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1 Executive Summary 

1.1 Recommendation 

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 
2 (OCPB/DPE-2) has reviewed NDA 20-632 021 submitted on 21 June 2004 and November 
4, 2004, and finds it acceptable regarding the similarity of sibutramine pharmacokinetics in obese 
adolescents and adults via cross-study comparison. Recommendation, comments, and labeling 
comments should be conveyed to the sponsor as appropriate. 

(b) (4)

Comments: Related to cardiac safety issues, it may be worth noting that the potential for QT
 
prolongation for sibutramine has not been studied in a prospective QT prolongation study.
 

CPB Briefing was held on November 30, 2004.
 
Attendees: Henry Malinowski, John Hunt, Hae-Young Ahn, Shiew-Mei Huang, John Lazor, Nam
 
Atiqur Rahman, He Sun, Leslie Kenna, and Wei Qiu.
 

1.2 Phase IV Commitments 

Not applicable. 

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings 

The studies performed have met the Written Request and pediatric exclusivity is granted. 

In Written Request Amendment #2 dated Dec. 17, 2003, the study design was stated as "A 
pharmacokinetic study at doses of 10 mg and 15 mg should be conducted in 12 to 16 year old 
obese adolescents. This study can be conducted as an appropriate subset of the clinical study 
using sparse sampling, or as a conventional single-dose pharmacokinetic study supplemented 
with additional data (trough plasma concentrations at steady-state) in a large group of subjects 
within a clinical efficacy study." Under study evaluations, it was indicated that "Relevant 
pharmacokinetic parameters for sibutramine and its active metabolites should be calculated. 
Tanner stages for the patients in the pharmacokinetic study must be recorded and provided in the 
study report". 

The sponsor conducted a conventional single dose (15 mg) pharmacokinetic study in 12 to 16 
year old obese adolescents (Study SB240) and provided trough plasma concentrations at steady-
state in a subset of 91 patients within a clinical efficacy trial (Study SB238). The sponsor 
calculated pharmacokinetic parameters for sibutramine and its active metabolites M1 and M2. 
Tanner states for the patients in the PK study was recorded and provided in the submission. 

Following the oral administration of a single dose of 15 mg sibutramine in obese adolescents, 
sibutramine was rapidly absorbed with Tmax of 1.3 hours and underwent extensive first-pass 
metabolism with CL/F of 2071 L/h. Sibutramine was rapidly eliminated with a half-life of 1.6 hours. 
The active metabolites M1 and M2 were formed rapidly with Tmax of approximately 3 hours. The 
harmonic mean half-lives of M1 and M2 were 5.2 and 13.4 hours, respectively. The geometric 
means for Cmax and AUC0-t of M1 in obese adolescents were 3.22 ng/mL and 22.1 ng.h/mL, 
respectively. The geometric means for Cmax and AUC0-inf of M2 in obese adolescents were 6.19 
ng/mL and 90.5 ng.h/mL, respectively. The geometric means for Cmax and AUC0-t of M1 in obese 
adults obtained from previous study SB3813 were 3.68 ng/mL and 21.2 ng.h/mL, respectively. 
The geometric means for Cmax and AUC0-inf of M2 in obese adults were 6.12 ng/mL and 89.4 
ng.h/mL, respectively. Crossover study comparison (SB240 in adolescents and SB3813 in adults) 
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suggested that the exposure of active metabolites M1 and M2 were similar between obese 
adolescents and obese adults. 

For the 10 mg dose, trough concentrations of sibutramine, M1 and M2 were 0.083 ± 0.287, 0.749 
± 0.896, and 1.95 ± 0.876 ng/mL, respectively (Study SB238). The trough concentrations of M1 
and M2 obtained from a previous study in adults (Study BPI852) were 0.343 ± 0.584 and 1.560 ± 
1.043 ng/mL, respectively. For the 15 mg dose, trough concentrations of sibutramine, M1 and M2 
in obese adolscents were 0.118 ± 0.263, 0.918 ± 0.790, and 2.534 ± 1.521 ng/mL, respectively. 
Trough concentrations of M1 and M2 in obese adults were 1.086 ± 1.233 and 3.167 ± 2.069 
ng/mL, respectively. Sibutramine trough concentrations in adults were not determined. 
Statistically analysis suggested that M1 and M2 trough concentrations were not different between 
obese adolescents and adults. The results were consistent with the comparison of single dose 
pharmacokinetics. 

2 Question Based Review 

2.1 General Attributes of the Drug 

Not applicable. 

2.2 General Clinical Pharmacology 

Not applicable. 

2.3 Intrinsic Factors 

1. Does age influence exposure? 

Cross study comparison of a single dose (15 mg) pharmacokinetics in obese adolescents (Study 
SB240) and obese adults (Study SB3813) showed similar exposure in adolscents and adults. 
Cross study comparison of trough levels of multiple doses of 10 mg or 15 mg dose in obese 
adolescents (Study SB238) and obese adults (Study BPI852) suggested similar trough 
concentrations in obese adolescents and adults. 

Single Dose: 

Single-dose pharmacokinetics of sibutramine and its metabolites in 18 obese adolescents (age 
12 to 16 years) were assessed in Study SB240. Subjects were given a single dose of 15 mg 
sibutramine orally. Blood samples were collected up to 72 hours after drug administration. The 
concentration-time profiles of sibutramine (Figure 1), M1 (Figure 2) and M2 (Figure 3) are 
presented. The results of pharmacokinetic parameters are summarized in Table 1. 
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Figure 1. Mean sibutramine plasma concentration-time profiles, Linear scale (Left panel, with SD) 
and log-linear scale (right panel, without SD). 

Figure 2. Mean M1 plasma concentration-time profiles, linear scale (left panel, with SD) and log-
linear scale (right panel, without SD). 

Figure 3. Mean M2 plasma concentration-time profiles, linear scale (left panel, with SD) and log-
linear scale (right panel, without SD) 

Table 1. Mean ± SD pharmacokinetic parameters of sibutramine and its metabolites after a single 
15 mg oral dose of sibutramine (Mean ± SD age of 13.8 ± 1.5 years, BMI of 33.9 ± 3.6 kg/m2, 
N=18) administered 30 minutes prior to a meal 
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Following the administration of a single 15 mg oral dose of sibutramine in obese adolescents, 
sibutramine was rapidly absorbed with Tmax of 1.3 hours and underwent extensive first-pass 
metabolism with CL/F of 2071 L/h. The two pharmacologically active metabolites M1 and M2 had 
higher exposure and longer half-lives than the parent drug sibutramine. The elimination of M1 and 
M2 appeared to follow mono-exponential and bi-exponential decay, respectively. The secondary 
glucuronide conjugates M5 and M6, pharmacologically inactive, had higher exposure than 
sibutramine, M1 and M2. 

The pharmacokinetics of the 15 mg single dose sibutramine in obese adolescents were 
compared with those of obese adults obtained from a previous study SB3813. These two studies 
had similar population demographics in terms of BMI (33.9 ± 3.6 kg/m2 in SB240 and 33.6 ± 3.0 
kg/m2 in SB3813) and sex (10 males and 8 females in SB240 and 12 males and 6 females in 
SB3813); race distribution was somewhat different between these studies (11 Caucasian and 
others in SB240 and 18 Caucasian in SB3813). The results of statistical comparison (Table 2) 
indicated that the exposure of active metabolites M1 and M2 were similar between obese 
adolescents and obese adults. The exposure of M5 and M6 in obese adolescents was 
approximately 53 to 74% of that in obese adults; however, the t1/2 was similar between the two 
populations. Sibutramine exposure was not compared because very few samples had 
measurable sibutramine concentrations in adults due to a high Limit Of Quantification (LOQ) (10 
ng/mL) in Study SB3813. The LOQ for sibutramine in Study SB240 is 0.5 ng/mL. 

Table 2. Statistical comparison between SB240 and SB3813 (a single 15 mg oral dose of 
sibutramine in obese adults, mean ± SD age=37 ± 11 yr, BMI=33.6 ± 3.0 kg/m2, N=18) 

C:\dmautop\temp\CDataNDA reviewNDA 20-632CPB_20-632_ped2.doc 5 



   

 
 

  
 
 
 
 
 
 
 

  

    
    

 
 

 
   

 
   

  
    

 
      

  

 
 

The Tanner scores for obese adolescents in Study SB240 are shown in Table 3. 

Table 3. Tanner Score of Pubertal Development 

* The 18 subjects in this study had the same values for the two components defining the Tanner score (genitals and public 
hair for males, genitals and breasts for females) 

Multiple Dose: 

Trough concentrations of active metabolites M1 and M2 following multiple dose administration of 
10 or 15 mg sibutramine were assessed in obese adolescents in Study SB238. A total of 368 
patients were dosed with sibutramine. All patients in sibutramine group remained on a 10 mg 
daily dose for the first 6 months. At 6 months, all of the patients on sibutramine who had not lost 
>10% of their initial BMI were up-titrated to 15 mg daily for the rest of the study. Trough plasma 
concentrations of sibutramine, M1 and M2 were measured in a subset of 91 patients at Months 8, 
9 and 10 using a LC-MS method. The LOQ for all three compounds was 0.5 ng/mL. Most of the 
sibutramine concentrations measured were below the LOQ (0.5 ng/mL). Results are presented in 
Table 4. 
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Table 4. Mean ± SD and Median Trough Concentrations of Sibutramine, M1, and M2 in 91 
Adolescent Subjects Receiving 10 or 15 mg of Sibutramine QD (SB238) 

However, many blood samples were not collected 24 hours after the previous dose or no 
information on sampling time since last dose was available. Therefore, only concentrations of 
sibutramine, M1, and M2 obtained between 22 and 26 hours after the previous dose are 
presented in Table 5. 

Table 5. Mean ± SD and Median Trough Concentrations of Sibutramine, M1 and M2 in 
Adolescent Subjects Receiving 10 or 15 mg of Sibutramine QD with Plasma Samples Obtained 
22 to 26 hours after previous Dose (SB238). 

The trough concentrations of M1 and M2 in obese adolescents at 10 and 15 mg doses were 
compared with those obtained from obese adults participating in a previous study BPI852. In 
Study BPI852, trough plasma samples were collected at Months 3 and 6. Plasma samples were 
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analyzed for concentrations of M1 and M2 using a LC-MS method. Concentration data from a 
total of 228 subjects receiving either 10 (N=116) or 15 mg (N=114) of sibutramine once daily were 
utilized in the comparison. These two studies had similar population demographics in terms of 
BMI (33.4 ± 4.5 kg/m2 in SB238 and 32.4 ± 3.1 kg/m2 in BPI852). Gender distribution was 
different (40% male in SB238 and 18% male in BPI852). 

The median of the trough values over all months for each subject was taken as a composite 
value, after showing no significant impact of the Month on M1 and M2 concentrations for either 
study. The mean ± SD (median) of these composite values were calculated and shown in Table 
6. The data from all collected samples and from samples obtained 22 to 26 hours after last dose 
are presented. 

Table 6. Mean ± SD (median) of Sibutramine, M1, and M2 Composite Plasma Trough 
Concentrations in Adolescent Subjects (Study SB238) and Adult Subjects (Study BPI852) after 
Sibutramine 10 or 15 mg QD 

Statistically analyses suggested that M1 and M2 trough concentrations were not different 
between adolescents and adults for either 10 mg or 15 mg doses. As shown in Table 6, the 
variability of trough concentrations was large, especially for sibutramine and M1. The high 
variability is partially caused by the low concentrations close to the LOQ. The low concentrations 
are consistent with the short half-lives of sibutramine and M1. 

Population PK Analysis using NONMEM (This reviewer consulted with Dr. He Sun 
regarding population PK analysis): 

Additionally, the sponsor conducted a population pharmacokinetic analyses of the 
pharmacokinetic data for sibutramine, M1, and M2 after sibutramine 10 or 15 mg oral dosing in 
obese adolescents (Studies SB240 and SB238) and obese adults (Studies SB3813 and BPI852) 
using NONMEM. The five-compartment model with three exponential inter-individual random 
effects (ETAs) for K12, CL23, and CL30 is used as the base model. The final model includes the 
effect of sex and race on CL23, and BMI and sex on CL30. A combined additive and proportional 
residual variance model was used. 
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A(1): the amount of drug in the SB dose depot compartment 
A(2): the amount of M1 in the central compartments 
A(3): the amount of M2 in the central compartment 
A(4): the amount of M1 in the peripheral compartment 
A(5): the amount of M2 in the peripheral compartment 

The results of the population PK analysis revealed that the elimination of M1 and M2 was not 
associated with age or growth related variables such as Tanner stage, suggesting that 
adolescents have similar exposures to the active metabolites compared to adults. This conclusion 
is consistent with the cross study comparison of single dose and multiple dose studies in 
adolescents and adults. 

Comments: (1) The need of a peripheral compartment of M1 is in question based on the 
outcome of the parameters and considering the monoexponential characteristics of C-Time profile 
from the single dose study. (2) The sponsors started the modeling process with the combination 
of both additive and proportional error model which might be the cause of the bias of Cmax 
predictions.  A proportional error model alone should be tested before using a combination of 
error models. (3) The sponsor is advised to sequentially search covariates in the modeling 
building process in the future. 

2.4 Extrinsic Factors 

Not applicable. 

2.5 General Biopharmaceutics 

Not applicable. 

2.6 Analytical Section 

1. What bioanalytical methods are used to assess concentrations? 

LC/MS/MS methods were used for the determination of sibutramine and two metaboites M1 and 
M2 and M5 and M6. The in-study calibration contained eight standards ranging from 
approximately 0.5 to 20 ng/mL for sibutramine, M1 and M2, and from 1 to 40 ng/mL for M5 and 
M6. Quality control samples had concentrations of 1.5, 6, and 15 ng/mL for sibutramine, M2 and 
M2, and 3, 12, and 30 ng/mL for M5 and M6. The %CV values for the accepted data were not 
more than 14.23%; the mean analytical recoveries ranged from 84 to 108% of their theoretical 
values. 
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3 Detailed Labeling Recommendations 

Under CLINICAL PHARMACOLOGY, Pharmacokineticts, Special Populations: 

Adolescent:  In obese adolescents (12-16 years old) receiving either 10 or 15 mg daily 
doses of sibutramine, trough plasma concentrations of the active metabolites M1 and M2 

were similar to those obtained in adult obese patients receiving either 10 or 15 mg daily 
doses of sibutramine. 

The pharmacokinetics of sibutramine active metabolites, M1 and M2, have been studied 
after a single 15 mg dose to obese adolescents (n=18) ranging in age from 12-16 years 
administered 30 minutes prior to a meal. 

Mean (%CV) and 95% Confidence Intervals of Pharmacokinetic Parameters in 
Adolescents 

(15 mg Single Dose, n=18) 

Metabolite M1 

Cmax 

(ng/mL) 
3.3 (25) 
2.9 – 3.8 

Tmax 

(h) 
2.9 (35) 
2.4 – 3.4 

AUC0-∝ 
(ng*h/mL) 
30.4 (36) 

24.9 - 35.9 

T½ 
(h) 

7.8 (60) 
5.4 - 10.2 

Metabolite M2 6.3 (16) 
5.7 - 6.8 

3.2 (39) 
2.6 - 3.9 

92.3 (25) 
80.7 - 104 

15.9 (41) 
12.5 - 19.2 

 Pediatric: The pharmacokinetics of sibutramine in pediatric patients less than 12 years 
old have not been studied. 

4 Appendix 

4.1 Cover Sheet and OCPB Filing/Review Form 
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4.2 Individual Study Synopsis 
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