of hypersensitivity was uncertain for case .  
 
Table 20. Narratives for Subjects with an Immune System Disorders SAE during Weeks 0-96 of Controlled Completed Studies 

Study/ 
Subject No. 

Total 
Cladribine 

Dose 
Latency1 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

CLARITY/ 
 

0.875 
mg/kg 0 days 19 F 

Germany Hypersensitivity 

After taking the first cladribine tablet on , she had an allergic reaction 
of moderate severity with headache, burning eyes, double vision, and vertigo. The 
subject's left jaw was asymmetrically swollen and her tonsils were swollen. Two 
days after starting cladribine she developed a skin reaction with mucous membrane 
involvement. She had acne-like red spots on her face, neck, breasts, arms, and legs, 
as well as ulcerations of the mouth and tongue.  These events were considered 
incapacitating. There was no report of a skin biopsy. She took her last dose of 
cladribine on .  Her double vision resolved by . No eye 
abnormalities were found by an ophthalmologist.  Her skin reaction resolved by  

. The subject withdrew from the study on  and was lost to 
follow-up. Reviewer comment: This subject experienced a severe cutaneous 
reaction with cladribine administration –. Erythema Multiforme Major vs. an 
exanthematous drug reaction.  Definitive diagnosis is impaired by the lack of a 
reported skin biopsy.  The subject’s only other medication at the time of this 
adverse event was an Implanon implant for birth control, which is not known to be 
associated with severe cutaneous reaction. A narrative and link to the CRF is 
located on page 1426 of the CLARITY study report. The entire Sponsor-submitted 
narrative for this subject has been copied in Appendix Section 9.4.2.  

CLARITY/ 
 3.5 mg/kg 9 months 27 F  

Germany Hypersensitivity 

First dose of cladribine was on .  Last dose was on  
On , approximately 6 months after receiving the last dose of study 
medication, the subject was hospitalized because of mild paraesthesia in her neck 
and both arms, which the investigator initially suspected to be an MS relapse. On 
follow-up, it was assessed to be caused by either a suspected allergic reaction or 
suspected arthritis, but a definite diagnosis was not established. The subject was 
treated with Solu-Decortin (1000 mg i.v. qd), and the paraesthesia resolved on  

 without sequelae. The date of hospital discharge was not reported. A 
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Study/ 
Subject No. 

Total 
Cladribine 

Dose 
Latency1 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

narrative and link to the CRF is located on page 1428 of the CLARITY study 
report. 

1 Time from first day of treatment to diagnosis 
 
SAEs in the Immune Disorders SOC were reported neither in uncontrolled trials nor ongoing trials as of the 14 Dec 2009 cut-off date.  
 
The prescribing information for Leustatin (intravenous cladribine) contains the following information in the Adverse Reactions 
Section: “In isolated cases Stevens-Johnson and toxic epidermal necrolysis have been reported in patients who were receiving or had 
recently been treated with other medications (e.g., allopurinol or antibiotics) known to cause these syndromes.” 
 
Reviewer Comment: Additional information regarding CLARITY Subject  is needed.  We will request additional information 
from the Sponsor, including confirmation on whether a biopsy was performed and confirmation on whether any desquamation 
occurred. 
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7.3.2.8.6. Serious Adverse Events: Nervous System Disorders SOC 
 
In completed controlled studies, 16 of 1073 (1.5%) cladribine-treated subjects had a Serious Adverse Event in the Nervous System 
Disorders SOC compared to 8 of 514 (1.6%) of placebo-treated subjects.   
 

 

 
 
Three of 1073 (0.3%) cladribine-treated subjects in completed controlled trials had SAEs involving seizure (Convulsion, Epilepsy, and 
Status epilepticus); no placebo-treated subject had a seizure reported as an SAE. Two other AEs involving seizure were reported 
during completed controlled trials, but these seizures were apparently related to other etiologies (post-fall and fulminant hepatitis B).  
Three subjects in ongoing trials had seizure AEs. Treatment assignment remains blinded for some of these subjects.2019 below 
summarizes seizure AEs in completed and ongoing cladribine trials. 
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Table 21. Brief narratives for subjects with Seizure Adverse Events in Completed and Ongoing Cladribine Studies and Trials 

Study/ 
Subject No. 

Total 
Cladribine 

Dose1 
Latency2 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

CLARITY/ 
 5.25 mg/kg 1 year, 5 

months 
42 F 

Yugoslavia 
Temporal Lobe 

Epilepsy 

Start dates for courses of cladribine: #1:  #2: ; #3:  
; #4: ; #5: ; #6: . Subject was diagnosed 

with uterine myomas and iron deficiency anemia in .  In Jan 
 she was diagnosed with complex partial seizures and was treated with 

valproic acid (500 mg po qd) from .  No other information 
was provided regarding her seizures in the narrative. Narrative located on pages 
1294-5 of the CLARITY trial report.  

CLARITY/ 
 3.5 mg/kg 1 year, 8 

months 
47 F  
USA Convulsion 

Start dates for courses of cladribine: #1: ; #2: ; #3:  
; #4: . In  she had an episode of unresponsiveness 

with amnesia post-event.  She was hospitalized and told that she had a seizure. CT 
of the brain was normal.   The event reportedly resolved on the same day.  It is 
unknown whether she received treatment for the seizure.  Reviewer note: Duration 
of the episode was not described.  Narrative located on pages 1360-1 of the 
CLARITY trial report. 

CLARITY/ 
 

5.25 mg/kg 
(3.4 mg/kg 

at AE 
onset) 

4 months 47 F 
Bulgaria Epilepsy 

Start dates of cladribine courses: #1: ; #2: ; #3:  
; #4 . On  her husband found her at home with bowel 

and bladder incontinence. Her head and gaze were deviated to the left. EEG in the 
hospital was normal. Within 12 hours of admission she regained consciousness.  
Final diagnosis was a single secondary generalized tonic-clonic seizure. She 
received cladribine course #5  and course #6  

.  No additional adverse events were reported. Narrative located on pages 
1260-1 of the CLARITY trial report. 

MS-Scripps/ 
 7.0 mg/kg 8 months 28 F Post-Traumatic 

Epilepsy 
AE reported term was “CONVULSION (POST FALL”)”. No narrative was 
provide for this AE.  
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Study/ 
Subject No. 

Total 
Cladribine 

Dose1 
Latency2 

Age 
Sex 

Country 

SAE Preferred 
Term Comment 

MS-Scripps/ 
 7.0 mg/kg 1.5 months 43 F  

USA 
Status 

Epilepticus 

Status epilepticus occurred in this subject a day before her death from fulminant 
Hepatitis B. A narrative is located in the Deaths section of this review and on page 
64 of the MS-Scripps Study Report.  

CLARITY 
Extension/ 

 
blinded 3 days 

26 F 
Czech 

Republic 
Epilepsy AE reported term was “EPILEPTIC SEIZURE”. No narrative was provided for this 

AE.  

CLARITY 
Extension/ 

 
blinded 1 year 44 F 

Bulgaria Epilepsy AE reported term was “epilepsy worsening”.  No narrative was provided for this 
AE.  

ONWARD/ 
Manufacturer 
Control No. 

 

8.75 mg/kg 1 year, 2 
months 

36 F  
USA 

Grand Mal 
Convulsion 

This subject received a total of 5.25 mg/kg of cladribine in the CLARITY Trial and 
a total of 3.5 mg/kg in the CLARITY Extension Trial. Start dates of cladribine 
courses in the CLARITY Extension: #1: ; #2: ; #3:  

; #4: .  Concomitant medications included bupropion 150 mg po qd 
since  for depression. On  she experienced a grand mal 
seizure in the grocery store.  She was unresponsive during her entire pre-hospital 
course.  She had another grand mal seizure after admission to the hospital. She was 
diagnosed as having status epilepticus, intubated, and admitted to the Intensive 
Care Unit.  The duration of the status epilepticus was not specified, but by  

 she was extubated.  Bupropion is associated with seizures in 0.4% of patients 
treated with doses up to 450 mg/day (Prescribing Information Warning).  
Bupropion was stopped and no anti-seizure medication was prescribed. Reviewer 
note:After FDA request, the adverse event report was amended to include the 
Preferred Term Status epilepticus.   A report describing this SAE was submitted to 
IND 074634 on 19 Oct 2010.  

1Oral cladribine equivalent cumulative dose 
2 Time from first day of treatment to diagnosis 
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Additional information is necessary to further interpret these adverse events of seizure, including narratives (and in some cases 
treatment assignments) for adverse for which no narrative has been submitted.  
 
Coma was reported in MS-001 subjec  (cumulative oral cladribine dose equivalent 1.8 mg/kg).  Coma was diagnosed on Study 
Day 68 and was determined to be caused an inadvertent overdose of baclofen used to control muscle spasms.  
 
Altered State of Consciousness was reported in CLARITY Subject  (cumulative cladribine dose 1.8 mg/kg); the episode was 
caused by an accidental overdose of baclofen (subject misunderstood the correct dose).  
 
CLARITY subject  (cumulative dose 5.25. mg/kg) had 2 episodes of syncope 1 year after her last dose of cladribine.  Before 
going to bed on the night of her syncopal episodes, she had taken 6 mg of ropinorole for restless leg syndrome instead of her usual 2 
mg. The subject was hospitalized for evaluation, and it was determined that her syncopal episodes may have been related to her 
increased dose of dose of ropinorole, which sometimes causes orthostatic hypotension.  
 
SAEs of Hemiparesis and Dysarthria occurred in Scripps C subject  (oral cladribine dose equivalent 5.25 mg/kg), a 39 year old 
black female with a history of hypertension and organic brain disease.  She had an acute hypertensive crisis and MS relapse, including 
the SAEs of Dysarthria and hemiparesis, 12 days after her 6th course of cladribine. No additional details on the course and outcome of 
these SAEs were provided.  
 
In the prescribing information for cladribine injection (Leustatin) contains a Boxed Warning and Warning regarding serious 
neurological toxicity.  The Warning language regarding severe neurological toxicity is as follows:  
 

In a Phase I investigational study using LEUSTATIN in high doses (4 to 9 times the 
            recommended dose for Hairy Cell Leukemia) as part of a bone marrow transplant 

conditioning regimen, which also included high dose cyclophosphamide and total 
body irradiation, acute nephrotoxicity and delayed onset neurotoxicity were observed. 
Thirty-one (31) poor-risk patients with drug-resistant acute leukemia in relapse 
(29 cases) or non-Hodgkins Lymphoma (2 cases) received LEUSTATIN for 7 to 
14 days prior to bone marrow transplantation… While the bone marrow was initially cleared of all 
hematopoietic elements, including tumor cells, leukemia eventually recurred in all 
treated patients…. Eleven (11) patients (35%) experienced 
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delayed onset neurologic toxicity. In the majority, this was characterized by 
progressive irreversible motor weakness (paraparesis/quadriparesis) of the upper 
and/or lower extremities, first noted 35 to 84 days after starting high dose therapy 
with LEUSTATIN. Non-invasive testing (electromyography and nerve conduction 
studies) was consistent with demyelinating disease. Severe neurologic toxicity has 
also been noted with high doses of another drug in this class. 
 
Axonal peripheral polyneuropathy was observed in a dose escalation study at the 
highest dose levels (approximately 4 times the recommended dose for Hairy Cell 
Leukemia) in patients not receiving cyclophosphamide or total body irradiation. 
Severe neurological toxicity has been reported rarely following treatment with 
standard cladribine dosing regimens. 
 

In this Phase I study of pediatric patients with acute leukemia, cladribine was administered intravenously in doses which ranged from 
0.4-0.5 mg/kg daily for 7 days.18 19 The oral cladribine dose equivalent of the doses administered in this study ranged from 7.0 to 8.75 
mg/kg in 7 days.  For comparison, the largest cumulative dose of oral cladribine administered in the CLARITY trial was 5.25 mg/kg 
with doses given at weeks 1, 5, 9, 13, 48, and 52. 
 
The incidences of adverse events in the Neurologic Disorders SOC were similar between cladribine-treated and placebo-treated 
subjects in completed controlled trials for multiple sclerosis. Subjects in the Phase I trial cited in the Leustatin prescribing information 
differ from subjects in MS studies in their age group, underlying disease, dose, and dosing interval.  These factors contribute to 
differences in the reported neurologic adverse events.  Also, if a subset of neurologic adverse events attributed to subjects’ underlying 
multiple sclerosis was actually related to treatment, this would likely be difficult to detect.   
 
According to the Leustatin prescribing information, “severe neurological toxicity has been reported rarely following treatment with 
standard cladribine dosing regimens.”   
 

                                            
18 Santana VM, Mirro, Jr., J, Harwood FC, et al. A Phase I Clinical Trial of 2-Chlorodeoxyadenosine in Pediatric Patients with Acute Leukemia 
19 Medical Officer NDA review. Leustatin NDA 20-229, pp 62-63. 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

99 

CLARITY Subject  experienced paraesthesia in her neck and both arms 6 months after receiving her last dose of cladribine.  
While a definitive diagnosis for this event was not made, it may be possible that this adverse event represented a neurologic toxicity of 
cladribine (see Section 7.3.2.8.5 for a brief narrative).  
 
Additional details are needed regarding the cases of neurological toxicity reported after treatment of Hairy Cell Leukemia with 
standard doses of intravenous cladribine. We will request that the Sponsor summarize the published literature regarding this topic.  
 
7.3.2.8.7. Serious Adverse Events: Renal and Urinary Disorders 
 
In completed controlled studies, 4 of 1073 (0.4%) cladribine-treated subjects had a Serious Adverse Event in the Renal and Urinary 
Disorders SOC compared to 2 of 514 (0.4%) of placebo-treated subjects.   
 

 

 
 
The SAE of renal failure occurred in MS-Scripps Subject  as part of fulminant Hepatitis B (see Section 7.3.1.2.1.2 for a 
narrative regarding this subject’s death).  
 
The Leustatin (intravenous cladribine) prescribing information describes acute nephrotoxicity in subjects from the same Phase I study 
of pediatric patients with acute leukemia described in the preceding section (7.3.2.8.6). Acute nephrotoxicity in cladribine-treated 
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subjects was seen in neither the completed controlled trials for multiple sclerosis nor the uncontrolled trials.  One SAE of acute renal 
failure was reported in the CLARITY Extension (Subject ); however, this subject’s acute renal failure occurred in the setting 
of an ibuprofen overdose.   
 
Subjects in the Phase I trial cited in the Leustatin prescribing information differ from subjects in MS studies in their age group, 
underlying disease, dose, and dosing interval.  Also, several of the Phase I study subjects were also treated with other medications 
with known nephrotoxic potential.  
 
Changes in renal laboratory measurements will be discussed in Section 7.4.2.2. Chemistry Laboratory Findings. 
 
7.3.2.8.8. Serious Adverse Events: Skin and Subcutaneous Tissue Disorders 
 
In completed controlled studies, 4 of 1073 (0.4%) cladribine-treated subjects had a Serious Adverse Event in the Skin and 
Subcutaneous Tissue Disorders SOC compared to 0 of 514 of placebo-treated subjects; all of these SAEs occurred in the CLARITY 
trial.    
 

 

 
 

• CLARITY Subject  had an SAE with the PT “Skin Reaction”; this event, which was part of a hypersensitivity event 
is summarized in Section 7.3.2.8.5., which described SAEs in the Immune System Disorders SOC.   

• CLARITY Subject  had an SAE mapped to the PT “Lichen Sclerosus.” Cumulative cladribine dose was 3.5 mg/kg.  
A narrative is located on pp. 1323-1324 of the CLARITY study report.  

Reference ID: 2885264

Reference ID: 4413345

(b) (6)

(b) (6)

(b) (6)



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

101 

• CLARITY Subject  had an SAE mapped to the PT “Hiradenitis.” This 39-year-old female who was randomized to 
the cladribine 5.25 mg/kg group in the CLARITY trial (CLARITY Subject ID study, cumulative cladribine dose 
>4.38-6.13) developed inguinal actinomycosis that required surgical resection of the fistulae after undergoing surgery for a 
bilateral inguinal hidradenitis abscess. A narrative is located on pp. 1284-1285 of the CLARITY study report. 

• CLARITY Subjec  had SAEs with PTs “Purpura” and Rash generalized.” These SAEs occurred as part of the course 
of her disseminated tuberculosis and bone marrow failure.  This subject died, and her case is included in the discussion of 
CLARITY Trial deaths (Section 7.3.1.2.1.1). A narrative is located on pp. 1248-1250 of the CLARITY study report.  

 
In uncontrolled trials, one SAE was mapped to the Preferred Term “Skin Lesion,” but after review by FDA this SAE was re-mapped 
to the Preferred Term “Skin Cancer,” for which the primary SOC is the Neoplasms SOC.  
 
As of 14 Dec 2009, 1 subject in ongoing trials had SAE(s) in this SOC.  Subject  in the ONWARD trial, a 36 year old female 
from the USA, had SAEs mapped to the PTs Angioedema, Urticaria, and Idiopathic Urticaria.  She was randomized to 5.25 mg/kg of 
cladribine.  Her first course of cladribine started on .  She started her second course of cladribine on .  Study 
treatment was permanently discontinued due to an allergic reaction characterized as angioedema and urticaria; this reviewer was 
unable to locate additional details regarding these SAEs in the NDA submission.  
 
A detailed discussion of Hypersensitivity adverse events is located in Section 7.3.5 Submission-Specific Primary Safety Concerns. 
 
7.3.2.8.9. Serious Adverse Events: Hepatobiliary disorders SOC 
 
In completed controlled studies, 10 of 1073 (0.9%) cladribine-treated subjects had a Serious Adverse Event in the Hepatobiliary 
Disorders SOC compared to 4 of 514 (0.8%) of placebo-treated subjects.    
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Hepatitis was reported as a serious adverse event in 3 cladribine-treated subjects (0.3%) and in 1 
placebo-treated subjects (0.2%). Two of the 3 cases — hepatitis in a subject who received a 
cumulative cladribine dose >0-2.63 mg/kg (CLARITY Subject ID ) and hepatitis toxic 
in a subject who received a cumulative cladribine dose >0-2.63 mg/kg (CLARITY Subject ID 

) — were confounded by chronic calculous cholecystitis and an overdose of zopiclone 
and hydroxyzine, respectively. 
 
The third case — acute hepatitis in a 56 year old female subject who received a cumulative 
cladribine dose of 2.6 mg/kg (CLARITY Subject ID ) — could not be attributed to a 
cause other than cladribine. This subject was found to have a serum AST level that was ~4 times 
the ULN (139 IU/L) and a serum ALT level that was ~6.5 times the ULN (242 IU/L) at the 
beginning of the third course of cladribine treatment; a small increase in total bilirubin level was 
also observed, but bilirubin level remained within normal limits (peak value 9 µmol/L; ULN for 
bilirubin was 21 µmol/L). Peak alkaline phosphatase was 141 IU/L (reference range, 40–100 
IU/L). Review of medical history and viral serology and radiology results revealed no other 
possible cause of the hepatitis. Abnormalities in the liver function tests normalized after 
discontinuation of cladribine.  
 

, a 34 year old female subject in the ORACLE-MS trial had a SAE of Grade 4 elevation in 
ALT.  Initial report was submitted to IND 074634 on September 15, 2010. Results of AST 
measurements were not reported. The elevation was found on Trial Week 5 with routine testing.  
She was asymptomatic and denied alcohol use.  The only concomitant medication was 
pentoxifylline. She received cladribine from . Viral hepatitis testing was not done. 
All reported laboratory results as of the 19 Oct 2010 submission to IND 074634 are summarized 
in the table below. Because this subject’s bilirubin level remained within normal limits, this case 
does not fulfill Hy’s Law criteria.  
 
Table 22. Laboratory Results for  
Test Name Date Result LLN ULN 
 
ALT 23 U/L 6 U/L 34 U/L 
ALT 720 6 U/L 34 U/L 
ALT 169 U/L 6 U/L 34 U/L 
 
Alkaline Phosphatase 58 U/L 31 U/L 106 U/L 
Alkaline Phosphatase 82 U/L 31 U/L 106 U/L 
 
Total Bilirubin 4 µmol/L 2 µmol/L 21 µmol/L 
Total Bilirubin 12 µmol/L 2 µmol/L 21 µmol/L 
Total Bilirubin 19 µmol/L 2 µmol/L 21 µmol/L 
LLN=lower limit of normal; ULN=Upper limit of normal 
 
Reviewer comment: Hepatitis with no other possible cause has been seen after treatment with 
cladribine.  If the drug is marketed, this information will need to be included in the prescribing 
information.  No Hy’s Law cases have been seen with cladribine at the time of this review.  
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7.3.2.8.10 Serious Adverse Events: Eye disorders SOC 
 
SAEs in the Eye disorders SOC were reported in neither in completed controlled trials nor in 
completed uncontrolled trials.  
 
In the CLARITY Extension Trial Subject  had an SAE of uveitis.  This subject is a 42 
year old female from Morocco.  She received low dose cladribine in the CLARITY Study 
(cumulative dose 3.5 mg/kg) from .  She was assigned to placebo in 
the CLARITY Extension Trial. On , she presented with loss of visual acuity in the 
right eye.  She was hospitalized on , and treatment included boluses of 
methylprednisolone.  Opthalmological examination showed acute anterior uveitis amid chronic 
uveitis in the right eye. In October she received Tobrex ointment and collyrium drops 
intraocularly.  She also received additional boluses of methylprednisolone i.v. in late October.  
She had improvement of her loss of visual acuity and was put on prednisone 50 mg qd on  

 she presented with severe lowering of right visual acuity; 
opthalmological exam showed sequelae of anterior uveitis and macular right eye (presumable 
macular problem of the right eye).  The subject was hospitalized and treated, but as of the 
narrative received on 13 Oct 2010, she had no improvement in her right visual acuity.  
 
In an analysis of adverse events in the High Level Group Term (HLGT) “Ocular infections, 
irritations, and inflammations” from completed controlled trials, 28 of 1073 (2.6%) cladribine-
treated subjects had an adverse event, compared to 7 of 514 (1.4%) of placebo-treated subjects. 
The combined frequency of iritis, iridocyclitis, and uveitis adverse events was similar in 
cladribine-treated and placebo-treated subjects.  The most common event preferred term in this 
HLGT was conjunctivitis, for which 1.2% of cladribine-treated subjects had an adverse event 
and 0.6% of placebo subjects had an adverse event.  
 
Table 23. Adverse events in the Ocular infections, irritations, and inflammations HLGT in 
completed controlled trials 

Preferred Terms 

 
0 mg/kg 

n(%) 
N= 514 

 

All cladribine 
n (%) 

N=1073 

Total  7 (1.4 %) 28 (2.6%) 
   
Blepharitis 0 2 (0.2%) 
Conjunctivitis 3 (0.6%) 13 (1.2%) 
Conjunctivitis 
allergic 0 2 (0.2%) 

Eye allergy 0 1 (0.1%) 
Eye inflammation 0 1 (0.1%) 
Eye irritation 0 2 (0.2%) 
Eye pruritus 0 1 (0.1%) 
Eyelid oedema 1 (0.2%) 1 (0.1%) 
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Preferred Terms 

 
0 mg/kg 

n(%) 
N= 514 

 

All cladribine 
n (%) 

N=1073 

Iridocyclitis 0 2 (0.2%) 
Iritis 2 (0.4%) 0 
Keratitis 0 1 (0.1%) 
Ocular hyperaemia 1 (0.2%) 1 (0.1%) 
Uveitis 0 1 (0.1%) 

  
Reviewer comment: It is unclear whether the uveitis in CLARITY Extension Subject  
was related to cladribine.  Narrative is located on pp. 4-5 of the 13 Oct 2010 submission to NDA 
022561. This is a concerning case, but the time from last cladribine dose to the diagnosis of 
uveitis makes cladribine less likely of an etiologic agent. No other possible causes for this 
subject’s uveitis and vision loss were reported.  There is an increased rate of ocular infections, 
irritations, and inflammations seen in cladribine-treated subjects compared to placebo-treated 
subjects. 
 
7.3.3 Dropouts and/or Discontinuations 
 
7.3.3.3 Completed Placebo-Controlled Trials 
 
7.3.2.3.1 Placebo-Controlled trial of Cladribine Tablets: CLARITY Trial 
 
During the 96-week CLARITY study, the Sponsor classified 51 of the 884 cladribine-treated 
subjects (5.8%) as discontinuing due to an adverse event, compared to 9 of the 435 placebo-
treated subjects (2.1%) (Sponsor Table 80). The percentage of subjects classified by the Sponsor 
as discontinuing treatment with the study medication because of adverse events was higher for 
cladribine-treated subjects in the 5.25 mg/kg group (36 out of 454, 7.9%) than for subjects in the 
cladribine 3.5 mg/kg group (15 out of 430, 3.5%). 
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Narratives for subjects who prematurely discontinued participation in the CLARITY Trial were 
reviewed. Table 24 summarizes information for CLARITY subjects who, according to the 
assessment of this reviewer, likely discontinued because of one or more adverse events but were 
not categorized as such by the Sponsor. These subjects had ongoing adverse events at the time of 
discontinuation and had no other documented reason for discontinuation. With the classifications 
in Table 24 below, 42 of 454 (9.3%) of subjects in the cladribine 5.25 mg/kg group, 15 of 430 
(3.5%) of subjects in the cladribine 3.5 mg/kg group, and 10 of 435 (2.3%) of placebo-treated 
subjects in the CLARITY trial discontinued because of an adverse event.  
 
Table 24. Treatment Discontinuations in the CLARITY Trial: Subjects with Adverse Events and 
No Other Documented Reason for Discontinuation 

Subject 
No. 

Country 
Age & Sex 

Treatment 
Group 

Reason 
Per Sponsor Comment 

 
 

U.K. 
 

36 Female 
 

Cladribine 
5.25 mg/kg 

Other  
(Consent 

Withdrawn) 

Start of treatment courses: #1: ; #2:  
; #3: ; #4 . Had an MS 

relapse  (no hospitalization or 
steroids). Withdrew study consent on  (no 
specific reason was provided).  At the time of study 
withdrawal she had four ongoing treatment-emergent  
adverse events: Grade 3 lymphopenia, depression, 
headache, and generalized body itching. Narrative on p. 
151 of 10/4/10 response submitted to NDA.  

 
 

Russia 
 

18 Female 

Cladribine 
5.25.mg/kg 

Lost to 
Follow-Up 

Start of treatment courses: #1: ; #2:  
; #3: ; #4 . AE of Pregnancy 

was diagnosed  (LMP ). Subject 
had a voluntary abortion on . Hospitalized for 
lobar pneumonia . Subject was lost to 
follow-up after . No lymphocyte counts at the 
time of the pneumonia were provided. Lymphocyte count 
was 0.9 10E9/L on . 

 
 

Russia 
 

48 Female 
 

Cladribine 
5.25.mg/kg 

Lost to 
Follow-Up 

Start of treatment courses: #1: ; #2:  
; #3: ; #4: .  Her last study 

visit was , after which she was lost to follow-
up. Adverse events shortly before study discontinuation 
included “labored breathing” and “cardalgia”  

. 

 
 

Russia 
 

31 Female 

Cladribine 
5.25 mg/kg 

Other (Subject 
Decision to 
Withdraw) 

Start of treatment courses: #1: ; #2:  
  She had an increase in bilirubin reported from  

.   
Her labs are summarized as follows: 

Date Lympho-
cyte 
count 

Bilirubin 
X109/L 

ALT 
U/L 

AST 
U/L 

1.7 31.1 12 17 
2.6 22.1 11 12 
1.1  41.2 10 14 

 
Labs from  included Grade 1 lymphopenia and 
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Subject 
No. 

Country 
Age & Sex 

Treatment 
Group 

Reason 
Per Sponsor Comment 

Grade 2 hyperbilirubinemia, both of which had worsened 
in comparison to prior measurements. No additional labs 
after  were submitted. 

 
 

Tunisia 
27 Female 

Cladribine 
5.25 mg/kg 

Other 
(Withdrew 
Consent) 

Start of treatment courses: #1: ; #2:  
; #3 . Lymphopenia (Grade 2-3) was 

reported as a nonserious adverse event from 
, and again from  

.  The subject’s last study visit was on  
when the she withdrew consent for further participation.  
No other reason for withdrawal of consent was provided.  

 
 

Tunisia 
 

33 Female 
 
 

Cladribine 
5.25 mg/kg 

Other 
(Withdrew 
Consent) 

Start of treatment courses: #1: ; #2:  
; #3: .  Labs during study participation 

are shown below.  

 
She withdrew consent on .  No additional 
reason for discontinuation was given.  

 
Germany 

 
35 F 

 

Placebo 
Other 

(Withdrew 
Consent) 

Start of treatment courses: #1: ; #2:  
; #3: ; #4: .  The subject had 

an MS relapse in .  Adverse events 
included tonsillitis, viral infectious bowel disease, fungal 
infection of the breast, cough, dizziness, and allergic 
rhinitis.  Dizziness and allergic rhinitis were ongoing at 
time of withdrawal. No other explanation for 
discontinuation was provided.   

 
7.3.3.3.2  All Placebo-Controlled Trials of Cladribine 
 
Sponsor Table 81 summarizes the Sponsor’s assessment of adverse events causing 
discontinuation of study treatment in weeks 0-96 of controlled completed trials.  
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Reviewer Comment: In completed controlled trials, 5.4% of cladribine-treated subjects discontinued because of an adverse event, 
compared to 1.9% of placebo-treated subjects.  The most common adverse events causing discontinuation were lymphopenia, 
pregnancy, thrombocytopenia, and herpes zoster infections. 
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7.3.4 Significant Adverse Events 
 
Significant adverse events that were non-serious or did not lead to discontinuation will be 
discussed in Section 7.3.5. Submission-Specific Primary Safety Concerns. 
 
7.3.5 Submission-Specific Primary Safety Concerns 
 
Note: Human carcinogenicity will be discussed in section 7.6.1. 
 
7.3.5.1 Herpes Virus Infections 
 
Herpes virus infections were reported in 57 of the 1073 cladribine-treated subjects (5.3%) and in 
15 of the 514 placebo-treated subjects (2.9%) in the completed placebo-controlled trials (Sponsor 
Table 88). The frequency of herpes virus infections increased with cladribine dose over the 
cumulative cladribine dose ranges of >2.63-4.38 mg/kg, >4.38-6.13 mg/kg, and >6.13 mg/kg.  
Oral herpes was reported at a comparable frequency among the cladribine-treated and placebo-
treated subjects (2.1% for both groups). Herpes zoster infections were reported in 26 of the 1073 
cladribine-treated subjects (2.4%) and in 1 of the 514 placebo-treated subjects (0.2%). The 
herpes zoster virus infections in the cladribine-treated subjects were reported as herpes zoster (22 
subjects), herpes zoster infection neurological (2 subjects), herpes zoster oticus (1 subject), and 
herpes zoster ophthalmic (1 subject). 
 
The frequency of herpes zoster infections tended to increase with increasing cumulative 
cladribine dose herpes zoster infections were reported in 2 of the 103 subjects (1.9%) who 
received cumulative cladribine doses of >0-2.63 mg/kg, in 11 of the 471 subjects (2.3%) who 
received cumulative cladribine doses of >2.63-4.38 mg/kg, in 10 of the 478 subjects (2.1%) who 
received cumulative cladribine doses of >4.38-6.13 mg/kg, and in 3 of the 21 subjects (14.3%) 
who received cumulative cladribine doses of >6.13 mg/kg.  
 
The risk of herpes zoster was correlated with the severity of lymphopenia; the percentage of 
subjects who had herpes zoster infections by worst value for absolute lymphocyte count during 
the studies was as follows: Grade 0/1, 0.8% (2 out of 248), Grade 2, 2.3% (9 out of 384), and 
Grade 3/4, 3.4% (15 out of 438).20   

                                            
20 Common Terminology Criteria for Adverse Events (CTCAE) toxicity glades for decreased lymphocyte count: 
Grade 1: <LLN (1000)-800/mm3; Grade 2: <800-500/mm3; Grade 3: <500-200/mm3; and Grade 4: <200/mm3. 
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At the approximate time of onset of the herpes zoster infection, absolute lymphocyte counts were 
Grade 0, Grade 1, Grade 2, and Grade 3/4 in 4, 6, 6, and 10 of the 26 cladribine subjects who had 
herpes zoster infections (Sponsor Table 89). The herpes zoster infections occurred during Weeks 
0 to 8 in 2 subjects, during Weeks >8 to 16 in 3 subjects, during Weeks >16 to 24 in 4 subjects, 
during Weeks >24 to 48 in 4 subjects, during Weeks >48 to 56 in 4 subjects, and during Weeks 
>56 to 96 in 9 subjects. 
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Serious herpes zoster infections were reported in 4 of the cladribine-treated subjects in the 
completed placebo-controlled trials (refer to Appendix C2, Table 15_1, Appendix D1, 
Table U10): 
 
• A 41-year-old female subject (MS-001 Subject ID , parenteral cladribine 0.7 mg/kg; 
cumulative dose group >0-2.63 mg/kg) experienced herpes zoster ophthalmic of the left eye 
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1 month after receiving the last dose of cladribine. The subject was initially treated with antiviral 
agents and then with topical ophthalmics (cyclopentolate and tobramycin drops, and 
Bacitracin cream), and the herpes zoster resolved. 
• A 46-year-old female subject (CLARITY Subject ID , cumulative cladribine dose 
>4.38-6.13 mg/kg) developed herpes zoster oticus (Ramsay-Hunt Syndrome) ~3 months after 
receiving her fourth course of oral cladribine in the CLARITY trial. Initially, the subject was 
thought to be experiencing an MS relapse and was treated with high-dose Solu-Medrol i.v. for 
right sided paraesthesias, which affected the face, ear, hip, and buttock and which radiated down 
the leg. Within days a vesicular rash erupted over the face. At the time of hospitalization, the 
lymphocyte count was 0.8 x 109/L. The subject continued to have persistent postherpetic 
neuralgia. 
• A 48-year-old female subject (CLARITY Subject ID , cumulative cladribine dose 
>4.38-6.13 mg/kg) developed severe, acute bilateral lumbosacral and thoracic pain herpes zoster 
infection neurological) within 1 month of beginning the second retreatment course of 
oral cladribine (Week 52) in the CLARITY trial. The subject developed a vesicular eruption 
over the buttocks and back and had persistent neuropathic pain symptoms at discharge. The 
lymphocyte count was 0.81 x 109/L during the hospitalization. 
• A 31-year-old male subject (CLARITY Subject ID , cumulative cladribine dose 
>2.63-4.38 mg/kg) developed herpes zoster affecting the T8 dermatome around the time that he 
completed his second retreatment course of cladribine (Week 52) in the CLARITY trial. 
His lymphocyte count was 0.5 x 109/L at the time, and lymphopenia was also reported as a 
serious adverse event. Both the herpes zoster and lymphopenia resolved. 
 
The maximum toxicity for absolute lymphocyte count was Grade 2 in 2 of the 4 subjects (herpes 
zoster oticus, CLARITY Subject ID , and herpes zoster infection neurological, 
CLARITY Subject ID ) and Grade 3/4 in 2 of the 4 subjects (herpes zoster ophthalmic, 
MS-001 Subject ID , and herpes zoster, CLARITY Subject ID ) (see Sponsor Table 
76). None of the infections was systemic or disseminated in nature. There were no reported cases 
of herpes zoster encephalitis or meningitis. The two cases coded to the Preferred Term “herpes 
zoster infection neurological” in cladribine-treated subjects included a case of herpes zoster 
radiculitis (CLARITY Subjec ) and a case of bilateral lumbosacral and thoracal 
ganglioradiculoneuritis (CLARITY Subject ). 
 
 
As with herpes zoster infection, herpes virus infections overall were reported in more cladribine-
treated subjects (57 out of 1073, 5.3%) than in placebo-treated subjects (15 out of 514, 2.9%) in 
the completed placebo-controlled trials (see Table 88). The frequency of herpes virus infections 
did not appear to increase with cladribine dose over the cumulative cladribine dose ranges of >0- 
2.63 mg/kg (5 out of 103, 4.9%), >2.63-4.38 mg/kg (20 out of 471, 4.2%), and > 4.38- 6.13 
mg/kg (25 out of 478, 5.2%). Only a small number of subjects received cumulative cladribine 
doses of >6.13 mg/kg; however, of the 21 subjects who received doses of cladribine of 
>6.13 mg/kg, 7 subjects (33.3%) had herpes virus infections. The incidence of oral herpes 
simplex infection in the cladribine-treated subjects tended to increase with severity of 
lymphopenia (Sponsor Table 48), although the incidence of the term “oral herpes” was similar 
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between cladribine and placebo-treated subjects. For the cladribine-treated subjects who had oral 
herpes, the maximum lymphocyte toxicity was Grade 0/1 in 1.2% (3 of 248), Grade 2 in 1.8% (7 
out of 384, and Grade 3/4 in 3.0% (13 out of 438). Genital herpes was reported in 4 of the 1073 
cladribine-treated subjects (0.4%), 2 of whom received cumulative cladribine doses of 
>4.38-6.13 mg/kg and 2 of whom received cumulative cladribine doses of >6.13 mg/kg, and in 
none of the 514 placebo-treated subjects (see Sponsor Table 88); 2 of the 4 cases of genital 
herpes occurred in subjects who had Grade 3 or 4 lymphopenia (refer to Appendix C4, Listing 3, 
Listing 4). Varicella infection was reported in 2 cladribine-treated subjects (0.2%) and in 1 
placebo-treated subject (0.1%). No episodes of invasive herpes simplex virus infection were 
reported. 
 
Serious herpes zoster infections were reported in 2 of the cladribine-treated subjects in the 
extension phases of the studies (refer to Appendix D1, Table U10; Appendix D2, Listing 2u): 
 
• Serious herpes zoster was reported in a 57-year-old female subject who received parenteral 
cladribine 0.7 mg/kg (MS-001 Subject ID , cladribine cumulative dose >0-2.163 mg/kg). 
Eleven months after receiving her last dose in the double-blind phase of the study, she was 
hospitalized for 2 days (on Day 545) with herpes zoster and marked constipation, which were 
treated with antiviral agents and laxatives. 
• Serious herpes zoster with a secondary bacterial infection that required hospitalization for 
treatment with i.v. antibiotics and antivirals occurred in a 43-year-old woman (MS-Scripps 
Study, Subject ID , parenteral cladribine 2.8 mg/kg; cladribine cumulative dose >6.13 
mg/kg) during the cladribine retreatment phase. 
 
Varicella was reported as serious adverse event in a 50-year-old female subject (MS-Scripps 
study Subject ID , parenteral cladribine 2.8 mg/kg; cladribine cumulative dose >6.13 
mg/kg) approximately 16 months after she had received her last dose of cladribine. She was 
treated with acyclovir and the skin lesions resolved (refer to Appendix D2, Listing 2u). 
 
Reviewer Comment: Herpes virus infections occur more frequently in cladribine-treated subjects 
(5.9%), compared to placebo-treated subjects (2.9%).  Herpes zoster infections occurred in 2.4% 
of cladribine-treated subjects, compared to 0.2% of placebo-treated subjects. There were 4 
serious cases of herpes zoster infection. We will request additional information form the Sponsor 
on ways minimize the morbidity from herpes zoster infections, including their recommendations 
regarding varicella vaccination prior to treatment.  I recommend that any future oral cladribine 
medication guide include information to encourage early recognition and treatment of herpes 
zoster infections, since this in itself may decrease the severity and duration of zoster-related 
acute pain.21  Sequelae from herpes zoster include postherpetic neuralgia with prolonged or 
permanent pain, facial scarring, and eye involvement with potential loss of vision.  
 

                                            
21 Prevention of Herpes Zoster.  Recommendations of the Advisory Committee on Immunization Practices. Centers 
for Disease Control MMWR. May 15, 2008; 1-30.  Accessed on November 5, 2010 at 
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr57e0515a1 htm 
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7.3.5.2. Myelodysplasia 
 
A case of myelodysplasia was reported in a subject who received treatment with cladribine 
tablets in the CLARITY trial. (See Section 7.3.1.2.1 for additional details.) This 21-year-old 
woman from Tunisia (CLARITY Subject ID )22 was reported to have developed 
myelodysplasia within 6 months after receiving her only course of cladribine therapy (0.875 
mg/kg). The subject was hospitalized with fever and pancytopenia 12 days after the first dose of 
cladribine and 8 days after the last dose of cladribine. Her only other medication was an 
Implanon implant for birth control, which is not known to cause pancytopenia. Blood cultures 
and chest x-ray findings were negative. She received 2 platelet infusions and developed labial 
herpes simplex infection. She was discharged approximately 10 days later. She was 
rehospitalized 1 month later for an MS relapse. Her hospital course was complicated by bilateral 
alveolar infiltrates and fever, which were treated with i.v. antibiotics. Bone marrow biopsy, 
approximately 2 months after the first dose of cladribine, revealed discrete signs of 
myelodysplasia. The subject was discharged and reportedly had improvement in pulmonary 
infiltrates and pancytopenia. The subject was hospitalized again 3 months later with bilateral 
pulmonary infiltrates and was treated with i.v. antibiotics. A second bone marrow biopsy 
revealed myelodysplasia without chromosomal abnormalities at cytogenetic examination. After 
approximately 2 weeks of hospitalization, the subject experienced acute dyspnea with 
cardiorespiratory arrest and died. The Sponsor was unable to obtain a copy of the autopsy report.  
The Sponsor says that the autopsy report showed splenic enlargement, multiple pulmonary 
abscesses suggestive of tuberculosis, liver lesions due to chronic hepatopathy with annular 
fibrosis, and bone marrow showing medullar hypoplasia devoid of granular elements (neither 
tuberculoid nor cancerous lesions were found). Presumably these details are based on a report 
prepared by the Tunisian National Centre of Pharmacovigilance, which was based on verbal 
communication about the autopsy results.  
 
A 50-year-old male subject (MS-Scripps Subject ID )23 received parenteral cladribine 2.8 
mg/kg (cumulative oral cladribine dose equivalent 7.0 mg/kg). Five years after treatment with 
cladribine, the subject was hospitalized for urosepsis with a low platelet count. He was found on 
bone marrow examination to have some dysplastic changes with an abnormality of chromosome 
20. The subject had a history of occupational exposure to chloroethylene. No other drug known 
to affect hematopoiesis was listed as a concomitant medication in the Sponsor-submitted 
narrative. The investigator assessed the myelodysplasia as possibly related to cladribine. 
 
A 63 year old male subject who was administered parenteral cladribine (2.8 mg/kg or 7.0 mg/kg 
oral cladribine dose equivalent) for MS as part of a compassionate use program (Subject ).24 
His platelet count was 225K/mm3 at baseline before cladribine treatment.  His platelet count 
remained WNL until , 2 months after his last cladribine dose, when it was 
100K/mm3. In , six years after he received cladribine, his platelet count was 

                                            
22  Narrative on pp. 1248-1250 of the CLARITY Trial report 
23 Narrative located on pp. 54-58 of the EMD Serono response submitted to NDA 022561 on July 28, 2010.  
24 Narrative located on pp. 45-53 of the EMD Serono response submitted to NDA 022561 on July 28, 2010. 

Reference ID: 2885264

Reference ID: 4413345

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

118 

60K/mm3. Bone marrow examination in  revealed a deletion of some karyotypes of 
the long arm of chromosome 20. The subject’s mother had myelodysplasia diagnosed at age 77 
and died from acute leukemia at age 87. 
 
Reviewer Comment: Cladribine has been shown to cause defective repair of DNA strand breaks 
in resting cells.  This is a mechanism by which cladribine may cause myelodysplasia. 
Myelodysplasia with cladribine is a safety issue that will need to monitored, which EMD Serono 
acknowledges.25  In her consult to the Division of Neurology, Dr. Qin Ryan from the Office of 
Oncology Drug Products said that long-term hematology follow-up would be necessary for 
patients with MS after oral cladribine.  
 
7.3.5.3. Uterine Leiomyoma 
 
Uterine leiomyomas, which were reported in 9 of the 722 female cladribine-treated subjects 
(1.2%) and in 2 of the 338 female placebo-treated subjects (0.6%) in the completed placebo-
controlled trials, were the most frequently reported type of neoplasm. Uterine leiomyomas were 
reported as serious events in 5 of the female cladribine-treated subjects (0.7%) and in 1 of the 
female placebo-treated subjects. No clear evidence of a dose-related effect was observed; the 
frequency of uterine leiomyomas was 1.4% (1 out of 70), 1.5% (5 out of 328), and 1.0% (3 out of 
310) in the cumulative cladribine dose groups of >0-2.63 mg/kg, >2.63-4.38 mg/kg and >4.38-
6.13 mg/kg treatment groups, respectively.  
 
Three cladribine- treated subjects (CLARITY Subject , CLARITY Subject , 
and CLARITY Subject ) underwent elective hysterectomies. CLARITY Subject 

 underwent a hysterectomy for uterine leiomyoma 4 months after her first dose of 
cladribine.  Given this short latency from first dosing to hysterectomy, it is unlikely that 
cladribine had a role in this case of uterine leiomyoma. CLARITY Subject  developed 
several postoperative complications, including ileus, perforation of the small bowel, and 
peritonitis, psychotic episode, pneumonia, and wound dehiscence, which required intensive care.  
 
In addition to uterine leiomyoma cases in completed controlled trials, two subjects have reported 
uterine leiomyoma adverse events in the CLARITY Extension Trial. Both subjects had received 
cladribine 5.25 mg/kg in CLARITY and an additional 3.5 mg/kg of cladribine in the CLARITY 
Extension prior to diagnosis.26   
 
Reviewer Comment: The increased frequency of uterine leiomyoma in cladribine-treated subjects 
is of concern not only because of morbidity from the uterine leiomyomas, but also because of the 
possibility of transformation to uterine leiomyosarcoma. In a case series of 1432 hysterectomies 
in women with presumed benign disease, 0.5% had a histologic diagnosis of leiomyosarcoma.27 
                                            
25 Page 292 of the EMD Serono ISS.  
26 The CLARITY Extension is ongoing, and the sponsor is blinded to the treatment assignments for these two 
subjects. If this review is released to the public, any information revealing the treatment assignments for these two 
subjects should be redacted.   
27 Leiomyosarcoma in a series of hysterectomies performed for presumed uterine leiomyomas. Leibsohn S, et al. 
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Given the increased frequency of malignancies in cladribine-treated subjects, the rate of uterine 
leiomyosarcoma may be different in cladribine-treated subjects with uterine leiomyomas.  
 
7.3.5.4 Cardiac Safety 
 
Areas of concern regarding cladribine and cardiac safety include: 1) An increased rate of adverse 
events of cardiac arrhythmias and conduction disorders; 2) An increased rate of adverse events in 
the High Level Group Term of Coronary artery disorders; and 3) A case of myocarditis causing 
cardiac failure.  
 
 Cardiac Arrhythmias and Conduction Disorders 
 
The Sponsor analyzed a prespecified group of adverse events that are indicative of cardiac 
arrhythmias and conduction disorders in completed placebo-controlled trials. As shown in 
Sponsor Table 96, a higher percentage of cladribine-treated subjects (4.9%) than placebo-treated 
subjects (2.7%) had events within the prespecified group of cardiac arrhythmias and conduction 
disorders. No clear relationship between the occurrence of any cardiac arrhythmia or conduction 
disorder and cladribine dose was observed.  
 

                                                                                                                                             
Am J Obstet Gynecol. 1990 Apr;162(4):968-74; discussion 974-6. 
 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

120 

 
 
 
 
 
 
 
 
 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

121 

One SAE of cardio-respiratory arrest occurred in CLARITY subject  in the setting of 
pancytopenia and disseminated tuberculosis; this SAE appears to not be primarily related to a 
cardiac issue (see Section 7.3.1.2.1.2 for narrative).  
 
One SAE of Syncope occurred in Subject  one year after completing cladribine therapy.  
She lost consciousness after getting up at night to use the bathroom; mistakenly took 6 mg of 
ropinirole instead of her usual 2 mg dose.  Ropinirole is associated with orthostatic hypotension, 
so her syncopal episode may have been related to her medication error.  Evaluation in the 
hospital did not reveal an acute cardiac issue.  
 
Two subjects in the MS-001 trial (one cladribine-treated and one placebo-treated) died of 
unknown causes; cardiac dysrhythmia is a possible cause of death for these two subjects. 
 
Table 25. Subjects in MS-001 who died of unknown cause 

Trial 
Cumulative 
dose (oral 

equiv.) 

Subj. 
No.  

Age 
Sex 

Country 

Cause of 
Death Narrative 

MS-001 5.3 mg/kg 35 M 
USA 

Cause 
unknown 
(possible 

drowning) 

During the follow-up extension phase, he 
continually experienced MS aggravated 
problems such as increased fatigue, decreased 
vision, reduced balance, and reduced hand 
function. Approximately one year after his last 
course of double-blind treatment, he was found 
dead in the bathtub. The initial explanation for 
his death was drowning due to a possible 
seizure, cardiac dysrhythmia, or suicide. A 
narrative is located on page 79 of the  
ISS. Narrative and link to CRF are located on 
page 2 of Appendix H of the EMD Serono ISS. 

MS-001 Placebo  
0 mg/kg 

45 F 
USA 

Cause 
unknown 

Treatment with placebo started  
 subject was found dead at home of 

unknown causes.  Narrative and link to CRF 
are located on page 55 of Appendix H of the 
EMD Serono ISS.  

 
 
One case of death from cardiopulmonary arrest has been reported in ongoing trials. On October 
25, 2010 an initial report of a death from a cardiopulmonary arrest in the ORACLE-MS Trial 
was submitted to IND 074634. SSL, a 37 year old female from India (Mfr. Control No. 7019448) 
received cladribine  (cumulative dose 0.875 mg/kg).  She had no history of 
cardiac risk factors or disease. She was hospitalized for an MS relapse with increased 
unsteadiness, dysarthria, and dysphagia on . She was conscious and oriented on 
admission.  MRI of the brain on  showed demyelinating plaques, mass effect 
partially effacing the fourth ventricle, and minimal tonsillar herniation (0.3 mm below the 
foramen magnum).  On  she received Rebif after 5 days of i.v. methylprednisolone 
therapy.  Her clinical status was improving, and she was able to walk with support and take 
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feeds. On  she had lunch and slept.  She was found unresponsive and was 
pronounced dead a  Her death was assessed by the investigator to be caused by 
cardiopulmonary arrest. 
 
Only preliminary information regarding this death was available at the time of this review. 
Additional information is pending regarding this subject’s death, including information on prior 
ECGs, and prior CT scans of the head. An autopsy was not performed in this subject.  
 
 
Coronary Artery Disorders 
 
In completed placebo-controlled trials, adverse events in the Coronary artery disorders HLGT 
were more frequent in cladribine-treated subjects (1.8%) compared to placebo-treated subjects 
(1.0%) (Table 26).  Most of the cases in this HLGT were adverse events of angina pectoris.   
 
Table 26. Subjects with adverse events in the coronary artery disorders HLGT in completed 
controlled trials 

 

All Cladribine 
Subjects 
(n=1073) 

N (%) 

Placebo 
Subjects 
(n=514) 

n (%) 
Coronary artery disorders 19 (1.8) 5 (1.0) 
     Coronary artery disease 0 (0.0) 1 (0.2) 
     Acute myocardial 
infarction 0 (0.0) 1 (0.2) 
     Angina pectoris 17 (1.6)  3 (0.6) 
     Myocardial infarction 1 (0.1) 0 (0.0) 
     Prinzmetal angina 1 (0.1) 0 (0.0) 

 
CLARITY Subject  had an SAE of Prinzmetal’s angina. She is a 46 year old female 
with a history of hypertension, hyperlipidemia, and smoking had chest pain about 5 months after 
her last dose of cladribine. Cardiac testing revealed a decreased cardiac reserve at a low level of 
demand. No significant changes were found in her coronary arteries, so she was diagnosed with 
vasospastic angina pectoris.  
 
CLARITY Subject  had an SAE of Acute Myocardial Infarction and died. He had a 
history of type 2 diabetes and smoking.  Eight months after his last dose of cladribine, he 
collapsed at a train station and died.  Autopsy revealed thrombotic occlusion of the front 
interchamber left coronary artery.  
 
SAEs of Acute Myocardial Infarction (CLARITY Subject ) and Angina Pectoris 
(CLARITY Subject ) occurred in placebo-treated subjects.   
 
Additional information regarding adverse events in the Coronary artery disorders HLGT is 
necessary to fully understand these cases.  Narratives will be requested.  
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Myocarditis and Acute Cardiac Failure 
 
The entire sponsor-submitted narrative for this subject is located in Appendix Section 9.4.1 of 
this review.  
 
TZ, ORACLE-MS Subject , a 20 year old male from the Czech Republic had Serious 
Adverse Events of Myocarditis, Atrial Fibrillation, Pulmonary Edema, Hypertension, and 
Bronchitis.   
 
The subject’s medical history included deformation of thumb (right hand) after injury ongoing 
since 1999, smoking (4 cigarettes a day), and alcohol occasionally. The subject had no familial 
history of myocardial infarction, no allergies, no previous toxic exposure (neither alcohol nor 
cocaine), no signs of previous pneumonia or other severe infection, no history of antecedent 
illness, muscle aches, or viral symptoms, and no other risk factors (congenital malformation, 
cardiac disease, hyperthyroidism). No medications were being administered at study entry. 
 
The subject received Cladribine, 0.875 mg/kg, from .  On , early 
in the morning, the subject awoke with dyspnea and headache. In the ambulance, atrial 
fibrillation with rapid ventricular response and hypertension were detected. On admission, he 
was hypertensive (220/120, 210/110) with atrial fibrillation on ECG.  He had “hyposaturation 
(60% SaO2 on 100% oxygen, and 65%.)”, according to the sponsor-submitted narrative.  Non 
invasive supportive ventilation CPAP was commenced. Cardioversion was performed on  

 and sinus rhythm was reinstated. 
 
ECHO on the bed of coronary unit in the acute phase was performed on . Left 
ventricle was not dilated with apparent marked akinesia of septum, and systolic function was 
severely impaired (EF 25 to 30%). Other cardiac segments were also not dilated. There was a 
negligible mitral regurgitation. 
 
On  laboratory results were notable for: TSH 2.76 mU/L (WNL), serum troponin I 
was 0.04 µg/L (normal range 0-0.03 µg/L), and lymphocyte count 0.0.75 x10E9/L.  
Additional lab results (presumably from ): 

 
Reviewer Note: Since viral titers were measured once and not in series, they do not contribute to 
an assessment for acute viral infection.  
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ECHO on  revealed diffuse left ventricular hypokinesia, hypo/akinesia of anterior 
wall and septum, and ejection fraction of approximately 40 to 45%.  
 
The subject did not receive an endomyocardial biopsy, and tests for infection with cardiotropic 
viruses were not performed.  
 
On , treatment was discontinued, and the subject was permanently withdrawn from 
the study. 
 
Coronarography (selective coronary arteriography, left ventriculography) was performed on  

 without any pathological findings. Coronary vessels were normal. Left ventricle 
showed intact kinetics of the walls in all segments perhaps relatively weaker contraction in the 
basal part of the inferior wall, and a calculated LVEF of 66% without mitral regurgitation. 
 
Cardiac MRI showed hypertrophy of left atrium, normal systolic fraction, and mild edema of 
myocardium. These findings supported the diagnosis of myocarditis. (Date of this cardiac MRI 
was not specified.) 
 
The subject was discharged form the hospital on . Recommended medication at 
discharge was ramipril 2.5 mg each morning.  
 
Reviewer comment: This is a case of a 20 year old male with no significant cardiac risk factors 
who was diagnosed with acute cardiac failure, pulmonary edema, and atrial fibrillation 11 days 
after his first dose of cladribine.  He was diagnosed with myocarditis based on results of cardiac 
MRI, which were reported to show “mild edema of myocardium.” Cardiac MRI image analysis 
of areas of late gadolinium enhancement (which appears to be the technique used) has a 
reported specificity of 100% in the diagnosis of acute myocarditis.28  It is not possible to discern 
whether a viral infection contributed to this case of myocarditis.  Tests for infection with 
cardiotropic viruses were not performed, and the subject did not receive an endomyocardial 
biopsy. The subject did not report symptoms of viral illness before his acute illness. Given the 
time course of his illness in relation to treatment and the subject’s lack of cardiac risk factors, 
this event appears likely to be related to cladribine; possible mechanisms of myocarditis related 
to cladribine include infection or drug toxicity. Because the structure of cladribine is closely 
related to adenosine, drug toxicity may occur via disruption of the cardiac adenylate cyclase 
pathway.  
 
Additional cases of acute cardiac failure have been documented in cladribine-treated patients:   

• Koczwara29 published a case report of a 42 year old male who received a cumulative dose 
of 0.7 mg/kg of intravenous cladribine for treatment of hairy cell leukemia.  This patient 

                                            
28 Diagnostic performance of cardiovascular magnetic resonance in patients with suspected acute myocarditis. 
Abdel-Aty H, et al. Journal of the American College of Cardiology 45(11), 7 June 2005: 1815-1822.  
29 The development of congestive cardiac failure in a patient with hairy cell leukemia treated with cladribine. 
Koczwara B, et al. Leukemia and Lymphoma 26: 413-415. 
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had no other significant past medical history.  He had a 10 pack-year smoking history.  
He had no family history of cardiac disease. On day 7 he developed fever and was started 
on antibiotic therapy.  He was discharged home and was readmitted on day 17 with 
rigors, pulmonary edema, and a newly-noted fourth heart sound.  ECG showed sinus 
tachycardia and right axis deviation not seen on previous ECGs.  Echocardiogram 
showed global hypokinesis with an ejection fraction of 30%. He had moderate mitral 
regurgitation and mild tricuspid and pulmonary insufficiency. He had a mild elevation in 
cardiac enzymes.  He was treated with digoxin, captopril, and diuretics, and his 
symptoms of cardiac failure resolved.  Approximately one month later, a nuclear gated 
blood pool scan showed an ejection fraction of 54%.  His cardiac medications were 
stopped.  

• Lorand-Metze30 published a report documenting treatment of two subjects with 
prolymphocytic leukemia with cladribine. A 77 year old patient received three monthly 
courses of cladribine, 0.14 mg/kg per day for 5 days. The subject’s hemoglobin remained 
around 7.0 g/dL, and he required several transfusions.  Five months after the end of 
treatment, the patient developed acute heart failure and died. An autopsy was not 
permitted by his family.                                                                                                                             
Reviewer note: This case is confounded by the patient’s advanced age and persistent 
anemia.  No description of cardiac risk factors was reported. 

• Hoffman31 described the treatment of patients with advanced indolent non-Hodgkin’s 
lymphoma with cladribine intravenous infusion, 0.1 mg/kg/day for 5 or 7 days for one 
cycle. It was reported that one patient with a history of doxorubicin exposure developed 
congestive heart failure after one cycle of treatment, but she had also had a previous 
episode of congestive heart failure attributed to diastolic dysfunction. The left ventricular 
ejection fraction decreased subsequent to 2-CdA, but normalized with conservative 
management.  
 Reviewer note: Neither a description of cardiac risk factors nor this subject’s age was 
reported. 
 

Reviewer note: We will ask the sponsor to provide information on any other known other cases 
of myocarditis or cardiac failure after cladribine treatment, as well as any future cases in 
ongoing studies.  
 
7.3.5.5 Hypersensitivity 
 
In response to an FDA request, the Sponsor performed a search of cladribine completed 
controlled trials in MS to identify possible hypersensitivity adverse events (using the MedDRA 
Angioedema SMQ and a custom search for instances of rash and allergies).32 Additional searches 
(performed by this reviewer) for adverse events of interstitial nephritis, drug-induced lupus, and 
drug-induced vasculitis did not yield any cases.  Serious adverse events were also reviewed for 
                                            
30 Treatment of prolymphocytic leukemia with cladribine. Lorand-Metze I, et al. Ann Hematol (1998) 76: 85-86.  
31 2-Chlorodeoxyadenosine Is an Active Salvage Therapy in Advanced Indolent Non-Hodgkin's Lymphoma. 
Hoffman M, et al. Journal of Clinical Oncology, Vol 12, No 4 (April), 1994: pp 788-792 
32 Response submitted to NDA 022561 on October 4, 2010.  
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cases of drug hypersensitivity.  The Sponsor analyzed events that occurred within 30 days from 
dosing.  The Sponsor provided the number of cases, the number of subjects, incidence 
proportions, subject-time of exposure in subject-years, and incidence rates for cladribine-treated 
and placebo-treated study subjects in these 6 groups:  1) U.S. subjects; 2) U.S. subjects, oral 
route of administration; 3) U.S. subjects, parenteral route of administration; 4) Worldwide 
subjects; 5) Worldwide subjects, oral route of administration; and 6) Worldwide subjects, 
parenteral route of administration.   
 
Because route of administration affects drug immunogenicity, this review will focus on 
evaluations of hypersensitivity adverse events with oral cladribine.  The CLARITY trial is the 
only completed trial of oral cladribine.  Table 49 on page 424 of the 10/4/10 submission lists the 
MedDRA Preferred Terms for adverse events analyzed for subjects from the CLARITY trial 
worldwide. Narratives for adverse events coded to the Preferred Term “Dermatitis” were not 
included in the Sponsor’s analysis of Hypersensitivity events. 
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Sponsor Table 3 summarizes the incidence of hypersensitivity events for all subjects vs. U.S. 
subjects stratified by oral vs. parenteral route of administration. In analyses of CLARITY 
subjects worldwide, 57 of 886 (6.4%) of cladribine-treated subjects had a Hypersensitivity 
adverse event compared to 17 of 435 (3.9%) placebo-treated subjects. In analyses of U.S. 
CLARITY subjects, 10 of 60 (16.7%) cladribine-treated subjects has a Hypersensitivity adverse 
event, compared to 4 of 33 (12.1%) of placebo-treated subjects.  The Sponsor also calculated 
incidence rates; these calculations may be difficult to interpret, because events that did not occur 
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within 30 days of dosing were not analyzed, but the denominator includes all subject exposure 
time, including time periods not within 30 days of dosing.  
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In the CLARITY trial, angioedema adverse events33 occurred in 6 of 886 (0.7%) of cladribine-treated subjects compared to 6 of 435 
(1.4%) of placebo-treated subjects.34 In U.S. CLARITY trial subjects, 0 of 60 (0%) of cladribine-treated subjects had an angioedema 
adverse event, compared to 1 of 33 (3.0%) of placebo-treated subjects.35  
 
In the CLARITY Trial, 11 of 886 (1.2%) cladribine-treated subjects experienced a Hypersensitivity36 Serious Adverse Event or 
discontinued treatment due to a Hypersensitivity adverse event, compared to 0 of 435 placebo-treated subjects;37  Table 26. below 
summarizes these adverse events. Information provided on some of these events was incomplete or conflicting.  One adverse event 
(rash in Subject ) was not related to hypersensitivity; excluding this case, in the CLARITY Trial, 10 of 886 (1.1%) of 
cladribine-treated subjects experienced a Hypersensitivity38 Serious Adverse Event or discontinued treatment due to a Hypersensitivity 
adverse event, compared to 0 of 435 placebo-treated subjects.39 
 
Table 26. Brief Narratives for CLARITY Subjects with Hypersensitivity* Serious Adverse Events  

Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

Latency1 

(days) 
Age 
Sex 

Country 

Preferred 
Term 

SAE 
and/or 

DC2 
Comment 

3.42 234 38 F 
Canada Asthma SAE 

History of chronic asthma and tobacco use. Start dates for 
cladribine courses: #1: ; #2: ; #3:  

; #4: .  On  her absolute lymphocyte 
count was 0.51 x 10 /L (Borderline Grade 1-2 toxicity). She was 
hospitalized  with a 
severe asthma attack and pneumonia. She discontinued treatment 
because of residual pneumonia. Reviewer comment: The decreased 
lymohocyte count caused by cladribine treatment contributed to 
this subject’s pneumonia and severe asthma attack.  Narrative is 
located on pp. 1266-1267 of the CLARITY Trial report.  

                                            
33 Adverse events identified using the Angioedema MedDRA SMQ within 30 days of dosing 
34 Table 43 on page 418 of the 10/4/10 Sponsor response contains a list of preferred terms for worldwide subjects with angioedema events in the CLARITY trial. 
35 Table 40 on page 415 of the 10/4/10 Sponsor response contains a list of preferred terms for U.S. subjects with angioedema events in the CLARITY trial.  
36 Hypersensitivity defined by the custom search performed by EMD Serono.  
37 Sponsor Table 2 from the EMD Serono response submitted to NDA 022561 on 10/18/2010. 
38 Hypersensitivity defined by the custom search performed by EMD Serono.  
39 Sponsor Table 2 from the EMD Serono response submitted to NDA 022561 on 10/18/2010. 
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Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

Latency1 

(days) 
Age 
Sex 

Country 

Preferred 
Term 

SAE 
and/or 

DC2 
Comment 

0.18 mg/kg 1 19 F 
Germany Hypersensitivity SAE 

After taking the first cladribine tablet on  she had an 
allergic reaction of moderate severity with headache, burning eyes, 
double vision, and vertigo. The subject's left jaw was 
asymmetrically swollen and her tonsils were swollen. Two days 
after starting cladribine she developed a skin reaction with mucous 
membrane involvement. She had acne-like red spots on her face, 
neck, breasts, arms, and legs, as well as ulcerations of the mouth 
and tongue.  These events were considered incapacitating. There 
was no report of a skin biopsy. She took her last dose of cladribine 
on .  Her double vision resolved by . No 
eye abnormalities were found by an ophthalmologist.  Her skin 
reaction resolved by . The subject withdrew from the 
study on  and was lost to follow-up. Reviewer 
comment: This subject experienced a severe cutaneous reaction 
with cladribine administration –. Erythema Multiforme Major vs. 
an exanthematous drug reaction.  Definitive diagnosis is impaired 
by the lack of a reported skin biopsy.  The subject’s only other 
medication at the time of this adverse event was an Implanon 
implant for birth control, which is not known to be associated with 
severe cutaneous reaction. A narrative and link to the CRF is 
located on page 1426 of the CLARITY study report. The entire 
Sponsor-submitted narrative for this subject has been copied in 
Appendix Section 9.4.2. 

3.5 175 27 F 
Germany Hypersensitivity SAE 

First dose of cladribine was on .  Last dose was on  
, approximately 6 months after receiving 

the last dose of study medication, the subject was hospitalized 
because of mild paraesthesia in her neck and both arms, which the 
investigator initially suspected to be an MS relapse. On follow-up, 
it was assessed to be caused by either a suspected allergic reaction 
or suspected arthritis, but a definite diagnosis was not established. 
The subject was treated with Solu-Decortin (1000 mg i.v. qd), and 
the paraesthesia resolved on  without sequelae. The 
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Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

Latency1 

(days) 
Age 
Sex 

Country 

Preferred 
Term 

SAE 
and/or 

DC2 
Comment 

date of hospital discharge was not reported. Reviewer Comment: 
Unclear whether this is a hypersensitivity event. A narrative and 
link to the CRF is located on page 1428 of the CLARITY study 
report. 

2.7 19 30 F 
Poland Pruritis SAE 

Start dates of cladribine courses: #1: ; #2 ;  
#3: ; #4: ; #5: ; #6:  

. On , about 15 days since her last cladribine 
dose, subject developed pruritis allergic. Medication was continued. 
On , four days after the sixth treatment course, the 
subject was reported as having pruritis. The pruritis resolved on  

. The subject had a second episode of pruritis on  
 which resolved on . Reviewer comment: Pruritis 

after taking cladribine, possibly related.  Narrative on pp. 131-132 
of EMD Serono’s 10/4/2010 submission to NDA 022561.  

2.5 220 39 F 
Russia 

Dermatitis 
Allergic SAE 

No information regarding the AE with the Preferred Term 
Dermatitis Allergic was provided in the narrative.  Narrative 
located on pp. 1284-5 of the CLARITY Trail report.  

1.8     240 42 F 
UK 

Rash 
erythematous DC 

The subject developed an erythematous rash on her right leg  
approximately 8 months after starting treatment with cladribine and 
7 months after her last dose was administered prior to the event. 
The subject had starting taking gabapentin (300 mg TID) on  

 shortly before the onset of the rash. The rash resolved by  
 The investigator considered the rash possibly related to the 

investigational medicinal product and possibly related to 
gabapentin. Narrative located on pp. 1481-2 of the CLARITY Trial 
report.  
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Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

Latency1 

(days) 
Age 
Sex 

Country 

Preferred 
Term 

SAE 
and/or 

DC2 
Comment 

3.9 87 37 F 
France Rhinitis allergic SAE 

No information regarding the AE with the Preferred Term 
Dermatitis Allergic was provided in the narrative.  Narrative 
located on pp. 1351-1352 of the CLARITY Trail report. 

1.8 1 22 F 
Switzerland 

Dermatitis 
allergic 

SAE 
 

DC 

First cladribine course . Second course of cladribine  
. and her third course of treatment (placebo) from 

. Treatment was discontinued on  
 because of worsening exanthem on her face and head, 

which was considered moderate in severity and probably related to 
the investigational medicinal product (suspected allergic reaction).  
The worsening exanthem was treated with topical Tavegyl (1
portion gel prn) and Linola (1 portion crème several times per day), 
starting on . In  treatment with topical Elidel 
(1 portion crème 2 times per week) for the exanthema was begun. 
Reviewer Note: The narrative does not mention the date of onset, 
but Table 1 in the Sponsor’s 10/12/10 submission says the allergic 
dermatitis started within a day of starting cladribine. Narrative 
located on pp. 1353-1354 of the CLARITY Trial report.  

1.5 362 31 M 
Canada Rash SAE 

Received his first course (cladribine) from , second 
course (cladribine) from , third course (placebo) 
from , and his fourth course (placebo) from  

. Received 2 additional courses of treatment (cladribine) 
from  and from . The list of 
Adverse Events (p. 1381 of Appendix 16.2.7 of the CLARITY Trial 
Report) says the subject had a rash from  

.  The narrative provided does not provide any additional 
information regarding the rash. Narrative located on pp. 1355-6 of 
the CLARITY Trial report.  
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Subject 
No. 

Total 
Cladribine 

Dose at 
AE Onset 

Latency1 

(days) 
Age 
Sex 

Country 

Preferred 
Term 

SAE 
and/or 

DC2 
Comment 

3.5 5-8 
months 

53 F 
USA 

Rhinitis 
Allergic SAE 

According to the narrative: “Between  (i.e., after 
she had completed 4 courses of therapy), the following nonserious 
adverse events were reported for the subject: allergic rhinitis, 
hypertension, bilateral lower extremity edema, and anxiety.” No 
other information on this AE was provided. Narrative located on 
pp. 1526-7 of the CLARITY Trial report.  

0.8 169 21 F 
Tunisia Rash SAE 

The rash in this subject occurred during the course of this subject’s 
illness with disseminated tuberculosis and pancytopenia. See 
description of deaths in this review for additional information. 
Reviewer note: The rash in this subject was more likely related to 
her thrombocytopenia than to hypersensitivity. Narrative located 
on pp. 191-4 of the CLARITY Trial report.  

* Hypersensitivity defined by the custom search performed by EMD Serono.  See EMD Serono response submitted to NDA 022561 on October 4, 2010. 
1 Time from first day of treatment to diagnosis 
2Information classification of Serious Adverse Events and Discontinuations was obtained from Table 1 in EMD Serono’s October 12, 2010 submission to NDA 
022561. There is conflicting information on whether some adverse events were considered serious or non-serious.  
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Narratives for adverse events coded to the Preferred Term “Dermatitis” were not included in the 
Sponsor’s analysis of Hypersensitivity events, including CLARITY Subject ; this 
subject developed facial pruritis and erythema (dermatitis) of 5 days duration, 6 days after her 
first dose of cladribine. Treatment was discontinued because of this adverse event.  
 
In analyses of CLARITY subjects worldwide, 57 of 886 (6.4%) of cladribine-treated subjects had 
a Hypersensitivity adverse event, compared to 17 of 435 (3.9%) placebo-treated subjects. In 
analyses of U.S. CLARITY subjects, 10 of 60 (16.7%) cladribine-treated subjects has a 
Hypersensitivity adverse event, compared to 4 of 33 (12.1%) of placebo-treated subjects. There 
was no increased in the frequency of angioedema adverse events in cladribine-treated subjects 
compared to placebo-treated subjects in the CLARITY Trial. In the CLARITY Trial, cladribine-
treated subjects had a greater frequency of Hypersensitivity SAEs (1.1%), compared to placebo-
treated subjects (0%). One cladribine-treated CLARITY subject had a suspected case of 
Erythema Multiforme Major. We will request additional information from the Sponsor regarding 
this case, including a request for confirmation on whether a biopsy was performed and 
confirmation on whether the subject had any desquamation. I recommend that information 
regarding the increased frequency of Hypersensitivity events in cladribine-treated subject be 
included in any future prescribing information for oral cladribine.  
 
7.4 Supportive Safety Results 
 
7.4.1 Common Adverse Events 
 
CLARITY Trial  
 
The treatment-emergent adverse events that were reported in ≥1% of all cladribine-treated 
subjects during Weeks 0 to 96 in the CLARITY trial are summarized in Sponsor Table 43.  Of 
note, the frequency of each Preferred Term listed in Sponsor Table 43 was numerically greater in 
cladribine-treated subjects than in placebo-treated subjects.   
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The most commonly reported adverse events (reported in ≥10% of cladribine-treated subjects) 
were headache, lymphopenia, nasopharyngitis, upper respiratory tract infection, and nausea (see 
Sponsor Table 43).  
 
Back pain was reported more commonly in the all cladribine group (8.3%) than in the placebo 
group (6.4%), and the frequency was higher in the cladribine 5.25 mg/kg group (8.6%) compared 
to the cladribine 3.5 mg/kg group (7.9%). 
 
Depression was reported more commonly in the all cladribine group (4.9%) than in the placebo 
group (3.0%), and the frequency was higher in the cladribine 5.25 mg/kg group (5.5%) compared 
to the cladribine 3.5 mg/kg group (4.2%).  Anxiety was reported more commonly in the all 
cladribine group (2.9%) than in the placebo group (1.8%). 
 
Vertigo was reported more commonly in the all cladribine group (4.2%) than in the placebo 
group (2.5%) and was dose related, with frequencies of 5.1% in the cladribine 5.25 mg/kg group 
and 3.3% in the cladribine 3.5 mg/kg group. The percentage of subjects who had tinnitus was 
almost 3 times higher in the combined cladribine group (1.4%) than in the placebo group (0.5%). 
The greatest frequency occurred in the cladribine 5.25 mg/kg group (2.2% versus 0.5% for the 
cladribine 3.5 mg/kg and placebo groups).  
 
In completed controlled trials, 5 of 1073 (0.5%) subjects had an adverse event mapped to the 
High Level Term Hearing Losses, compared to 1 of 514 (0.2%) placebo-treated subjects (Table 
27).  All of the subjects were in the CLARITY Trial.  
 
Table 27. Adverse events in the HLT Hearing Losses in completed controlled trials 

CLARITY 
Subject ID Age Treatment Assignment Preferred Term 

34 Cladribine 3.5 mg/kg Deafness 
40 Cladribine 5.25 mg/kg Deafness bilateral 

39 Cladribine 3.5 mg/kg Deafness 
neurosensory 

45 0 mg/kg Deafness unilateral 
29 Cladribine 5.25 mg/kg Hearing impaired 
40 Cladribine 5.25 mg/kg Hypoacusis 

 
Reviewer comment: None of the hearing loss adverse events were classified as serious adverse 
events.  Narratives will be requested regarding these adverse events.  
 
Toothache was reported more commonly in the all cladribine group (4.0%) than in the placebo 
group (2.8%) and was dose related, with frequencies of 4.8% in the cladribine 3.5 mg/kg group 
and 5.1% in the cladribine 3.5 mg/kg group. 
 
Pyrexia was reported more commonly in the all cladribine group (3.6%) than in the placebo 
group (1.8%), and the frequency was higher in the cladribine 5.25 mg/kg group (4.0%) compared 
to the cladribine 3.5 mg/kg group (3.3%). 
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Alopecia was reported more commonly in the all cladribine group (3.3%) than in the placebo 
group (1.1%).  No dose relationship was observed.  
 
7.4.2 Laboratory Findings 
 
Routine urinalysis was done in CLARITY Trial subjects, but analyses were not presented in the 
EMD Serono ISS or the CLARITY Trial report.   
Reviewer Note: Analyses of urinalysis results in CLARITY Trial subjects will be requested.  
 
No coagulation parameters (PT, PTT, or INR) or blood lipid levels were routinely checked in 
CLARITY Trial subjects.  
 
7.4.2.1 Hematology Laboratory Findings 
 
Changes over Time – CLARITY Trial 
 
Lymphocytes 
 
In the CLARITY trial, median lymphocyte counts at baseline were comparable between the 
cladribine 5.25 mg/kg (1.9 x 109/L), cladribine 3.5 mg/kg (1.9 x 109/L), and placebo (2.0 x 
109/L) groups (reference range, 1.0-3.4 x 109/L). With the first 2 courses of cladribine, beginning 
on Day 1 and at Week 5, comparable decreases in lymphocyte count were observed in both the 
cladribine 5.25 mg/kg and cladribine 3.5 mg/kg groups (see Sponsor Figure 140). After the 
second course, the cladribine 5.25 mg/kg group received an additional 2 courses of cladribine (at 
Weeks 9 and 13), resulting in a further decrease in lymphocytes as compared with the cladribine 
3.5 mg/kg group, which received 2 courses of placebo at Weeks 9 and 13. At Week 16, a mean 
61.9% decrease from baseline in absolute lymphocyte count was observed in the cladribine 5.25 
mg/kg group, for a median value of 0.7 x 109. A mean 40.0% decrease from baseline in absolute 
lymphocyte count was observed in the cladribine 3.5 mg/kg group, for a median value of 1.1 x 
109. By Week 48, each of the cladribine dose groups had modest mean increases in lymphocyte 
count compared to Week 16, with mean percentage decreases from baseline of 46.3% and 32.8% 
in the cladribine 5.25 mg/kg and cladribine 3.5 mg/kg groups, respectively. Median lymphocyte 
counts at Week 48 were 1.0 x 109/L and 1.2 x 109/L for the cladribine 5.25 mg/kg and cladribine 
3.5 mg/kg groups, respectively. 
 
Beginning at Weeks 48 and 52, both cladribine dose groups were retreated with 2 courses of 
cladribine. The nadir at Week 55 was comparable to that at Week 16 level for the cladribine 5.25 
mg/kg group (mean = 0.7 x 109/L). A nadir was also observed at Week 55 in the cladribine 3.5 
mg/kg group (mean = 0.8 x 109/L). Mean absolute lymphocyte count gradually increased from 

                                            
40  Sponsor Figure 1 from page 310 of the EMD Serono Integrated Summary of Safety. The last box plot on the far 
right displays the distribution of lymphocyte counts at last assessment.  The next to last box plot displays the 
distribution of lymphocyte counts at 96 weeks.  
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the nadir over the remaining weeks of the study.  At the last assessment,41 the mean lymphocyte 
count was 1.0 x 109/L in the cladribine 5.25 mg/kg group and 1.1 x 109/L in the cladribine 3.5 
mg/kg group, representing a persistent mean decrease from baseline of 45.5% and 40.1%, 
respectively. Median lymphocyte counts at Week 96 were 1.0 x 109/L and 1.1 x 109/L for the 
cladribine 5.25 mg/kg and cladribine 3.5 mg/kg groups, respectively. 
 
Mean absolute lymphocyte counts in the placebo group were relatively unchanged and the mean 
value at the last assessment was comparable to baseline (1.90 x 109/L). 
 
To characterize the lymphocyte populations that were preferentially reduced by cladribine 
therapy, fluorescence-activated cell sorter (FACS) lymphocyte analysis was conducted on a 
subset of subjects from the CLARITY trial (refer to CLARITY Clinical Trial Report, Table 
25643-187). The protocol-specified goal was to have FACS data on approximately 100 subjects 
in each of the 3 treatment groups. Overall, cladribine treatment appeared to cause greater 
decreases in the CD4 cell population than in the CD8 cell population. 

                                            
41 Last assessment varied according to subject.; 1194 of 1318 subjects were assessed at 96 weeks, which was the 
last week of the CLARITY Trial.  
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Figure 1: Mean Lymphocytes Count by Assessment Time and Treatment Group in the CLARITY Trial (Safety Population) 

 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

142 

Neutrophils 
 
Median neutrophil count at baseline was comparable among the cladribine 5.25 mg/kg (4.1 x 
109/L), cladribine 3.5 mg/kg (4.1 x 109/L), and placebo (4.2 x 109/L) groups (reference range, 
1.4-15.2 x 109/L).42 During the first 48 weeks of the study, the lowest median values in both of 
the cladribine dose groups were observed at Week 16 (3.0 x 109/L for the cladribine 5.25 mg/kg 
group and 3.6 x 109/L for the cladribine 3.5 mg/kg group) (see Sponsor Figure 2). By Week 44, 
median neutrophil counts were modestly increased from the nadir values to 3.5 x 109/L in the 
cladribine 5.25 mg/kg group and to 3.7 x 109/L in the cladribine 3.5 mg/kg group. After 
treatment with cladribine at Weeks 48 and 52, the lowest median values for neutrophils were 
observed at the Week 55 visit in both of the cladribine dose groups (2.9 x 109/L for the cladribine 
5.25 mg/kg group and 3.0 x 109/L for the cladribine 3.5 mg/kg group. By Week 96, median 
neutrophil counts had increased from nadir but had not returned to baseline values (3.4 x 109/L in 
the cladribine 5.25 mg/kg group and 3.5 x 109/L in the cladribine 3.5 mg/kg groups). 
Median neutrophil counts in the placebo group fluctuated around baseline values throughout the 
trial. The change from baseline in median neutrophil count at each visit was consistently greater 
in the cladribine 5.25 mg/kg group than in the cladribine 3.5 mg/kg group.  

                                            
42 While the laboratory method used is not listed, and reference ranges vary according to method, it is noted that the 
cited reference range differs from others that this reviewer has seen.  For comparison, the reference range for 
absolute neutrophil count is 1.8 to 7.2 x 10 9 in the table of normal laboratory values provided by the American 
College of Physicians Medicine online resource. (Ref: Daniel D. Federman, M.D., Elizabeth G. Nabel, MD, eds. 
2010. ACP Medicine. New York, NY. BC Decker Inc. ISBN 0-9703902-9-7. ISSN 1548-9345. STAT!Ref Online 
Electronic Medical Library. http://online.statref.com/document.aspx?fxid=48&docid=905. 11/5/2010 3:04:39 PM 
CDT). 
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Figure 2: Mean Change in Neutrophils Count by Assessment Time and Treatment Group in the CLARITY Study  
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White Blood Cells 
 
Median WBC count at baseline was comparable among the cladribine 5.25 mg/kg (6.6 x 109/L), 
cladribine 3.5 mg/kg (6.6 x 109/L), and placebo (6.8 x 109/L) groups (reference range, 2.0 x 109- 
18.9 x 109). 
Reviewer Note: While the laboratory method used is not listed, and reference ranges vary 
according to method, it is noted that the central laboratory reference ranges for leukocyte count 
cited by the Sponsor have a lower LLN (lower limit of normal) and a higher ULN (upper limit of 
normal) than other reference ranges that this reviewer has seen  For comparison, the reference 
range for leukocyte count is 4.3 to 10.0 x 10 9 in the table of normal laboratory values provided 
by the American College of Physicians Medicine online resource.43  
 
During the first 48 weeks of the study, the lowest median values in both of the cladribine dose 
groups were observed at Week 16 (4.4 x 109/L for the cladribine 5.25 mg/kg group and 5.3 x 
109/L for the cladribine 3.5 mg/kg group) (see Sponsor Figure 3). By Week 44, median WBC 
counts had increased from nadir to 5.0 x 109/L in the cladribine 5.25 mg/kg group and to 5.30 x 
109/L in the cladribine 3.5 mg/kg group. After retreatment at Weeks 48 and 52, the lowest 
median values were observed at Week 55 for both the cladribine 5.25 mg/kg group and the 
cladribine 3.5 mg/kg group (4.2 x 109/L and 4.35 x 109/L, respectively). By Week 96, median 
WBC count had partially recovered from nadir values observed at Week 55, but had not returned 
to baseline values (4.9 x 109/L for cladribine 5.25 mg/kg group and 5.1 x 109/L for cladribine 3.5 
mg/kg group).  
 
Median WBC counts in the placebo group fluctuated around baseline values throughout the trial. 
The change from baseline in median WBC counts was consistently higher in the cladribine 5.25 
mg/kg group than in the cladribine 3.5 mg/kg group. 

                                            
43 (Ref: Daniel D. Federman, M.D., Elizabeth G. Nabel, MD, eds. 2010. ACP Medicine. New York, NY. BC 
Decker Inc. ISBN 0-9703902-9-7. ISSN 1548-9345. STAT!Ref Online Electronic Medical Library. 
http://online.statref.com/document.aspx?fxid=48&docid=905. 11/5/2010 3:04:39 PM CDT). 
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Figure 3: WBC Count by Assessment Time and Treatment Group in the CLARITY Trial 
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Platelet Count 
 
The baseline median platelet count was 271.0 x 109 in the cladribine 5.25 mg/kg group, 259.5 x 
109 in the cladribine 3.5 mg/kg group, and 267.0 x 109 in the placebo group (reference range, 
134.0 x 109 - 657.0 x 109)44 (refer to CLARITY Clinical Trial Report, Table 25643-171). Modest 
median decreases in median platelet counts were observed in both the cladribine 5.25 mg/kg and 
cladribine 3.5 mg/kg groups at Week 5 (see Sponsor Figure 4). During the first 48 weeks of the 
study, the lowest median values for platelet counts were 233 x 109 in the cladribine 5.25 mg/kg 
group at Week 13 (decrease of 15% from baseline) and 233 x 109 in the cladribine 3.5 mg/kg 
group at Week 9 (decrease of 11% from baseline). Platelet counts then appeared to plateau at 
these levels and, by Week 44, median platelet counts were 235 x 109 in the cladribine 5.25 mg/kg 
groups and 241 x 109 in the cladribine 3.5 mg/kg groups. After retreatment at Weeks 48 and 52, 
the lowest median values for platelet count were observed at Week 60 in both cladribine dose 
groups (219 x 109 in the cladribine 5.25 mg/kg group, 17.8% change from baseline; and 224 x 
109 in the cladribine 3.5 mg/kg group, 13.5% from baseline). By Week 96, median platelet 
counts had not fully recovered to baseline (223.5 x 109 in the cladribine 5.25 mg/kg group and 
225 x 109 in the cladribine 3.5 mg/kg group). The change from baseline in median platelet 
counts at each visit was consistently greater for cladribine 5.25 mg/kg versus cladribine 3.5 
mg/kg. Median platelet counts for placebo-treated subjects fluctuated around baseline throughout 
the trial. 

                                            
44 While the laboratory method used is not listed, and reference ranges vary according to method, it is noted that the 
cited reference range differs from others that this reviewer has seen, particularly for the upper limit of normal. For 
comparison, the reference range for platelet count is 150 to 350 x 10 9 in the table of normal laboratory values 
provided by the American College of Physicians Medicine online resource. (Ref: Daniel D. Federman, M.D., 
Elizabeth G. Nabel, MD, eds. 2010. ACP Medicine. New York, NY. BC Decker Inc. ISBN 0-9703902-9-7. ISSN 
1548-9345. STAT!Ref Online Electronic Medical Library. 
http://online.statref.com/document.aspx?fxid=48&docid=2912. 11/5/2010 3:20:20 PM CDT). 
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Figure 4: Platelet Count by Assessment Time and Treatment Group in the CLARITY Trial 
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No meaningful mean or median changes were observed in hemoglobin, monocytes, or 
eosinophils (see CLARITY Clinical Trial Report, Table 25643-171, Table 25643-172). 
 
All Completed Placebo-Controlled Trials 
 
Maximum Toxicity 
 
EMD Serono performed analyses of maximum toxicity grades of hematologic laboratory 
assessments categorized according to the Common Terminology Criteria for Adverse Events 
(CTCAE) version 3.0; Table 28 below summarizes these criteria.  
 
Table 28. Common Terminology Criteria for Adverse Events (CTCAE) for Hematologic 
Laboratory Measurements 

 
LLN = lower limit of normal 
 
Sponsor Table 100 displays information on maximum hematologic toxicity grade by cumulative 
dose in weeks 0-96 of completed controlled studies. Dose-dependent increased rates and 
increased severities of hematologic toxicity were seen in all hematologic laboratory parameters 
analyzed.  
 
Cladribine-treated subjects had a higher incidence of abnormal white blood cell (WBC) counts45 

(66.1%) compared to placebo-treated subjects (20.8%).  A larger percentage of cladribine-treated 
subjects had WBC counts qualifying as Grade 3 or 4 Toxicity (2.1%) compared to placebo-
treated subjects (0.4%). 

                                            
45 Defined as levels qualifying as CTCAE Toxicity Grades 1-4 
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Reviewer Note: It is unclear what thresholds were used for classifying Grade 1-4 decreases in 
White Blood Cell Counts.  The central laboratory reference range lower limit of normal in the 
CLARITY Trial for WBC count was 2.0 x 109/L.46 Thus, a WBC count of 2.0 x 109/L is a 
threshold value for Toxicity Grades 1, 2, and 3 (see table below).  

 

 
 
While the laboratory method used is not listed, and reference ranges vary according to method, 
it is noted that the central laboratory reference ranges for leukocyte count cited by the Sponsor 
have a lower LLN (lower limit of normal) and a higher ULN (upper limit of normal) than other 
reference ranges that this reviewer has seen  For comparison, the reference range for leukocyte 
count is 4.3 to 10.0 x 10 9 in the table of normal laboratory values provided by the American 
College of Physicians Medicine online resource.47  
 
Cladribine-treated subjects had a higher incidence of abnormal neutrophil counts48 (27.2%) 
compared to placebo-treated subjects (15.0%).  A similar percentage of cladribine-treated 
subjects had neutrophil counts qualifying as Grade 3 or 4 Toxicity (<1.0 x 109/L) (3.1%) 
compared to placebo-treated subjects (3.7%). 
 
Cladribine-treated subjects had a higher incidence of abnormal lymphocyte counts (<1.0 x 109/L) 
(93.1%) compared to placebo-treated subjects (18.6%).  A larger percentage of cladribine-treated 
subjects had lymphocyte counts qualifying as Grade 3 or 4 Toxicity (<0.5 x 109/L) (40.9%) 
compared to placebo-treated subjects (1.2%). 
 
Cladribine-treated subjects had a higher incidence of abnormal CD4 lymphocyte counts49 

(80.8%) compared to placebo-treated subjects (13.9%).  A larger percentage of cladribine-treated 
subjects had CD4 lymphocyte counts qualifying as Grade 3 or 4 Toxicity (0.2 x 109/L) (43.4%) 
compared to placebo-treated subjects (1.3%). 
Reviewer Note: The reference range for CD4 lymphocyte count for the CLARITY Trial central 
laboratory was 210-1546 cells/uL.  According to Drs. Gallant and Hoffman at Johns Hopkins 
Hospital,50 normal adult CD4 count reference ranges vary by laboratory; however, ranges are 
                                            
46 Page 313 of the EMD Serono ISS.  
47 (Ref: Daniel D. Federman, M.D., Elizabeth G. Nabel, MD, eds. 2010. ACP Medicine. New York, NY. BC 
Decker Inc. ISBN 0-9703902-9-7. ISSN 1548-9345. STAT!Ref Online Electronic Medical Library. 
http://online.statref.com/document.aspx?fxid=48&docid=905. 11/5/2010 3:04:39 PM CDT). 
48 Defined as levels qualifying as CTCAE Toxicity Grades 1-4.  Like the Sponsor analysis of WBC Count, it is 
difficult to discern how the Sponsor categorized each subject, because the CLARITY Trial central laboratory LLN 
(the criterion for Grade 1 toxicity) was 1.4 x 109/L (see EMD Serono ISS page 125), which is lower than 1.5 x 109/L 
(the criterion for grade 2 toxicity.) 
49 Defined as levels qualifying as CTCAE Toxicity Grades 1-4 
50 Johns Hopkins Point of Care Information Technology. HIV Guide. Accessed at http://www.hopkins-
aids.edu/management/laboratory testing/cd4 cell count.html?contentInstanceId=8279 on November 4, 1010.  
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generally within 500-1500 cells/ uL.  Since the CTCAE criterion for Grade 1 decrease in CD4 
lymphocyte count is a measurement between the lower limit of normal and 500 cells/uL, the 
atypical reference range caused no subject to qualify for grade 1 decrease in CD4 lymphocytes 
(See Sponsor Table 100).   
 
Cladribine-treated subjects had a higher incidence of abnormal hemoglobin levels51 (28.1%) 
compared to placebo-treated subjects (22.4%).  A similar percentage of cladribine-treated 
subjects had hemoglobin levels qualifying as Grade 3 or 4 Toxicity (0.7%) compared to placebo-
treated subjects (0.6%).   
Reviewer Note: This reviewer was not able to locate the central laboratory reference range in 
the CLARITY Trial for hemoglobin level, neither in the EMD Serono ISS nor in the CLARITY 
study report. The CTCAE criterion for Grade 1 Toxicity relies on the reference range lower limit 
of normal.  
 
Cladribine-treated subjects had a higher incidence of abnormal platelet levels (<134 x 109/L) 
(10.6%) compared to placebo-treated subjects (4.1%).  A similar percentage of cladribine-treated 
subjects had platelet levels qualifying as Grade 3 or 4 Toxicity (<50 x 109/L) (0.2%) compared to 
placebo-treated subjects (0.2%). 
 

                                            
51 Defined as levels qualifying as CTCAE Toxicity Grades 1-4 
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Time to First Grade 3 or Grade 4 Lymphocyte Count and CD4 Lymphocyte 
 
Sponsor Table 107 shows the time to first Grade 3 or Grade 4 lymphocyte count or CD4 
lymphocyte count during weeks 0-96 in completed controlled trials. The median time to first 
Grade 3 or Grade 4 lymphocyte count was 113 days for all cladribine-treated subjects with a 
wide range of values (37-505 days).  The median time to first Grade 3 or Grade 4 CD4 
lymphocyte count was 165 days with a wide range of values (37-505 days).  
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Time to Resolution of Grade 3 or Grade 4 Lymphocyte Count and CD4 Lymphocyte 
 
The mean time to resolution of Grade 3 or 4 values for absolute lymphocyte count in the 
cladribine-treated subjects whose Grade 3 or 4 lymphopenia resolved during the 96 weeks of the 
studies was 29.9 weeks with a range of 0.9 to 202.6 weeks (see Sponsor Table 108). Resolution 
refers to lymphopenia reduced to Grade 1 or Grade 0, and does not refer to return to baseline.  
The mean time to resolution of Grade 3 or 4 values for CD4 lymphocyte count in the cladribine-
treated subjects (N=17) whose Grade 3 or 4 lymphopenia resolved during the 96 weeks of the 
studies was 34.3 weeks with a range of 3.1 to 65.9 weeks.   
Reviewer Note: These calculations are described as including only subjects whose Grade 3 or 4 
lymphopenia resolved during the 96 weeks of the studies, so the mean time to resolution for all 
cladribine subjects would be longer.  Also, despite that these analyses are described as including 
only subjects whose Grade 3 or 4 lymphopenia resolved during the 96 weeks of the studies, the 
upper range of time to resolution for all cladribine subjects is 202.6 weeks.  We plan to ask the 
Sponsor for clarification.  
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Duration of Unresolved Grade 3 or 4 Toxicity Episodes 
 
Table 29 summarizes the incidences of unresolved Grade 3 or 4 values for absolute lymphocyte 
count and for CD4 lymphocyte count in completed controlled trials. Subjects with persistent 
Grade 2, 3, and 4 toxicities were analyzed by the Sponsor. Subjects who had Grade 0 or 1 
toxicity but had not returned to baseline were not included. The mean duration of unresolved 
Grade 3 or 4 values for absolute lymphocyte count in the cladribine-treated subjects was 56.5 
weeks (see Sponsor Table 109).  
 
Sponsor Table 32_1.1 summarized shifts in hematology lab values from baseline to last 
assessment in weeks 0-96 of completed controlled trials. At last assessment, the numbers and 
percentages of subjects with each absolute lymphocyte count toxicity grade are as follows: Grade 
0 (≥1.0 x 109): 463 (43.2%); Grade 1 (<1.0 to 0.8 x 109): 279 (26.0%); Grade 2 (<0.8 to 0.5 x 
109): 272 (25.3%); Grade 3 (<0.5 to 0.2 x 109): 55 (5.1%); Grade 4 (<0.2 x 109) : 1 (0.1%).  
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Table 29. Incidence of Unresolved Grade 3 or 4 Lymphocyte Decrease and CD4 Lymphocyte Decrease During Weeks 0-96 of the 
Controlled Phase  

 
Hematology Test 

0 mg/kg 
(n=514) 

All Cladribine 
Subjects  
(n=1073) 

Cladribine >0-2.63 
mg/kg 

(n=103) 

Cladribine >2.63-
4.38 mg/kg  

(n=471) 

Cladribine >4.38-6.13 
mg/kg 

(n=478) 
Cladribine >6.13 mg/kg 

(n=21) 
Lymphocytes 

Decreased 1 (0.2%) 176 (16.4%) 7 (6.8%) 66 (14.0%) 101 (21.1%) 0 (0%) 

CD4 Lymphocytes 
Decreased 2 (0.4%) 115 (10.7%) 6 (5.8%) 36 (7.6%) 73 (15.3%) 0 (0%) 

An unresolved episode is a Grade 3 or 4 toxicity which continued at ≥Grade 2 
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Summary of Hematologic Laboratory Findings 
 
Serious Adverse Events in the Blood and Lymphatic Disorders SOC are discussed in Section 
7.3.2.8.1, which occurred in 0.7% of cladribine-treated subjects and 0% of placebo-treated 
subjects in completed controlled trials; Table 30 summarizes the SAEs in completed controlled 
trials.  
 
Table 30. Serious Adverse Events in the Blood and Lymphatic System SOC in Completed 
Controlled Trials 

Study 
Total 

Cladribine 
Dose 

Subject 
Number 

Age 
Sex 

Country 

SAE Preferred 
Term(s) 

CLARITY 0.875 21 F 
Tunisia 

Pancytopenia, 
Neutropenia, 

Thrombocytopen
ia  

CLARITY 3.5 mg/kg 
31 M 

Switzerla
nd 

Lymphopenia 

CLARITY 3.9 mg/kg2 37 M 
Canada Lymphopenia 

CLARITY 3.5 mg/kg 46 F 
Greece 

Lymphopenia, 
Leukopenia 

CLARITY 3.5 mg/kg 32 F 
Finland 

Lymphopenia, 
Neutropenia 

MS-
Scripps 

Cladribine 
2.8 mg/kg 

i.v. 1 

43 F  
USA Coagulopathy 

MS-
Scripps 

Cladribine 
2.8 mg/kg 

i.v. 1 

39 F  
USA 

Bone marrow 
failure 

1 This parenteral dose is equivalent to a 7.0 mg/kg oral dose. 
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Dose-dependent increased rates and increased severities of hematologic toxicity were seen in all 
hematologic laboratory parameters analyzed. The frequencies of abnormal hematologic 
laboratory measurements for subjects in the CLARITY Trial are summarized below.  
 
Cladribine-treated subjects had a higher incidence of abnormal lymphocyte counts (<1.0 x 109/L) 
(93.1%) compared to placebo-treated subjects (18.6%).  A larger percentage of cladribine-treated 
subjects had lymphocyte counts qualifying as Grade 3 or 4 Toxicity (<0.5 x 109/L) (40.9%) 
compared to placebo-treated subjects (1.2%). At last assessment, the numbers and percentages of 
subjects with each absolute lymphocyte count toxicity grade are as follows: Grade 0 (≥1.0 x 
109/L): 463 (43.2%); Grade 1 (<1.0 to 0.8 x 109/L): 279 (26.0%); Grade 2 (<0.8 to 0.5 x 109/L): 
272 (25.3%); Grade 3 (<0.5 to 0.2 x 109/L): 55 (5.1%); Grade 4 (<0.2 x 109/L) : 1 (0.1%). 
 
Cladribine-treated subjects had a higher incidence of abnormal CD4 lymphocyte counts52 

(80.8%) compared to placebo-treated subjects (13.9%).  A larger percentage of cladribine-treated 
subjects had CD4 lymphocyte counts qualifying as Grade 3 or 4 Toxicity (<0.2 x 109/L) (43.4%) 
compared to placebo-treated subjects (1.3%). 
 
Cladribine-treated subjects had a higher incidence of abnormal neutrophil counts53 (27.2%) 
compared to placebo-treated subjects (15.0%).  A similar percentage of cladribine-treated 
subjects had neutrophil counts qualifying as Grade 3 or 4 Toxicity (<1.0 x 109/L) (3.1%) 
compared to placebo-treated subjects (3.7%). 
 
Cladribine-treated subjects had a higher incidence of abnormal hemoglobin levels54 (28.1%) 
compared to placebo-treated subjects (22.4%).  A similar percentage of cladribine-treated 
subjects had hemoglobin levels qualifying as Grade 3 or 4 Toxicity (0.7%) compared to placebo-
treated subjects (0.6%).   
 
Cladribine-treated subjects had a higher incidence of abnormal platelet levels (<134 x 109/L) 
(10.6%) compared to placebo-treated subjects (4.1%).  A similar percentage of cladribine-treated 
subjects had platelet levels qualifying as Grade 3 or 4 Toxicity (<50 x 109/L) (0.2%) compared to 
placebo-treated subjects (0.2%).  The Sponsor performed analyses of adverse events of 
hemorrhage using the MedDRA Hemorrhage SMQ. In the CLARITY Trial, 2.6% of cladribine-
treated subjects had a hemorrhage Serious Adverse Event or discontinued because of a 
hemorrhage adverse event, compared to 1.4% of placebo-treated subjects.55  In the CLARITY 
Trial, 6.5% of cladribine-treated subjects had an adverse event of hemorrhage, compared to 4.8% 
of placebo-treated subjects.56 

                                            
52 Defined as levels qualifying as CTCAE Toxicity Grades 1-4.  See earlier text in Section 7.4.2.1 for a description 
of problems with the Sponsor’s analysis.  
53 Defined as levels qualifying as CTCAE Toxicity Grades 1-4. See earlier text in Section 7.4.2.1 for a description 
of problems with the Sponsor’s analysis. 
54 Defined as levels qualifying as CTCAE Toxicity Grades 1-4. See earlier text in Section 7.4.2.1 for a description 
of problems with the Sponsor’s analysis. 
55 Table 8 in the EMD Serono response submitted to NDA 022561 on October 18, 2010 
56  Table 20 in the EMD Serono response submitted to NDA 022561 on October 4, 2010 
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Reviewer Comment: Long-term monitoring of hematological toxicity in cladribine-treated 
patients will be necessary.  Given that 56.5% of subjects in the CLARITY Trial continued to have 
lymphocyte counts <1.0 x 109/L  at last assessment, longer durations of follow-up post-treatment 
are necessary to characterize the duration of the hematologic effects of cladribine. We will ask 
the Sponsor how they propose to accomplish this. We will also ask the Sponsor for an analysis of 
platelet counts in subjects who had AEs and SAEs of hemorrhage.  
 
Also, on November 10, 2010, the Sponsor submitted information regarding hematology findings 
for 36 subjects (31 cladribine-treated and 5 placebo-treated) from a long term follow-up study of 
subjects who participated in Scripps studies of cladribine for MS. Findings for cladribine-treated 
subjects in the follow-up  study include the following: 

• 22 of 31 (71%) cladribine-treated subjects had lymphopenia noted as either a 
persistent abnormality over the 10 years since cladribine treatment or as an 
abnormality noted on 2004 follow-up.57  

• 9 of 31 (29%) had an absolute lymphocyte count <1000/mcl in 2004.58 
• 3 of 31 (10%) had a platelet count <130,000/mcl in 2004. 59  
• 26 of 31 (84%) had an MCV >100 or and MCV greater than 2 above baseline 

noted as either a persistent abnormality over the 10 years since cladribine 
treatment or as an abnormality noted on 2004 follow-up.60None of these subjects 
had an abnormal hemoglobin level concomitant to the elevation in MCV.  

 
None of the five placebo-treated subjects had reported hematologic laboratory abnormalities.  
 
Macrocytosis has been documented with cladribine.61According to the EMD Serono submission, 
“Macrocytosis is often seen in patients treated with drugs interfering with DNA synthesis, and is 
related to the mechanism of action.” Some subjects had treatment with other medication that 
may affect the hematological profile, including Copaxone, Campath, and Novantrone.  
 
According to the Final Report of the Scripps Long Term Clinical Follow-Up Study, most MS 
subjects from the two main Scripps MS Cladribine treatment trials were examined at yearly 
intervals for 5 years after the completion of the MS Cladribine treatment protocols.  In addition, 
all of the laboratory data dating back approximately 10 years is available in electronic format in 
Excel spreadsheets.  To address questions regarding long term hematologic changes in 

                                            
57 Table 2 of the final study report for the long term clinical follow-up study of multiple sclerosis subjects treated 
with cladribine, submitted to NDA 022561 in November 10, 2010.  
58  Table 4 of the final study report for the long term clinical follow-up study of multiple sclerosis subjects treated 
with cladribine, submitted to NDA 022561 in November 10, 2010. 
59  Table 4 of the final study report for the long term clinical follow-up study of multiple sclerosis subjects treated 
with cladribine, submitted to NDA 022561 in November 10, 2010. 
60 Table 2 of the final study report for the long term clinical follow-up study of multiple sclerosis subjects treated 
with cladribine, submitted to NDA 022561 in November 10, 2010.  
61 Beutler E., et al. Marrow suppression produced by repeated doses of cladribine. Acta Haematol 1994; 91(1):10-
15. 
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cladribine-treated subjects, we will request additional details regarding this Scripps long term 
hematologic data.  
 
7.4.2.2. Chemistry Laboratory Findings 
 
Sponsor Table 25643-199 from the CLARITY Clinical Trial Report is a shift table that 
summarizes changes in blood chemistry from baseline.  Changes in blood chemistry results were 
similar between CLARITY subject groups.  
Reviewer Note: This reviewer was unable to find a listing of the laboratory reference ranges 
used for analyses in Sponsor Table 25643-199; they were seen neither in the EMD Serono 
Integrated Summary of Safety nor in the CLARITY Trial report.  
 
There were multiple reference ranges for each laboratory test listed in the EMD Serono ISS 
laboratory datasets62 (see table in Appendix Section 9.5); the various reference ranges for each 
test were generally similar to each other.    
Reviewer Comment: All of the chemistry laboratory reference ranges in the EMD Serono ISS 
laboratory datasets were reviewed, and they are reasonable in the opinion of this reviewer. 
 
Sponsor Table 115 displays maximum toxicity for serum laboratory measurements for subjects 
in weeks 0-96 of completed controlled trials. The results in this table were similar between 
cladribine-treated and placebo-treated subjects.    
Reviewer Note: Since the laboratory reference ranges are used to determine toxicity grade, and 
a listing of the laboratory reference ranges used for analyses in Sponsor Table 115 were not 
provided, the precise criteria used for this table are unclear. All of the chemistry laboratory 
reference ranges in the EMD Serono ISS laboratory datasets were reviewed, and they are 
reasonable in the opinion of this reviewer; these reference ranges are listed in Appendix Section 
9.5.  
 
The excerpt from Sponsor Table 99 below lists the NCI Toxicity Grading Scheme for chemistry 
laboratory parameters.  
 

                                            
62 Variables LRSIREFL and LRSIREFH in ISS datasets ADLAB1, ADLAB2, ADLAB3, ADLAB4, ADLAB5, 
ADLAB6. 
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Table 99: NCI Toxicity Grading Scheme (CTCAE Version 3.0) for Key Laboratory
Parameters
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Table 31. below summarizes the median changes from baseline in chemistry laboratory tests in 
CLARITY Trial subjects at last assessment. The median duration of follow-up was 1.8 years for 
each CLARITY subject group.  No clinically important median changes from baseline to last 
assessment were seen in chemistry laboratory tests. Mean and median chemistry laboratory 
measurements taken at weeks 5, 9, 13, 16, 24, 36, 44, 52, 60, 72, 84, and 96 were also reviewed; 
no clinically important changes were noted in these measurements.  
 
Table 31. Changes from baseline to last assessment in chemistry laboratory tests in CLARITY 
Trial subjects 
Laboratory Test Cladribine 5.25. mg/kg Cladribine 3.5 mg/kg Placebo 
 baseline end change baseline end change baseline end change 
Sodium 
(mmol/L) 141.0 141.0 0.0 141.0 141.0 0.0 141.0 141.0 0.0 

Potassium 
(mmol/L) 4.3 4.2 -0.1 4.3 4.3 0.0 4.4 4.3 -0.1 

Calcium 
(mmol/L) 2.4 2.4 0.0 2.4 2.4 0.0 2.4 2.4 0.0 

Protein 
(g/L) 74.0 72.0 -2.0 73.0 71.5 -1.5 73.0 72.0 -1.0 

Creatinine 
(µmol/L) 71.0 71.0 0.0 71.0 71.0 0.0 71.0 71.0 0.0 

Bilirubin 
(µmol/L) 9.0 7.5 -1.5 9.0 7.0 -2.0 9.0 9.0 0.0 

Albumin 
(g/L) 45.0 45.0 0.0 45.0 44.3 -0.7 45.0 44.3 -0.7 

AST 
(U/L) 18.0 17.0 -1.0 18.0 17.0 -1.0 18.0 18.0 0.0 

ALT 
(U/L) 18.0 16.0 -2.0 17.0 16.0 -1.0 17.0 17.0 0.0 

Alkaline 
Phosphatase 
(U/L) 

61.0 62.0 +1.0 62.0 64.0 +2.0 61.0 62.0 +1.0 

Creatine Kinase 
(U/L) 70.5 74.0 +3.5 76.0 78.0 +2.0 77.0 74.0 -3.0 

Glucose 
(mmol/L) 4.9 5.1 +0.1 4.9 5.0 +0.1 4.9 5.0 +0.1 

Uric Acid 
(µmol/L) 250.0 250.0 0.0 256.0 255.0 -1.0 252.0 250.0 -2.0 

Blood Urea 
Nitrogen 
(mmol/L) 

4.3 4.6 0.3 4.3 4.6 0.3 4.3 4.6 0.3 

Source: Table 25643-186 on pages 1133-1156 of the CLARITY Trial report 
 
Creatinine 
 
One subject (CLARITY Subject ) in completed controlled studies had a Grade 4 
increase in creatinine.  According to the ISS dataset, at Week 9 his creatinine level is listed as 
1294 µmol/L (14.6 mg/dL) (normal range 80-133 µmol/L) and his potassium level is listed as 
10.2 mmol/L (10.2 meq/L) (normal range 3.5-5.3 mmol/L).  No baseline creatinine is available 
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in the ISS dataset.  The only other creatinine measurement available in the ISS dataset was a 
measurement of 76 µmol/L at Week 48.  The only AE near the date of the abnormal creatinine 
level was acne.  This reviewer was unable to locate a narrative regarding this case in the 
CLARITY trial report or the ISS.   
 
Additional information is necessary to interpret this case of Grade 4 increase in creatinine. 
 
Grade 3 Abnormalities in AST or ALT 
 
One case in the ongoing ORACLE-MS  
 
In weeks 0-96 of completed controlled trials, no subjects experienced Grade 4 elevations in AST 
or ALT.  Three of 1073 (0.3%) cladribine-treated subjects had Grade 3 elevations in AST 
compared to 1 of 514 (0.2%) placebo-treated subjects in completed controlled trials.  8 of 1073 
(0.7%) cladribine-treated subjects and 5 of 514 (1.0%) placebo-treated subjects had Grade 3 
elevations in ALT.   
 
To evaluate potential drug-induced liver injury, the Sponsor reviewed suspected Hy’s Law cases 
(contemporaneous elevations in AST and/ or ALT >3 x ULN and alkaline phosphatase <2 x 
ULN and total bilirubin >2 x ULN) (refer to Appendix C3, Table 47b). One subject 
(CLARITY Subject ID , cumulative cladribine dose >4.38-6.13 mg/kg), a 35-year-old 
male, was suspected to have fulfilled the laboratory criterion for Hy’s Law. This subject had a 
serum total bilirubin level of 2 times ULN at baseline. Before his sixth course of cladribine at 
Week 52, his serum ALT level was 3 times ULN, his serum ALT level was 3.5 times ULN, and 
his serum total bilirubin and alkaline phosphatase levels were within normal limits. Unscheduled 
laboratory testing that was conducted 1 week later revealed a value within normal limits for 
serum AST and a value for serum ALT that was 1.5 times ULN. During the course of the study, 
the subject’s total bilirubin level remained <2.3 times ULN and other values for serum AST 
remained <1.7 times ULN. Generally, other serum ALT levels remained <1.9 times ULN except 
for a value of 3.1 times ULN at Week 60. Serum levels of ALT and AST were within normal 
limits after Week 60. Because this subject had a baseline elevation of total bilirubin level that did 
not significantly change after treatment, this case does not fulfill the Hy’s Law criteria. 
 

, a 34 year old female subject in the ORACLE-MS trial had a SAE of Grade 4 elevation in 
ALT.  Results of AST measurements were not reported. The elevation was found on Trial Week 
5 with routine testing.  She was asymptomatic and denied alcohol use.  The only concomitant 
medication was pentoxifylline. She received cladribine from . Viral hepatitis 
testing was not done. All reported laboratory results as of the 19 Oct 2010 submission to IND 
074634 are summarized in the table below. Because this subject’s bilirubin level remained within 
normal limits, this case does not fulfill Hy’s Law criteria.  
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Table 32. Laboratory Results for  
Test Name Date Result LLN ULN 
 
ALT 23 U/L 6 U/L 34 U/L 
ALT 720 6 U/L 34 U/L 
ALT 169 U/L 6 U/L 34 U/L 
 
Alkaline Phosphatase 58 U/L 31 U/L 106 U/L 
Alkaline Phosphatase 82 U/L 31 U/L 106 U/L 
 
Total Bilirubin 4 µmol/L 2 µmol/L 21 µmol/L 
Total Bilirubin 12 µmol/L 2 µmol/L 21 µmol/L 
Total Bilirubin 19 µmol/L 2 µmol/L 21 µmol/L 
LLN=lower limit of normal; ULN=Upper limit of normal 
 
Acute hepatitis of unknown etiology was reported in one 56-year-old female subject (CLARITY 
Subject ID , cumulative cladribine dose >0-2.63 mg/kg). This subject had a serum 
AST level that was ~4 times the ULN (139 IU/L) and a serum ALT level that was ~6.5 times the 
ULN (242 IU/L) at the beginning of the third course of cladribine treatment; her total bilirubin 
levels were within normal limits (from 7 to 14 µmol/L; ULN=21 µmol/L). The transaminase 
levels were within normal limits 7 weeks after cladribine therapy was discontinued. Given its 
temporal relationship, this was judged to be probably related to study drug. 
 
Elevations in serum AST, ALT, and alkaline phosphatase levels were reported in  
CLARITY Subject  (>4.38-6.13 mg/kg cumulative cladribine dose group) at the Week 
9 visit. The elevations were due to cholelithiasis and the subject underwent a 
cholecystectomy. 
 
Elevated serum AST (2.4 x ULN), ALT (7.5 x ULN), and alkaline phosphatase (2.2 x ULN) 
levels were reported in a 52-year-old female subject (CLARITY Subject ID , 
cumulative cladribine dose group >4.38-6.13 mg/kg) at the last study visit, 44 weeks after the 
last dose of cladribine had been taken at Week 52. The subject’s serum bilirubin level was within 
normal limits; alkaline phosphatase was Grade 1 at baseline and remained so throughout the 
study. Autoimmune thyroiditis was reported as an adverse event approximately 1 week later, 
suggesting a systemic autoimmune process. As the subject had entered the study with a history of 
ulcerative colitis, the elevations in liver enzymes may have been related to hepatic complications 
that are occasionally seen in subjects with ulcerative colitis. 
 
The results of any work-up of this subject’s elevated transaminases, as well as follow-up AST 
and ALT measurements, are necessary to interpret this case. This information will be requested 
from the Sponsor.  
 
Elevated serum AST (7 x ULN) and ALT (15 x ULN) levels in association with slightly elevated 
serum alkaline phosphatase levels and with serum bilirubin levels within normal limits were 
reported in a 36-year-old female subject with no previous medical history of, or risk factors for, 
liver disease (CLARITY Subject ID , cumulative cladribine dose >2.63-4.38 mg/kg) at 
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Weeks 16 and 24. The subject presented with no signs or symptoms of hepatotoxicity or with a 
clear underlying etiology. The transaminases measurements were within normal limits at Week 
36 and remained within normal limits throughout the remainder of the trial, including after 
retreatment with cladribine during the second 48 weeks of the study. 
 
The results of any work-up of this subject’s elevated transaminases are necessary to interpret 
this case. This information will be requested from the Sponsor.  
 
Elevations in serum ALT or AST levels, with serum bilirubin levels within normal limits were 
reported at a single visit in 5 subjects (CLARITY Subject ID , 

 and MS-001 Subject ID  cumulative cladribine dose >2.63-4.38 mg/kg). The 
abnormal liver enzymes in these subjects had resolved as of the next visit and did not recur upon 
retreatment with cladribine. Elevations in serum AST, ALT, and alkaline phosphatase levels, 
with serum bilirubin levels within normal limits, were reported at a single visit in one subject 
(MS-001 Subject ID , cumulative cladribine dose >4.38-6.13 mg/kg). Both this MS-001 
subject and MS-001 Subject ID described above had been randomized to treatment with 
placebo but later received treatment with parenteral cladribine. 
 
Grade 3 Abnormalities in Serum Bilirubin 
 
Grade 3 values for serum bilirubin were reported in 3 subjects, all of whom received cumulative 
cladribine doses of >2.63-4.38 mg/kg. One of these 3 subjects (CLARITY Subject ID ) 
had a history of Gilbert’s syndrome at baseline; the other 2 subjects (CLARITY Subject ID  

 and CLARITY Subject ID ) had elevated serum bilirubin levels at baseline and 
throughout the trial, indicating the possibility of undiagnosed Gilbert’s syndrome. 
The frequencies of Grade 3 or 4 values for serum chemistries during Weeks 0 to 48 and during 
Weeks 48 to 96 are summarized in Appendix C3 (refer to Appendix C3, Table 44_2, 
Table 44_3). The percentage of cladribine-treated subjects who had outlier values (i.e., 3x, 5x, 
10x, or 20x ULN) for AST, ALT, ALT or AST, alkaline phosphatase, and bilirubin was 
comparable to, or lower than, the percentage of placebo-treated subjects with such values (refer 
to Appendix C3, Table 47a). 
 
Creatine Kinase 
 
The distributions of CTCAE toxicity grades of elevated creatine kinase (CK) levels were similar 
in cladribine-treated subjects and placebo-treated subjects in weeks 0-96 of completed controlled 
trials.  The 120 Day Safety Report (pages 136-143), submitted to the NDA by EMD Serono on  
September 15, 2010, included narratives for 5 subjects from the ORACLE-MS trial who had 
serious adverse events of Grade 4 elevated CK.  The treatment assignments for these subjects 
remained blinded.  Some narratives described the CK elevations as Grade 4 but did not include 
results of CK measurements. A history of strenuous exercise immediately preceding the Grade 4 
CK elevations was reported for some subjects.  ORACLE-MS differs from other trials in that its 
subjects carry the diagnosis of Clinically Isolated Syndrome (CIS), as opposed to the diagnosis 
of MS.  A myopathy that is exacerbated by exercise may be more likely detected in ORACLE-
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MS subjects, because EDSS scores in these subjects are generally lower than EDSS scores in 
subjects with MS. Also, the median time since the first demyelinating event was 0.21 years for 
ORACLE-MS subjects.  The median time since disease onset was 8-9 years for subjects in MS 
trials and studies. Sponsor Table 35 displays baseline disease characteristics for subjects in 
completed controlled trials. Sponsor Table 38 displays baseline disease characteristics for 
subjects in ongoing controlled trials, including the ORACLE-MS trial.  
 
Hentosh and Tiburan63 have documented effects of cladribine on cellular mitochondrial function.  
Effects on cellular mitochondrial function may be part of the mechanism of a myopathy that 
manifests as elevations in elevated CK.  Several investigators have reported myopathy related to 
mitochondrial damage with zidovudine, another nucleoside analog.64 
  
In order to further evaluate the SAES of Grade 4 elevated CK, we will need to request additional 
information, including the results of CK measurements in these subjects, whether the CK 
elevations were preceded by strenuous exercise, and treatment assignments for these subjects.  
 

                                            
63 Hentosh P; Tibudan M. 2-chloro-2'-deoxyadenosine, an antileukemic drug, has an early effect on cellular 
mitochondrial function. Molecular Pharmacology 51 : 613 1997 
64 Brinkman K, et al. Adverse effects of reverse transcriptase inhibitors: mitochondrial toxicity as a common 
pathway. AIDS 12:1735-1744 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

177 

 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

178 

 
 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

179 

Reviewer Comment: There were concerning outlier cases of increased chemistry laboratory 
results:   

• One subject had an increase in creatinine to 1294 µmol/L (14.6 mg/dL) in 
CLARITY Trial week 9; creatinine measurement at week 48 was listed as within 
normal limits (10.2 mmol/L).  Additional information will be requested regarding 
this case.  

• Two cladribine-treated subjects had hepatitis for which there was no other likely 
cause than cladribine treatment.  Total bilirubin levels remained within normal 
limits for these two subjects. Abnormal transaminase levels resolved after 
discontinuation of cladribine in both cases.  

• In weeks 0-96 of completed controlled trials, elevations in creatine kinase (CK 
toxicity) were distributed similarly in cladribine-treated and placebo-treated 
subjects; subjects in both treatment groups had Grade 4 elevations in CK.  There 
were 5 subjects in the ORACLE-MS trial who had Grade 4 increases in CK levels 
(>10.0 x ULN).  The treatment assignments for these cases were blinded at the 
time of this review.  We will request additional information regarding these cases 
of increased CK.  Myopathy as a result of detrimental effects of cladribine on 
mitochondrial function is a theoretical concern.  

 
There were no clinically significant median changes in chemistry laboratory measurements. 
 
7.4.3 Vital Signs 
In the completed placebo-controlled trials, vital signs were measured as shown in Sponsor Table 
120. 
 

 
Blood pressure was not assessed with orthostatic maneuvers in any of the studies.   
Reviewer note: It is unclear how the timing of vital sign measurement related to the time of 
dosing in the CLARITY Trial.  We will ask the Sponsor for clarification.  
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Sponsor Table 25643-231 displays mean and median vital signs measurements for subjects in the 
CLARITY Trial; there were no clinically significant mean or median changes in these analyses.  
 
 
 
 
 
 
 
 
 
 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

181 

Table 25643-‐ 231: Change in Vital Signs by Treatment Group and Over Time -‐ Safety Population 
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Sponsor Table 121 displays the frequency of outlier values for systolic or diastolic blood pressure, pulse rate, temperature, or weight 
during completed placebo-controlled trials. 
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In completed controlled trials, a higher percentage of cladribine-treated subjects (1.9%) had a 
systolic blood pressure reading of <90 mmHg, compared to placebo-treated subjects (1.0%). A 
higher percentage of cladribine-treated subjects (5.8%) experienced decreases from baseline of 
≥30 mmHg in systolic blood pressure compared to placebo-treated subjects (4.6%). Increases in 
systolic blood pressure of ≥40 mmHg were observed in comparable percentages of cladribine-
treated and placebo-treated subjects (1.2% versus 1.8%). No pattern of dose response was seen.  
 
Decreases of ≥30 mmHg in diastolic blood pressure were observed more frequently in the 
cladribine-treated subjects (1.9%) than in the placebo-treated subjects (0.6%) (see Table 121). In 
all but 3 of the subjects (2 subjects in MS-001 and 1 subject in MS-Scripps), changes of ≥30 
mmHg from baseline in diastolic blood were single isolated events; changes from baseline in 
these 3 subjects occurred twice (refer to Appendix C4, Listing 7). Diastolic blood pressure 
recordings were <50 mmHg in 1.1% of cladribine-treated subjects and in 0.4% of placebo-
treated subjects; blood pressure readings in these subjects ranged from 35 mmHg to 48 mmHg, 
with readings in this range observed in 2 placebo-treated subjects. No pattern of dose response 
was seen in decreases of ≥30 mmHg in diastolic blood pressure  
 
Decreases of ≥30 bpm from baseline in pulse rate were observed in 1.2% of the cladribine-
treated subjects and in 0.4% of the placebo-treated subjects (see Table 121). In 5 of the subjects, 
these changes occurred more than once (in 2 placebo-treated subjects in MS-001, 7 and 2 
separate recordings; 3 subjects in MS-Scripps (3, 10, and 17 recordings) (refer to Appendix C4, 
Listing 7). Only one of the decreases resulted in a pulse rate of <50 bpm (43 bpm in a male 
subject in MS-Scripps 337 days after the first dose, cumulative cladribine dose >6.13 mg/kg). No 
pattern of dose response was seen in decreases of ≥30 bpm from baseline in pulse rate  
 
Ten cladribine-treated subjects (1.0%), compared with none of the placebo-treated subjects, had 
a pulse rate of <50 bpm at sometime during the studies (see Table 121). In one male subject in 
the CLARITY study, <50 bpm pulse rate was observed before baseline. In a female subject in the 
MS-Scripps study, a pulse rate of 40 bpm on Day 141 was reported as an adverse event 
(bradycardia) (refer to Appendix C4, Listing 4, Listing 7). None of the subjects were 
symptomatic from a pulse rate of <50 bpm. 
 
Outlier values for temperature <36.0°C did not occur at an increased frequency in the cladribine-
treated subjects relative to the placebo-treated subjects. No cladribine-treated subject or placebo-
treated subject in completed controlled trials had a temperature >38.0°C during routine testing. 
In the CLARITY Trial, pyrexia was reported more commonly in the all cladribine group (3.6%) 
than in the placebo group (1.8%), and the frequency was higher in the cladribine 5.25 mg/kg 
group (4.0%) compared to the cladribine 3.5 mg/kg group (3.3%). 
 
 
Reviewer Comment: In completed, controlled trials, cladribine-treated subject had higher 
frequencies of significant decreases in systolic blood pressure, decreases in diastolic blood 
pressure, and decreases in pulse rate from baseline.  Ten cladribine-treated subjects (1.0%), 
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compared with none of the placebo-treated subjects, had a pulse rate of <50 bpm at sometime 
during the studies.   
 
In completed controlled trials, cladribine-treated subjects had increased rates of reported 
adverse events of dizziness, presyncope, and syncope (Table 33).  
Table 33. Number and percentage of subjects with adverse events of dizziness, presyncope, and 
syncope in completed controlled trials. 

Preferred 
Term 

Cladribine 
N=1073 

Placebo 
N=514 

Dizziness 75 (7.0%) 34 (6.6%) 
Dizziness 
postural 2 (0.2%) 0 (0%) 

Presyncope 4 (0.4%) 1 (0.2%) 
Syncope 20 (1.9%) 4 (0.8%) 

Cladribine-treated subjects also had increased rates of angina adverse events and adverse 
events in the HLT Breathing disorders [21 of 1073 cladribine-treated subjects (2.0%), compared 
to 5 of 514 placebo-treated subjects (1.0%)].  Conduction disorders, dizziness, decreased blood 
pressure, dyspnea, and chest pain are effects commonly seen with administration of adenosine.  
The structural similarity of cladribine to adenosine may contribute to these adverse events seen 
with cladribine.  
 
Additional information is necessary regarding the vital sign abnormalities seen with cladribine, 
including: 

• A thorough evaluation of orthostatic changes with administration of cladribine 
• A more sensitive analysis of bradycardia seen in completed controlled trials, using a 

threshold of 60 bpm 
• Analyses of vital sign changes seen in adverse events of dizziness, dizziness postural, 

presyncope, syncope, and angina 
• Clarificationo f the time course of adverse events of dizziness, dizziness postural, 

presyncope, syncope, and angina relative to the time of cladribine dosing 
• Clarification on how timing of vital sign measurement related to timing of drug dosing; 

depending on the answer to this clarification, more detailed measurements of vital signs 
may need to be performed.  

 
This information will be requested from the Sponsor.  
 
7.4.4 Electrocardiograms (ECGs) 
 
A consultation regarding the oral cladribine NDA 022561 was written by the Interdisciplinary 
Review Team for QT Studies (QT-IRT); final signature was dated 9/26/10. An initial report for a 
subject who died of a cardiopulmonary arrest in the ORACLE-MS Trial was submitted to IND 
074634 on 10/25/10.  The recommendations made by the QT-IRT do not take into account this 
subject’s death. Much of the information from Section 7.4.4 of this review comes from the QT-
IRT consultation report.   
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Preclinical Information65 
 
“Effect of Cladribine at 10−4 M on hERG tail current (of HEK-293 cells stably 
transfected with hERG cDNA): Under the experimental conditions adopted, Cladribine at 10−4 
M induced 13 ± 2% inhibition of HERG tail current (n=6, p≤0.05). This result suggests that 
Cladribine at 10-4M produced a very slight inhibition on HERG tail current. Since Cladribine 
failed to produce more than 70% inhibition of HERG tail current, no IC50 value (i.e. the 
concentration that induced 50% inhibition of HERG tail current) could be determined.” 
 
“Effect of E-4031 at 100 nM: Under the same experimental conditions and following a washout 
period of 5 minutes in Tyrode, E-4031 at 100 nM induced 90 ± 3% inhibition of HERG tail 
current (n=6, p≤0.01), supporting the validity of the method used. Taken together, these results 
suggest that Cladribine at 10−4M may have no effect on HERG tail current in stably transfected 
HEK-293 cells.” 
 
“No effects on action potential duration, in particular on APD90, were observed at 
concentrations ranging from 10-7 to 10-4 M in isolated canine Purkinje fibres (refer to report 
26515). In vivo, the duration of the heart rate-corrected QT interval was investigated in the 3 
month toxicity study in monkeys (refer to report 26669). The animals received cladribine 
dosages of 1.5, 3 or 6 mg/kg orally or 0.3 mg/kg subcutaneously for 3 cycles of 7 consecutive 
days. Each cycle was followed by a 3 week wash-out period. Cladribine did not affect the 
duration of the heart rate-corrected QT interval (according to Bazett) following administration by 
either oral or subcutaneous route. These results show that there is no evidence from in vitro and 
in vivo pre-clinical studies to suggest that cladribine causes QT interval prolongation. It is 
therefore unlikely that cladribine causes malignant Torsade de Pointes arrhythmias in clinical 
use.” 
 
Sponsor’s Cardiac Safety Evaluation 
 
The sponsor collected intensive ECG data in the CLARITY Trial, which the Sponsor considered 
an ECG sub-study. The objective of the ECG sub-study was “to assess the safety of cladribine in 
subjects with RRMS, with an emphasis on cardiac repolarization as measured by changes in QT 
interval.” QT-IRT did not review the protocol before the Sponsor conducted the study. The 
collected ECG data were analyzed and the results were summarized in three study reports (Table 
34). The electronic datasets and waveforms were included in the current submission. 
 

                                            
65 Source: Pharmacology written summary (eCTD 2.6.2) and Study report 25785 
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Table 34. Summary of Cardiac Safety Related Study Reports (Study 25643) 

 
Table excerpted from the QT-IRT consultation regarding NDA 022561.  
 
In the CLARITY Trial, for the treatment group receiving 3.5 mg/kg cladribine, a total of 4 
courses, each 0.875 mg/kg, was administered. For the treatment group receiving 5.25 mg/kg 
cladribine, a total of 6 courses, each 0.875 mg/kg, was administered. Since the dose amounts of 
each course in the two active treatment groups were identical, there is no difference in 
pharmacokinetic exposure between the groups. Therefore, the study was not designed to capture 
QT effects due to pharmacokinetic difference.  
 
Instructions Regarding Meals 
 
Cladribine was administered under fasted condition in this study. These instructions with regard 
to meals were acceptable, since the sponsor reports that after a high fat breakfast, cladribine 
absorption was delayed and maximum plasma concentration was decreased on an average of 
29%. 
 
ECG and PK Assessments 
 
PK Assessment:  The PK samples were collected on Day 1 in the first course and in week 5, 9, 
13, 48 and 52. The sampling time under the original protocol and under Amendment 3 was one 
sample pre-dose and between one to six hours (1-6 hours) after dosing. 
 
ECG Assessment: Standard 12-lead ECGs were obtained in the subset of N = 143 subjects (N = 
49 and N = 48 patients in cladribine low and high dose groups) who took part in the population 
PK sampling. These subjects had ECGs collected at pre-trial evaluation, Trial Day 1 and at 
Weeks 5, 9, 13, 48 and 52 at the following time points: 
• Three ECGs every 15 minutes pre-dose, and 
• Two ECGs taken no longer than five minutes apart between 0.5 and three hours post-dosing. 
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QT-IRT Reviewer comments regarding ECG assessments:  

• The PK sampling time points were sparse. The sponsor performed a population 
                analysis to estimate the pharmacokinetic parameters. 

• The ECG samples 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 
           distribution of ECG time (Figure 1) adequately covered the mean Tmax (= 1 hr) of the 
           parent compound.  
 
Figure 1: Distribution of ECG Sampling Time after Dose 

 
Baseline ECG Measurements 
 
Study Baseline: The ECGs used for defining the “study baseline” ECG values were the mean of 
three ECGs obtained at 15-minute intervals immediately prior to the first dose of cladribine. 
The study baseline ECG values were used to define all changes from study baseline. 
 
Visit Baseline: The mean of the three ECGs performed pre-dose at each visit were used as the 
baseline to define all changes from the visit baseline. 
 
Comments from the QT-IRT Reviewer: “Study baseline or visit baseline chosen in this trial each 
has its own advantages and disadvantages. Visit baseline did not represent the treatment-free 
baseline because of the long terminal half-life. Study baseline represented the treatment-free 
baseline. However, the ECGs were taken at Weeks 5, 9, 13, 48 and 52. The study baseline might 
be inadequate to represent the long-term shifting in ECG signals.” 
 
ECG Collection 
 
ECGs were recorded at the sites on each trial subject and sent to a central laboratory 

 for a high resolution measurement of the cardiac intervals and 
morphological assessment by a central cardiologist blinded to the study treatment. ECG 
measurements were performed using digitization software with magnification of the ECG and on 
screen calipers by technicians and a centralized cardiologist. 
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Sponsor’s Results: Central Tendency Analysis 
 
The mean of the two post-dosing ECGs at each visit (two ECGs taken no more than five minutes 
apart within 0.5 and 3.0 hours after dosing) were used as the post-dose interval duration (RR, PR, 
QRS, QT, QTcB, QTcF) and were compared to the both the study and the visit baseline ECG 
values by visit. 
 
The changes to study and visit baseline of the ECG parameters were analyzed with an analysis of 
variance (ANOVA) model on change to baseline at subject level with fixed effects for treatment 
and gender, separately at all defined time points. Based on the model, the differences between 
cladribine and placebo effects were estimated, and the upper 95% one-sided confidence limits 
were computed using the residual errors. Point estimates and CI intervals for cladribine versus 
placebo were presented graphically. 
 
Additionally, the QTcF values were also analyzed using an analysis of covariance 
(ANCOVA) model with treatment and gender as fixed effects and baseline as covariate, 
separately at all defined time points.66 
 
The results from the placebo group and the treatment group (combined from the two dose levels) 
were summarized in QT-IRT Tables 2 to 5. 
 
Sponsor Results: Categorical Analyses 
 
An outlier analysis (exploratory) supplements the central tendency analysis by determining if 
there were subjects who had remarkable treatment-emergent values or changes versus baseline 
on any ECG interval or HR that would not be revealed in a mean change from baseline central 
tendency analysis. The following criteria (“study endpoints”) were defined and used for this 
analysis: 
• For QT parameter: to determine subjects who attain treatment-emergent absolute 
  QT values > 500 ms at any time point; 
• For all QTc data: to determine subjects who attain treatment-emergent absolute 
  QTc values >450 ms, >480 ms, and > 500 ms at any time point 
• All treatment emergent QTc changes from study baseline, of >30 msec and > 60 ms; 
• To determine subjects with PR > 200 ms; 
• To determine subjects with QRS > 120 ms; 
• To determine subjects with HR < 50 bpm or HR>100 bpm. 
 
The results from the placebo group and the treatment group (combined from the two dose levels) 
were summarized in QT-IRT Tables 2, 3, and 6 to 8. 
 
Sponsor Results: Additional Analyses 

                                            
66 Cardiac Safety Report p. 18 
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Abnormal morphology features present on any one of the post-dosing ECGs were 
compared to baseline. The morphological changes on cladribine showed no significant 
changes in T wave or U wave morphology.67 

                                            
67  Cardiac Safety Report p. 34 
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Reviewer comment: Because of the issues with baseline, QTc interval changes following long-
term treatment are difficult to definitively calculate. 
 
PR and QRS Interval 
 
The sponsor reports that the mean placebo-corrected change in PR interval duration from 
baseline was 3 ms for both the cladribine 3.5-mg/kg and 5.25-mg/kg dose groups, which is of no 
clinical significance. There was a slight increase in the number of outliers in the 5.25-mg/kg dose 
group; in that group, one to four subjects per visit had PR intervals above 200 ms versus no 
subject in the placebo group (see QT-IRT Tables 2 and 3). Actual change from baseline for these 
individual subjects or range of values is not reported. The mean placebo-corrected change in 
QRS interval duration from baseline was 0 ms and 1 ms for the cladribine 3.5-mg/kg and 5.25-
mg/kg dose groups respectively; there was 1 outlier in the 5.25-mg/kg dose group. 
 
QT-IRT Comments and Recommendations 
 
Regarding the objective of a dedicated QTc assessment following treatment with cladribine, QT-
IRT concluded that the submitted 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 (Figure 1). The sampling design is 
insufficient because of the following reasons: 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

198 

- 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). 
- Because ECGs were randomly collected, the reported QTc values together with their 90% 
confidence intervals represented weighted (by sampling frequency) time-averaged QTc 
changes. Typically, QT-IRT does not accept time-averaged QTc intervals for a dedicated 
QTc assessment. 
- 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. As shown in Figure 2, the concentration reduced about 50% between 1 to 2 hours post-
dose. 
 
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.68 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 the conduction of this 
study. 
 
7.4.5 Special Safety Studies/Clinical Trials 
 
The ECG substudy in a subpopulation of subjects in the CLARITY trial is reviewed in Section  
7.4.4. No other reports of special safety studies were submitted.  
 
7.4.6 Immunogenicity 
 
Immunogenicity in humans was not evaluated.  
 
7.5 Other Safety Explorations 
 

                                            
68 Rock EP, Finkle J, Fingert HJ, et al. Assessing proarrhythmic potential of drugs when optimal studies are 
infeasible. Am Heart J. 2009;157:827-36e1. 
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7.5.1 Dose Dependency for Adverse Events 
 
Dose dependency has been evaluated throughout this review in analyses stratified by cumulative 
oral dose equivalent.  
 
7.5.2 Time Dependency for Adverse Events 
 
For a description of changes in hematologic parameters over time, see 7.4.2.1 Hematology 
Laboratory Findings. 
 
7.5.3 Drug-Demographic Interactions 
 
The Sponsor did not evaluate adverse event and laboratory data by race because of the small 
number of nonwhite subjects who were enrolled in the trials.   
 
7.5.3.1 Location 
 
In this section, differences in adverse event reporting between U.S. subjects and worldwide 
subjects overall will be discussed.  This section will focus on data for oral cladribine, the form of 
cladribine being considered for U.S. licensure.  
 
In the CLARITY Trial, 94 of 1326 (7.0%) subjects randomized were from the United States.  
Table 35 below lists the number of subjects randomized for each for the 32 countries of origin 
for CLARITY trial subjects. The majority of CLARITY Trial subjects were from Eastern 
Europe.  
 
 Table 35. Number of subjects randomized by country of origin 

Country 
N Subjects 
Randomized 

Russia 300 
Bulgaria 190 
USA 94 
Ukraine 80 
Czech 
Republic 67 
Italy 66 
Tunisia 54 
Poland 50 
France 47 
Estonia 45 
Germany 37 
Canada 36 
Serbia & 36 
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Country 
N Subjects 
Randomized 

Montenegro 
Lebanon 35 
UK 28 
Morocco 22 
Latvia 20 
Greece 18 
Belgium 15 
Lithuania 13 
Croatia 11 
Australia 11 
Switzerland 10 
Turkey 10 
Portugal 8 
Finland 7 
Saudi Arabia 5 
Austria 5 
Netherlands 2 
Denmark 2 
Brasil 1 
Israel 1 

 
Sponsor Table 369 summarizes descriptive information for subjects in completed studies by 
location, treatment, and route of treatment administration. The CLARITY Trial is the only 
completed Trial of oral cladribine, so the following statistics for subjects treated orally come 
exclusively from the CLARITY Trial. Median age, age range, and mean EDSS score are 
comparable between CLARITY subjects in the U.S. and worldwide.  Cladribine-treated 
CLARITY subjects in the U.S. had a higher percentage of females (81.7%) compared to 
CLARITY subjects worldwide (65.6-68.6%) and U.S. placebo-treated CLARITY subjects 
(66.7%).  The median number of adverse events reported per U.S. CLARITY subjects was 10.0, 
compared to 4.0 for CLARITY subjects worldwide.  
 
Reviewer comment: Analyses of the number of study visits per subject in the U.S. and worldwide 
is necessary in assessing differences in adverse event reporting between subjects in the U.S. and 
subjects worldwide.  

                                            
69 Table 3 from the EMD Serono response submitted to NDA 022561 on September 29, 2010.  
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The incidence rate of malignancies for subjects worldwide who received oral cladribine in 
completed and ongoing trials was 3.84 cases per 1000 subject-years worldwide (95% CI, 2.04 to 
6.56).  The incidence rate of malignancies for U.S. subjects who received oral cladribine in 
completed and ongoing trials was 10.20 cases per 1000 subject-years (95% CI, 2.10 to 29.79).70 

The incidence rate of malignancies for placebo-treated subjects in completed and ongoing trials 
of oral cladribine was 0 cases per 1000 for subjects in the U.S. and worldwide.  
 

In analyses of CLARITY subjects worldwide, 57 of 886 (6.4%) of cladribine-treated subjects 
had a Hypersensitivity71 adverse event, compared to 17 of 435 (3.9%) placebo-treated subjects.  
In analyses of U.S. CLARITY subjects, 10 of 60 (16.7%) cladribine-treated subjects had a 
Hypersensitivity adverse event, compared to 4 of 33 (12.1%) of placebo-treated subjects. 
 
In analyses of CLARITY subjects worldwide, 427 of 886 cladribine-treated subjects had an 
Adverse Event in the Infections and Infestations SOC (48.2 percent; 95% CI, 44.9 to 51.5 
percent), compared to 185 of 435 placebo-treated subjects (42.5%; 95% CI, 37.8 to 47.3%).  In 
analyses of U.S. CLARITY subjects, 50 of 60 cladribine-treated subjects (83.3%; 95% CI, 71.5 
to 91.7 percent) had an Adverse Event in the Infections and Infestations SOC, compared to 26 of 
33 (78.8%; 95% CI 61.1 to 91.0 percent).  
 
Reviewer Comment:  The reported rates of adverse events in U.S. subjects are consistently 
higher than rates reported in all subjects worldwide. This reviewer is concerned that adverse 
event rates for subjects worldwide may not be representative of adverse event rates in the U.S. 
population, and this limits the applicability of the worldwide adverse event data reported in this 
NDA application to the U.S. population and medical practice.  Given the differences in adverse 
event rates reported in U.S. vs. worldwide subjects, this reviewer considers the relatively small 
amount of data for oral cladribine in U.S. subjects to be a notable deficiency of this NDA 
application. A total of 94 U.S. subjects participated in CLARITY, the only completed trial of oral 
cladribine.  
 
In the CLARITY Trial, there were important differences between regions in the proportion of 
subjects previously exposed to disease modifying therapy.  In Eastern Europe approximately 26-
32% of subjects had been previously exposed to any disease modifying therapy (approximately 
7% in Russia), compared to 39-52% in Western Europe, and 62-75% in the Americas.  We will 
request analyses of laboratory results by region to determine whether regional differences 
extend beyond the differences in reported adverse events. We will also ask for analyses stratified 
by history of prior use of disease modifying therapy.  
 
7.5.3.2 Age 
 

                                            
70 Table 5 in the EMD Serono Response submitted to NDA 022561 on 9/29/2010.  
71 Hypersensitivity defined by the custom search performed by EMD Serono.  See the Hypersensitivity section in 
Section 7.3.5. Submission-Specific Primary Safety Concerns 
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Note: Oral cladribine has not been evaluated in pediatric subjects. Also, clinical studies of 
cladribine did not include subjects older than 65 years.  
 
Adverse Event Data in Completed Controlled Trials  
 
Reviewer Note: With the exception of two malignancy cases (one case of choriocarcinoma and 
one case of cervical carcinoma in situ), all of the reported malignancies cladribine-treated 
subjects in completed and ongoing controlled trials have occurred in subjects aged > 40 years.  
Additional information on the rate of malignancy in cladribine-treated subjects aged >40 will be 
requested.   
 
The percentage of cladribine-treated subjects who had at least one adverse event, who had at 
least one serious adverse event, or who discontinued treatment with cladribine because of 
adverse events was comparable between subjects aged 18 to 40 years and those aged >40 years 
(see Sponsor Table 131). 
 

 
 
To assess whether the frequency of individual adverse events varied by age, the adverse events 
that were reported in ≥10% of the cladribine-treated subjects and the adverse events that were 
reported in <10% of cladribine-treated subjects but at a >2% higher frequency in the cladribine 
group than in the placebo group were examined for the age groups of 18 to 40 years and 
>40 years (see Sponsor Table 132). 
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The frequencies of headache, upper respiratory tract infection, nasopharyngitis, and nausea were 
comparable between cladribine-treated subjects aged 18 to 40 years and those aged >40 years 
(i.e., ≤2% difference in frequency). Cladribine-treated subjects >40 years had a higher frequency 
of herpes zoster (2.5%), compared to cladribine-treated subjected aged 18-40 (1.6%); while the 
absolute difference in herpes zoster frequencies by age is not large, the relative difference in 
frequencies is notable.  Although the frequency of fatigue was higher in the cladribine-treated 
subjects aged >40 years than in those aged 18 to 40 years, the frequency was comparable to that 
in the placebo-treated subjects aged >40 years. 
 
The frequencies of lymphopenia, leukopenia, and decreased lymphocyte count were >2% higher 
in the cladribine-treated subjects aged >40 years than in those aged 18 to 40 years, a difference 
that could not be explained by cladribine exposure, as mean and median cumulative doses were 
comparable between the age groups.  
 
An evaluation of the relationship between age and serious adverse events is difficult, because of 
the low frequency of serious adverse events in each of the MedDRA SOC and by the low 
frequency of each individual serious adverse event. For this reason, the Sponsor evaluated 
possible effects of age for 5 MedDRA SOCs of interest for cladribine (infections and 
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infestations; neoplasms, benign, malignant, and unspecified; hepatobiliary disorders; blood and 
lymphatic disorders; and nervous system disorders; see Sponsor Table 133). 
 

 
 
Serious events in the infections and infestations SOC and in the nervous system disorders SOC 
were reported in a comparable percentage of cladribine-treated subjects in each age group. 
Serious events in the blood and lymphatic system disorders SOC were reported in a higher 
percentage of the cladribine-treated subjects aged 18 to 40 years than in those aged >40 years. 
Serious events in the neoplasms, benign, malignant, and unspecified SOC were reported in 1.8% 
of the cladribine-treated subjects aged >40 years, compared to 0.7% for subjects aged 18-40 
years; placebo-treated subjects aged >40 years also had a higher frequency of SAEs in this SOC, 
compared to placebo-treated subjects aged 18-40 years.  
 
Cladribine-treated subjects aged 18-40 years had a higher rate of SAEs in the Hepatobiliary SOC 
compared to cladribine-treated subjected aged 18-40 years and placebo-treated subjects aged >40 
years.  Cladribine-treated subjects aged 18-40 years had a higher frequency of SAEs in the 
Nervous system disorders SOC, compared to placebo-treated subjects aged 18-40 years.  In 
subject aged >40, cladribine-treated subjects did not have a higher frequency of SAEs in the 
Nervous system disorders SOC compared to placebo-treated subjects.  
 
Laboratory Data 
 
Grade 3 and 4 lymphopenia occurred in a higher percentage of cladribine-treated subjects aged 
>40 years than in those aged 18 to 40 years (see Table 134).  
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A dose response for Grade 4 lymphopenia was observed for both age groups: The frequency of 
Grade 4 lymphopenia in cladribine-treated subjects aged 18 to 40 years was 1.5% (4 out of 271) 
in the >2.63-4.38 mg/kg cumulative cladribine dose group and 3.4% (8 out of 235) in the 
>4.38-6.13 mg/kg cumulative cladribine dose group, whereas the frequency of Grade 4 
lymphopenia in the cladribine-treated subjects aged >40 years was 4.0% (8 out of 200) in the 
>2.63-4.38 mg/kg cumulative cladribine dose group and 7.8% (19 out of 243) in the 
>4.38-6.13 mg/kg cumulative cladribine dose group. These data suggest that subjects aged >40 
years may be more prone than those aged 18 to 40 years to develop Grade 4 lymphopenia. 
 
7.5.3.3 Gender 
 
Safety Data from Completed Placebo-Controlled Trials 
 
Adverse Event Data 
 
The percentage of subjects who had at least one adverse event, who had at least one serious 
adverse event, or who discontinued treatment was slightly higher in female subjects than in male 
subjects in both the cladribine and placebo groups (see Table 127). 
 

 
 
To assess whether the frequency of individual adverse events varied between genders, the 
adverse events that were reported in ≥10% of the cladribine-treated subjects and the adverse 
events that were reported in <10% of cladribine-treated subjects but at a >2% higher frequency 
in the overall cladribine group than in the overall placebo group were examined by gender 
(Sponsor Table 128). 
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The frequencies of lymphopenia, nasopharyngitis, fatigue, herpes zoster infections, leukopenia, 
and decreased lymphocyte count were comparable between the female and male cladribine-
treated subjects (i.e., ≤2% difference in frequency). The frequencies of upper respiratory tract 
infection and nausea were higher in the female cladribine-treated subjects than in the male 
cladribine-treated subjects; however, a similar pattern was observed in the placebo group. In 
male subjects, cladribine-treated and placebo-treated subjects had similar frequencies of 
headache, while in female subjects cladribine-treated subjects had a higher frequency of 
headache (27.0%) than placebo-treated subjects (23.4%).  
 
An evaluation of the relationship between gender and serious adverse events is difficult, because 
of the low frequency of serious adverse events in each of the MedDRA SOC and by the low 
frequency of each individual serious adverse event. For this reason, the Sponsor evaluated 
possible effects of gender for 5 MedDRA SOCs of interest for cladribine (infections and 
infestations; neoplasms, benign, malignant, and unspecified; hepatobiliary disorders; blood and 
lymphatic disorders; and nervous system disorders) (see Sponsor Table 129). 
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The percentages of subjects who had serious adverse events in the Blood and lymphatic system 
disorders SOC and the Nervous system disorders SOC were comparable between the female and 
male cladribine-treated subjects. Serious adverse events in the infections and infestations SOC 
were reported in a higher percentage of female cladribine-treated subjects, potentially reflecting 
the increased frequency of urinary tract infections (refer to Appendix C2, Table 15_4.1, Table 
15_4.2). Serious events in the hepatobiliary disorders SOC were reported in a higher percentage 
of the female cladribine-treated subjects than in the male cladribine-treated subjects; however, 
the percentage of female cladribine-treated subjects who had serious events in the hepatobiliary 
disorders SOC was identical to that for the female placebo-treated subjects. 
 
Serious events in the neoplasm benign, malignant, and unspecified SOC were reported in a 
higher percentage of the female cladribine-treated subjects than in the male cladribine-treated 
subjects, as well as in a higher percentage of female cladribine-treated subjects than in female 
placebo-treated subjects. The differences in frequency between the female and male cladribine-
treated subjects and between the female cladribine-treated and female placebo-treated subjects 
are largely attributable to the frequency of uterine leiomyoma, which was reported as a serious 
adverse event in 5 of the 722 female cladribine-treated subjects (0.7%) and in only 1 of the 
338 female placebo-treated subjects (0.3%) (refer to Appendix C2, Table 15_4.2). 
 
Laboratory Data 
 
A higher percentage of cladribine-treated women than cladribine-treated men developed Grade 3 
or 4 abnormalities in WBC count, neutrophil count, and absolute lymphocyte count (see Table 
130). Only a small number of cladribine-treated subjects developed Grade 3 or 4 abnormalities in 
AST, ALT, alkaline phosphatase, bilirubin, or CK levels. The Grade 3 values for ALT and AST 
all occurred among the female cladribine-treated subjects, whereas the Grade 3 abnormalities in 
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bilirubin occurred among the male cladribine-treated subjects. The frequencies of Grade 3 and 4 
abnormalities in CK were higher in cladribine-treated female subjects than placebo-treated 
female subjects, but a similar pattern did not occur in male subjects.   
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A dose response for Grade 4 lymphopenia was observed both for male subjects and for female 
subjects, but this was more pronounced for the female subjects: The frequency of Grade 
4 lymphopenia in male cladribine-treated subjects was 2.8% (4 out of 143) in the >2.63-4.38 
mg/kg cumulative cladribine dose group and 3.0% (5 out of 168) in the >4.38-6.13 mg/kg 
cumulative cladribine dose group, whereas the frequency of Grade 4 lymphopenia in the female 
cladribine-treated subjects was 2.4% (8 out of 328) in the >2.63-4.38 mg/kg cumulative 
cladribine dose group and 7.1% (22 out of 310) in the >4.38-6.13 mg/kg cumulative cladribine 
dose group (refer to Appendix C3, Table 33_4.1, Table 33_4.2). Thus, the higher frequency of 
Grade 4 lymphopenia in female subjects than in male subjects is attributable to the higher 
cladribine dose regimen, as the frequency of Grade 4 lymphopenia was comparable between 
female and male subjects at cumulative cladribine dose of >2.63-4.38 mg/kg. 
 
7.5.4 Drug-Disease Interactions 
 
The Sponsor did not evaluate adverse event and laboratory data by the type of MS, because 86% 
of the subjects in the completed placebo-controlled trials had a diagnosis of RRMS. As the 
cumulative cladribine dose group of >6.13 mg/kg group includes only subjects with progressive 
forms of MS who were treated in the MS-Scripps study, the safety information in that dose 
group, although based on a small number of subjects, is reflective of the safety profile of 
cladribine (at relatively higher cumulative doses) in subjects with progressive forms of MS and 
showed no clinically important differences in the adverse event profile of cladribine. 
 
7.5.5 Drug-Drug Interactions 
 
The reader is referred to the Clinical Pharmacology review for results of drug-drug interaction 
studies.  
 

7.5.5.1 Corticosteroids 

 
High doses of corticosteroids are often used to treat an acute MS relapse, and exposure to 
corticosteroids has been associated with an increased risk of infection. To evaluate whether 
concomitant use of systemic corticosteroids may increase the risk of development of certain 
infections, the Sponsor evaluated the frequency of infections (overall and specific types) in the 
subjects who were exposed to systemic corticosteroids during the CLARITY trial was compared 
with that in the subjects who were not exposed to systemic corticosteroids during the CLARITY 
trial by treatment group (cladribine or placebo). In this analysis, systemic exposure was defined 
as corticosteroids that were taken orally or given i.v. or s.c.; subjects who were exposed to 
inhaled or topical corticosteroids were considered to be without systemic exposure and were 
excluded from the Sponsor’s analysis. 
 
The percentage of subjects who had at least one treatment-emergent adverse event during the 
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CLARITY trial was at least 1% higher in cladribine-treated subjects with corticosteroid use 
compared to cladribine-treated subjects without corticosteroid use in the following SOCs: 
Infections and infestations, Gastrointestinal disorders, Nervous system disorders, 
musculoskeletal and connective tissue disorders, General disorders and administration site 
conditions, Blood and lymphatic system disorders, Skin and subcutaneous tissue disorders, 
Psychiatric disorders, Investigations, Eye Disorders, Cardiac Disorders, Renal and urinary 
disorders, Neoplasms, Immune system disorders, Endocrine disorders, and Injury, poisoning, and 
procedural complications (Sponsor Table 126). 
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The percentage of subjects who had at least one adverse event in the Infections and infestations 
SOC was comparable between the placebo-treated subjects who were treated concomitantly with 
corticosteroids (50.7%) and the cladribine-treated subjects who were treated concomitantly with 
corticosteroids (51.5%). Nasopharyngitis was the most commonly reported infection and was 
reported in 15.9% (38 out of 239) of the cladribine-treated subjects and in 12.9% (27 out of 209) 
of the placebo-treated subjects who received corticosteroids and in 12.7% (82 out of 645) of the 
cladribine-treated subjects and in 12.8% (29 out of 226) of the placebo-treated subjects who did 
not receive corticosteroids (refer to Appendix B, Table R76_1a, Table R76_1b). 
 
Blood and lymphatic system disorders were reported in a comparable percentage of cladribine-
treated subjects who did and did not received corticosteroids. The most commonly reported event 
was lymphopenia, which was reported in 30.5% (73 out of 239) of the cladribine-treated subjects 
and in 1.9% (4 out of 209) of the placebo-treated subjects who received corticosteroids and in 
25.3% (163 out of 645) of the cladribine-treated subjects and in 1.8% (4 out of 226) of the 
placebo-treated subjects who did not receive corticosteroids. 
 
In both the cladribine and placebo groups, gastrointestinal-related adverse events were reported 
more commonly in the subjects who received corticosteroids than in those who did not. The most 
commonly reported gastrointestinal-related event was nausea, which was reported in 13.0% 
(31 out of 239) of the cladribine-treated subjects and in 10.5% (22 out of 209) of the placebo-
treated subjects who received corticosteroids and in 9.6% (62 out of 645) of the cladribine-
treated subjects and in 7.5% (17 out of 226) of the placebo-treated subjects who did not receive 
corticosteroids. 
 
Nervous system disorders tended to be more commonly reported in the subjects who received 
corticosteroids than in those who did not; this was true for both the placebo, all cladribine, 
and cladribine 3.5 mg/kg groups, but not the cladribine 5.25 mg/kg group. The most commonly 
reported event was headache, which was reported in 23.0% (55 out of 239) of the cladribine-
treated subjects and in 16.7% (35 out of 209) of the placebo-treated subjects who received 
corticosteroids and in 22.2% (143 out of 645) of the cladribine-treated subjects and in 17.7% (40 
out of 226) of the placebo-treated subjects who did not receive corticosteroids. 
 
Skin and subcutaneous tissue-related events were reported more commonly in the subjects who 
received corticosteroids than in those who did not both in the cladribine and placebo groups (see 
Table 126). Alopecia, dermatitis allergic, rash, and acne were the most commonly reported 
events among the subjects who received corticosteroids and were reported more frequently in 
those who used corticosteroids than in those who did not (refer to Appendix B, 
Table R76_1a, Table R76_1b). 
 
Review of laboratory data showed an increased frequency of Grade 3 lymphopenia between the 
subjects who use corticosteroids (43.2%) compared to those who did not use corticosteroids 
(41.6%) in the cladribine 5.25 mg/kg group.  In the cladribine 3.5 mg/kg group, the frequency of 
Grade 3 lymphopenia was higher in subjects who received corticosteroids than in those who did 
not (29.3% versus 23.1%) (refer to Appendix B, Table R76_2a, Table R76_2b). 
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The frequency of Grade 4 lymphopenia was similar in cladribine-treated subjects who did and 
did not receive corticosteroids.  
 
Concomitant use of corticosteroids had no clinically important effect on hemoglobin, WBC 
count, neutrophil count, or platelet count or on serum creatinine, bilirubin, AST, ALT, alkaline 
phosphatase, or CK (refer to Appendix B, Table R76_2a, Table R76_2b). 
 
7.5.5.2 Agents Affecting the Hematological Profile 
 
To identify whether concomitant medications used in combination with cladribine result in 
additive hematological adverse effects, the Sponsor analyzed concomitant medication data for 
the CLARITY Study from study weeks 0-96.72 The Sponsor analyzed data for medications with 
at least one hematological parameter reported in the adverse reactions section of its package 
insert. Of the >1700 medications listed as concomitant medication in the CLARITY study, 
approximately 630 met the above criteria and were used in this analysis. 
 
Table 1A shows the number of cladribine-treated subjects that experienced a Grade 3/4 event 
involving hemoglobin, WBC, neutrophils, lymphocytes, and platelets based on whether they also 
received a concomitant medication (con med – yes) or no concomitant medication (con med - 
no) that could adversely affect hematological parameters. Of the 5 hematological parameters 
assessed only lymphocytes had a disproportionate number of cladribine-treated subjects with 
Grade 3/4 events in the con med-yes group versus the con med-no group. While Grade 3/4 
lymphopenia was seen in a greater percentage of patients in the 5.25 mg/kg (high dose) as 
compared with the 3.5 mg/kg (low dose) group as expected, the imbalance of severe 
lymphopenia in the con med – yes group versus the con med – no group was observed in both 
the high dose and low dose treatment arms. This effect was not observed in either the high or low 
dose cladribine groups for hemoglobin, WBC, neutrophils or platelets. 

                                            
72 Submitted to NDA 022561 on September 23, 2010.  
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The Sponsor reviewed whether medication classes, from which the previously identified 
medications were selected, were associated with an increased risk of severe lymphopenia. These 
medication classes were taken from the WHO Drug Dictionary B3 March 2006. Except for 
cough and cold preparations, all of the medication classes analyzed had an increased frequency 
of Grade 3 or 4 lymphopenia in subjects who received the concomitant medication compared to 
subjects who did not receive the concomitant medication (including analgesics, antibacterials, 
corticosteroids, vitamins, anti-inflammatory and rheumatic products, psychoanaleptics, drugs for 
acid-related disorders, muscle relaxants, psycholeptics, mineral supplements, unspecified herbal, 
antiepileptics, antihistamines, and hormones and modulators of the genital system. Analyses of 
some medication classes were limited by a small number of subjects who took medications in 
that class.   
 
The Sponsor did not report any analyses intended to identify specific concomitant medications 
that may contribute to higher frequency of lymphopenia.  The most commonly used drugs within 
the analgesics, antibacterials, and anti-inflammatory and antirheumatic medication classes were 
acetylsalicylic acid, acetaminophen (paracetamol), ibuprofen and, amoxicillin (irrespective of 
Grade 3/4 hematology toxicity). 
 
The Sponsor has proposed the following labeling:  

Reviewer comment: Increased frequency of Grade 3 and 4 lymphopenia with a wide range of 
concomitant medications is concerning, especially since the list of medications includes 
commonly-used over the counter drugs, including aspirin and non-steroidal anti-inflammatory 
drugs, as well as antibiotics and corticosteroids.  If the drug is to be marketed, I recommend that 
information for patients and prescribers include information that specifies which drugs may 
increase the frequency of reductions in lymphocyte count.  We need clarification from the 
Sponsor on how this list would be compiled.  
 
7.6 Additional Safety Evaluations 
 
7.6.1 Human Carcinogenicity 
 
In response to FDA requests, EMD Serono provided additional information regarding 
malignancies in subjects from trials and studies of cladribine. Sponsor Table 173 summarizes 
known cases of malignancy that occurred in cladribine-treated and placebo-treated subjects in 

                                            
73 Sponsor Table 1 was obtained from pages 53-55 of the EMD Serono document submitted to NDA 
022561 on November 10, 2010.  
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completed and ongoing controlled trials of cladribine for treatment of MS as of November 10, 
2010.   
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The countries of origin of subjects from cladribine MS trials and studies diagnosed with 
malignancy are summarized in Table 36 below.  Table 36 also contains information on where 
narratives for each subject may be found.  
 
Table 36. Reported malignancy cases in study subjects treated with cladribine for MS 
Study/ Subject 

Country 
Age 
(y) Country Gender Cladribine / 

Placebo MedDRA PT Narrative Location(s)* 
Completed Controlled Studies (6: 5 cladribine and 1 placebo) 

CLARITY/ 
 

 
33 Italy Female Cladribine Cervix carcinoma 

in situ 
Table 92,  pp 288-289 of the 

EMD Serono ISS 

MS-001/ 
 

 
42 U.S. Female Cladribine Cervix carcinoma 

Table 92 on pp 288-289 of the 
EMD Serono. CIOMS report in 

Appendix 4 of MS-001 Extension 
Study Report under initials 

 
CLARITY/ 

 44 Ukraine Female Cladribine Ovarian cancer Table 92, pp 288-289 of the EMD 
Serono ISS 

CLARITY/ 
 61 Russia Female Cladribine 

Pancreatic 
carcinoma, 
metastatic 

Table 92, pp 288-289 of the EMD 
Serono ISS 

CLARITY/ 
 48 Russia Female Cladribine Malignant 

melanoma 
Table 92, pp 288-289 of the EMD 

Serono ISS 

MS-Scripps/ 
 

 
43 U.S. Male Placebo Basal cell 

carcinoma 
Link to Narrative and CRF is on 

ISS p. 280. 

Post-Studies (11: 10 cladribine and 1 placebo) 
CLARITY/ 

 26 Russia Female Cladribine Choriocarcinoma Table 92, pp 288-289 of the EMD 
Serono ISS 

CLARITY/ 
 47 Bulgaria Female Placebo Ovarian Cancer Table 92, pp 288-289 of the EMD 

Serono ISS 

CLARITY/ 
 55 U.S. Female Cladribine Bladder Cancer 

Narrative on page 34 of the 
Sponsor response dated 7/30/10 

submitted to NDA 022561. 
Scripps C/ 

 46 U.S. Male Cladribine Esophageal Cancer Narrative submitted to NDA on 
09/13/10 

MS-Scripps/ 
 60 U.S. Female Cladribine Breast Cancer 

Narrative on pp. 21-23 of the 
11/10/10 submission to NDA 

022561. 

MS-Scripps/ 
 55 U.S. Female Cladribine Breast Cancer 

Narrative on pp. 27-28 of the 
11/10/10 submission to NDA 

022561. 

MS-Scripps/ 
 61 U.S. Female Cladribine Squamous Cell 

Carcinoma 

Narrative on pp. 29-30 of the 
11/10/10 submission to NDA 

022561. 

Scripps-C/ 
 59 U.S. Female Cladribine Breast Cancer 

Narrative on pp. 24-26 of the 
11/10/10 submission to NDA 

022561. 

Scripps-C/ 
 58 U.S. Female Cladribine Skin Cancer 

Narrative on pp. 24-26 of the 
11/10/10 submission to NDA 

022561. 
MS-Scripps/ 

 50 U.S. Male Cladribine Basal Cell 
Carcinoma 

Link to narrative is on ISS page 
282. 

MS-Scripps/ 50 U.S. Male Cladribine Skin Cancer (no Narrative on pp. 32-25 of the 

Reference ID: 2885264

Reference ID: 4413345

(b) (6)

(b) (6)

(b) 
(6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

225 

Study/ Subject 
Country 

Age 
(y) Country Gender Cladribine / 

Placebo MedDRA PT Narrative Location(s)* 
 additional details 

available on this 
diagnosis) 

11/10/10 submission to NDA 
022561.  

Extension Phase of Completed Controlled Studies (5) 

MS-Scripps/ 
 43 U.S. Male Cladribine 

Bladder 
transitional cell 

carcinoma 

Table 92, pp 288-289 of the EMD 
Serono ISS 

MS-001/  52 U.S. Male Cladribine Colon Cancer Table 92, pp 288-289 of the EMD 
Serono ISS 

MS-Scripps/ 
 50 U.S. Male Cladribine Basal Cell 

Carcinoma 
Link to narrative is on ISS page 

282. 
MS-001/ 

 54 U.S. Female Cladribine Basal Cell 
Carcinoma 

Link to narrative is on ISS page 
282. 

MS-Scripps/ 
 48 U.S. Male Cladribine Basal Cell 

Carcinoma 
Link to narrative is on ISS page 

282. 
Completed Uncontrolled Studies (1) 

Scripps 
A/  63 U.S. Female Cladribine Cancerous lesion 

on right ankle 
Sponsor response dated 7/30/10 

submitted to NDA 022561. 
Ongoing Studies (11)1 

CLARITY 
Extension/ 

 
50 Russia Female Cladribine Thyroid Cancer Link to narrative and CRF on p. 

283 of ISS. 

CLARITY 
Extension/ 

 
49 U.S. Female Cladribine Ovarian Cancer Link to narrative and CRF on p. 

284 of ISS. 

CLARITY 
Extension/ 

 
55 Bulgaria Female Cladribine Breast Cancer 

Narrative on page 40 of the 
Sponsor response dated 7/30/10 

submitted to NDA 022561.  
CLARITY 
Extension/ 

 
51 Russia Male Cladribine Malignant 

Melanoma 
Link to narrative and CRF on p. 

285 of ISS. 

CLARITY 
Extension/ 

 
41 Russia Female Cladribine Malignant 

Melanoma 

Narrative on page 36 of the 
Sponsor response submitted to 

NDA 022561 on 7/30/10. 
CLARITY 
Extension/ 

 
55 Finland Female Cladribine Recto-sigmoid 

cancer 
Link to narrative and CRF on p. 

285 of ISS. 

CLARITY 
Extension/ 

 
57 U.S. Female Cladribine Basal Cell 

Carcinoma 
Link to narrative and CRF on p. 

283 of ISS. 

CLARITY 
extension/ 

 
MFR control 

number 
7005088 

60 U.S. Male Cladribine Renal Cell 
Carcinoma 

CIOMS report entered to IND 
74634 on 27 May 2010. Narrative 

on page 34 of the Sponsor 
response dated 7/30/10 submitted 

to NDA 022561. 

ONWARD/ 
 

MFR Control # 
510006E10US

A 

57 U.S. Female Cladribine Squamous Cell 
Carcinoma 

CIOMS report submitted to IND 
74634 on 22 June 2010. Narrative 

on page 42 of the Sponsor 
response submitted to NDA 

022561 on 7/30/10. 
CLARITY 
Extension/ 

 
63 Estonia Female Cladribine Rectal tubular 

adenocarcinoma 

Submitted to IND 074634 on 
9/24/10. MFR Control No. 

7014718. 
CLARITY 
Extension/ 68 USA Female Cladribine Squamous cell 

carcinoma 
Submitted to IND 074634. MFR 
Control No. 7021039.  Narrative 
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Study/ Subject 
Country 

Age 
(y) Country Gender Cladribine / 

Placebo MedDRA PT Narrative Location(s)* 
 

(scrambled ID 
) 

on pages 19-20 of the Sponsor 
response submitted to NDA 

022561 on 11/10/10. 

CLARITY 
Extension/ 

 
40 USA Female Blinded Basal Cell 

Carcinoma 

CIOMS report submitted to IND 
74634 on 22 Nov 2010. Narrative 

on pages 19-20 of the Sponsor 
response submitted to NDA 

022561 on 11/10/10. 
Source: CRFs and Narratives 
*Narrative or link to narrative  
ISS= EMD Serono Integrated Summary of Safety 
Cutoff date:November 10, 2010 
 
Table 37 below lists the counts for malignancies which have been reported in cladribine 
completed and ongoing studies for multiple sclerosis, including post-study and myelodysplasia 
cases.  While cutaneous malignancies comprise the largest proportion of cases, malignancies 
have been reported in a variety of sites in cladribine-treated subjects.  
 
Table 37. Reported malignancies in cladribine completed and ongoing controlled studies for 
multiple sclerosis (including post-study events and myelodysplasia cases) 

Cladribine (33) 
Basal cell carcinoma (6) 
Breast cancer (4) 
Malignant melanoma (3) 
Colon and rectal cancer (3) 
Myelodysplasia (2)  
Bladder carcinoma (2)  
Ovarian Cancer (2) 
Squamous cell carcinoma (2) 
Skin cancer (type unknown or unspecified) (2) 
Pancreatic carcinoma metastatic (1) 
Cervix carcinoma (1)  
Cervix carcinoma in situ (1)  
Renal Cell carcinoma (1) 
Choriocarcinoma (1)  
Esophageal carcinoma (1)  
Thyroid cancer (1) 
 

Placebo (2) 
Ovarian Cancer (1) 
Basal Cell Carcinoma (1) 
Table includes all reported malignancy cases with treatment assignments known to this reviewer as of November 10, 
2010.  One additional case of basal cell carcinoma has been reported, but the treatment assignment for this subject 
(CLARITY Ext. ) has not been unblinded.  
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In response to FDA requests, the Sponsor analyses of reported malignancy cases include cases 
reported during completed and ongoing controlled studies of cladribine (including extension 
phases).  The Sponsor’s analyses did not include cases reported post-study (10 cases in 
cladribine-treated subjects and 1 case in a placebo-treated subject). The Sponsor’s analyses did 
not include cases of myelodysplasia (2 cases in cladribine-treated subjects). The cut-off date for 
these analyses was June 21, so cases reported after that date (one case of rectal cancer and a case 
of multiple squamous cell carcinomas) were not analyzed.  
 
In analyses of malignancy incidence rates, categorization of time on placebo included: 

• Subjects who never received cladribine 
• Time contributed by subjects who initially received placebo and subsequently switched 

to cladribine active treatment (subject-years of exposure categorized as placebo were 
calculated from the first dose of placebo to the first dose of cladribine) 

 
EMD Serono provided a table of incidence proportions and incidence rates by cumulative dose, 
worldwide and in the U.S., stratified by oral vs. parenteral route of administration, for cases of 
malignancy in completed and ongoing trials.  In trials of oral cladribine worldwide, there were 
8.2 cases of malignancy per 1000 subjects (13 cases in 1579 subjects) in cladribine-treated 
subjects compared to 0 cases per 1000 subjects in placebo-treated subjects (N=672) (Sponsor 
Table 5). In trials of oral cladribine worldwide, the incidence rate of malignancy was 3.8 cases 
per 1000 subject-years in cladribine-treated subjects (total exposure = 3387 subject-years), 
compared to 0 cases per 1000 subject years in placebo-treated subjects (total exposure = 1088 
subject-years)   
 
Reported malignancy rates were higher in U.S. cladribine-treated subjects compared to all 
cladribine-treated subjects worldwide (Sponsor Table 6). In trials of oral cladribine in the U.S., 
there were 18.3 cases of malignancy per 1000 subjects in cladribine-treated subjects (3 cases in 
164 subjects), compared to 0 cases in placebo-treated subjects (N=79).   In trials of oral 
cladribine in the U.S., the incidence rate of malignancy in cladribine-treated subjects was 10.2 
cases per 1000 subject-years (total exposure = 294 subject-years), compared to 0 cases per 1000 
subject years in placebo-treated subjects (total exposure = 119 subject-years). There was no clear 
pattern of increasing rates of malignancy with increasing cumulative cladribine dose. 
 
In analyses of all subjects and subjects followed ≥48 weeks, ≥96 weeks, and ≥ 144 weeks, there 
was no clear pattern of increasing incidence rates of malignancy in subject groups with 
increasing thresholds of follow-up duration (Sponsor Table 7). 
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Table 5 from EMD Serono response submitted to NDA 022561 on Sept. 29, 2010.  
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Table 6 from EMD Serono response submitted to NDA 022561 on Sept. 29, 2010
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Table 7 from EMD Serono response submitted to NDA 022561 on September 29, 2010.  
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Figure 2 displays the distribution of latency (time from first cladribine dose to malignancy diagnosis) for malignancy cases in 
cladribine-treated subjects from completed and ongoing trials.  The data in this graph correspond to the Sponsor analyses and do not 
including post-study or myelodysplasia cases.  The median latency was 3.2 years.  
 
 
Figure 2. Time from first cladribine dose to malignancy diagnosis in cladribine-treated subjects from completed and ongoing 
controlled trials (not including post-study cases or myelodysplasia cases)  

 
 

0 1 2 3 4 

Latency (years)  
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The CLARITY Trial provides in-study follow-up of two years after initial treatment.  The 
CLARITY Trial provides the longest duration of in-study follow-up with placebo control. Table 
38 lists the malignancy cases reported in weeks 0-96 of the CLARITY trial. Four of 884 
cladribine-treated subjects had a reported malignancy in weeks 0-96 of the CLARITY Trial, 
compared to 0 of 435 placebo-treated subjects. The median time on study per subject was the 
same (1.8 years) for each CLARITY group, so differences in exposure duration between groups 
are not a concern when interpreting the CLARITY Trial malignancy data (Sponsor Table 2).  
 
Table 38. Malignancy Cases: CLARITY Trial weeks 0-96  

MedDRA PT Age (y) Gender Total Dose Latency Outcome 

Cervix carcinoma in 
situ 33 Female 3.9 mg/kg 10 months Resolved 

Ovarian cancer 44 Female 1.8 mg/kg 1 year Unknown (lost to 
follow up) 

Pancreatic 
carcinoma, 
metastatic 

61 Female 3.8 mg/kg 1.5 years Death 

Malignant melanoma 48 Female 3.7 mg/kg 1 year Resolved 
 
 

 
Sponsor Table 2 from the EMD Serono response submitted to NDA 022561 on September 29, 2010.  
 
No trials of oral cladribine provide true placebo control beyond 2 years from initial treatment. Of 
trials of oral cladribine, the CLARITY Extension Trial provides the longest duration of subject 
follow-up. However, all CLARITY Extension subjects receive cladribine, either in CLARITY or 
the CLARITY Extension (see Figure 3).   
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Figure 3. Treatment groups for CLARITY Extension 

 
Figure from page 5 of the 120-Day Safety Update Meeting Briefing Document submitted to NDA 022561 on July 
29, 2010 
 
 
Division of Hematology Products Consultation 
 
Qin Ryan, M.D., Ph.D. from the Division of Hematology Products wrote a consultation 
regarding NDA 022561.  Her recommendations are summarized as follows: 

1. Since the Clarity study indicates a cancer risk, for which the median time to cancer 
diagnosis is not yet determined, we recommend long term to permanent follow up of MS 
patients receiving oral cladribine (CdA) to define the long term cancer risk for this group, 
which is unknown at present. 

2. Information on IV CdA from oncology use should not be used to guide monitoring in 
MS, since the disease nature of CLL/HCL and the route/ dose/exposure of CdA therapy 
are completely different from the MS circumstances. 

      3.  All previous and subsequent antineoplastic and immunosuppressive therapies should be 
carefully documented for all CdA treated patients, since there may be a long-term 
additive effect of multiple drugs on cancer incidence or cancer type. 

 4.  Since all patients in CLARIFY eventually receive CdA, a true control group is lacking. It 
may be impossible to know the true increase in cancer risk absent a valid control group. 
Efforts should be made to identify and qualify an external control group for comparative 
risk assessments. Consider epidemiology consultation to assist. 

5. We recommend that time to event (cancer occurrence, overall survival) analyses also be 
performed. 

 
 
 
 

Reference ID: 2885264

Reference ID: 4413345



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

235 

Sponsor Discussion of Malignancy Adverse Events 
 
The Sponsor discussion of malignancy adverse events seen with cladribine from p. 290 of the 
EMD Serono ISS74 is reproduced below: 
 

Sufficient experience has not been accrued with cladribine to reach a definitive conclusion 
              regarding the risk of malignancy, as shown by the 95% CIs, which include unity. However, the 

epidemiological estimate suggests that subjects who are exposed to cladribine may be at an 
increased risk of cancer. The risk, with current estimates, might be expected to lead to an excess 
of 4.1 to 4.3 cases of cancer per 1000 subject-years of treatment. 
 
An association between malignancies and cladribine represents a potential significant safety 
concern. The available evidence to date does not allow conclusions to be reached about a causal 
association or for a population particularly at risk to be identified. An analysis of absolute 
lymphocyte count in the cladribine-treated subjects who developed malignancies demonstrated 
that only 2 of the subjects had Grade >2 lymphopenia at more than one visit. Therefore, there 
was no clear relationship between absolute lymphocyte count and the onset of malignancies. 
 
Continuous monitoring, including careful evaluation of individual risk factors and other factors 
that may have caused the events reported and risk assessment and quantification is warranted. A 
prospective follow-up registry to assess the long-term safety risk in subjects who have 
participated in the clinical trials of cladribine and a post-authorization safety registry (a 
prospective cohort study) will be conducted to further characterize the potential causal 
relationship between oral cladribine and malignancies (see Section 13 for long-term follow-up 
plans). 

 
The Sponsor discussion of analyses submitted in response to FDA requests on September 1, 
2010 (pp. 5-6) is reproduced below: 
 

All treatment-emergent malignancy adverse events during the study period have been 
included in this analysis. However, there are several limitations that should be noted. 
First, while the vast majority do, not all of the malignancy cases have documented 
histopathologic evidence of cancer despite best previous and ongoing efforts to obtain 
these data (e.g., CLARITY extension subject 2 with presumed renal cell 
carcinoma and adrenal adenoma based CT scan). 
Reviewer Comment: Pathologic confirmation of renal cell cancer in this subject has since been 
obtained. 
 
Second, in some of the cases, there is historical evidence to suggest that the events may 
have preceded the study (e.g., CLARITY subject  with cervical carcinoma in 
situ and a history of oncogenic HPV infection several years earlier), were incidentally 
discovered (e.g., CLARITY subject  who injured a lumbar nevus which led to 
biopsy and a diagnosis of melanoma), or where there are obvious pre-existing risk 
factors (e.g., CLARITY subject  with papillary microcarcinoma of the thyroid 
diagnosed following extirpation of the thyroid gland for a multinodular endemic goiter 
and who worked in a nuclear power plant) and therefore, raises the question as to 
whether these are truly treatment-emergent, related adverse events. However, even if 
this were the case, the possibility that cladribine accelerated their clinical presentation 
cannot be excluded. 

                                            
74 Submitted to NDA 022561 on May 27, 2010 
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Reviewer Comment: These are randomized data, so pre-existing risk factors are expected to exist in 
some placebo-treated subjects as well.  
 
Third, this analysis is susceptible to a potential bias against active treatment due to 
confounding by time since randomization, which is a common problem in randomized 
clinical trials that have open-label extension phases. (Rothman KJ. A potential bias in 
safety evaluation during open-label extensions of randomized clinical trials. 
Pharmacoepidemiol Drug Saf 2004 May;13(5):295-8.) Tables A and C clearly 
demonstrate the strong association between treatment and time of follow-up – subject-years 
of follow up > 48 weeks was more than four-fold greater (4152.43 versus 
1030.22), > 96 weeks was more than eight-fold greater (3460.45 versus 421.71) and > 
144 weeks was more than 27-fold greater (2688.11 versus 97.89) in cladribine-treated 
subjects than in placebo-treated subjects, respectively. Lastly, more than one-third of 
malignancy events were in the CLARITY Extension study where all patients would 
have been attributed to cladribine based on current or prior treatment. 
Reviewer Comment: This reviewer agrees that the relatively small amount of placebo-controlled 
data beyond 2 years of treatment with cladribine is suboptimal.  
 
Fourth, cancer that rarely metastasizes and are almost always curable by surgical 
resection (e.g., basal cell carcinoma), as well as high grade dysplasia of the cervix have 
been considered malignancies for this analysis. These events accounted for 40% (8 of 
20) of the malignancy events in cladribine-treated subjects. 
Reviewer Comment: Even after excluding these cases, an increased risk of malignancy is seen in 
cladribine-treated subjects compared to placebo-treated subjects.  
 
The sponsor will present an updated analysis of these events, including a recalculated 
RR, as well as a Standardized Incidence Ratio (SIR) with the Day 120 safety update. 
 

 
EMD Serono Information Update: Additional Cases of Malignancy 
 
On November 10, 2010, EMD Serono submitted an unsolicited information update to NDA 
022561.  This submission included reports of 6 previously unsubmitted cancer cases in 5 
subjects75 from: 1) ongoing studies of cladribine tablets; and 2) a 1994 long-term follow-up study 
of subjects who participated in the Scripps Research Institute studies of cladribine in MS. The 
submitted malignancy cases are listed below:   
 
• CLARITY-Extension Subject  (actual subject ID ) -- basal cell carcinoma 
• MS-Scripps Subject  – Breast cancer 
• Scripps-C Subject – Breast cancer and skin cancer 
• MS-Scripps Subject  – Breast cancer 
• MS-Scripps Subject  – Squamous cell carcinoma 
• MS-Scripps Subject  –Skin cancer (in a subject with prior diagnosis of basal cell 
carcinoma) 
 

                                            
75 These 6 malignancy cases are included in this review’s tables listing malignancy cases in cladribine study subjects 
(Sponsor Table 1, Table 36, and Table 37 from earlier in this section).  These cases were not included in calculations 
of malignancy incidences and incidence rates in Sponsor Tables 5-7 from earlier in this section. 
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Five of these cases of malignancy were reported as part of a 2004 investigator-sponsored long-
term follow-up of subjects who had participated in parenteral cladribine clinical studies in MS 
done in the early 1990’s at the Scripps Research Institute. The primary investigator for this study 
is Jack Sipe, M.D.. Excerpts from the final study report below describe the study: 
 

“All MS Research subjects treated with Cladribine from about 1990 to 1994 were 
included in this study.   These subjects were contacted by letter and invited to 
participate in clinical and laboratory studies….36 subjects elected to participate”  

 
Of the 36 subjects who participated in the study, 31 were cladribine-treated and 5 were placebo-
treated.   
 
This reviewer explored options for analyzing the long-term Scripps data.  Of the 92 subjects 
identified in the study, “25 received only placebo and decided not to participate,”76 while 5 
placebo-treated subjects participated in the study. Thus, little data for placebo-treated Scripps 
subjects with long-term follow-up is available for analysis. Efforts to evaluate the malignancy 
incidence rate in cladribine-treated subjects using Scripps long term data, compared with 
incidence rates reported in the Surveillance Epidemiology and End Results (SEER) cancer 
data,77 were problematic for several reasons:  

 
• The submitted information is not sufficient for calculating the number of person-years of 

follow-up.78  
 
• While Table 3 in the EMD Serono ISS lists a total of 184 cladribine-treated subjects in all 

Scripps MS studies, 36 subjects elected to participate in the long term follow-up study.  
These 36 subjects may not be a representative sample of all cladribine-treated Scripps 
MS study subjects, so it is difficult to interpret data from these subjects.  

 
 
                                            
76 Results Section F of the final report for the long term clinical follow-up study of multiple sclerosis subjects treated 
with cladribine, submitted to NDA 022561 in November 10, 2010.  
77  National Cancer Institute SEER website, http://seer.cancer.gov/ last accessed on December 16, 2010. The SEER 
data were selected for potential comparison, because all of the subjects who participated in the Scripps long term 
follow-up study were from the U.S. 
78 Issues preventing the calculation of the total number person-years of follow-up in Scripps studies include the 
following: 1) Dates of first and last evaluation for each subject were not available in the submission. 2) The total 
number of subjects for whom initial contact was attempted was not discussed in the study report for the long term 
clinical follow-up study.  While Table 3 in the EMD Serono ISS lists a total of 184 cladribine-treated subjects in all 
Scripps MS studies, the number of cladribine-treated subjects in Scripps MS studies in EMD Serono ISS dataset 
ADSL (variable TOTDOSST >0) was 229.  Section D of the final report says that “all … subjects treated with 
Cladribine from about 1990 to 1994 were included in this study,” while Section F says that “attempts were made to 
contact all previous MS study subjects treated on Cladribine research protocols.” (The EMD Serono ISS dataset 
ADSL says that Scripps subjects received initial treatment up to 1996, so the descriptions from Sections D and F 
apparently would indicate different numbers of subjects.) 3) While final report for the long term clinical follow-up 
study of multiple sclerosis subjects treated with cladribine (Section F) says that 92 subjects were identified, follow-
up for a total of 91 subjects is described.  
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• Subjects who participated in the Scripps long term follow-up study were small in number, 
and their ages ranged from 21 to 63 years at the time of first cladribine dose.79 Large 
variation in malignancy rates within this age range, especially with this small number of 
subjects, make comparisons to epidemiologic data difficult to interpret.  

 
• A 1994 FDA inspection cited “failure to report adverse events” among several 

deficiencies in the related Scripps studies; thus the degree of completeness of malignancy 
reporting in these subjects is uncertain.   

 
In conclusion, evaluating the risk of malignancy with cladribine using the long-term Scripps data 
has several limitations.  In the opinion of this reviewer, randomized, placebo-controlled data 
provides the best basis for evaluating the risk of malignancy with cladribine in subjects with MS.  

 
 

Reviewer Comment: Cladribine has been shown to cause defective repair of DNA strand breaks 
in resting cells. In the opinion of this reviewer, the increased frequency of malignancy in 
cladribine-treated subjects compared to placebo-treated subjects is concerning enough to 
prevent approval of this NDA.  Except for two malignancy cases (a case of carcinoma in situ and 
a case of choriocarcinoma) all of the reported malignancies in cladribine-treated subjects 
occurred in subjects over age 40.  Given that the median age of subjects in cladribine studies is 
40 years, a large subgroup of subjects is likely subject to a greater risk of malignancy compared 
to cladribine subjects overall.  We will request additional malignancy analyses stratified by age 
and gender. In addition, we will request additional analyses by history of prior MS disease 
modifying therapy.  
 
 
 

                                            
79 Data obtained from variable AGE in EMD Serono ISS dataset ADSL. This variable was consistent with age when 
subjects first received cladribine in subjects with narratives for whom date of birth was available. Information could 
not be verified for all subjects, 
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7.6.2 Human Reproduction and Pregnancy Data 
 
Cladribine was shown to be embryolethal in pregnant mice, and teratogenic in mice and rabbits. 
Cladribine has been shown to inhibit DNA synthesis. Other agents that inhibit DNA synthesis 
have been reported to be teratogenic in humans (e.g., methotrexate and aminopterin). 
 
CLARITY Trial  
 
Pregnant and breastfeeding women were specifically excluded from the CLARITY trial, and all 
female study participants were required to use adequate contraception (i.e., hormonal 
contraceptive, intrauterine device, diaphragm with spermicide, or condom with spermicide) 
throughout the duration of their participation in the trial. Male participants were also required to 
use contraception so that their partners did not become pregnant. Despite these protocol 
requirements, 25 pregnancies were reported in 24 of the female subjects who participated in the 
CLARITY trial (Sponsor Table 97). 
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Of the 25 pregnancies that were reported in the CLARITY trial, 6 pregnancies occurred while the 
subject was receiving treatment (i.e., within a 28-day treatment course), 17 pregnancies occurred 
while the subject was not receiving treatment, and 2 pregnancies occurred after the subject had 
completed the study. One subject (CLARITY Subject ID ) who was randomized to the 
cladribine 3.5 mg/kg group became pregnant twice during the CLARITY trial. Her first 
pregnancy occurred early in the study, and she underwent emergency surgery for an ectopic 
pregnancy 4 days after completing her fourth course of therapy. She continued the study and 
became pregnant a second time approximately 9 months after completing her sixth course of 
therapy and voluntarily elected to abort this pregnancy. 
 
Of the 25 pregnancies, 6 resulted in full-term normal live births (2 pregnancies in the cladribine 
5.25 mg/kg group, 1 pregnancy in the cladribine 3.5 mg/kg group, and 3 pregnancies in the 
placebo group). Both of the subjects in the cladribine 5.25 mg/kg group who delivered full-term 
normal babies had received 6 courses of cladribine tablets; conception had occurred 
approximately 2 weeks and 6 months, respectively, after the subjects had received their sixth 
course of therapy. Thirteen of the 25 pregnancies were terminated by elective abortions, and 
4 pregnancies ended in miscarriage (3 in the cladribine treatment groups, see Table 97). 
Although EMD Serono requested information on the abortus of these pregnancies, no 
postmortem examinations had been conducted. 
 
The subject who underwent a therapeutic abortion became pregnant about 6 months after she had 
completed the study. This 26-year-old female subject (Subject ID ) had received a 
cumulative cladribine dose of 5.25 mg/kg during the study. At approximately 14 to 15 weeks 
gestation, the subject was hospitalized and diagnosed by ultrasound with bilateral theca lutein 
cysts. A very elevated chorionic gonadotropin level led to the diagnosis of chorioadenoma 
destruens, and she underwent a therapeutic abortion with an endometrectomy. Following 
histological examination she was diagnosed with choriocarcinoma (trophoblastoma stage II). She 
received 6 cycles of chemotherapy with bleomycin 90 mg, etoposide 1000 mg, cisplatin 175 mg 
and was reportedly doing well. 
 
In addition to the pregnancies that were reported among the female participants in the CLARITY 
trial, one pregnancy was reported in the partner of a male participant who was randomized to the 
cladribine 5.25 mg/kg group. The subject’s wife conceived approximately 7 months after his 
scheduled fourth course of therapy; he had not received his third course because he failed to 
attend the Week 9 study visit. The subject’s wife delivered a healthy full-term baby. 
 
Ongoing Trials 
 
Pregnant and breastfeeding women are specifically excluded from the ongoing trials of 
cladribine tablets, and all female study participants are required to use adequate contraception 
(i.e., hormonal contraceptive, intrauterine device, diaphragm with spermicide, or condom with 
spermicide) throughout the duration of their participation in the trials. Male participants are also 
required to use contraception so that their partners do not become pregnant. Despite these 
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protocol restrictions, pregnancies have been reported in the ongoing clinical trials of cladribine 
tablets, both in female subjects and in the partners of male subjects. 
 
CLARITY Extension (Study 27820) 
 
As of 14 Dec 2009, 7 pregnancies had been reported among the female subjects who were 
enrolled in CLARITY Extension trial, and 2 pregnancies had been reported in the partners of 
male subjects who were enrolled in the CLARITY Extension trial (see Sponsor Table 98). 
 

 
 
The 2 pregnancies that occurred during treatment both occurred in the partners of male subjects. 
One subject’s wife delivered a healthy child by Cesarean section due to fetal distress caused by 
the umbilical cord, which was wrapped around the baby’s neck. The other subject’s wife was 
expected to deliver at the end of  (no further follow-up information is available). 
 
Two subjects underwent elective abortions. Six of the 9 pregnancies were ongoing as of 

. One pregnancy was reported before the subject received treatment in the 
CLARITY Extension trial; however, the subject had received a total dose of 3.5 mg/kg of 
cladribine in the CLARITY trial (Study 25643) more than 2 years before conception. This 
subject was hospitalized because of uterine bleeding, which was reported as a threatened 
miscarriage, but the pregnancy was not endangered. 
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CLARITY Extension Subjec , listed in Table 98 above twice (miscarriage-threatened 
and pregnancy ongoing), delivered twins at 31 weeks gestation.80 Treatment is blinded for this 
subject, who received the Investigational Medicinal Product (cladribine or placebo) over three 
years prior to conception.  Treatment in the CLARITY Extension had not yet started when the 
pregnancy was discovered. Both twins suffered sequelae of premature birth, including peri-
intraventricular hemorrhages, retinopathy of the prematurely born, and anemia of the 
prematurely born. In addition, twin #1 had an omphalocele and twin #2 had a patent foramen 
ovale.  
 
ONWARD (Study 26593) 
 
As of 14 Dec 2009, one pregnancy had been reported among the female subjects who were 
enrolled in the ONWARD study (refer to Appendix M). The subject conceived approximately 
2 weeks after completing her first 2 courses of placebo in combination with IFN-β (Betaseron, 
250 µg TIW). The subject underwent an elective abortion. 
 
Reviewer Comment: The Division confirmed with the Sponsor that no additional information is 
available regarding prenatal screening or post-termination testing for pregnancies that ended in 
termination. The Sponsor’s proposed labeling says that pregnancy should be excluded before 
initiating treatment and before each treatment course. If the drug is marketed in the future, 
pregnancies in treated patients will likely occur.  
 
7.6.3 Pediatrics and Assessment of Effects on Growth 
 
Cladribine has not been assessed in pediatric subjects.  
 
7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 
 
Neurologic and renal toxicities were seen in a Phase 1 study of pediatric patients with acute 
leukemia; in this study, intravenous cladribine was administered at a does of 0.4-0.5 mg/kg daily 
for 7 days (cumulative oral cladribine dose equivalent 7.0-8.75 mg/kg).  These findings are 
discussed in Sections 7.3.2.8.6 and 7.3.2.8.7.  
 
According to the Sponsor: “Cladribine is given in courses comprising 4 to 5 days of treatment, 
followed by a 3-week drug-free period. Given this dosing scheme, withdrawal effects would not 
be expected to occur.”  No assessment of drug abuse potential, withdrawal, or rebound was 
presented.  
 
7.7 Additional Submissions  
DNP made several requests for additional information after the NDA resubmission on 5/27/10.  
Responses have been incorporated throughout this review up to November 10, 2010.  
 

                                            
80 Reports submitted to IND 074634 on August 17, 2010 and September 1, 2010.  
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8 Postmarket Experience 

Cladribine was not marketed for the treatment of MS at the time of submission of this NDA. 
Leustatin, cladribine injection, has been commercially available since 1993 for the treatment of 
hairy cell leukemia as a single course given by continuous IV infusion at a dose of 0.09 
mg/kg/day, for a total cumulative dose of 0.63 mg/kg (oral dose equivalent 1.6 mg/kg). EMD 
Serono does not have access to the relevant pharmacovigilance database, so no analysis of post-
marketing data for Leustatin was presented in the NDA application.  Because of differences in 
patient population, recommended cumulative dose, and duration of treatment, post-marketing 
data for Leustatin would have limited applicability to the expected post-marketing safety profile 
of oral cladribine for MS.  

9 Appendices 

 
9.1 Literature Review/References 
Please refer to footnote citations throughout this review.  
 
9.2 Labeling Recommendations 
No labeling recommendations are presented in this review, because at the time of this review, it 
is anticipated that the application will receive a complete response.  
 
9.3 Advisory Committee Meeting 
No advisory Committee meeting has been scheduled at the time of this review.  
 
9.4 Sponsor-Submitted Narratives for Selected Subjects 
 
9.4.1 ORACLE-MS Subject  (SAEs Myocarditis, Atrial Fibrillation, Pulmonary 
Edema) 
 
This sponsor-submitted narrative is located on pp144-149 Appendix 15-1-1 of the 120-day 
Safety Update submitted to NDA 022561 on September 15, 2010. The date of cardioversion in 
the narrative is incorrect; instead of 27 May 2010, the date should be 28 May 2010. 81 

                                            
81 CIOMS report  submitted to IND 074634 on July 27, 2010 
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9.4.2 CLARITY Subject : SAEs Hypersensitivity and Skin Reaction 
 

Reference ID: 2885264

Reference ID: 4413345

(b) (6)

(b) (6)



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

250 

 
 

Reference ID: 2885264

Reference ID: 4413345

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Clinical Review -- Safety 
Evelyn Mentari, M.D., M.S. 
NDA 22-561 
Cladribine Oral Formulation 
 

251 

 
 
9.4.3. Narrative for CLARITY Subject (21 year old female who died with 
disseminated tuberculosis) 
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9.5. Listing of Laboratory Reference Ranges for CLARITY Trial Subjects in the EMD Serono 
Integrated Summary of Safety Laboratory Datasets (ADLAB1, ABLAB2, ADLAB3, ADLAB4, 
ADLAB5, and ADLAB6) 
 
No summary of the laboratory reference ranges in the CLARITY Trial was provided.  
Laboratory reference ranges from the EMD Serono ISS datasets are listed in the table below.  
  
Table 39. Listing of Laboratory Reference Ranges for CLARITY Trial Subjects in the EMD 
Serono Integrated Summary of Safety Laboratory Datasets (ADLAB1, ABLAB2, ADLAB3, 
ADLAB4, ADLAB5, and ADLAB6) 

Lab Test Name (Units)1 
SI Reference Range 
Low2 

SI Reference Range 
High3 

Albumin (g/L) 32 46 
Albumin (g/L) 34 48 
Albumin (g/L) 35 50 
Albumin (g/L) 35 53 
Alkaline Phosphatase (U/L) 40 100 
Alkaline Phosphatase (U/L) 32 104 
Alkaline Phosphatase (U/L) 45 122 
Alkaline Phosphatase (U/L) 45 145 
ALT (U/L) 10 36 
ALT (U/L) 6 37 
ALT (U/L) 10 44 
ALT (U/L) 6 48 
AST (U/L) 10 30 
AST (U/L) 10 34 
AST (U/L) 10 36 
AST (U/L) 10 45 
Basophils (10E9/L) 0 0.17 
Basophils (10E9/L) 0 0.2 
Bilirubin (umol/L) 3.4 17 
Bilirubin (umol/L) 3 21 
BUN (mmol/L) 2.78 7.64 
BUN (mmol/L) 2.86 8.21 
BUN (mmol/L) 1.43 8.57 
Calcium (mmol/L) 2.09 2.42 
Calcium (mmol/L) 2.2 2.55 
Calcium (mmol/L) 2.1 2.58 
CD16/56 (cells/uL) 90 590 
CD19 (cells/uL) 0 539 
CD3 (cells/uL) 379 2287 
CD4 (cells/uL) 210 1546 
CD4/CD8 Ratio  
CD4/CD8 Ratio 0.9 4.5 
CD4+/CD45RA+ (cells/uL) 
CD4+/CD45RO+ (cells/uL) 
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Lab Test Name (Units)1 
SI Reference Range 
Low2 

SI Reference Range 
High3 

CD8 (cells/uL) 0 824 
CD8+/CD45RA+ (cells/uL) 
CD8+/CD45RO+ (cells/uL) 
Creatine Kinase (U/L) 24 160 
Creatine Kinase (U/L) 24 170 
Creatine Kinase (U/L) 24 173 
Creatine Kinase (U/L) 24 195 
Creatine Kinase (U/L) 24 204 
Creatinine (umol/L) 45 84 
Creatinine (umol/L) 59 104 
Creatinine (umol/L) 35 106 
Creatinine (umol/L) 44 115 
Creatinine (umol/L) 62 115 
Creatinine (umol/L) 80 133 
Eosinophils (10E9/L) 0 0.5 
Eosinophils (10E9/L) 0 0.56 
Eosinophils (10E9/L) 0 0.6 
Glucose (mmol/L) 3.9 5.8 
Glucose (mmol/L) 3.6 7.7 
Haematocrit (%) 33 46 
Haematocrit (%) 35 47 
Haematocrit (%) 40 52 
Haemoglobin (g/dL) 12.3 15.3 
Haemoglobin (g/dL) 11 16.1 
Haemoglobin (g/dL) 11.6 16.2 
Haemoglobin (g/dL) 13 17.5 
Haemoglobin (g/dL) 14 17.5 
Lymphocytes (10E9/L) 1.02 3.36 
Lymphocytes (10E9/L) 1.2 3.9 
Lymphocytes (10E9/L) 1 4.8 
Monocytes (10E9/L) 0 0.8 
Monocytes (10E9/L) 0.1 0.8 
Monocytes (10E9/L) 0.18 0.9 
Neutrophils (10E9/L) 1.8 7.7 
Neutrophils (10E9/L) 1.6 7.9 
Neutrophils (10E9/L) 2.03 8.36 
pH   
pH 4.8 7.4 
pH 5 8 
Platelets (10E9/L) 140 336 
Platelets (10E9/L) 132 356 
Platelets (10E9/L) 150 362 
Platelets (10E9/L) 136 380 
Platelets (10E9/L) 154 386 
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Lab Test Name (Units)1 
SI Reference Range 
Low2 

SI Reference Range 
High3 

Platelets (10E9/L) 177 393 
Platelets (10E9/L) 170 394 
Platelets (10E9/L) 152 396 
Platelets (10E9/L) 139 403 
Platelets (10E9/L) 149 409 
Platelets (10E9/L) 140 450 
Potassium (mmol/L) 3.5 5.3 
Potassium (mmol/L) 3.5 5.5 
Potassium (mmol/L) 3.6 5.5 
Protein (g/L) 60 83 
Protein (g/L) 63 83 
Protein (g/L) 60 84 
RBC (10E12/L) 4.1 5.1 
RBC (10E12/L) 3.8 5.4 
RBC (10E12/L) 3.8 5.5 
RBC (10E12/L) 4.1 5.9 
RBC (10E12/L) 4.5 5.9 
Sodium (mmol/L) 132 147 
Sodium (mmol/L) 135 148 
T3 (nmol/L) 1.24 2.73 
T3 (nmol/L) 1.08 2.79 
T3 (nmol/L) 1.71 3.05 
T3 (nmol/L) 1.08 3.14 
T4 (ug/dL) 5.3 10.5 
T4 (ug/dL) 5 10.7 
T4 (ug/dL) 5.7 11.4 
T4 (ug/dL) 4.5 12 
T4 (ug/dL) 4.5 12.5 
TSH (mu/L) 0.4 4 
TSH (mu/L) 0.35 5.5 
TSH (mu/L) 0.7 6.4 
Uric Acid (umol/L) 143 339 
Uric Acid (umol/L) 125 410 
Uric Acid (umol/L) 202 416 
Uric Acid (umol/L) 131 434 
Uric Acid (umol/L) 214 476 
WBC (10E9/L) 4.4 11.3 
WBC (10E9/L) 4.5 11.5 
WBC (10E9/L) 4.1 12.3 

1ISS dataset variable LRTESTD 
2ISS dataset variable LRSIREFL 
3ISS dataset variable LRSIREFH 
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9.6 FDA Division of Scientific Investigations warning letter regarding MS-Scripps and Scripps 
C studies 
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Interdisciplinary Review Team for QT Studies Consultation:  
Thorough QT Study Review 

NDA 22561 

Generic Name Cladribine 

Sponsor Merck Serono S.A. 

Indication Relapsing-remitting multiple sclerosis 

Dosage Form Tablet 

Drug Class Antineoplastic and immunomodulating agents 

Therapeutic Dosing Regimen Cladribine is administered in treatment courses. A 
treatment course consists of a single oral daily dose of 10 
or 20 mg over the first 4 or 5 days  period, 
depending on the patient’s weight, e.g. a patient with a 
body weight in the range 60 - < 70 kg (132 < 154 lb) will 
receive 20 mg on the first day of the course and 10 mg on 
the second to the fifth day.  

Treatment initiation: 2 consecutive courses at the 
beginning of a  period. 

Re-Treatment: 2 consecutive courses at the beginning of 
a subsequent  period. 
This corresponds to a cumulative dose of 3.5 mg/kg  

 

Duration of Therapeutic Use Chronic 

Maximum Tolerated Dose Not determined 

Submission Number and Date SDN 014/May 27, 20110 

Review Division DNP/HFD 120 

1 QT INTERDISCIPLINARY REVIEW TEAM’S 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 (Figure 1). 
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 

Reference ID: 4413345

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



 

 2

frequency) time-averaged 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. As shown in Figure 2, 
the concentration reduced about 50% between 1 to 2 hours post-dose.  

 

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 infeasible1. 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 BACKGROUND 

2.1 PRODUCT INFORMATION 
Cladribine, or 2-chlorodeoxyadenosine, is the chlorinated analogue of deoxyadenosine, a 
purine nucleoside important for DNA integrity. Resistant to breakdown by adenosine 
deaminase, cladribine is tri-phosphorylated by deoxycytidine kinase, causing 
accumulation of 2-chlorodeoxyadenosine triphosphate, which interferes with normal 
DNA synthesis, causes DNA strand breaks and inhibits their repair. In this application, 
the sponsor is seeking approval for the treatment of relapsing and remitting forms of 
multiple sclerosis (RRMS)  

                                                 
1 Rock EP, Finkle J, Fingert HJ, et al. Assessing proarrhythmic potential of drugs when optimal studies are 
infeasible. Am Heart J. 2009;157:827-36e1. 
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2.2 MARKET APPROVAL STATUS 
Cladribine is not currently marketed for the treatment of MS. Cladribine (2-CdA) 
injection, which is marketed under the trade name of Leustatin® (Ortho Biotech) in the 
United States, has been commercially available since 1993 for the treatment of hairy cell 
leukemia (HCL) 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. 

2.3 PRECLINICAL INFORMATION 
Source Pharmacology written summary (eCTD 2.6.2) and Study report 25785 

“Effect of Cladribine at 10−4 M on hERG tail current (of HEK-293 cells stably 
transfected with hERG cDNA): 
Under the experimental conditions adopted, Cladribine at 10−4 M induced 13 ± 
2% inhibition of HERG tail current (n=6, p_0.05). This result suggests that 
Cladribine at 10-4M produced a very slight inhibition on HERG tail current. Since 
Cladribine failed to produce more than 70% inhibition of HERG tail current, no 
IC50 value (i.e. the concentration that induced 50% inhibition of HERG tail 
current) could be determined. 

“Effect of E-4031 at 100 nM: Under the same experimental conditions and 
following a washout period of 5 minutes in Tyrode, E-4031 at 100 nM induced 90 
± 3% inhibition of HERG tail current (n=6, p_0.01), supporting the validity of the 
method used. Taken together, these results suggest that Cladribine at 10−4M may 
have no effect on HERG tail current in stably transfected HEK-293 cells. 

“No effects on action potential duration, in particular on APD90, were observed at 
concentrations ranging from 10-7 to 10-4 M in isolated canine Purkinje fibres (refer 
to report 26515). In vivo, the duration of the heart rate-corrected QT interval was 
investigated in the 3 month toxicity study in monkeys (refer to report 26669). The 
animals received cladribine dosages of 1.5, 3 or 6 mg/kg orally or 0.3 mg/kg 
subcutaneously for 3 cycles of 7 consecutive days. Each cycle was followed by a 
3 week wash-out period. Cladribine did not affect the duration of the heart rate-
corrected QT interval (according to Bazett) following administration by either 
oral or subcutaneous route. These results show that there is no evidence from in 
vitro and in vivo pre-clinical studies to suggest that cladribine causes QT interval 
prolongation. It is therefore unlikely that cladribine causes malignant Torsade de 
Pointes arrhythmias in clinical use.” 

2.4 PREVIOUS CLINICAL EXPERIENCE 
Source: Summary of cardiac safety (eCTD 2.7.4) 

A total of 105 subjects with MS were exposed to cladribine in the 6 clinical 
pharmacology studies.  

Four clinical studies of cladribine that were conducted in subjects with malignancies 
provided supportive data for the clinical development of cladribine tablets. Forty-three 
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subjects with hematologic malignancies received i.v. treatment with cladribine over the 
dose range of 2.5 to 21.5 mg/m2/day for 5 days and 18 subjects with solid tumors 
received i.v. treatment with cladribine over the dose range of 4.0 to 8.0 mg/m2/day for 5 
days in these studies. The MTD of cladribine in subjects with solid tumors was 8 
mg/m2/day; the DLT was myelosuppression. 

The completed placebo-controlled trials include the CLARITY, Scripps-B, Scripps-C, 
MS-Scripps, and MS-001 trials. A total of 1587 subjects with a diagnosis of RRMS, 
SPMS, PPMS, or CPMS participated in these 5 studies. The majority of subjects (1368 
out of 1587, 86.2%) had a diagnosis of RRMS, the indication for which approval of 
cladribine is sought. The uncontrolled trial data include data from subjects with a 
diagnosis of RRMS, secondary progressive MS (SPMS), primary progressive MS 
(PPMS), or chronic progressive MS (CPMS). The majority of subjects in the uncontrolled 
studies had a diagnosis of SPMS. Of the 222 subjects who were exposed to cladribine, 
119 subjects (53.6%) were treated with cladribine during the extension phases of the 
studies. 

A total of 1326 subjects with RRMS from 155 investigative sites in 32 countries 
worldwide were enrolled in the CLARITY trial (Study 25643) and randomized in a 1:1:1 
ratio to the cladribine 5.25 mg group (0.875 mg/kg/course x 4 courses during first 48 
weeks, then 0.875 mg/kg/course x 2 courses during the second 48 weeks; 456 subjects), 
the cladribine 3.5 mg/kg group (0.875 mg/kg/course x 2 courses, then placebo x 2 courses 
during the first 48 weeks, then 0.875 mg/kg/course x 2 courses during the second 48 
weeks; 433 subjects), or the placebo group (placebo x 4 courses during the first 48 weeks, 
then placebo x 2 courses during the second 48 weeks; 437 subjects). 

Deaths 

• No deaths were reported among the 105 subjects with MS who participated in the 
6 clinical pharmacology studies of oral cladribine.  

• Ten deaths, either during the studies or shortly after discontinuation from the 
studies, were reported among the 61 subjects (16.4%) who were treated with 
cladribine in the 2 supportive clinical pharmacology studies of cladribine in 
subjects with hematologic malignancies and in the subjects with solid tumors 
attributed to disease progression, infection and consumptive coagulopathy.  

• A total of 7 deaths (5 among cladribine-treated subjects and 2 among placebo-
treated subjects) were reported among the 1587 subjects who participated in the 
completed placebo-controlled trials during the placebo controlled phase. Only one 
was due to cardiac causes-a 42-year-old man who was randomized to the 
cladribine 3.5 mg/kg group (CLARITY Subject ID ) and who had risk 
factors that included type 2 diabetes mellitus and obesity, died of an acute 
myocardial infarction 8 months after receiving his last dose of study medication 
(total dose of cladribine, 1.75 mg/kg); an autopsy revealed that the subject had 
extensive atherosclerotic heart disease.  

• A total of 7 deaths (5 among cladribine-treated subjects and 2 among placebo-
treated subjects) were reported among the 1587 subjects who participated in the 
completed placebo-controlled trials-post study or after the double blind phase. 
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One death was a cardiac arrest in a 44 year old male associated with 
sepsis/pyelonephritis (4.54 mg/kg dose of cladribine) and myocardial infarction in 
a 47 year old male (2.75 mg/kg dose of cladribine) four days after his last day of 
treatment during his third monthly cycle. 

Cardiac AEs: 
Adverse events in the cardiac disorders SOC were reported in 4.4% (47 out of 1073) of 
the cladribine-treated subjects and in 3.1% (16 out of 514) placebo-treated subjects in the 
completed placebo-controlled trials. 

A prespecified group of adverse events that are indicative of cardiac arrhythmias and 
conduction disorders was reviewed for the completed placebo-controlled trials to evaluate 
the potential conduction abnormalities in subjects who were treated with cladribine. As 
shown in Table 51, a higher percentage of cladribine-treated subjects than placebo-treated 
subjects (4.9% versus 2.7%) had events within the prespecified group of cardiac 
arrhythmias and conduction disorders. No clear relationship was observed between the 
occurrence of any cardiac arrhythmia or conduction disorder and cladribine dose across 
the cumulative cladribine doses of >0-2.63 mg/kg, >2.63-4.38 mg/kg, or >4.38-6.13 
mg/kg and >6.13 mg/kg. The highest frequency of these events was observed in the 
subjects who were treated with cumulative cladribine doses of >6.13 mg/kg; However, 
the number of subjects who received doses in that range was considerably smaller than 
for the lower cumulative cladribine dose groups to come to any conclusions. 
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The cardiopulmonary arrest in the cladribine group was reported in a 21-year-old woman 
(CLARITY Subject ID , cladribine 5.25 mg/kg group, cumulative cladribine 
dose >0-2.63 mg/kg) who developed pancytopenia and apparent MDS with recurrent 
bilateral alveolarinterstitial lung infiltrates after receiving her first and only treatment 
course of cladribine (0.875 mg/kg). Six months post-treatment, she died of an acute 
cardiopulmonary arrest that was considered to be due to severe exacerbation of latent 
tuberculosis. 

Syncope, palpitations, and tachycardia were reported in a higher percentage of cladribine-
treated subjects than placebo-treated subjects (see Table 51). However the sponsor 
reports no clear relationship observed between the cumulative cladribine dose and the 
frequency of syncope, palpitations, or tachycardia. 

Reviewer’s Comments: The number of cardiac events, including cardiac arrhythmias was 
increased in the cladribine groups compared to placebo. There were no reports of sudden 
death or significant ventricular arrhythmias. 

2.5 CLINICAL PHARMACOLOGY 
Appendix Error! Reference source not found. summarizes the key features of 
cladribine’s clinical pharmacology. 
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3 SPONSOR’S SUBMISSION 

3.1 CARDIAC SAFETY EVALUATION 
The sponsor conducted an efficacy and safety phase III trial entitled “A phase III, 
randomized, double-blind, three-arm, placebo-controlled, multi-center study to evaluate 
the safety and efficacy of oral cladribine in subjects with relapsing-remitting multiple 
sclerosis (RRMS)”. The sponsor collected intensive ECG data in the trial and considered 
the study as an ECG sub-study.  QT-IRT did not review the protocol prior to conducting 
the study. The collected ECG data were analyzed and the results were summarized in 
three study reports (Table 1). The electronic datasets and waveforms were included in the 
current submission.   

Table 1: Summary of Cardiac Safety Related Study Reports (Study 25643) 

No Title of the Study Report 

1 Cardiac Safety Report: ECG Data 

A phase III, randomized, double-blind, three-arm, placebo-controlled, multi-center 
study to evaluate the safety and efficacy of oral cladribine in subjects with 
relapsing- remitting multiple sclerosis (RRMS). 

2 Addendum to Cardiac Safety Report 

A phase III, randomized, double-blind, three-arm, placebo-controlled, multi-center 
study to evaluate the safety and efficacy of oral cladribine in subjects with 
relapsing-remitting multiple sclerosis (RRMS) 

3 Population PKPD analysis of QT measurements for oral cladribine versus placebo 
in relapsing forms of MS based on a Phase 3 trial 25643 (CLARITY) 

 

3.1.1  Protocol Number 

25643 

3.1.2 Study Dates 
20 Apr 2005 ~ 12 Nov 2008 

3.1.3 Objectives  
• To assess the safety of cladribine in subjects with RRMS, with an emphasis on 

cardiac repolarization as measured by changes in QT interval.  

3.1.4  Study Description 

3.1.4.1 Design 
This was a randomized, double-blind, three treatment group, placebo-controlled, 
multicenter, 96-week trial. 
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3.1.4.2 Controls 
The Sponsor used placebo control.  

3.1.4.3 Blinding 
All treatment arms were administered blinded using a double dummy approach.   

3.1.5 Treatment Regimen 

3.1.5.1 Treatment Arms 
• Cladribine tablets 3.5 mg/kg (administered p.o. as 0.875 mg/kg/course [i.e., cycle] 

for two courses plus placebo p.o. for two courses during the first 48 weeks and 
0.875 mg/kg/course for two courses during the second 48 weeks), or 

• Cladribine tablets 5.25 mg/kg (administered p.o. as 0.875 mg/kg/course for four 
courses during the first 48 weeks and 0.875 mg/kg/course for two courses during 
the second 48 weeks), or 

• Matching placebo (administered p.o. for four courses during the first 48 weeks 
and two courses during the second 48 weeks). 

3.1.5.2 Sponsor’s Justification for Design 
“ICH guidance recommends that sponsors assess the proarrhythmic potential (i.e. 
delay cardiac repolarization) of any new drug with systemic bioavailability by 
testing the effects of the new drug especially on the QT/QTc interval as detailed 
in ICH E14. However, because of the long lasting cytotoxic and 
immunosuppressive effects of cladribine, the design and conduct of a “Thorough” 
QT/QTc study in healthy adult subjects is not feasible, i.e. clinically and ethically 
not justified. This principle limitation is also applicable to the ICH E14 
requirement to study supra-therapeutic dose ranges. For cytotoxic compounds 
such as cladribine, i.e. compounds inducing irreversible cellular lesions following 
short-term exposure through interference with DNA replication, mitosis, etc., 
applicable regulatory guidance with regard to cardiac safety is provided in the 
“Guideline on the Evaluation of Anticancer Medicinal Products in Man” 
(CPMP/EWP/205/95/rev.3/Corr.2; December 14, 2005). This Guideline states 
that for cytotoxic products which do not show signals with respect to QTc in 
preclinical studies no formal QTc studies are expected, but inclusion of ECG as 
part of routine monitoring in clinical studies is recommended. 

 
“Although the use of parenteral cladribine for short term infusion is approved in 
many countries for the treatment of patients with Hairy Cell Leukemia (HCL), 
under various trade names such as Leustatin®, Leustatine®, Leustat injection®, 
and Litak® since 1993, and hence, the safety and efficacy of the parenteral 
administration of cladribine products in patients with lymphoid malignancies can 
be considered well established, limited ECG data meeting current “state-of-the 
art” requirements is available on cladribine. Therefore, this sub-study evaluated 
the ECG effects of cladribine in compliance with current regulatory, 
methodological and quality requirements by direct comparison of ECG intervals 
and morphology upon treatment compared to pretreatment study and visit 
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baselines and by a PK-pharmacodynamic model. Particular emphasis was placed 
on the effects of cladribine on myocardial repolarization (i.e. QTc interval). The 
QT interval represents the duration of ventricular depolarization and subsequent 
repolarization, and is measured from the beginning of the QRS complex to the 
end of the T wave on an ECG. This measured QT interval is routinely corrected 
by means of various formulae to reduce the impact of a change in heart rate on the 
QTc interval duration. A delay in cardiac repolarization creates an 
electrophysiological environment that favors the development of cardiac 
arrhythmias characterized by the pathognomonic ventricular tachyarrhythmia 
“torsades de pointes”, especially when conditions such as hypokalemia, 
bradycardia, hypoxia, atrial fibrillation, ischemia or heart failure are 
concomitantly present. As a standard ICH E14 thorough QT trial could not be 
conducted, as detailed above, this intense ECG sub-study in the target population 
of MS patients was designed to evaluate potential effects of cladribine on the 
ECG.” 
(Source: Cardiac Safety Report P-15)  

 

3.1.5.3 Sponsor’s Justification for Doses 
No justification was provided in the cardiac safety study report.  

Reviewer’s Comment:   

For the treatment group receiving 3.5 mg/kg cladribine, a total of 4 courses, each 0.875 
mg/kg, was administered.  For the treatment group receiving 5.25 mg/kg cladribine, a 
total of 6 courses, each 0.875 mg/kg, was administered.  Since the dose amounts of each 
course in the two active treatment groups were identical, there is no difference in 
pharmacokinetic exposure between the groups.  Therefore, the study was not designed to 
capture QT effects due to pharmacokinetic difference. This was a Phase III trial to 
evaluate safety and efficacy of oral cladribine, and the dosing regimens covered the 
intended therapeutic doses. 

3.1.5.4 Instructions with Regard to Meals 
Cladribine was administered under fasted condition in this study. 

Reviewer’s Comment: Acceptable. Cladribine was administered under the fast condition 
in this study.  The sponsor reports that, after a high fat breakfast, cladribine absorption 
was delayed and maximum plasma concentration was decreased on an average of 29%. 
[Appendix 6.1]. 

3.1.5.5  ECG and PK Assessments 
PK Assessment:  
The PK samples were collected on Day 1 in the first course and in week 5, 9, 13, 48 and 
52. The sampling time under the original protocol and under Amendment 3 was one 
sample pre-dose and between one to six hours (1-6 hours) after dosing. 

ECG Assessment:  

Reference ID: 4413345



 

 10

Standard 12-lead ECGs were obtained in the subset of N = 143 subjects (N = 49 and N = 
48 patients in cladribine low and high dose groups) who took part in the population PK 
sampling. These subjects had ECGs collected at pre-trial evaluation, Trial Day 1 and at 
Weeks 5, 9, 13, 48 and 52 at the following time points:  

• Three ECGs every 15 minutes pre-dose, and  

• Two ECGs taken no longer than five minutes apart between 0.5 and three hours 
post-dosing. 

Reviewer’s Comment:   

• The PK sampling time points were sparse.  The sponsor performed a population 
analysis to estimate the pharmacokinetic parameters.   

• The ECG samples 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 
distribution of ECG time (Figure 1) adequately covered the mean Tmax (= 1 hr) of the 
parent compound.     

Figure 1:  Distribution of ECG Sampling Time after Dose 

 

3.1.5.6 Baseline 
Study Baseline:  
The ECGs used for defining the “study baseline” ECG values were the mean of three (3) 
ECGs obtained at 15-minute intervals immediately prior to the first dose of cladribine. 
The study baseline ECG values were used to define all changes from study baseline. 

Visit Baseline:  
The mean of the three (3) ECGs performed pre-dose at each visit were used as the 
baseline to define all changes from the visit baseline. 
 
Reviewer’s comments: Study baseline or visit baseline chosen in this trial each has its 
own advantages and disagvantages. Visit baseline did not represent the treatment-free 
baseline because of the long terminal half-life (t ½ γ). Study baseline represented the 
treatment-free baseline. However, the ECGs were taken at Weeks 5, 9, 13, 48 and 52. The 
study baseline might be inadequate to represent the long-term shifting in ECG signals.  
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3.1.6 ECG Collection 
ECGs were recorded at the sites on each trial subject and sent to a central laboratory 

 for a high resolution measurement of the cardiac intervals and 
morphological assessment by a central cardiologist blinded to the study treatment. ECG 
measurements were performed using digitization software with magnification of the ECG 
and on screen calipers by technicians and a centralized cardiologist.  

3.1.7 .Sponsor’s Results 

3.1.7.1 Statistical Analyses 

3.1.7.1.1 Central Tendency Analysis 
The mean of the two post-dosing ECGs at each visit (two (2) ECGs taken no more than 
five (5) minutes apart within 0.5 and 3.0 hours after dosing) were used as the post-dose 
interval duration (RR, PR, QRS, QT, QTcB, QTcF) and were compared to the both the 
study and the visit baseline ECG values by visit. 
 

The changes to study and visit baseline of the ECG parameters were analyzed with an 
analysis of variance (ANOVA) model on change to baseline at subject level with fixed 
effects for treatment and gender, separately at all defined time points. Based on the model, 
the differences betwee Cladribine and Placebo effects were estimated, and the upper 95% 
one-sided confidence limits were computed using the residual errors. Point estimates and 
CI intervals for cladribine versus placebo were presented graphically. 
 
Additionally, the QTcF values were also analyzed using an analysis of covariance 
(ANCOVA) model with treatment and gender as fixed effects and baseline as covariate, 
separately at all defined time points. 
(Source: Cardiac Safety Report P-18) 

 

The results from the placebo group and the treatment group (combined from the two dose 
levels) were summarized from Table 2 to Table 5. 

3.1.7.1.2 Categorical Analysis 
An outlier analysis (exploratory) supplements the central tendency analysis by 
determining if there were subjects who had remarkable treatment-emergent values or 
changes versus baseline on any ECG interval or HR that would not be revealed in a mean 
change from baseline central tendency analysis. The following criteria (“study endpoints”) 
were defined and used for this analysis: 

• For QT parameter: to determine subjects who attain treatment-emergent absolute 
QT values > 500 ms at any time point; 

• For all QTc data: to determine subjects who attain treatment-emergent absolute 
QTc values >450 ms, >480 ms, and > 500 ms at any time point 
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• All treatment emergent QTc changes from study baseline, of >30 msec and > 60 
ms; 

• To determine subjects with PR > 200 ms; 
• To determine subjects with QRS > 120 ms; 
• To determine subjects with HR < 50 bpm or HR>100 bpm. 

 
The results from the placebo group and the treatment group (combined from the two dose 
levels) were summarized in Table 2, Table 3 and from Table 6 to Table 8. 

 

3.1.7.1.3 Additional Analyses 
Abnormal morphology features present on any one of the post-dosing ECGs were 
compared to baseline. The morphological changes on cladribine showed no significant 
changes in T wave or U wave morphology. 
(Source: Cardiac Safety Report P-34) 
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Table 2: Mean Values of ECG Parameters and Outlier Analysis per Time Point – 
Placebo Group 
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Table 3: Mean Values of ECG Parameters and Outlier Analysis per Time Point – 
Both Treatment Groups Combined 
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Table 4: Mean Time Averaged Change from Screening/Study Baseline for Each 
Treatment for All Visits 

 
 

Table 5: ANOVA Results for the Time Averaged Change from Visit Baseline (A) or 
Study Baseline (B), Placebo-adjusted, for QTcF for All Visits.  

 
(A) 

 
(B) 
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Table 6: Outlier Analysis: Change from Visit Baseline per Time Point – Placebo 
Group 

 
 

Table 7: Outlier Analysis: Change from Visit Baseline per Time Point – 3.5 mg/kg 
Group 
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Table 8: Outlier Analysis: Change from Visit Baseline per Time Point – 5.25 mg/kg 
Group 

 
 
Reviewer’s comments: Because of the issues with baseline, QTc interval changes 
following long-term treatment are difficult to definitively calculate.  

3.1.7.2 Safety Analysis 
Discussed under Section 2.4 for all subjects participating in the CLARITY trial 

3.1.7.3 Clinical Pharmacology 

3.1.7.3.1 Pharmacokinetic Analysis 
A population PK analysis using sparse samples was performed by the sponsor.  The 
pharmacokinetic parameters were not reported in the sponsor’s cardiac safety report and 
the population PK study report was not reviewed by QT-IRT. Based on the established 
population PK model, the predicted cladribine concentrations at the time when ECGs 
were taken were shown in Figure 2.  
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Figure 2: Relationship of Post-Dose ECG Time Points to Predicted Caldribine 
Plasma Concentrations 

 
(Source: Cardiac Safety Report, P-10, Figure 1) 

Reviewer’s Comments: The current sampling schedule appears to be adequate to cover 
the Tmax of the parent compound. However, the sampling time points are insufficient to 
cover the potential delayed effect up to 24 hours post-dose.  

3.1.7.3.2 Exposure-Response Analysis 
The sponsor conducted an exposure-response analysis for QT and cladribine exposure. 
Available cladribine plasma concentration data and QTcF interval data were subjected to 
a linear regression analysis. The results were summarized in which includes all 
observations with a time difference between PK sampling and ECG assessment of less 
than 1 hour. 

(Source: Cardiac Safety Report P – 31 ~ P-32)  

The linear regression analysis indicates a statistically significant correlation between 
plasma cladribine exposure and QTcF interval duration; however, the results do not 
predict a clinically relevant prolongation of QTcF with high systemic cladribine exposure 
levels (Figure 3). The slope is extremely shallow, and it can be concluded from that data 
that an increase in cladribine plasma concentrations of 100,000 pg/mL would only 
translate to an average QTcF increase of 4 ms. 
(Source: Cardiac Safety Report P-34) 
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Figure 3: Scatter Plot of QTcF versus Cladribine Concentration 

 
(Source: Cardiac Safety Report, P-32, Figure 5-1) 

Reviewer’s Analysis:  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. As shown in Figure 2, the concentration reduced 
about 50% between 1 to 2 hours post-dose. Therefore, the concentration-QT analysis 
results from the sponsor can be misleading. 

3.2 CLINICAL ASSESSMENTS 

3.2.1 Safety assessments 
No sudden cardiac deaths or significant ventricular arrhythmias occurred in the 
CLARITY trial (also discussed under section 2.4). 

Seizures/convulsions 

1) 47 year old female with no prior history of seizure disorder developed secondary 
generalized tonic –clonic seizure, one month after completing the fourth course of 
cladribine (5.25 mg/kg). 

2)  42 year old female randomized to cladribine 5.25 mg/kg was diagnosed with 
complex partial seizures 5months after completing her last course of therapy 

3) 47 year old female randomized to cladribine 3.5 mg/kg developed an episode of 
relative unresponsiveness while on vacation 5 to 6 months after completing 
treatment with study medication. She was evaluated in a hospital and was told she 
had a seizure. The event resolved the same day.  

Relationship to study drug for the above events seems unlikely based on available 
information 

Three subjects in the placebo group (0.7%) and 11 subjects treated with cladribine (1.2%) 
experienced syncope. Two subjects treated with cladribine 3.5 mg/kg experienced pre-
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syncope  and 1 subject had syncope reported as vasovagal. Narratives are available only 
for 2 subjects with cladribine where syncope was reported as a SAE: One 54 year old 
female experienced 2 episodes of syncope one year after completing her last course of 
therapy with cladribine 5.25 mg/mg. Another 30 year old female was experienced 
hypertension, bradycardia and syncope and was subsequently diagnosed with 
cardiomyopathy 7 months after last dose of study drug  

3.2.2 ECG assessments 
Waveforms from the ECG warehouse were reviewed.  According to ECG warehouse 
statistics over 77% of the ECGs were annotated in the primary lead II with V5 being the 
usual back-up lead. Less than 0.7% of ECGs were reported to have significant QT bias, 
according to the automated algorithm, which is within range of other alternative QT 
studies conducted in patient populations that we have reviewed.  Overall ECG acquisition 
and interpretation in this study appears acceptable. 

3.2.3 PR and QRS Interval 
The sponsor reports that the mean placebo-corrected change in PR interval duration from 
baseline was 3 ms for both the cladribine 3.5-mg/kg and 5.25-mg/kg dose groups which 
is of no clinical significance. There was a slight increase in the number of outliers in the 
5.25-mg/kg dose group, in that group one to four subjects per visit  had PR intervals 
above 200 ms versus no subject in the placebo group (see Table 2 &Table 3). Actual 
change from baseline for these individual subjects or range of values is not reported. 
The mean placebo-corrected change in QRS interval duration from baseline was 0 ms and 
1 ms for the cladribine 3.5-mg/kg and 5.25-mg/kg dose groups respectively; there was 1 
outlier in the 5.25-mg/kg dose group. 
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4 APPENDIX 
6.1  Highlights of Clinical Pharmacology 

Therapeutic 
dose 

Cladribine is administered in treatment courses. A treatment course consists of a single oral 
daily dose of 10 or 20 mg over the first 4 or 5 days of a  period, depending on the 
patient’s weight, e.g. a patient with a body weight in the range 60 - < 70 kg (132 < 154 lb) 
will receive 20 mg on the first day of the course and 10 mg on the second to the fifth day.  

Treatment initiation: 2 consecutive courses at the beginning of a first period. 

Re-Treatment: 2 consecutive courses at the beginning of a subsequent  period. 

This corresponds to a cumulative dose of 3.5 mg/kg  

[For more details around the dosing, please refer to Section 1.3 in Review aid and/or eCTD 
Section 2.7.2.3.10] 

Maximum 
tolerated dose 

The maximum tolerated dose after oral administration has not been determined. In 
CLARITY trial (25643), however, the cumulative dose of 5.25 mg/kg over 96 weeks was 
associated with a higher frequency of grade 3 lymphopenia compared to the indented 
cumulative dose of 3.5 mg/kg over 96 weeks. 

Two MTD studies with parenteral administration of cladribine have been conducted in 
patients with hematological and solid malignancies; a dose of 8 mg/m2/day over 5 days was 
considered the MTD for patients with solid tumors; this corresponds to an oral dose of 
approximately 34 mg per patient, given the absolute bioavailability of 40%. 

The NOAEL after chronic intermittent treatment in mice and monkeys were 20 mg/kg and 
6 mg /kg respectively. The Cmax safety margins (ratio animal at NOAEL/human) for the 10 
mg and the 20 mg doses are 112 and 56 in mice and 3.8 and 1.9 in monkey. The 
corresponding AUC0-24 safety margins are 24 and 12 in mice and 4.5 and 2.3 versus in 
monkey.  [refer to eCTD Section 2.4; Table 2.4.-1]. 

Principal 
adverse 
events 

The most common adverse reactions (> 20%) are lymphopenia, upper respiratory tract 
infections and headache. Lymphopenia led to treatment discontinuation in approximately 
2.2% of patients in the CLARITY trial (25643). In the table below the reported adverse 
reactions in the CLARITY trial are listed [refer to Prescribing Information]. 

Table 4 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) 
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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) 

Reproductive system and breast disorders    
 Metrorrhagia 6 1 (0.3) 5 (1.6) 1 (0.3) 
 Menorrhagia 6 4 (1.4) 2 (0.6) 0 
1 MedDRA dictionary 
2 2 patients in the placebo group had actually received a small amount of cladribine 
3 includes reports of decreased lymphocyte count  
4 includes reports of nasopharyngitis 
5 includes vaginal infections 
6 percentages based on female population only  
7 includes pustular, papular, pruritic or erythematous rash as well as urticaria 
8 includes one case of skin reaction with involvement of mucous membranes which resembled 
an erythema multiforme  

Single Dose Oral: 20 mg i.e. two 10 mg tablets 
i.v.: 21.5 mg/m2 (corresponding to an oral dose of approximately 
90 mg per patient) 

Maximum 
dose tested 

Multiple Dose For patients with body weight of ≥100 kg or ≥ 220 lb the maximum 
total dose administered under the development of cladribine tablets 
were in total 6 courses over 96 weeks (the 5.25 mg/kg dosing 
regimen), i.e. 600 mg total dose. However, with the intended dosing 
regimen the total dose for patients with this body weight is of 400 mg 
(4 courses * 100 mg) . 

[For more details around the dosing, please refer to Section 1.3 in 
Review aid and/or eCTD Section 2.7.2.3.10] 

Exposures 
Achieved at 
Maximum 
Tested Dose 

Single Dose In the CLARITY trial (25643), a proportion of subjects received on 
Day 1 of each course 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 course, most of the samples were 
obtained between 1 and 3 hours post-dose. The observed mean (CV%) 
plasma concentration after a 10 mg dose in patients with a mean 
(CV%) body weight of 57. kg (11%) was 25.77 ng/mL (44%). The 
corresponding plasma concentration after a 20 mg dose in patients 
with a mean (CV%) body weight of 75.6 kg (17%) was  41.23 ng/mL 
(37%). 

[refer to Section 2.4.5 in Review aid and eCTD Section 2.7.2.3.6.1] 

Based on the population PK model [refer to EMR700568-013],  
AUC0-24 and Cmax were simulated for a 20 mg dose: 

The mean (CV%) AUC0-24 was 174 ng*h/mL (24%)  
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The mean (CV%) Cmax was 42 ng/mL (31%) 

Multiple Dose PK data were obtained after the last dose of a 5-day treatment course 
in Caucasian MS patients from the cladribine alone treatment arm of a 
DDI Study with Rebif® (26486)  
[for study narrative refer to eCTD Section 2.7.2.2.17]. 

Cmax on Day 5 (10 mg) was 22.1 ng/mL (CV 30.8%)  

AUC on Day 5 (10 mg) was 101.2 ng*h/mL (CV28.5%) 

[refer to Section 2.4.1 in Review aid and eCTD Section 2.7.2.3.6.2] 

Range of 
linear PK 

The PK is linear in the dose range 3 mg to 20 mg after oral administration. 

After i.v. administration, the PK is linear in the dose range 2.5 to 21.5 mg/m2. Similar 
exposure as after these i.v. doses would be expected after 10-90 mg oral doses.  
[refer to Section 2.4.5 in Review aid and/or eCTD Section 2.7.2.3.6] 

Accumulation 
at steady state 

There is almost no PK accumulation after once daily dosing  
[refer to Section 2.4.1 in Review aid and/or eCTD Section 2.7.2.3.6.2] 

Metabolites In human plasma, no major metabolite, defined as being >10% of parent AUC, was 
identified. The exposure of the 2-chloroadenine metabolite (M1), most notable metabolite in 
plasma, was low with around 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, and 2-chloroadenine is not consider to 
play an important role in the therapeutic effect.  

Cladribine has to be phosphorylated intracellularly to become efficacious. After entering the 
cell, cladribine is phosphorylated to 2-Cd-AMP by deoxycytidine kinase (DCK), and also by 
deoxyguanosine kinase present in the mitochondria. 2-Cd-AMP is further phosphorylated to 
2- Cd-ADP and 2-Cd-ATP. 

[refer to Section 2.4.2.3 in Review aid and/or eCTD Sections 2.7.2.3.4 and 2.7.2.3.5] 

Absolute/Relative 
Bioavailability 

The oral bioavailability for the 10 mg cladribine HPβCD formulation 
was in the range of 39 - 43% across different studies  
[refer to Section 2.4.2.1 in Review aid and Table 53 in eCTD Section 
2.7.2.4.1]. 

Absorption 

Tmax •Median time of maximum cladribine concentration (Tmax) was 0.5 h 
(range 0.5 to 1.5 h)  
[refer to Section 2.4.2.1 in Review aid and/or eCTD Section 2.7.2.4.1]. 

•Median time of maximum 2-chloroadenine (Tmax) was 1 h (range 1 to 
6 h). 

Distribution Vd/F or Vd The mean (CV%) volume of distribution at steady state (Vss) was 
487 L (37%).  

The blood to plasma ratio in human blood was 1.3 at 0.1 µM 
(285.7 ng/mL) and 1.34 at 10 µM (2856.9 ng/mL).  

In the literature, it is reported that the intracellular concentrations of 
cladribine nucleotide in leukaemic cells were found to be several 
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hundred-fold higher than the corresponding plasma concentrations of 
cladribine.  

[refer to Section 2.4.2.2 in Review aid and/or eCTD Section 2.7.2.3.2] 

% bound In spiked human plasma, the plasma protein binding of cladribine was 
approximately 20% (range 13.1-20.3 %) and independent of cladribine 
concentrations tested. 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). 

[refer to eCTD Section 2.7.2.3.2] 

Route • Approximately half of the absorbed cladribine dose is excreted as 
unchanged cladribine in the urine  
• The non-renal part of the elimination of cladribine consists of 
metabolism and intracellular elimination of cladribine. 

[refer to Section 2.4.2.4 in Review aid and/or eCTD Section 2.7.2.3.3] 

Terminal t½   • The PK of cladribine was best described by a 3-compartment model. 
The estimated half-lives of the three phases for a typical patient from 
the population pharmacokinetic analysis are 0.24 hours, 2.41 hours 
and 23 hours (22.61 hours) for the respective phases.  To be noted, the 
elimination half-life of 23 hours does not result in any drug 
accumulation after once daily dosing since this terminal phase with the 
23 hours half life only account for a small portion of the total AUC of 
cladribine.  

[refer to Section 2.4.2.4 in Review aid and/or eCTD Section 2.7.2.3.3] 

• The median (range) half-life of 2-chloroadenine was 2.7 (1.6-13) 
hours after oral dose and 2.6 (1.7-5.2) hours after i.v. administration. 

Elimination 

CL/F or CL Clinical pharmacology studies in MS showed that the renal and the 
non-renal routes of cladribine elimination were of approximately equal 
importance. The typical population parameter estimates from the 
population PK model for the two elimination routes were 23.1 L/h for 
renal clearance (CLR) and 22.7 L/h for non-renal clearance (CLNR), 
resulting in a total clearance of 45.7 L/h. 

The renal clearance of cladribine (CLR = 23.1 L/h = 385 mL/min) 
exceeds the glomerular filtration rate, indicating that the drug 
undergoes net tubular excretion in addition to glomerular filtration. 

[refer to Section 2.4.2.4 in Review aid and/or eCTD Section 2.7.2.3.3] 

Age Age was not a significant covariate in the population PK analysis. 
[refer to EMR700568-013 and refer to Section 3.3 in Review aid 
and/or eCTD Section 2.7.2.3.7] 

Sex Sex was not a significant covariate in the population PK analysis. 
[refer to EMR700568-013 and refer to Section 3.4 in Review aid 
and/or eCTD Section 2.7.2.3.7] 

Intrinsic 
Factors 

Race A pharmacokinetic study in Japanese hematological malignancy 
patients indicates that the PK of cladribine after i.v. administration is 
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similar to the PK in Caucasians. 

The potential for clinical important differences in the extent of oral 
bioavailability of cladribine due to genetic variants in CYP450 
enzymes and the impact on the total exposure in patients carrying 
variant of rs2231142 of the ABCG2 transporter (higher frequency in 
Japanese) is considered as low, based on the lack of outliers in the PK 
studies in MS patients, and the lack of apparent correlations between 
the genetic variants and the safety and efficacy outcomes. 

[refer to Section 3.5 in Review aid and/or eCTD Section 2.7.2.3.7]. 

Hepatic & Renal 
Impairment 

From the population PK analysis, where the median (range) of CLCR 
for the patients included in the analysis was 107.9 (49.6-244.4) 
mL/min, it could be concluded that the total clearance of cladribine is 
dependent on the creatinine clearance (CLCR) in the individual subject 
[refer to Section 3.1 in Review aid and/or eCTD Section 2.7.2.2.19].  

The predicted decrease in total clearance for a typical subject with 
typical creatinine clearance values was predicted to be 18% in mild 
impairment (CLCR = 65 mL/min), 30% in moderate renal impairment 
(CLCR = 40 mL/min), and 40% in severe renal impairment (CLCR = 20 
mL/min). Therefore, caution is recommended when cladribine is used 
in patients with mild renal impairment (creatinine clearance 50-80 
mL/min) and careful hematological monitoring is recommended. 
Cladribine is not recommended in patients with moderate or severe 
renal impairment. 

The PK of oral cladribine in subjects with liver impairment was not 
studied.  However, hepatic metabolism of cladribine plays only a 
minor role for the overall elimination (i.e. <10% of the total cladribine 
clearance). 
[refer to Section 3.2 in Review aid and/or eCTD Section 2.7.2.3.7] 

Extrinsic 
Factors 

Drug interactions Overall results from a Phase I trial investigating the PK interaction 
between cladribine and IFN-beta-1a lead to the conclusion that IFN-
beta-1a does not alter the disposition of co-administered cladribine to a 
clinically relevant extent. In addition, a clinical pharmacology study 
demonstrated that the proton pump inhibitor pantoprazole has no 
effect on the pharmacokinetics of oral cladribine  
[refer to Section 4.2.1 in Review aid and eCTD Sections 2.7.2.2.17, 
2.7.2.7.18 and 2.7.2.3.8.4]. 

The potential for clinically significant metabolic interactions involving 
CYP450 enzymes is considered to be low, because cladribine does not 
significantly inhibit or induce CYP450 enzymes and is not 
metabolized to a relevant extent by CYP450 enzymes  
[refer to Section 4.1.2 in Review aid and/or eCTD Sections 2.7.2.2.5 
and 2.7.2.2.6]. 

Potential drug interactions of cladribine with inhibitors/inducers of P-
glycoprotein are not expected, based on in vitro study results 
suggesting that cladribine efflux is not P-glycoprotein-related to a 
significant extent  
[refer to Section 4.1.3 in Review aid and/or eCTD Section 2.7.2.2.7]. 
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The following transporters have been identified as having a potential 
impact on absorption, distribution and elimination of cladribine: the 
nucleoside transporters ENT1, ENT2, CNT2 and CNT3, and BCRP 
(ABCG2). 

Bioavailability, intracellular distribution and renal elimination of 
cladribine may theoretically be altered by concomitant use of 
medicinal products containing potent ENT1/2, CNT2/3 and BCRP 
(ABCG2) inhibitors.  
[refer to Section 4.1.3 in Review aid and/or eCTD Section 2.7.2.3.8.6]. 

Food Effects After a high fat breakfast, cladribine absorption was delayed and 
maximum plasma concentration was decreased on average by 29%. 
The extent of absorption (AUC0-∞) of cladribine was comparable 
between the fed and fasted states  
[refer to Section 5.4 in Review aid and/or eCTD Section 2.7.1.2.3]. 

Expected 
High Clinical 
Exposure 
Scenario 

Extrinsic or intrinsic factors affecting cladribine PK are limited: 
Renal impairment and drug transporter inhibition by potent inhibitors of ENT1/2, CNT2/3, 
and BCRP (ABCG2) are most conceivable mechanisms for elevated cladribine plasma 
concentrations: 

• Severe renal impairment is estimated to decrease total clearance by 40%, however 
due to limited experience, cladribine is not recommended in these severely renal 
impaired patients. 

• Potent inhibitors of ENT1/2, CNT2/3, and BCRP (ABCG2) may alter 
bioavailability, distribution and renal secretion. The net effect is difficult to predict, 
therefore, it is recommended to avoid co administration of cladribine with these 
drugs whenever possible.  

o As the average oral bioavailability of cladribine is approximately 40%, any 
cladribine exposure increase that may be mediated by potent inhibitors of 
BCRP (ABCG2) would be no more than 2.5-fold under the “worst case” 
assumption of a complete inhibition of intestinal BCRP (ABCG2).  

o However, based on the lack of outliers in the PK studies in MS patients, and 
the lack of apparent correlations between the genetic variants and the safety 
and efficacy outcomes, the potential for clinical important differences in the 
extent of oral bioavailability of cladribine due to genetic variants of 
rs2231142 or inhibition of the ABCG2 transporter is considered as low,. 

Overall, due to the dose dependent long lasting lymphocyte suppression, factors leading to 
increased exposure should be avoided and administration of a supra-therapeutic dose is not 
indicated for this compound. It is important to note, the existing posology represents a 
titration of the total cumulative dose scheduled for a two year treatment, with hematological 
and immunological safety monitoring in between allowing a delay of the next course.  [refer 
to Sections 2.4.2.1, 3.1 and  3.5,  in Review aid and/or eCTD Sections 2.7.2.3.1, 2.7.2.3.3 
and 2.7.2.3.7 "Renal impairment" and "Ethnic background"]. 
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MEDICAL OFFICER CLINICAL CONSULT 
 
NDA 22561 
Drug  Cladribine 
Drug category  Purine analog 
Targeting disease Multiple Sclerosis 
Development stage Resubmission after November 25, 2009 
Rolling Submission May 27, 2010 (Pediatric plan, labeling, risk management, clinical, 

and safety) 
NDA filling date July 27 2010 
PDUFA goal date November 28, 2010 
EDR location \\CDSESUB1\EVSPROD\NDA022561\022561.enx 
Sponsor  EMD Serono 
Consult from CDER-OND-DNP 
Consult issue Cladribine cancer risk assessment in patients with multiple sclerosis 
Requesting Reviewers  Evelyn Mentari, M.D; M.S. 
Date of Request  May 28, 2010 
Consult due date August 17, 2010 
Consult to  CDER-OND-OODP-DHP 
Consultants Qin Ryan, MD, PhD; Ann Farrell, MD 
Date of Completion Aug 17, 2010 
 
Background: 
 
This NDA proposed an indication of oral cladribine (2-chloro-2-deoxyadenosine [2-
CdA]), a synthetic chlorinated purine analog of the naturally occurring nucleoside 
deoxyadenosine, for treatment of relapsing forms of multiple sclerosis (MS)  

. The proposed regimen is a single agent cladribine 
10-20 mg oral daily for 4-5 days and repeat every  

.  The safety and efficacy claims are primarily based on the CLARITY study 
supported by Scripps C study.1 

 
The CLARITY (Study 25643) is a randomized, double-blind, three-arm, placebo-
controlled, multi-center clinical study to evaluate the safety and efficacy of cladribine 
administered for two years in subjects with relapsing-remitting multiple sclerosis (RRMS) 
The study was conducted from April 20, 2005 to January 18, 2007. Patients were eligible 
if they had received a diagnosis of relapsing–remitting multiple sclerosis (McDonald 
criteria), had lesions consistent with multiple sclerosis on magnetic resonance imaging 
(MRI, Fazekas criteria), had had at least one relapse within 12 months before study entry, 
and had a score of no more than 5.5 on the Kurtzke Expanded Disability Status Scale 
(EDSS, ranges from 0 to 10, with higher scores indicating a greater degree of disability).  
The study randomized 1326 patients in 1:1:1 ratio to cumulative doses of cladribine over 
96 weeks, 5.25 mg/kg (n=456), 3.5 mg/kg (n=433), or matching placebo (n=473). 
Cladribine doses were administered as one to two 10 mg tablets daily by mouth during 
the first 4 or 5 days of a 28-day period. During the first 48 weeks treatment period, 
patients received 2 courses of cladribine followed by 2 course of placebo (3.5 mg/kg, low 
dose  arm) or 4 consecutive courses of cladribine (5.25 mg/kg, high dose arm); or 4 
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courses of placebo (placebo arm). In the second 48 weeks period, both cladribine arms 
(low and high dose) and the placebo arm received two courses of placebo.  The primary 
end point for the CLARITY study was the qualifying relapse rate at the end of 96 weeks 
of study.  An extension phase was added to the study to allow placebo patients to receive 
cladribine and low and high dose arm patients to be further randomized, as show in figure 
below. 1  
 
Figure 1: Clarity Study Design1 

 
 
Scripps-C was an 18-month, single-center, randomized, parallel-group, double-blind, 
placebo controlled study designed to evaluate the efficacy and safety of cladribine in 
subjects with relapsing-remitting MS. A total of 52 patients were enrolled and 26 
cladribine and 23 placebo patients available for evaluation at 12 months.  Patients were 
treated with up to six 5-day courses of cladribine subcutaneous (s.c.) injection (0.07 
mg/kg/day) plus two placebo courses for a total dose of 2.1 mg/kg equivalent or matching 
placebo.1 
 
Adverse events that were more frequent in the cladribine groups included 
lymphocytopenia (21.6% in the 3.5-mg group and 31.5% in the 5.25-mg group, vs. 1.8%) 
and herpes zoster (8 patients and 12 patients, respectively, vs. no patients), as tabulated 
from publication (see below).2  In CLARITY study, cladribine-treated subjects had a 
greater incidence of neoplastic events compared to placebo-treated subjects during weeks 
0-96 of the controlled phase (Sponsor Table 96 from page 278 of the ISS).  The maximal 
cumulative dose per subject was 8.75 mg/kg. Because of this finding suggesting an 
increase in neoplastic events, DNP is seeking advice from DHP regarding oral cladribine 
safety evaluation and ways to monitor the drug post-approval in patients with MS.1 
 
Table 1: Safety Summary of Clarity Study2 
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Issues, Questions and Answer: 
 
1. We request your assistance in evaluating the risk for malignancy with cladribine 

treatment. 
 
Epidemiology studies suggest that the cancer incidences in patients with MS are 
significantly decreased.  A 35 year follow up study on 20,276 patients with MS and 
203951 controls without MS (1:12 matched) indicated that overall cancer risk for patients 
with MS is decreased (HR = 0.91, 0.87-0.95) in all types except brain tumors (HR = 1.44, 
1.21-1.72) and distal urinary tract cancer (HR = 1.27, 1.05-1.53).  Other studies suggested 
that statistically significant lower cancer risk in MS population than that expected for the 
general population was observed prior to the era of immunomodulating or 
immunosuppressive (IS) treatment for MS. The cancer risk appears 3 fold higher if 
patients with MS had a history of IS (p = 0.0035).  Most significant risk appears after 
treatment with azathioprine, cyclophosphamide and mitoxantrone. For patients with MS 
who had a history of cancer, the mean age at MS and cancer diagnosis were 37.9 and 46.4 
years, respectively.  The most frequent cancers were breast (34.5%), gynecological 
(12.5%), skin (10.2%), GI (8.8%), AML/lymphoma (5.9%), GU (5.1%), lung (3.4%), and 
CNS (3%).3-5  Based on the consultant’s assessment of NDA 22561 study reports, there 
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were 5 cases of malignant tumors and 5 cases of high risk premalignant tumors diagnosed 
in 5.25 mg/kg, and 3.5 mg/kg arms during treatment phase,  0.9% (4/456) and 1.4% 
(6/433), respectively. None in placebo during the treatment phase.  The total neoplastic 
events in the CLARITY study patients identified during the treatment phase, the 
extension phase and post study was 14 cases malignancies and 5 cases high risk 
premalignant tumors in patients who received cladribine, and 1 case of ovarian cancer in 
a patient only received placebo.1-2 

 
On the other hand for patients with hairy cell leukemia (HCL) the issue of malignancy 
arising from exposure to cladribine is different. HCL is a unique B lymphocyte 
malignancy, is characterized by a profound defect or dysregulation in T cell function. 6-7   
Prior to the advent of nucleoside analogs, the incidence of second malignancy in HCL 
patient, although higher than the general population, was reported to be less than 10%.  
Based on clinical observations, a second malignancy can be recognized concomitantly or 
shortly after establishing the diagnosis of HCL.  The HCL has been shown coexist with 
T-cell lymphoma, NHL, CLL, and AML, implying a genetic predisposition rather than a 
simple coincidence. The second cancers usually display a more aggressive clinical 
course.8-18  
 
The introduction of new HCL treatments, such as INF-alpha, purine analogs, and 
rituximab, has not only resulted in improved patient survival but also generated concerns 
about their contribution to an excess of second malignancies, which was already above 
the norm. Many HCL therapies themselves were shown to cause severe 
immunosupression, which could last for several years. Pentostatin and cladribine are 
associated with profound and prolonged suppression of CD4+ lymphocyte counts, often 
excess 2-3 years.  Nucleoside analogs also affect B-cell lineage with a recovery time of 1-
2 years.  In addition, NK-cell, monocytes, and neutrophil counts and function are also 
decreased.19-20  A case specific study in 3104 patients with HCL evaluated second cancer 
incidence. The overall standard incidence ratio (SIR) was 1.24 (95%CI 1.11-1.37). 
Among this patients, SIR is higher for patients received any chemotherapy (1.35, 95%CI 
1.13-1.60, n=1509) than no chemotherapy (1.18, 95%CI 1.03-1.35, n=1595).  INF-alpha 
treatment has been linked to renal cell carcinoma and colorectal carcinoma in patients 
with HCL, but reports are conflict on whether INF-alpha actually increases the incidence 
of second malignancy.  While study results are inconsistent regarding the second cancer 
risk of pentostatin, two large long-term follow up studies (n = 341 and n = 207) indicated 
that cladribine treatment increases the risk of secondary malignancy (observed/expected 
ratio = 1.88, 95%CI 1.24-2.74 and 2.03, 95%CI 1.49-2.71).21-27 

The FDA approved cladribine formulation for the HCL indication is Leustatin Injection 
(2cda, Cladribine, Ortho Biotech Products, L.P.). It is indicated for the treatment of active 
Hairy Cell Leukemia as defined by clinically significant anemia, neutropenia, 
thrombocytopenia or disease-related symptoms. The recommended dose and schedule of 
Leustatin Injection for active Hairy Cell Leukemia (HCL) is as a single course given by 
continuous IV infusion for 7 consecutive days at a dose of 0.09 mg/kg/day. Deviations 
from this dosage regimen are not advised.  Compared to the proposed oral cladribine 
treatment, Leustatin is different in formulation and schedule.28  Further considering the 
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different disease natures of MS and HCL, the experience of cladribine associated 
secondary cancer risk in HCL patients has little reference value to the proposed oral 
cladribine safety cancer risk evaluation. 

2. We request advice on how to adequately identify, monitor, and prevent malignancies 
in patients treated with cladribine. 

 
Clinical data in cladribine treated patients with MS is limited to CLARITY study. Review 
of the study did not demonstrate a predictable pattern for the type of malignancy that may 
develop in patients with MS treated with cladribine. There is little relevance of cladribine 
clinical experience in HCL patients, to identify, monitor, and prevent malignancies in 
patients with MS who treated with cladribine.  In the absence of a signal for a particular 
type of malignancy risk in patients with MS from the CLARITY study, standard adult 
preventive medicine practice guidelines are recommended. 
 
3. Parentral cladribine is approved for the treatment of active hairy cell leukemia. 

Please comment on to what degree safety information from patients treated with 
parenteral cladribine for active hairy cell leukemia may be informative in predicting 
risks of using oral cladribine in patients with relapsing forms of multiple sclerosis. 

 
As described in #1, the cancer risk after cladribine treatment in patients with MS is very 
different from HCL patients for 3 major reasons (Table 1): 
 
a. The formulation difference: Oral vs. IV: These may alter the profile of PK and 
metabolites, considering the hepatic first pass effects. 
 
b. The exposure in MS is much higher than HCL, in terms of total dose, schedule and 
duration. 
 
c. The naturally occurred cancer incidence in two diseases is very different: compare to 
the general population, the cancer risk is statistically lower for MS and is statistically 
higher for HCL.  
 
Table 2: Major Differences of cladribine indications for MS and HCL 
Difference MS indication HCL indication Comments 
Formulation PO IV First pass effect may change PK and 

metabolite  
Dose/Schedule 10 mg q.d. x 4-5 

days/  for  2  
courses, total doses 3-
5 mg/kg  

Single course 7-day 
CIV, 0.09 mg/kg/day, 
total dose 0.63 mg/kg  

MS indication total exposure is greater in 
total dose and duration. 

Natural risk of Ca Lower than general 
population 

Higher than general 
population 

Cladribine treatment post a significant 
cancer risk for patients with MS 

 
Therefore, the clinical experience of cladribine HCL indication could not apply to the 
proposed cladribine MS indication. The best informative and usable clinical data to 
predict the cancer risk of cladribine treated patients with MS are from the randomized 
cladribine study Clarity.  
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4. We request your comment on EMD Serono’s risk management strategy for preventing 

and managing severe, long-term cytopenias. 
 
Sufficient detail has not been provided for evaluating the post marketing safety strategy. 
The REM section 4, Risk Minimization plan (pp 93-96) should be revised as following 
(insertions are italic and deletions are strike out): 
 
4. Risk Minimization Plan 
 
This safety minimization plan proposes to manage the risks of lymphopenia, herpes or 
viral infection, activation of latent TB, malignancies, serious or opportunities infections, 
severe cytopenia, and teragenicity, is designed for the indication of patients with multiple 
sclerosis.  
 
We recommend that a Limitations of Use section be incorporated into the labeling 
because the dosing recommendations for the oral formulation have not been studied in 
the HCL population and could be harmful. We agree that some of the language in the 
proposed oral formulation labeling is important for use in the MS population; however if 
that same language was applied to a patient with HCL harm may occur due to restrictions 
on blood counts for first and subsequent therapies. 
 
Our recommendation for language is: 
 
Limitations of Use: This product has not been studied for use in patients with hairy cell 
leukemia and should not be used for treatment of hairy cell leukemia. 
 
 The table below highlights the important sections of the Sponsor’s proposal. In italics are 
DHP recommendations. 
 
Sponsor’s Labeling and Risk Management Proposals 
Safety concern   Important Identified Risk 1 – Severe lymphopenia 
Routine risk minimization activities: The warnings section of the label will indicate the necessity to perform a 

complete blood count with differential to determine the haematological status 
of the patient with multiple sclerosis prior to each treatment course, and 
periodically between treatment courses to monitor the effect of treatment.  

Additional risk minimization activity 1: 
Identify specialist prescribers and 
organize a specific training program 
aimed at ensuring that each prescriber is 
aware of the conditions for safe use of 
cladribine. In some countries (e.g. USA), 
this training may be certified with 
specific Attestations. In other countries 

Objective and rationale: 
To minimize or prevent the development of severe cytopenia in patients with 
multiple sclerosis by ensuring that hematological testing is done prior to 
treatment and then delaying or discontinuing treatment if a patient with 
multiple sclerosis’s  hematological status is not acceptable (e.g. worse than a 
specified level of toxicity –Grade 1). 
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Proposed actions: 
In the countries where feasible (e.g. USA), the prescribers will be requested to 
state that the hematological status of the patient with multiple sclerosis is 
adequate for treatment. Without such statement, the prescription should not be 
filled; therefore the pharmacists must be aware of the requirements.  
In other countries, a specific training for prescribers will be organized (see 
also Additional Risk Minimization activity 2 and 3). 

Criteria for evaluating success of activities: 
Reporting rate of Grade 3 and 4 lymphopenia in patients with multiple 
sclerosis. 
Survey to be conducted by an independent organization.  
 
Comments to DNP: Is your concern just the lymphopenia or monitoring 
compliance with the dosing recommendations as put forth in the labeling?  
Lymphopenia seems to be the most important issue for the MS population. 
Since you may be interested in both would recommend you specifically assess 
for these items. 
 
Analysis of PASS data to check that blood count results are obtained prior to 
prescription. 

training may be provided on line or in 
person. The training will also be aimed at 
ensuring that the prescribers correctly 
inform the patients about the risks of oral 
cladribine and instruct them about the 
appropriate monitoring measures. 
Examples of training material for 
prescribers, as well as other educational 
material that prescribers may provide to 
patients with multiple sclerosis are 
included in Appendix 8.  
And 
Pharmacist Certification or controlled  
distribution by MAH (an example of a 
possible flow of decision to prescribe, 
training, and medicine dispensing to 
patients is provided in Appendix 8) 

Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 

Objective and rationale: 
To minimize or prevent the development of severe lymphopenia in patients 
with multiple sclerosis, by informing patients, prescribers and pharmacists of 
the risks and the conditions for safe use.  
Proposed actions: 
Provide adequate training material for prescribers and patients with multiple 
sclerosis, explaining the risks associated with severe lymphopenia.  
Criteria for evaluating success of activities: 
Reporting rate of Grade 3 and 4 lymphopenia in patients with multiple 
sclerosis.  
Survey to be conducted by an independent organization. 

Additional risk minimization activity 2 
Educational Materials (see Appendix 8) 

Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 
Objective and rationale: 
To minimize or prevent the development of severe lymphopenia in patients 
with multiple sclerosis, by training prescribers of the risks and educate them 
on conditions for safe use.. 
Proposed actions: 
Organize specific and detailed training for prescribers, highlighting necessity 
of conducting tests in each patient with multiple sclerosis, and review tests 
results, before prescription of each course. Prescribers must make sure that 
each patient with multiple sclerosis’s hematological status, in particular 
lymphocyte count) is adequate.   
Criteria for evaluating success of activities: 
Reporting rate of Grade 3 and 4 lymphopenia. 
Survey to be conducted by an independent organization 

Additional risk minimization 
activity 3 
Physician training on measures to 
support safe use, including dosing, Tablet 
Holder options, CBC monitoring 
guidelines 

Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 

Safety concern: Important Potential Risk 3. Serious Infections, Opportunistic Infections. 
Routine risk minimization 
activities: 

The Warnings section of the product label will indicate the increased risk  

Objective and rationale: 
To educate prescribers and patients with multiple sclerosis of the potential for 
serious infection during treatment with oral cladribine. . 

Additional risk minimization 
activities: 
Educational Materials (see 
Appendix 8) Proposed actions: 

Prescribers and patients with multiple sclerosis will be advised by 
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instructional materials of the potential for serious infections in patients treated 
with oral Cladribine. 
Criteria for evaluation: 
Reporting rate of serious infections, their severity and any associated 
complications 
Survey to be conducted by an independent organization 
 
Comments to DNP, if the rate of serious infections increases, you may wish to 
ask the sponsor to conduct a prophylaxis trial using antibiotics. 
Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 

Safety concern: Important Potential Risk 5. Severe Cytopenia 
Routine risk minimization 
activities: 

The Warnings section of the product label will indicate the increased risk

Objective and rationale: 
To educate prescribers and patients with multiple sclerosis of the potential for 
severe cytopenia during treatment with oral cladribine.  
Proposed actions: 
Physicians and patients with multiple sclerosis will be advised by 
instructional materials of the potential for severe cytopenia during treatment 
with oral cladribine and the need for regular haematological monitoring prior 
to and periodically following treatment with oral cladribine. 
Criteria for evaluation: 
Reporting rate of cytopenia, severity and any associated complications. 
Survey to be conducted by an independent organization. 

Additional risk minimization 
activities: 
Educational Materials (see 
Appendix 8) 

Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 

Safety concern Important Potential Risk 8. Teratogenicity / adverse pregnancy outcomes 
Routine risk minimization 
activities: 

The product label will warn of the potential for teratogenic effects if patients 
with multiple sclerosis become pregnant during treatment with oral cladribine 
and the need to practice contraception during oral cladribine treatment. 
Objective and rationale: 
To inform prescribers and patients of the need to ensure that female 
patients with multiple sclerosis and female partners of male patients with 
multiple sclerosis are not pregnant during treatment and to emphasize the 
importance of contraception by both female and male partners during and for 
3 (males) to 6 (females) months following oral cladribine treatment.  
Proposed actions: 
Prescribers are appropriately trained by instructional materials to ensure that 
female patients with multiple sclerosis and female partners of male patients 
with multiple sclerosis are not pregnant during treatment and to emphasize the 
need for contraception. 
Patients with multiple sclerosis will be informed by instructional materials of 
the need to practice reliable contraception during cladribine treatment. Male 
multiple sclerosis patients will be advised to practice contraception for at least 
3 months following cladribine treatment and female patients with multiple 
sclerosis will be advised to practice contraception for 6 months (menstrual 
cycles) following treatment with oral cladribine.  
Criteria for evaluation: 
Reporting rate of teratogenicity /adverse pregnancy outcomes. 
 
Comments to DNP, you may want to consider a more rigorous program 
where you require attestation of absence of pregnancy prior to starting the 
next course similar to what is done for hematological parameters. 

Additional risk minimisation 
activity 1: 
Educational Materials (see 
Appendix 8) 

Proposed review period: 
Linked to regular reporting periods (i.e. PSUR). 
Survey to be conducted by an independent organization 
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5. There were three reported cases of myelodysplasia in subjects treated with cladribine.  
We request your brief comments on these cases. We would appreciate your opinion 
on whether the case of myelodysplastic syndrome in the CLARITY trial (Subject ID 

) represented true myelodysplasia versus reactive bone marrow changes 
caused by disseminated tuberculosis infection.  (Please see pages 291-292 in the 
Integrated Summary of Safety for a description of the three myelodysplastic syndrome 
cases in subjects who received cladribine, as well as links to narratives and case 
report forms.) 

 
All three cases requested for review appear to have some degree of myelodysplasia, but 
do not fit the myelodysplastic syndrome. In most patients with MDS, the bone marrow 
smear reveals substantial dysplasia in one or more of the major bone marrow cell lineages 
(erythroid, neutrophilic, megakaryocytic). Monocytosis or ⁄ and an increase in blast cells 
are recorded in a group of patients and typical chromosome defects are commonly 
detected. In addition, typical blood count abnormalities such as macrocytic anemia and 
abnormal neutrophils (Pseudo-Pelger-Huet cells) are usually found. Thus, a MDS 
diagnosis can be established over a period of time by examination of blood films and 
bone marrow smears and by applying appropriate cytomorphological and clinical criteria, 
such as Minimal Diagnostic Criteria for MDS, as tabulated below29.  
 
Table 3: Minimal diagnostic criteria for Myelodysplastic Syndromes (DMS) 
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Base on the clinical information presented and the minimal criteria, the subject , 
as well as other cases, presented with dysplastic feature but do not meet diagnosis criteria 
of MDS. In addition, without review the bone marrow slides, it is difficult to judge this is 
due to treatment related cytopenia and transient dysplasia, or reaction to the infection.  
However, long term hematology follow up would be necessary for patients with MS after 
oral cladrbine. 
 
Reference: 
 

1. NDA2561 cladribine  
 
2. Giovannoni G, Comi G, Cook S, et al. A Placebo-Controlled Trial of Oral 

Cladribine for Relapsing Multiple Sclerosis. N Engl J Med 2010; 362:416-426. 
 
3. Bahmanyar S, Montgomery SM, Hillert J, et al. Cancer risk among patients with 

multiple sclerosis and their parents. Neurology 2009; 72;1170-1177. 
 

4. Hofer S, Linnebank M, Weller M, et al. Cancer risk among patients with multiple 
sclerosis and their parents. Neurology 2010;74;614-615. 

Reference ID: 4413345

(b) (6)



 
5. Lebrun C, Debouverie M, Vermersch P, et al. Cancer risk and impact of disease-

modifying treatments in patients with multiple sclerosis. Multiple Sclerosis 2008; 
14: 399–405.  

 
 
6. Kluin-Nelemans JC, Kester MG, Melenhorst JJ, et al. Persistent clonal excess and 

skewed T-cell repertoire in T cells from patients with hairy cell leukemia. Blood 
1996;87(9):3795-802. 

 
7. van de Corput L, Falkenburg JH, Kester MG, et al. Impaired expression of CD28 

on T cells in hairy cell leukemia. Clin Immunol 1999; 93(3):256-62. 
 
8. Dasanu CA & Alexandrescu DT. Risk of additional cancers in untreated and 

treated hairy cell leukemia patients. Expert Opin. Pharmacother. 2010; 11(1), 41- 
50. 

 
9. Jacobs RH, Vokes EE, Golomb HM. Second malignancies in hairy cell leukemia. 

Cancer 1985;56(6):1462-7 
 

10. Nielsen B, Braide I, Hasselbalch H. Evidence for an association between hairy 
cell leukemia and renal cell and colorectal carcinoma. Cancer 1992; 70(8):2087-
90. 

 
11. Federico M, Zinzani PL, Frassoldati A, et al. Risk of second cancer in patients 

with hairy cell leukemia: long-term follow-up. J Clin Oncol 2002; 20(3):638-46. 
 

12. Paltiel O, Adler B, Barchana M, et al. A population-based study of hairy cell 
leukemia in Israel. Eur J Haematol 2006;77(5):372-7. 

 
13. Hisada M, Chen BE, Jaffe ES, et al. Second cancer incidence and cause-specific 

mortality among 3104 patients with hairy cell leukemia: a population-based study. 
J Natl Cancer Inst 2007; 99(3):215-22. 

 
14. Au WY, Klasa RJ, Gallagher R, et al. Second malignancies in patients with hairy 

cell leukemia in British Columbia: a 20-year experience. Blood 1998; 92(4):1160-
4. 

 
15. Paolini R, Poletti A, Ramazzina E, et al. Co-existence of cutaneous T-cell 

lymphoma and B hairy cell leukemia. Am J Hematol 2000; 64(3):197-202. 
 

16. Sokol L, Agosti SJ. Simultaneous manifestation of chronic lymphocytic leukemia 
(CLL) and hairy cell leukemia (HCL). Am J Hematol 2004; 75(2):107-9. 

 
17. Rimner T, Went P, Tichelli A, et al. Concomitant hairy cell and acute myeloid 

leukemia. Eur J Haematol 2006; 76(1):86-8. 

Reference ID: 4413345



 
18. Spielberger RT, Dickstein JI, Le Beau MM, et al. Acute myeloid leukemia 

following interferon-alfa treatment of hairy cell leukemia. Br J Haematol 1993; 
83(3):519-20. 

 
19. Bastie JN, Cazals-Hatem D, Daniel MT, et al. Five years follow-up after 2-chloro 

deoxyadenosine treatment in thirty patients with hairy cell leukemia: evaluation of 
minimal residual disease and CD4+ lymphocytopenia after treatment. Leuk 
Lymphoma 1999; 35(5-6):555-65. 

 
20. Seymour JF, Kurzrock R, Freireich EJ, et al. 2-chlorodeoxyadenosine induces 

durable remissions and prolonged suppression of CD4+ lymphocyte counts in 
patients with hairy cell leukemia. Blood, 1994; 83(10):2906-11. 

 
21. Flinn IW, Kopecky KJ, Foucar MK, et al. Long-term follow-up of remission 

duration, mortality, and second malignancies in hairy cell leukemia patients 
treated with pentostatin. Blood 2000; 96(9):2981-6. 

 
22. Maloisel F, Benboubker L, Gardembas M, et al. Long-term outcome with  

pentostatin treatment in hairy cell leukemia patients. A French retrospective study 
of 238 patients. Leukemia 2003; 17(1):45-51. 

 
23. Johnston JB, Eisenhauer E, Wainman N, et al. Long-term outcome following 

treatment of hairy cell leukemia with pentostatin (Nipent): a National Cancer 
Institute of Canada study. Semin Oncol 2000; 27(2 Suppl 5):32-6. 

 
24. Cheson BD, Vena DA, Barrett J, et al. Second malignancies as a consequence of 

nucleoside analog therapy for chronic lymphoid leukemias. J Clin Oncol 1999; 
17(8):2454-60. 

 
25. Saven A, Burian C, Koziol JA, et al. Long-term follow-up of patients with hairy 

cell leukemia after cladribine treatment. Blood 1998; 92(6):1918-26.  
 

26. Goodman GR, Burian C, Koziol JA, et al. Extended follow-up of patients with 
hairy cell leukemia after treatment with cladribine. J Clin Oncol 2003; 21(5):891-
6. 

 
27. Jehn U, Bartl R, Dietzfelbinger H, et al. An update: 12-year follow-up of patients 

with hairy cell leukemia following treatment with 2-chlorodeoxyadenosine. 
Leukemia 2004; 18(9):1476-81.  

 
28. Leustatin Injection (2cda, Cladribine, Ortho Biotech Products, L.P.) label. 2007. 

 
29. Valent P, Horny HP. Minimal diagnostic criteria for myelodysplastic syndromes 

and separation from ICUS and IDUS: update and open questions. European 
Journal of Clinical Investigation, 2009, 39(7): 548-553. 

Reference ID: 4413345



Application
Type/Number

Submission
Type/Number Submitter Name Product Name

-------------------- -------------------- -------------------- ------------------------------------------
NDA-22561 ORIG-1 EMD SERONO INC CLADRIBINE

---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

QIN C RYAN
08/31/2010

ANN T FARRELL
08/31/2010

Reference ID: 4413345


	Structure Bookmarks
	CENTER FOR DRUG EVALUATION AND RESEARCH 
	CENTER FOR DRUG EVALUATION AND RESEARCH 
	CENTER FOR DRUG EVALUATION AND RESEARCH 
	CENTER FOR DRUG EVALUATION AND RESEARCH 
	 
	 
	 
	APPLICATION NUMBER: 
	 
	022561Orig1s000 
	 
	CLINICAL REVIEW(S) 







