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1 Executive Summary 

1.1 Recommendation 
 
The Office of Clinical Pharmacology / Division of Clinical Pharmacology II (OCP/DCP 
II) has reviewed BLA103976/65149 for Xolair® (omalizumab) and would like to 
communicate the following comments to the medical officer. 
 
Comments to the Medical Officer: 
 

1.2 Phase IV Commitments 
 

(b) (4)

(b) (4)



1.3 Summary of Important Clinical Pharmacology Findings 
 
Xolair® (omalizumab) has been approved by the Agency since June 20, 2003 for the 
allergic asthma in adults and adolescents (>12 years of age).  Omalizumab is a 
recombinant DNA-derived humanized IgG1κ monoclonal antibody and it binds to human 
immunoglobulin E (IgE). The molecular weight of omalizumab is 149 kilodlatons and is 
produced by a Chinese hamster ovary cell suspension culture. Omalizumab inhibits the 
binding of IgE to IgE receptor (FcεRI) on the surface of mast cells and basophils. 
Therefore, the omalizumab is expected to limit the degree of release of mediators of the 
allergic response from the FcεRI bearing cells. Xolair is a sterile, lyophilized powder for 
subcutaneous injection with sterile water reconstitution. 
 
This submission is a pediatric efficacy supplement to expand the approved indication to 
patients 6 - < 12 years of age based on results of Phase III study (Study IA05). The 
formulation used in the pivotal clinical study (IA05) was the same as the commercial 
product approved under BLA 103976. 
 
There was no new clinical pharmacology study other than the pivotal clinical trial in this 
submission. The sponsor conducted PK/PD modeling and simulation on pooled data from 
the pivotal clinical study (IA05), and previously conducted pediatric (010) and 
adolescent/adult studies (008, 009, 011, and 2204) to provide the following information: 

• Prediction of omalizumab disposition, 
• Estimation of free IgE, total IgE (fee IgE+omalizumab bound IgE), and  

omalizumab concentrations at any time point, 
• Prediction of total IgE increase, 
• Prediction of free IgE suppression. 

The sponsor explored the correlation between clinical and PK/PD data collected in 
studies IA05 and 010, and concluded that there was a nonlinear empirical relationship 
between free IgE concentrations and symptoms or peak flow with a lag time. 
 
Based on the modeling and simulation, the sponsor concluded that pediatric parameters 
of omalizumab pharmacokinetics and pharmacodynamics were not different from those 
of adults following the proposed dosing table. In addition, there was no significant effect 
of gender, ethnic, and age on omalizumab pharmacokinetics according to the population 
PK modeling results. 
 
The sponsor proposed the labeling update related to omalizumab pharmacokinetics 
(Section 12.3) based on the modeling results as follows (red underlined text indicates 
addition.): 

(b) (4)



 
 
Advisory meeting was held on November 18, 2009, and details can be found in clinical 
review as well as the Advisory Committee Meeting website 
(http://www.fda.gov/AdvisoryCommittees/Calendar/ucm183968.htm). 
 



 
2 Question-Based Review (QBR) 

2.1 General clinical pharmacology 

2.1.1 What are the pharmacokinetics of Xolair known in adults? 
 
According to the approved label, an average absolute bioavailability was 62%, tmax was 
an average of 7-8 days, accumulation was about 6-fold by AUC, apparent volume of 
distribution was 78mL/kg, and an average elimination half-life was 26 days, and apparent 
clearance was 2.4mL/kg/day. Omalizumab was linear at doses greater than 0.5 mg/kg. 
 
Omalizumab clearance was known to involve IgG clearance such as the liver elimination 
through the reticuloendothelial system, and IgG-omalizumab complex clearance such as 
receptor mediated elimination. 
 

2.1.2 What are the characteristics of the exposure-response relationships? 
 
The followings summary on exposure-response should be interpreted with a limitation 
because the sponsor’s exposure-response characterization was based on IgE and its 
clinical relevance has not been well established. 
 
 Omalizumab and IgE (free and total) concentrations were collected from the pivotal 
pediatric study and previously conducted studies (Tables 1 and 2). Clinical data such as 
total symptom score (TSS), peak expiratory flow (PEF), rescue medication use (RESC), 
forced expiratory flow in one second (FEV1), and exacerbations were collected from the 
above mentioned studies. Descriptive statistics on the observed omalizumab and IgE 
concentrations are summarized in Figure 1 and Table 3. 
 
 
Table 1 Summary of studies contributed data for the PK/PD modeling 
 
Study Age Design PK/PD Samplings 
IA05 
(pivotal 
efficacy study) 

6-12 yrs 1 yr, moderate-severe 
allergic asthma 

6 samplings for total omalizumab (trough 
concentrations), free IgE, and total IgE 

010 
(n=334) 

6-12 yrs 7 months with a 5 
months extension, 
allergic asthma 

baseline sampling, 5 samplings during the 
treatments, and 1 sample during the 
follow-up; 4 samples after the first dose 
and the last dose in 33 patients 

008/009 
(n=526/546) 

12-76 7 months with 5 
months extension, 
moderate to severe 
allergic asthma 

trough concentration samplings at steady-
state 

011 
(n=341) 

12-75 32 weeks, severe 
allergic asthma 

samplings for total IgE at Visits 7 and 
13/14 

2204 
(n=155) 

Healthy but 
atopic adult 

single dose BE study extensive samplings 



 
 



Table 2 Summary of samples and demographic data for the PK/PD modeling 

 
 

 
Figure 1  Baseline total IgE concentration by groups (pediatric vs. adult) 



Table 3 Omalizumab trough concentrations and IgE concentrations at steady- 
  state following the treatments in pediatric and adult patients 
 

 
*:  total IgE was measured at the baseline. Patients with IgE levels greater than 700 

IU/mL were included in the clinical tirals. 
 
Dose and dosing frequency for pediatrics was determined by serum total IgE level 
(IU/mL) and body weight (kg) (Table 4).  Dose should be adjusted if body weight is 
changed significantly. Re-testing of IgE levels during Xolair treatment cannot be used as 
a guide for dose determination because total IgE levels are elevated according to the 
approved label. The proposed pediatric dosing table is similar to that of the approved 
adult and adolescents (Table 5). However, the pediatric dosing table used in Study IA05 
(Table 4) differed from the adult table as follows: 
 

• The lowest body weight dosed; 20 kg in pediatrics vs. 30 kg adults and 
adolescents 

• Dose adjustment; 4 brackets in pediatrics (every 5 kg in the 20 to 30 kg range, 
every 10 kg in the 30-90 kg range, 90-125 kg range, and 125-150 kg range) vs. for 
every 30 kg for adults and adolescents 

• Dosing limit with the baseline IgE:  1300 IU/mL in pediatrics vs. 700 IU/mL in 
adults and adolescents. 

 



Table 4  Dosing table for the pediatric patients (6 - < 12 years) 
 

 
 
Table 5  Dosing table for adults and adolescences patients 
 

Body Weight (kg) DOSING 
INTERVAL 

Pre-treatment Serum 
IgE (IU/mL) 30−60 > 60−70 > 70−90 > 90−150 

≥ 30−100 150 150 150 300 

> 100−200 300 300 300 225 

Q4wks 

> 200−300 300 225 225 300 

> 300−400 225 225 300  

> 400−500 300 300 375  

> 500−600 300 375   

Q2wks 

>600-700 375    

 
 
The sponsor modeled data using NONMEM® (VI with ADVAN 6) based on the 
nonlinear mixed-effect model of omalizumab-IgE turnover and binding (Hayashi et al, 
Brit J Clin Pharmacol 2006;63:548-561, Figure 2) with a few additional steps to the 
approach of Hayashi et al as follows: 
• Kd was not fixed 
• Baseline IgE was a covariate on Kd 
• Bodyweight was an additional covariate to IgE production and clearance 
 
NONMEM code is in the Attachment. 



  

 

 
 
Figure 2 Schematic summary of pharmacokinetic and pharmacodynamic  
  modeling and corresponding equations to describe the processes  
  (reference: Hayashi et al.) 
where,  

ka: absorption rate constant (1/h) 
f: absolute bioavailability 
D: dose (nmol) 
PE: endogenous production rate of IgE (nmol/h) 
CLX: clearance of free omalizumab (ml/h) 
CLE: clearance of free IgE (ml/h) 
CLC; clearance of complex (ml/h) 
VX; distribution volume of free omalizumab (ml) 
VE: distribution volume of free omalizumab (ml) 



VC: distribution volume of complex (ml) 
Kd; dissociation constant 
 

The estimated model parameters are summarized Table 6. The model characterized the 
pooled data well indicated by the diagnostic plots (Figure 3), good individual predicted 
curves (Figure 4), and no apparent patterns in the relationship between the ETAs for the 
model parameters and covariates (Figure 5). Standard errors of the population means 
(SEM) were within reasonabe range. In addition, estimated trough concentration of 
omalizumab, total and free IgE (Table 7) were comparable to those of observed data 
(Table 3). 
 
 Table 6Estimated parameters for the population omalizumab-IgE   
 model 
 



 



(b) (4)



 
Figure 5  Relationship between ETA values for the model parameters  
   and age 
 
Table 7 Estimated trough concentrations of omalizumab, total and free IgE  
  in pediatric and adult patients 

(b) (4)



 



Once the final parameters were estimated, a predictive check was performed to test the 
ability of the model to predict the free IgE. Data set was replicated 10 times and free IgE 
concentrations 6 months after dosing simulate. Simulated data was overlaid with the 
observed data using a histogram for 9 subsets based on 3 subgroups based on IgE values 
and 3 subgroups based on bodyweights (Figure 6). 
 
 
 

 
 
Figure 6 Predictive check of the model on to the distribution of free IgE (solid  
  histogram – observed data, open histrgrams – simulated data, lines –  
  median from the simulation, cross-hatched areas – 95% confidence  
  interval for the median) 
 
The sponsor attempted a correlation between free IgE and clinical outcomes such as total 
asthma symptoms score, mean morning peak expiratory flow and rescue medication use 
(mean number of daily puffs). There was no proposed mechanism or causality in the 
correlation. The changes from the baseline were summarized into 28-day arithmetic 
means. Model-derived midpoint free IgE was correlated to the clinical outcomes (Figure 
7). In addition, free IgE at the same time points was correlated with forced expiratory 
volume in one second (FEV1) and percent predicted FEV1 (a  percent of predicted FEV1 
using the Polgars standard calculation). There was non-linear relationship between free 
IgE concentrations and clinical parameters with a lag time (Figure 7). 
 



 
Figure 7 Model-derived concentrations of free IgE at the midpoint of each of  
  4 week block of time vs. the mean clinical measurments for the   
  corresponding periods 
 
 
Overall, the sponsor concluded the followings from the modeling and simulation: 
• The proposed PK/PD model allowed the estimation of omalizumab, total IgE, and 

free IgE concentration following the proposed dosing. 
• The model fitted data well and simulated well the pharmacodynamic changes. 
• Pediatric omalizumab pharmacokinetic and pharmacodynamics parameters were 

comparable to those of adult and adolescent patients including the suppression of free 
IgE 

• Free IgE concentrations correlated with clinical measure of asthma. 
 



2.1.3 Were the bioanalytical studies acceptable? 
 
Total omalizumab (free omalizumab+omalizumab bound to IgE) and free IgE in serum 
were analyzed using ELISA. Total IgE in serum was analyzed using a commercial 
microbead enzyme immunoassay test kit manufactured by Abbott Inc., USA. Lower limit 
of quantification was 16 ng/mL, 0.78 ng/mL, and 9.6 ng/mL for total omalizumab, free 
IgE, and total IgE, respectively. The omalizumab assay used human serum samples 
diluted 1:100 and the assay range was 0.156 ng/mL to 10 ng/mL. The bioanalytical 
reports on QC samples were acceptable with reasonable bias and precision (CV%) (Table 
8). Bioanalytical study sites were Novartis Pharma AG, Basel, Switzerland for total 
omalizumab and free IgE, and  
for total IgE.  The bioanalytical methods (Report 94-01-1560-571) seem to be the same 
as one for previously conducted clinical trials. 
 
Table 8  QC sample results total omalizumab and free IgE   
   (NBXRCIGE025AIA05) 
 
total omalizumab 

 
 

(b) (4)

(b) (4)



 
Free IgE (period 1) 

 
 
Free IgE (period 2) 

 
 

(b) (4)

(b) (4)



Total IgE for assay 1-12 

 
13-29 

 
31-50 

 
51-106 

 

 
107-099 

.  
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