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1. EXECUTIVE SUMMARY
The key review question focuses on the appropriateness of the dose for the administration of Tasigna 230 
mg/m2 orally twice daily, rounded to the nearest 50 mg dose (to a maximum single dose of 400 mg), for 
the treatment of pediatric patients ≥ 1 years of age with newly diagnosed Philadelphia chromosome 
positive chronic myeloid leukemia (Ph+ CML) in chronic phase (CP), or with Ph+ CML-CP resistant or 
intolerant to prior tyrosine-kinase inhibitor (TKI) therapy. The Office of Clinical Pharmacology has 
reviewed the information contained in this Efficacy Supplement of NDA 022068 including: 1) the primary 
efficacy and safety data from two registration pediatric Trials CAMN107A2120 and CAMN107A2203; 2) 
population pharmacokinetic (PK) analysis and exposure-response (ER) analyses for both efficacy and 
safety with data from these two pediatric trials. This NDA Efficacy Supplement is approvable from a clinical 
pharmacology perspective. 

1.1.Recommendations
The key review issues with specific recommendations and comments are summarized below: 

Review Issues Recommendations and Comments
Evidence of effectiveness Trials CAMN107A2120 and CAMN107A2203 provide primary evidence of 

effectiveness. 

General Dosing 
instructions

The recommended dose of Tasigna for pediatric patients is 230 mg/m2 
orally twice daily, rounded to the nearest 50 mg dose (to a maximum 
single dose of 400 mg). 

Body Surface Area (BSA) Single Dose Total Daily Dose 

Up to 0.32 m2   50 mg 100 mg
0.33 – 0.54 m2 100 mg 200 mg
0.55 – 0.76 m2 150 mg 300 mg
0.77 – 0.97 m2 200 mg 400 mg
0.98 – 1.19 m2 250 mg 500 mg
1.20 – 1.41 m2 300 mg 600 mg
1.42 – 1.63 m2 350 mg 700 mg
≥1.64 m2 400 mg 800 mg

If needed, attain the desired dose by combining different strengths of 
Tasigna capsules. Continue treatment as long as clinical benefit is 
observed or until unacceptable toxicity occurs.

The recommended dosing regimen is effective and appears to be safe.

1.2.Post-Marketing Requirements and Commitments
None.
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1.Pharmacology and Clinical Pharmacokinetics
Nilotinib is an inhibitor of the BCR-ABL kinase. Nilotinib binds to and stabilizes the inactive conformation 
of the kinase domain of ABL protein. Nilotinib was able to overcome imatinib resistance resulting from 
BCR-ABL kinase mutations. Tasigna (nilotinib) was approved for the treatment of adult patients with newly 
diagnosed Ph+ CML-CP, and adult patients with Ph+ CML-CP and CML-AP resistant to or intolerant to prior 
therapy that included imatinib. For brevity, only information related to the current submission is 
summarized. 

Population PK analysis was conducted using PK data from pediatric patients with newly diagnosed Ph+ 
CML-CP and pediatric patients with resistant to or intolerant Ph+ CML-CP in the pediatric Trials 
CAMN107A2120 and CAMN107A2203. The population PK analysis showed that steady-state exposure of 
nilotinib in pediatric patients following administration of the proposed dosing regimen were within 2-fold 
to adult patients treated with 400 mg twice daily. Steady-state Cmin was comparable across all age groups 
(pediatric patients from ages 2 to < 18 years), diseases (patients with newly diagnosed and resistant or 
intolerant Ph+ CML) and studies. Body surface area (BSA) correlated with nilotinib clearance and was the 
primary factor responsible for the PK differences between pediatrics and adults.

2.2.Dosing and Therapeutic Individualization

2.2.1. General dosing
The Applicant proposed dose of Tasigna for pediatric patients is 230 mg/m2 orally twice daily, rounded to 
the nearest 50 mg dose (to a maximum single dose of 400 mg). 

Body Surface Area (BSA) Single Dose Total Daily Dose 

Up to 0.32 m2 50 mg 100 mg
0.33 – 0.54 m2 100 mg 200 mg
0.55 – 0.76 m2 150 mg 300 mg
0.77 – 0.97 m2 200 mg 400 mg
0.98 – 1.19 m2 250 mg 500 mg
1.20 – 1.41 m2 300 mg 600 mg
1.42 – 1.63 m2 350 mg 700 mg
≥1.64 m2 400 mg 800 mg

If needed, attain the desired dose by combining different strengths of Tasigna capsules. Continue 
treatment as long as clinical benefit is observed or until unacceptable toxicity occurs.

In general, the proposed dosing regimen is effective and appears to be safe based on efficacy and safety 
data in the pediatric Trials CAMN107A2120 and CAMN107A2203.
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2.2.2. Therapeutic individualization
The population PK analysis in pediatric patients indicated that BSA correlated with nilotinib clearance and 
was the primary factor responsible for the PK differences between pediatrics and adults, which supported 
the proposed BSA-based dosing regimen in pediatric patient populations. No other new significant 
covariates were identified that had a clinically meaningful effect on the safety and efficacy of nilotinib in 
pediatric patient populations. Dose adjustment in specific population of pediatric patient populations 
should follow the current recommendations in the labeling.

2.3.Outstanding Issues
There are no outstanding issues at this time.

2.4.Summary of Labeling Recommendations
Section 2.4 “Dosage Adjustments”, Section 5 “Warnings and Precautions”, Section 7 “Drug Interactions”, 
and Section 12 “Clinical Pharmacology” were revised in light of current labeling practices and new 
guidance document “Clinical Pharmacology Section of Labeling for Human Prescription Drug and 
Biological Products - Content and Format”.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1.Overview of the Product and Regulatory Background
Tasigna received FDA approval for the treatment of adult patients with with newly diagnosed Ph+ CML-
CP, and adult patients with Ph+ CML-CP and CML-AP resistant to or intolerant to prior therapy that 
included imatinib on 10/29/2007.

In the current submission, the Applicant submitted results of two pediatric trials: 

 Trial CAMN107A2120 (referred as 2120 hereafter): A multi-center, open-label pharmacokinetic 
study of oral nilotinib in pediatric patients with newly diagnosed Ph+ CML-CP, with Ph+ CML-CP 
or CML-AP resistant/ intolerant to imatinib and/or dasatinib, or with refractory/relapsed Ph+ ALL; 

 Trial CAMN107A2203 (referred as 2203 hereafter): A multi-center, open label, non-controlled 
phase II study to evaluate efficacy and safety of oral nilotinib in pediatric patients with newly 
diagnosed Ph+ CML-CP or with Ph+ CML-CP or CML-AP resistant or intolerant to either imatinib 
or dasatinib.

The Applicant also submitted study reports for population PK analysis, and ER analyses of safety and 
efficacy for nilotinib in pediatric patient populations based on data from Trials 2120 and 2203. 

3.2.General Pharmacological and Pharmacokinetic Characteristics
Clinical pharmacological and PK characteristics of nilotinib have been well characterized in adult patients 
with newly diagnosed Ph+ CML-CP and adult patients with resistant to or intolerant Ph+ CML-CP and CML-
AP. Refer to the current labeling and the clinical pharmacology review in the original NDA submission for 
more detailed information.
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Per Applicant’s population PK analysis based on 1155 nilotinib serum concentrations from 72 pediatric 
patient populations Trials 2120 and 2203, steady-state exposure of nilotinib in pediatric patients following 
administration of the proposed dosing regimen were found within 2-fold to adult patients treated with 
400 mg twice daily. Steady-state Cmin was comparable across all age groups (pediatric patients from ages 
2 to < 18 years), diseases (patients with newly diagnosed and resistant or intolerant Ph+ CML) and studies. 
The geometric mean (%CV) of steady-state Cmin was 1110 ng/mL (107%) for the age group of 2 to <6 
years, 1040 ng/mL (70%) for the age group of 6 to <12 years, and 1180 ng/mL (77%) for the age group of 
12 to <18 years. The median predictions of BSA-normalized clearance (CL) was 13.8 L/h/m2 (41%) for the 
age group of 2 to <6 years, 13.1 L/h/m2 (38%) for the age group of 6 to <12 years, and 13.0 L/h/m2 (41%) 
for the age group of 12 to <18 years. 

3.3.Clinical Pharmacology Questions
For brevity, only questions related to the current submission are addressed below. For additional 
information, please refer to the clinical pharmacology review for the original NDA submission in DARRTS 
on July 09, 2007.

3.3.1. To what extent does the available clinical pharmacology information provide pivotal 
or supportive evidence of effectiveness?

The proposed nilotinib dosing regimen for pediatric patient populations demonstrated sufficient efficacy 
with tolerable and managable safety profile in pediatric patients ≥ 1 years of age with newly diagnosed 
Ph+ CML-CP, or with resistant or intolerant Ph+ CML-CP in Trials 2120 and 2203.

Efficacy
 The rates of major molecular response (MMR) at Cycles 3, 6 and 12, for pediatric patients with newly 
diagnosed Ph+ CML-CP, or with resistant or intolerant Ph+ CML-CP in Trials 2120 and 2203are listed in 
Table 1. The median (range) time of treatment with Tasigna was 13.8 (0.7 to 30.9) months. Among the 21 
patients with resistant or intolerant CML who were in MMR at any time on treatment, the median (range) 
time to first MMR was 2.8 (0.0 - 11.3) months. For the 17 patients with newly diagnosed CML who 
achieved MMR, the median (range) time to first MMR was 5.6 (2.7 - 16.6) months.

Table 1: Major Molecular Response Rate Pooled from Trial 2120 and 2203.

Source: Applicant’s Summary of Clincal Efficacy in Pediatric CML, Table 3-6.
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Safety
Overall, the safety profile of nilotinib in 73 pediatric patients dosed at 230 mg/m2 BID in Trials 2120 and 
2203 was consistent with the known safety profile in adult patients dosed at 400 mg BID. The majority of 
these AEs were manageable by dose interruption and/adjustment or additional therapy and rarely 
required study drug discontinuation (Table 2). 

Table 2: Overall Summary of Adverse Events in Pediatric Paitent Populations in Trials 2120 and 2203 
(Pooled Safety Population).

Source: Applicant’s Summary of Clincal Safety in Pediatric CML, Table 2-1.

3.3.2. Is the proposed general dosing regimen appropriate for the general patient population 
for which the indication is being sought?

Yes. The proposed dosing regimen of nilotinib 230 mg/m2 orally twice daily, rounded to the nearest 50 mg 
dose (to a maximum single dose of 400 mg), is appropriate for pediatric patient populations based on the 
ER analyses for both safety and efficacy, as well as the PK comparison to adult patient populations. 

Exposure-Efficacy Relationship
The ER analyses were conducted for MMR in newly diagnosed pediatric patients and resistant/intolerant 
pediatric patients using logistic regression models. 

In the resistant/intolerant patients (Figure 1A), all patients with BCR-ABL/ABL ratio <0.1% at baseline had 
experienced MMR by 6 months. Increasing trough concentrations of nilotinib was observed to increase 
the probability of MMR in patients with BCR-ABL/ABL ratio 0.1 to ≤10% at baseline. The observed response 
rate and estimated probability of response appeared to decrease for patients with BCR-ABL/ABL 
ratio >10% at baseline.

In the newly diagnosed patients (Figure 1B), all patients had BCR-ABL/ABL ratio >10% at baseline (median: 
62.68%). The observed response rate for patients with the median observed baseline BCR-ABL/ABL ratio 
was 65.2% and the estimated response rate was 75.3% (90% CI: 0.40, 0.93). 

However, the ER analyses results were not statistically significant or definitive, due to limited sample size 
(n = 66) and narrow steady-state Cmin derived from only one dose level (280 mg/m2).
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(A) (B)

Figure 1: Logistic Regression of MMR vs. Trough Concentration in (A) Resistant/Intolerant Pediatric 
Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Addendum to 2.7.2 Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 4-3.

Exposure-Safety Relationship
Based on limited data from 25 newly diagnosed pediatric patients and 41 resistant/intolerant pediatric 
patients at only one dose level (280 mg/m2), no significant correlation was observed between population 
PK model predicted AUCSS and the probability of occurrence of adverse events of special interests (AESIs) 
(Figure 2), AEs leading to dose modification (Table 3), AST/ALT increase (Figure 3),  or total bilirubin 
(Figure 4) was observed in both pediatric patient populations. Though a trend was noted in the 
resistant/intolerant pediatric patients for an increase in total bilirubin elevations (to >2xULN) with 
increasing AUCSS (Figure 5), the data should be interpreted with caution given the wide range of bilirubin 
values observed, and the small sample size. 

(A) (B)

Figure 2: Logistic Regression of AESI vs PopPK Predicted AUCSS in (A) Resistant/Intolerant Pediatric 
Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 3-4.
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(B)(A) 

Figure 3: Logistic Regression of AST/ALT increase vs Steady-State Cmin in (A) Resistant/Intolerant 
Pediatric Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 3-6.

(B)(A) 

Figure 4: Logistic Regression of Total Bilirubin increase vs Steady-State Cmin in (A) Resistant/Intolerant 
Pediatric Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 3-7.

(B)(A) 

Figure 5: Logistic Regression of Total Bilirubin increase vs Popluation PK Model Predicted AUCSS in (A) 
Resistant/Intolerant Pediatric Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 3-8.
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Exposure values of >1800 ng/mL result in the upper limit of the CI associated with the estimated QTcF 
interval change from baseline exceeding 10 msec for resistant/intolerant patients, while exposure values 
of >1100 ng/mL resulted in the upper limit of the CI associated with the estimated QTcF interval change 
from baseline being greater than 10 msec among older patients in the newly diagnosed patients (Figure 
6). No significant exposure-related changes were observed in the ECG parameters PR, QRS, and HR.These 
findings are consistent with the observations in adult patients and it is advised that ECG monitoring is 
conducted in all patients treated with nilotinib.

(B)(A) 

Figure 6: Logistic Regression of QTcF Change from Baseline vs. Nilotinib Concentrations in (A) 
Resistant/Intolerant Pediatric Patients and (B) Newly Diagnosed Pediatric Patients.
Applicant’s Summary of Clinical Pharmacology in Pediatric Patients with CML Figure 3-10.

In addition, the logistic regression analyses also showed that no significant difference in the risk of onset 
of AEs leading to dose modification or treatment discontinuation, across dose quartiles in both pediatric 
patient populations (Table 3).

 Table 3: Model Estimates from Logistic Regression Model for the Probability of AEs leading to dose 
modification vs. Dose Intensity in Both Pediatric Patient Populations.

Source: Applicant’s Summary of Clincal Pharmacology in Pediatric CML, Table 3-9.
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PK
Following the administration of 230 mg/m2 BID, the geometric mean ratios of steady-state PK AUC0-τ and 
CL/F of nilotinib in the pediatric patients aged 1 to <10 years and 10 - <18 years to that observed in adlult 
patients administered 400 mg BID was  0.86 for AUC0-τ and 1.3 for CL/F (Table 4). This small difference in 
exposure is not expected to have a significant impact on efficacy and safety in pediatric patient 
populations compared to adults.

Table 4: Summary of Geometric Mean Ratio of Steady-State PK Parameters in Pediatric Population 
Compared to Adult Population with 90% CI by Age Group.

Source: Applicant’s Summary of Clincal Pharmacology in Pediatric CML, Table 2-3.

3.3.3. Is an alternative dosing regimen or management strategy required for subpopulations 
based on intrinsic factors?

No. The population PK model based on concentrations from 72 pediatric patients identified that BSA was 
a significant covariate on CL and volumes of distribution, which supported the BSA-based dosing regimen 
in pediatric patient populations. Refer to Section 4.3 for more information. No dose adjustment is 
recommended for specific pediatric populations after adjusting the dose regimen by BSA.
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4. APPENDICES

4.1.Summary of Bioanalytical Method Validation and Performance
Serum samples from two pediatric trials were analyzed for the concentrations of nilotinib via a validated 
liquid-liquid extraction followed by evaporation to dryness and analysis of the reconstituted samples by 
LC-MS/MS using ESI, which was developed by . The bioanalytical method was 
adequately validated according to the FDA guideline for bioanalytical method validation with a calibration 
range of 2.50 ng/mL to 5000 ng/mL for nilotinib, and demonstrated long-term storage stability at -15°C 
for serum samples in the current trial. Table 5 is a summary of bioanalytical report and corresponding 
bioanalytical method performance for both pediatric trials.

Table 5: Summary of Bioanalytical Methods for Nilotinib in Trial 2120 and 2203.

Trial No. Matrix Bioanalytical Report Bioanalytical method performance
2120 & 2203 Serum 13BAS0249 (  

)
Method: LC-MS/MS using ESI
Lower limit of quantification: 2.50 ng/mL
Calibration Range: 2.50 to 5000 ng/mL
Intra-assay Precision (%CV): 3.1% to 6.6%
Inter-assay Precision (%CV): 2.1% to 7.0%
Intra-assay Accuracy: 96.6% to 102.0%
Inter-assay Accuracy: 88.8% to 113.6%
Bench Top Stability: 6 hours at RT
Long-term Stability: 96 hours at room 
temperature, 8 months at ≤ -15°C
Free thaw stability: 3 freeze-thaw cycles at ≤ -15°C

4.2.Clinical PK and/or PD Assessments

PK Assessment
The PK of nilotinib was characterized by non-compartmental analysis (NCA) based on intensive PK data 
from Trials 2120 and 2203 in pediatric patients with newly diagnosed Ph+ CML-CP, or with resistant/ 
intolerant Ph+ CML-CP. 

Trial 2120
The full PK profiles of nilotinib in pediatric patients following a single 230 mg/m2 dose on Cycle 1 Day 1 
and at steady state are shown in Figure 7. Although nilotinib tended to decline faster in age group of 10 
to < 18 years than in age group of 1 to <10 years (Figure 7A), the steady-state concentrations appeared 
to be generally comparable between age group of 1 to <10 years and age group of 10 to < 18 years (Figure 
7B).  

Reference ID: 4226341
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Table 7: Summary of Nilotinib NCA PK Parameters at Steady State by Age Group in Trial 2120.

 
Source: Applicant’s Clinical Stduy Report 2120, Table 11-6.

Trial 2203
Nilotinib concentrations achieved steady state approximately on Cycle 1 Day 8, based on sparse trough 
concentrations from 25 pediatric patients with newly diagnosed CML-CP (Figure 8A) and 30 patients with 
resistant or intolerant CMP-CP (Figure 8B). 

(A) (B)

Figure 8: Box-plots of Trough Nilotinib Concentration Over Time in Patients with (A) Newly Diagnosed 
Ph+ CML-CP and (B) resistant or intolerant Ph+ CML-CP.
Source: Applicant’s Clinical Stduy Report 2203, Figures 11-9 and 11-10.

The average nilotinib trough PK concentrations at all sampling time points were generally comparable 
between two pediatric patient populations in Trial 2203 (Table 8).
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Table 8: Summary of Nilotinib NCA PK Parameters at Steady State by Age Group in Trial 2120.

Source: Applicant’s Clinical Stduy Report 2203, Table 11-22.

4.3.Population PK Anlaysis
The population PK model of nilotinib was developed with 1155 concentrations from a total of 107 patients, 
including 14 pediatric patients in Trial 2120, 58 pediatric patients in Trial 2203, 17 adult patients in Trial 
2101 with at least one PK concentration for a 400 mg twice daily regimen, and 18 adult patients in Trial 
2303 with at least one PK concentration for a 400 mg twice daily regimen. The structural PK model 
developed in adult patients based on data  from Trial 2101 (n = 493) was adopted in this analysis. This was 
a two-compartment model, with an absorption lag time (ALAG1, h) followed by a zero-order absorption 
of duration (D1, h), and with elimination described by a first-order process. The parameter estimates from 
the adult population PK model (Table 9) were used as a starting point for the current population PK 
analysis. 

Table 9: Parameter Estimates from the Adult Population PK Model.

Source: Applicant’s Population PK Report, Table 4-1.
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The final pediatric population PK model was developed based on the same model structure in adult 
patients with two time-varying covariates, BSA and total bilirubin, included in the final model. BSA was 
correlated with apparent CL and volumes of distribution; total bilirubin was correlated with apparent CL. 
The other tested covariates, such as age, ALT, AST, indication, race, and sex, were not found statistically 
significant (p <0.01) on PK parameters. The parameter estimates of the final model are presented in Table 
10. The goodness-of-fit plots (Figure 9) and the visual predictive check (VPC) plots (Figure 10) showed that 
the model described the data well. 

Table 10: Parameter Estimates from the Final Pediatric Population PK Model.

Source: Applicant’s Population PK Report, Table 5-9.

Figure 9: Goodness of Fit for Final Model based on All Data.
Source: Figure 59 from Applicant’s Population PK and PK-PD Analysis Report No. 1072889.
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Figure 10: Visual Predictive Checks for Final Model Stratified by Age Groups (Top, Middle, and Bottom 
Panels), by 1st Dose (Left Panel), and by Multiple Doses (Right Panel).
Source: Applicant’s Population PK Analysis, Figure 5-3.

The sensitivity analysis by refitting the data only from ages < 18 years showed that the PK parameter 
estimates were comparable to those in the final model. The sensitivity analysis also showed that the PK 
exposure in pediatric patients dosed at 230 mg/m2 twice daily was comparable to that of the reference 
population of adult patients dosed at 400 mg twice daily (Table 11).
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Table 11: Geometric Mean Ratios of Steady-State AUCs and 90% Confidence Intervals for Each Age 
Group of Pediatric Patients to Adult Patients based on the Final Model and the Refitted Model without 
Data from Adult Patients.

Source: Applicant’s Population PK Analysis, Figure 5-14.

Reviewer’s comments: Reviewer’s independent analysis indicated that the results were consistent to the 
Applicant’s analysis and the nilotinib AUC at steady state were comparable across adult patients at the 
proposed fixed dose regimen and pediatric patients with different ages at the proposed BSA-based dose 
regimen. Therefore, the proposed dose regimen of 230 mg/m2 twice daily was deemed to be acceptable. 
Reviewers agree with the Applicant’s conclusion that no dose adjustment is recommended for specific 
populations in pediatric patients, since no significant covariate is expected to affect nilotinib exposure, 
efficacy or safety in the proposed indications.
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