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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 

Liraglutide is a glucagon-like peptide-1 (GLP-1) receptor analog with 97% amino acid sequence 

homology to human endogenous GLP-1. Liraglutide is approved to treat type 2 diabetes (T2DM) at doses 

up to 1.8 mg once a day (VICTOZA, NDA 22-341), and as an adjunct to a reduced-calorie diet and 

increased physical activity for chronic weight management in adult patients with an initial body mass 

index (BMI) of 30 kg/m2 or greater (obese) or 27 kg/m2 or greater (overweight) in the presence of at least 

one weight-related comorbid condition (e.g. hypertension, type 2 diabetes mellitus, or dyslipidemia) at a 

dose of 3 mg once a day (SAXENDA, NDA 206321). This current supplemental NDA application is 

proposing to add adolescent patients (12 to less than 18 years of age) for the use of liraglutide for weight 

management at doses of 3.0 mg once daily based on the findings of a pediatric post-marketing 

requirement study PMR-2802-3 titled “NN8022-4180: Effect of Liraglutide for Weight Management in 

Pubertal Adolescent Subjects with Obesity - A 56-week, double-blind, randomised, parallel-group, 

placebo-controlled, multi-national trial followed by a 26-week period off study-drug”. 

Refer to details of general clinical pharmacology information of liraglutide in clinical pharmacology 

review under NDA 22-341. A population PK meta-analysis was conducted with the data from trial 

NN8022-4180 by also including data from three historical phase 1 trials; NN8022-4181 in children aged 

7–11 years, NN8022-3967 in adolescents aged 12-17 years and NN8022-3630 in adults aged 18 years or 

above, all conducted in subjects with obesity. This review will focus on the population PK meta-analysis 

and relevant clinical pharmacology information for the proposed indication. 
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2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 

The proposed dose of SAXENDA as an adjunct to a reduced-calorie diet and increased physical activity 

for chronic weight management is as follows: 

• in adult patients with an initial body mass index (BMI) of 

◦ 30 kg/m2 or greater (obese) or 

◦ 27 kg/m2 or greater (overweight) in the presence of at least one weight-related comorbid condition 

(e.g. hypertension, type 2 diabetes mellitus, or dyslipidemia) 

• in pediatric patients aged 12 years and older with : 

◦ body weight above 60 kg and 

◦ obesity (BMI corresponding to ≥30 kg/m2 for adults by international cut-off points). 

Recommended dose of SAXENDA is 3 mg daily. SAXENDA can be administered at any time of day, 

without regard to the timing of meals. 

• Initiate at 0.6 mg per day for one week.  In weekly intervals, increase the dose until a dose of 3 

mg is reached. 

• Inject subcutaneously in the abdomen, thigh or upper arm 

• The injection site and timing can be changed without dose adjustment 

2.2.2 Therapeutic individualization 

Based on population PK analysis, other than body weight, no other intrinsic factors affected the PK of 

liraglutide after SAXENDA administration. Liraglutide exposure was similar in adolescents and adults. 

There is limited experience with SAXENDA in patients with mild, moderate, and severe renal 

impairment, including end stage renal disease. However, there have been post-marketing reports of acute 

renal failure and worsening of chronic renal failure with liraglutide, which may sometimes require 

hemodialysis. SAXENDA should be used with caution in patients with renal impairment. 

There is limited experience in patients with mild, moderate, or severe hepatic impairment. SAXENDA 

should be used with caution in patients with hepatic impairment. 

2.3 Outstanding Issues 

None. 
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3.2 General Pharmacological and Pharmacokinetic Characteristics 

Refer to details of general clinical pharmacology information of liraglutide in clinical pharmacology 

review under NDA 22-341. 

3.3 Clinical Pharmacology Review Questions 

3.3.1 Is the impact of selected covariates, body weight, age group (children, adolescent and 
adult subjects) and sex on liraglutide exposure in adolescent subjects in accordance 
with previous results? 

Yes, the impact of selected covariates, body weight, age group (children, adolescent and adult subjects) 

and sex on liraglutide exposure in adolescent subjects were in accordance with previous results observed 

in adults (Figure 1). The range of body weights were 74.2 kg – 131.6 kg for adults, 62.1 kg – 178.2 kg for 

adolescents and 53.9 kg – 86.8 kg for children.  The range of ages were 20 – 72 years for adults, 12-17 

years for adolescents and 8-11 years for children. As seen previously, body weight was the only covariate 

with an impact on the liraglutide exposure (see reviews by Drs. Jain and Singh in DARRTS, Reference ID 

3828218 and 4302250, respectively). 

Figure 1 Forest Plot of Covariate Analysis for Liraglutide Exposure in Subjects with 
Obesity 

Source: the applicant’s Population PK and Exposure-Response Modelling Report, Figure 5-2, page 23 

3.3.2 Are the estimated exposure levels for adolescent subjects in trial 4180 as expected, 
compared to previous findings of exposures across age groups? 

Yes, the estimated liraglutide exposure levels for adolescent subjects in trial 4180 were as expected, 

compared to previous findings of exposures across age groups (Figure 2). Trial 3630 was a randomized, 

placebo-controlled, double-blind, incomplete crossover design trial to evaluate the effects of liraglutide on 

gastric emptying, energy expenditure and appetite, and to evaluate liraglutide pharmacokinetics in non-

diabetic obese subjects. Trial 3967 was a randomized, double-blind, placebo-controlled trial to assess 

safety, tolerability and pharmacokinetics of liraglutide in obese adolescent subjects aged 12 to 17 years. 

Trial 4181 was a randomized, double-blind, placebo-controlled trial to assess safety, tolerability, 

pharmacokinetics and pharmacodynamics of liraglutide in obese children aged 7 to 11 years. 
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Figure 2 Dose and Body Weight Adjusted Liraglutide Average Steady-State 
Concentrations Across Clinical Trials 

(Source: Reviewer generate plot) 

3.3.3 Do the population PK, dose-response and exposure-response relationship of liraglutide 
in adolescent subjects for change from baseline in BMI SDS support the proposed dose? 

The time course of BMI SDS in adolescents on placebo and on liraglutide 3.0 treatment indicate a 

substantial reduction in body weight over time in subjects on active treatment and an almost constant 

BMI SDS in subjects on placebo and (Figure 3). Similar to previous findings in adults, the response 

appeared to be close to maximal at 20 weeks of treatment. 

Figure 3 Time-Course of Observed BMI SDS Change from Baseline in Adolescents 

Data are means and 95% CIs in trial 4180 

Source: the applicant’s Population PK and Exposure-Response Modelling Report, Figure 5-7, page 28 

Apart from a lower placebo-response observed in adolescents compared to adults, the exposure-response 

analysis showed a similar exposure-response relationship for BMI SDS in adolescents and adults (Figure 
4). 
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Figure 4 BMI SDS Change from Baseline Versus Liraglutide Exposure for Adolescents 
Compared to Adults 

Data points with error bars are means with 95% CIs for each of 5 quantiles of Cavg for liraglutide and one quantile 

for placebo (at Cavg of 0 nmol/L). Lines are covariate-adjusted, model derived relations. Data from trial 1807 after 20 

weeks of treatment, trials 4180 and 1839 after 56 weeks of treatment and trial 1922 after 50 weeks of treatment 

Source: the applicant’s Population PK and Exposure-Response Modelling Report, Figure 5-8, page 29 

Liraglutide exposure was similar in adolescents and adults as shown by population PK analysis.  Similar 

to earlier population PK analysis conducted in adults, Body weight was identified as the most important 

intrinsic factor for exposure. Exposure-response for BMI SDS change from baseline showed larger 

response with increasing liraglutide exposure. 

The recommended liraglutide dose of 3.0 mg was shown to provide similar exposures in adolescents and 

adults, even without adjusting for baseline body weights (Figure 5), thus providing support to the 

proposed treatment dose in adolescent subjects. 

Figure 5 Liraglutide Exposure Across Trials in Subjects Treated With 3.0 mg Liraglutide 

Data are individual (open symbols) and geometric mean Cavg estimates with 95% CI (closed symbols with error 

bars) from the final PK model for each trial. Data from trials 4180, 1807, 1839 and 1922. In trial 4180, BLQ data 

was included and data cleaning was less strict compared to trials 1807, 1839 and 1922 

Source: the applicant’s Population PK and Exposure-Response Modelling Report, Figure 5-6, page 27 
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The primary measure of evidence of efficacy in trial 4180 was mean change in body mass index standard 

deviation score (BMI SDS) from baseline to week 56.  With an estimated treatment difference (ETD) of -

0.22, liraglutide 3.0 mg was superior to placebo with respect to weight reduction, evaluated as change in 

BMI SDS at week 56.  This estimated reduction in BMI SDS of 0.23 in adolescent population is 

considered to be clinically relevant and has been compared to a weight loss of approximately 5%. 

The primary endpoint was supported by results of weight-related secondary endpoints (BMI SDS [%], 

BMI [kg/m2], body weight [kg and %] and waist circumference [cm]). The secondary endpoints were 

statistically significant in favor of liraglutide 3.0 mg at week 56 compared to placebo treatment. The 

estimated proportion of subjects for whom there was a BMI (kg/m2 ) decrease from baseline of ≥5% (43% 
vs. 19%) and ≥10% (26% vs. 8%) at week 56 was statistically significantly higher in the liraglutide 

3.0 mg group compared to the placebo group (p=0.0002 and p=0.0006, respectively). 
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4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 

4.1.1 How is SAXENDA identified and what are the analytical methods used to measure them in 
plasma? 

Bioanalysis of liraglutide in plasma samples in trial 4180 was performed using a liraglutide specific 

validated enzyme linked immunosorbent assay (ELISA) method. The method measured both protein-

bound and unbound liraglutide.  The method used was the same as for previously approved studies, was 

adequately validated for recovery, accuracy, precision, sensitivity and specificity and is acceptable.  The 

lower level of quantification was 30 pmol/L. 
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4.2.3 Reviewer’s analysis 

4.2.3.1 Objectives: 
The objectives of reviewer’s analysis were to confirm the Sponsor’s analysis to address the following key 

questions in the meta-analyses as follows: 

Population PK analysis: 
• Investigate body weight, age group (children, adolescent and adult subjects) and sex as covariates; is the 

impact of selected covariates on liraglutide exposure in adolescent subjects in accordance with previous 

results? 

• Are the estimated exposure levels for adolescent subjects in trial 4180 as expected, compared to previous 

findings of exposures across age groups? 

Exposure-response analyses: 
• What is the exposure-response relationship of liraglutide in adolescent subjects for change from baseline in 

BMI SDS? 

• Is the exposure-response relationship for change from baseline in BMI SDS similar in adults and adolescent 

subjects? 

Dose recommendation: 
•  Do the population PK and exposure-response analyses support the proposed treatment dose in adolescent 

subjects? 

4.2.3.2 Data 
The dataset used in the reviewer’s population PK and exposure-response analysis was the same dataset 

the applicant used. 

4.2.3.3 Methods 
NONMEM (Version 7.3) was used for all population PK analyses. The R software was used for data table 

generation and post-NONMEM graphing and reporting. 

The applicant’s final population PK/PD model was used as the starting point. PsN built-in parallel retries 

were used to optimize the initial value. Testing the fitting adequacy and evaluating the parameter 

estimates were conducted on the updated population PK/PD model. 

4.2.3.4 Results 

4.2.3.4.1 Population PK analysis 

The reviewer verified the applicant’s population PK model. The goodness-of-fit plots and visual 

predictive check plot are shown in Figure 21 and Figure 22, respectively. Based on these diagnostic plots 

and visual predictive check, there was a good agreement between observed and model-predicted 

liraglutide concentrations. Parameter estimates from the final model are listed in Table 13. 
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Figure 21 Goodness-Of-Fit for Final Population PK Model 

Note: the red lines are smooth lines showing the trend. 
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Figure 23 Dose and Body Weight Adjusted Average Steady-State Liraglutide 
Concentrations 

(Source: reviewer generated plot) 

4.2.3.4.2 Exposure-response analyses 

Mean liraglutide exposure at a dose of 3.0 mg was similar in adolescents from trial 4180 compared to the 

mean exposure in adults from trials 1807, 1839 and 1922 in the exposure-response population with a large 

overlap of individual exposures between the two age groups (Figure 24). 
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Figure 24 Liraglutide Steady-State Exposure Across Trials in Subjects with Doses 
Adjusted to 3.0 mg 

Body mass index standard deviation score (BMI SDS) which accounts for the weight change due to age 

progression and differences between male and female subjects, was the primary metric used for exposure-

response analysis.  The time course of BMI SDS in adolescents on placebo and on liraglutide 3.0 

treatment indicate a substantial reduction over time in subjects on active treatment compared to an almost 

constant BMI SDS in subjects on placebo (Figure 25). Similar to previous findings in adults, the 

response in adolescents appeared to be close to maximal at 20 weeks of treatment. 
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Figure 25 Time-Course of Observed BMI SDS Change from Baseline in Adolescents 

Source: the applicant’s Population PK and Exposure-Response Modelling Report, Figure 5-7, page 28 

The exposure-response relationship at end of trial for BMI SDS was successfully described by the 

Applicant by an Emax model with baseline BMI SDS and age group as covariates on the placebo response. 

Apart from a lower placebo-response (at Cavg of 0 nmol/L) observed in adolescents compared to adults, 

the Applicant indicated that exposure-response analysis showed a similar exposure-response relationship 

for BMI SDS in adolescents and adults (Figure 20). Continued growth in the adolescent population, 

potentially lower adherence to treatment in adolescents (as noted by relatively high fraction of lower than 

expected liraglutide concentrations in this trial), and potential differences in the diet and exercise 

programs between and adults and adolescents are possible explanations for the lower placebo response in 

adolescents compared to adults. 

4.2.3.4.3 Dose recommendation 

Liraglutide exposure was similar in adolescents and adults as shown by population PK analysis.  Similar 

to earlier population PK analysis conducted in adults, Body weight was identified as the most important 

intrinsic factor for exposure. Exposure-response with larger response for increasing exposure was 

established for BMI SDS change from baseline. 

The recommended liraglutide dose of 3.0 mg was shown to provide similar exposures in adolescents and 

adults, even without adjusting for baseline body weights (Figure 14A), thus providing support to the 

proposed treatment dose in adolescent subjects. 
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