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1.0 Executive Summary 

Bortezomib (VELCADE®), a dipeptidyl boronic acid, is a selective inhibitor of the ubiquitin 
proteasome pathway. In the US, bortezomib for injection is currently approved for the treatment 
of adult patients with MM and is also indicated for the treatment of adult patients with mantle 
cell lymphoma. This current efficacy supplement is not seeking approval for a pediatric 
indication, but to support a proposed labeling change in the pediatric use section of US 
prescribing information for bortezomib and to request a pediatric exclusivity determination for 
the completion of studies described in the pediatric Written Request dated 13 November 2012. 

The labeling updates with pediatric pharmacokinetic (PK) characteristics of bortezomib are 
based on a population PK analysis of data from the phase 2 Children’s Oncology Group (COG) 
study AALL07P1 in pediatric patients with relapsed ALL and a phase 3 COG study AAML1031 
in pediatric patients with de novo acute myelogenous leukemia (AML). 

The PK of bortezomib after twice weekly repeated dosing in 104 pediatric patients with ALL or 
AML (42 patients 12-16 years of age and 62 patients 2-11 years of age) was described by a 3­
compartment model with body surface area (BSA) identified as the only significant covariate 
affecting clearance. The results of this population PK analysis support the conclusion that total 
systemic exposures following BSA-scaled dosing in pediatric leukemia patients should be 
generally comparable to adult patients after IV administration of bortezomib at 1.3 mg/m2 dose. 

1.1 Recommendations 

The Office of Clinical Pharmacology has determined that there is sufficient clinical 
pharmacology information provided in this sNDA to support revisions in section 8.4 of the label 
relating to pediatric pharmacokinetics. Pediatric Written Request dated 13 November 2012 is 
considered fulfilled. 

As indicated above, the sponsor is not seeking an indication based on this efficacy supplement 
but have proposed labeling changes to the section 8.4, “pediatric use”. Based on the pediatric 
labeling guidance (Pediatric Information Incorporated Into Human Prescription Drug and 
Biological Products Labeling 2013, available at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U 
CM341394.pdf): unless there is any safety concern (e.g. higher exposures in pediatrics), it is 
recommended that PK data should not be included in the label if the indication is not granted. 
Based on the discussions with the clinical division, the clinical pharmacology reviewers 
recommend providing a general statement regarding PK of bortezomib in pediatrics in the label 
without including detailed pediatric PK information. 

For detailed labeling recommendations, please refer to Section 3.0. 
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1.2 Signatures 

Lian Ma, Ph.D. Nitin Mehrotra, Ph.D. 
Pharmacometrics Reviewer Pharmacometrics Team Leader 
Division of Pharmacometrics Division of Pharmacometrics 
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1.3 Clinical Pharmacology Summary 

Bortezomib (VELCADE®) is a proteasome inhibitor, currently approved for the treatment of 
patients with MM and also for the treatment of patients with mantle cell lymphoma. The 
recommended starting dose of VELCADE is 1.3 mg/m2 twice weekly administered either as a 3 
to 5 second bolus intravenous injection or subcutaneous injection. 

A population PK analyses of bortezomib were conducted based on two COG studies AALL07P1 
(N=51 patients) and AAML1031 (N=53 patients) in pediatric patients. The results of this 
analysis serve as the primary basis for describing the PK of bortezomib in the pediatric patient 
population and an assessment of the contribution of patient-specific factors (e.g., age, body size) 
to overall PK variability. 

After twice-weekly, repeat-IV administration to pediatric patients (2-16 years) with ALL or 
AML, the PK of bortezomib was adequately described by a 3-compartment model. Body surface 
area was the only identified covariate on clearance, Mean and individual values of BSA-
normalized clearances in both the 2-11 years and 12-16 years pediatric age groups were within 
the range of previously reported values in adult MM patients , thereby indicating that comparable 
systemic exposures of bortezomib should be achieved in pediatric leukemia patients and adult 
MM patients after IV administration of bortezomib at 1.3 mg/m2 dose. 

2.0 Question Based Review 

2.1 What are the design features of the clinical studies used to support the pediatric 
labeling changes? 

The PK or pharmacodynamics (PD) (whole blood 20S proteasome inhibition-time profiles) 
characteristics of bortezomib have been evaluated in 4 clinical studies in pediatric patients with 
advanced solid tumors or hematologic malignancies (leukemias or lymphomas). A summary of 
these 4 studies is shown in Table 1. 

Table 1. Overview of clinical studies investigating bortezomib administration to pediatric patients 
with cancer 
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The primary purpose of the two phase 1 studies (ADVL0317 in patients with refractory/recurrent 
leukemias; ADVL0015 in patients with advanced solid tumors) was to evaluate the safety of 
bortezomib in pediatric cancer patients when administered IV in a twice-weekly dosing schedule 
(Days 1, 4, 8, and 11, every 21 days) and to determine the pediatric single agent MTD. 
Additionally, these phase 1 studies also provided preliminary PK (ADVL0317 in 5 patients) or 
PD (ADVL0015 in 14 patients) information for bortezomib when administered as a single agent. 
In Study ADVL0317, all PK samples were collected after the first dose of bortezomib. 

In study AALL07P1, bortezomib was added to a multi-agent standard chemotherapy backbone 
regimen in patients with relapsed ALL. Sparse PK sampling was conducted in consenting 
patients between the ages of 2 through 16 years following twice-weekly, repeat-dose, IV 
administration of bortezomib (on Day 8) to contribute to the pediatric population PK analysis. To 
ensure availability of data from an adequate number of patients (20 each in the two age groups of 
2-11 and 12-16 years) for the population PK analysis, sparse PK sampling after repeat-dosing of 
bortezomib was also incorporated into another COG study, the phase 3 study AAML1031 in de 
novo AML patients. 

Pharmacokinetic data from 104 patients across both studies AALL07P1 (N=51 patients) and 
AAML1031 (N=53 patients) contributed to the pediatric population PK analysis. The 
demographics of the 104 patients are summarized in Table 2 and Table 3. 

Table 2. Summary Statistics of Age, Body Surface Area, and Body Weight in the Population PK 
Analysis Population (Studies AAML1031 and AALL07P1) 
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Table 3. Summary Statistics of Categorical Demographic Variables in the Population PK Analysis 
Population (Studies AAML1031 and AALL07P1) 
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2.2 What are the pharmacokinetics characteristics in pediatric patients? 

The sponsor developed a population PK model using sparse PK data collected in study 
AALL07P1 and study AAML1031. The results of this population PK analysis serve as the 
primary basis for describing the PK of bortezomib in the pediatric patient population and an 
assessment of the contribution of patient-specific factors (eg, age, body size) to overall PK 
variability. 

After twice-weekly IV bolus administration, the bortezomib plasma concentration-time profile 
was assessed on Day 8. The observed concentration-time profile is shown in Figure 1. Plasma 
concentrations declined in a multi-exponential manner, indicating a multi-compartmental PK 
model. 

Figure 1. Observed bortezomib concentration time profile since last dose (Studies AAML1031 and 
AALL07P1) 

A 3-compartment PK model was selected as the base model based on objective function value, 
condition number and goodness-of-fit considerations (refer to sponsor’s Population PK study 
report for more details). Body surface area was the only identified covariate on clearance over 
the pediatric age range of 2 through 16 years without additional considerations of patient age or 
gender. 
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Descriptive statistics of CL and Vss, and alpha, beta, and gamma (terminal/elimination) phase 
half-lives in the overall population and by age group (2-11 years: N=62; 12-16 years: N=42) are 
shown inTable 4. As bortezomib is administered using BSA-scaled dosing, CL and Vss of 
bortezomib are reported as BSA-normalized values. 

Table 4. Descriptive statistics for bortezomib PK parameters by age group 

Geometric mean (%CV) clearance was 7.79 (25%) L/hr/m2; Vss was 834 (39%) L/m2; and half-
lives for the alpha, beta, and gamma (terminal/elimination) disposition phases of the 3­
compartment model were 6.15 (32%) minutes, 1.58 (18%) hours, and 100 (44%) hours, 
respectively. Descriptive statistics of the individual parameter values show that BSA normalized 
CL was similar across age groups in patients with ALL and AML. 

Comparison of bortezomib PK in pediatric and adult patient populations 

Bortezomib PK in adult patients with multiple myeloma (MM) following twice-weekly repeat-
dose administration has been described previously in Study M34103-058(2) and is being used as 
the point of reference for comparison to the pediatric PK data discussed. After twice-weekly IV 
bolus administration of bortezomib, plasma bortezomib concentrations declined in a multi-phasic 
manner in both pediatric leukemia and adult MM patient populations, with similar mean 
elimination half-lives of 100 hours and 40 to 193 hours, respectively. 

As bortezomib is administered at BSA-scaled doses, BSA-normalized CL is compared as it is 
relevant for the total systemic exposure (AUC) of bortezomib in individual patients. Estimates of 
BSA-normalized CL of bortezomib in adult and pediatric patient populations are presented in 
Table 5. 

Table 5. BSA-normalized clearance of bortezomib in adult patients with multiple myeloma and 
pediatric patients with leukemia 
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BSA-normalized CL 

Adult 
(Study M34103-058) 

1 mg/m2 1.3 mg/m2 

Pediatric 
(Studies COG AALL07P1 and 

AAML1031) 

2-11 years 12-16 years 

N 12 11 62 42 

Mean (L/hr/m2) 

CV (%) 

Range 

12.9 

70 

2.75-33.4 

14.9 

63 

5.06-38.4 

8.11 

25 

3.52-12.7 

7.94 

25 

4.66-12.7 

No apparent differences were observed in BSA-normalized CL in pediatric vs. adult patient 
populations. Mean and individual values of BSA-normalized clearances in both the 2-11 years 
and 12-16 years pediatric age groups were within the range of previously reported values in adult 
MM patients although the variability in pediatric patients appears to be smaller than adults. 
These findings indicate that total systemic exposures of bortezomib following IV administration 
at 1.3 mg/m2 doses to pediatric patients should be generally comparable to those achieved in 
adult MM patients. 

Reviewer’s Comments: 
The sponsor’s population PK analysis appears adequate for describing the PK of bortezomib in 
the pediatric patient population. However, this current submission is not seeking approval for a 
pediatric indication, but to support a proposed labeling change in the pediatric use section. 
Based on the pediatric labeling guidance (Pediatric Information Incorporated Into Human 
Prescription Drug and Biological Products Labeling 2013): unless there is any safety concern 
(e.g. higher exposures in pediatrics), PK data should not be included in the label if the indication 
is not granted. The reviewers therefore recommend providing a general statement regarding PK 
of bortezomib in pediatrics in the label without including detailed pediatric PK information. 
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3.0 Labeling Recommendations 
Current Approved Labeling 

(04/2012) 
Sponsor’s Proposed Labeling Reviewer’s Recommendation 

8 USE IN SPECIFIC 
POPULATIONS 

8.4 Pediatric Use 
The safety and effectiveness of 
VELCADE in children have not 
been established 

8 USE IN SPECIFIC 
POPULATIONS 

8 USE IN SPECIFIC 
POPULATIONS 

8.4 Pediatric Use 

[Defer to Clinical Review] 
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