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Decision Acceptable to OCP Recommendations and Comments 

 Overall 
Yes No  NA 

 Pending labeling agreements with the 
sponsor. 

 Evidence of 
Effectiveness

 Yes No  NA 
 Pivotal safety and efficacy trial 

 Proposed dose for 
general population 

Yes No  NA 
In children 6 years of age and older, start with 
2.5 mg or 5 mg once daily in the morning. The 
dose may be increased in increments of 2.5 mg 
to 10 mg per day every 4 to 7 days until an 
optimal response is obtained. Daily doses above 
20 mg have not been studied and are not 
recommended. 

 Proposed dosing 
in specific 
populations

 Yes No  NA  Similar to Reference Drug, Adderall 
IR Tablets 

 Pivotal 
bioequivalence 
studies

 Yes No  NA 
 The To Be Marketed and Clinical 

Trial formulations are the same.  

 Labeling Yes No  NA 
 Pending satisfactory agreement with 

the sponsor. 

1.2  Post Marketing Studies 
No post-marketing studies are recommended by OCP 

1.3  Labeling Recommendations 

Sponsor’s recommended language for Clinical Pharmacology Sections is acceptable 

1.4  Summary of Clinical Pharmacology Findings 

1.4.1  Population Pharmacokinetics (PopPK) 

Modeling and simulation indicated that interpolation of the PK from the data in children (6-12 
years) and adults (17 years above) supported the approval and dosing recommendations of 
amphetamine extended release (ER) oral suspension in adolescents (13 -17 years). 
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Modeling and simulation demonstrated that the projected PK profile of amphetamine in 
adolescents (13-17 years) matched closely to observed PK profiles in children (6-12 years).  
 It also indicated that the PK, adjusted for body weight, in children (6-12 years), adolescents (13 
-17 years) and adults (17 years and above) were similar. Body weight was the only prognostic 
factor that explained between subject variability of PK in children, adolescents and adults. The 
pharmacokinetic findings appear to support the extension of the indication from pediatric 
patients to adults. The similar PK in children, adolescents and adults and the individual dose 
titration scheme support the same dosing regimen of amphetamine ER oral suspension in 
children, adolescents and adults. 

Figure 1: Simulated d-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: PM Review 

Figure 2: Simulated l-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: PM Review 

The shape of the plasma concentration-time profiles of d-amphetamine after administration of 
Amphetamine ER Oral Suspension in adults and pediatric children are similar. Similar 
observation was made for l-amphetamine plasma-concentration time profiles (Figures 3, 4) 
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Figure 3: Arithmetic Mean Plasma Concentration-Time Profiles of d-Amphetamine (red profile) 
in Adults (Study 2014-3401) 
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Figure 4: Mean d-Amphetamine Plasma Concentration-Time Profile for Children (6 -12 years) 

The profiles for l-amphetamine were also similar when children and adults were compared.   

1.4.2  Pharmacokinetics 

An adequate link has been established between the Amphetamine ER Oral Suspension and 
amphetamine IR tablet through a relative bioavailability study. The pharmacokinetic profile of 
amphetamine following the administration of Amphetamine ER Oral Suspension supports a 
once-daily dosing. Between the Amphetamine ER Oral Suspension and amphetamine IR tablet 
(i.e., RLD), total exposure (AUC0-∞), AUC(0-t) and Cmax of both d- and l-amphetamine were 
equivalent, however, partial(p) AUC(0-4) and pAUC(0-5) of both d- and l-amphetamine were 
not equivalent. Partial AUC(5-t) of amphetamine was equivalent.  
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Table 1: Test Product-Fasted (Treatment A) vs Reference Product-Fasted (Treatment C) 
Geometric Means, Ratio of Means, and 90% Confidence Intervals (CI) Ln-Transformed d- and l-
Amphetamine data (N=29) 

Source: Study 2014-3401 

In the food effect comparison, administration with a high fat meal resulted in no significant 
change in the exposure and shape of pharmacokinetic profiles. Therefore, Amphetamine ER Oral 
Suspension can be given with or without food. 
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Table 2: Test Product- Fed (Treatment B) vs Test Product-Fasted (Treatment A) Geometric 
Means, Ratio of Means, and 90% Confidence (CI) Ln-Transformed d- and l-
Amphetamine data (N=29) 

Source: Study 2014-3401 

2  QUESTION BASED REVIEW 

2.1  General Attributes 

2.1.1	  What pertinent regulatory background or history contributes to the current assessment 
of the clinical pharmacology and biopharmaceutics of this drug? 

The sponsor submitted 505(b)(2) application for a new formulation of Amphetamine for the 
treatment of Attention Deficit Hyperactivity Disorder (ADHD). The reference listed product 
(RLD) for this application is Adderall® tablets (NDA 011522, Teva Womens). The sponsor 
stated that because the RLD is discontinued, the sponsor used generic RLD, dextromaphetamine 
saccharate, amphetamine aspartate, dextroamphetamine sulfate and amphetamine sulfate 15 mg 
tablet (ANDA 040422, Teva Pharmaceuticals/Barr Labs.,) as the reference drug in the relative 
bioavailability study. In a pre-NDA meeting, the sponsor was informed that in order to obtain the 
full label claim for the reference product (children 6 years and older) the development plan must 
include a pharmacokinetic study in this age group. The sponsor therefore submitted, after the 
original submission, a study report for a pharmacokinetic study in children 6- 12 years old with 
ADHD and a modeling and simulation report on the interpolation of available pediatric and adult 
data to the adolescent age group. 
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2.1.4	  What are the proposed dosage and route of administration? 

Amphetamine ER Oral Suspension should be orally administered once daily in the morning with 
or without food. The dose should be individualized according to the needs and responses of the 
patient. In children 6 years of age and older, start with 2.5 mg or 5 mg once daily in the morning. 
The dose may be increased in increments of 2.5 mg to 10 mg per day every 4 to 7 days until an 
optimal response is obtained. Daily doses above 20 mg have not been studied and are not 
recommended. 

2.2  General Clinical Pharmacology 

2.2.1	  What are the design features of the clinical pharmacology and clinical studies used to 
support dosing or claims? 

The clinical development program for Amphetamine ER Oral Suspension is comprised 
of 1 clinical safety and efficacy study, 1 relative bioavailability (BA) study in adults that 
included a food effect arm, 2 pilot pharmacokinetic studies in healthy adults to support early 
formulation development, a single dose pharmacokinetic study in children 6- 12 years old and 
modeling and simulation of PK profile in adolescent patients based on the clinical 
pharmacokinetic data available in pediatric and adult subjects with intent to interpolate  
pharmacokinetics in the adolescent population. 

The relative BA study was a single-dose, open-label, randomized, three-period, three-treatment 
crossover study conducted in 30 healthy adults to evaluate the relative bioavailability of 
Amphetamine ER Oral Suspension (Test Formulation/Test Product) under fasted conditions 
against the reference product (dextroamphetamine saccharate, amphetamine aspartate, 
dextroamphetamine sulfate and amphetamine sulfate tablet, Teva Pharmaceuticals USA /Barr 
Laboratories, Inc), and to evaluate the effect of administration of the ER oral suspension with a 
high fat meal. 

The pivotal safety and efficacy trial was a multicenter, dose-optimized, double-blind, 
randomized, placebo-controlled study intended to evaluate efficacy of Amphetamine ER Oral 
Suspension (TRI102) in pediatric patients with ADHD in a laboratory school setting. The study 
was conducted in 108 pediatric patients, 6 to 12 years of age, with ADHD. After screening and 
baseline evaluations, eligible subjects were enrolled in the study and entered the open-label 
phase, dose-optimization phase. Subjects who achieved a stable dose during dose optimization of 
open-label TRI102 continued in the study and were randomized to double-blind treatment with 
the optimal dose of TRI102 that was established in the open-label, dose optimization phase, or 
placebo for one week. 

The pharmacokinetic (PK) study in pediatric patients (6 -12 years old) with ADHD was a single 
center, single dose, randomized, open label study.  
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2.2.2	  What was the basis for selecting the response endpoints (i.e. clinical or surrogate 
endpoints) or biomarkers and how are they measured in clinical pharmacology and 
clinical studies? 

The sponsor stated that a specific etiology (or etiologies) of this disorder is unknown, and there 
is no single diagnostic test. Therefore, clinical diagnosis requires the use of medical tools and 
may also require use of special psychological, educational, and social assessment tools. 
Impairment from symptoms must be present in 2 or more settings. The diagnosis must be based 
upon a complete history and evaluation of the child and not solely on the presence of the 
required number of DSM-IV characteristics. The Swanson, Kotkin, Agler, M-Flynn, and 
Pelham Rating Scale (SKAMP) is a recognized and accepted diagnostic tool for ADHD. The 
primary efficacy endpoint was the SKAMP-Combined score at 4 hours post-dose. The key 
secondary efficacy parameters were the onset and duration of clinical effect as determined by 
SKAMP Combined scores at each post-dose time point. 

2.2.3	  What were the design features of the pivotal efficacy and safety trial? 

The pivotal safety and efficacy trial was a multicenter, dose-optimized, double-blind, 
randomized, placebo-controlled study intended to evaluate efficacy of Amphetamine ER Oral 
Suspension (TRI102) in pediatric patients with ADHD in a laboratory school setting. The study 
was conducted in 108 pediatric patients, 6-12 years of age, with ADHD. After screening and 
baseline evaluations, eligible subjects were enrolled in the study and entered the open-label, 
dose-optimization phase. Amphetamine ER Oral Suspension was taken once daily and subjects 
underwent dose optimization activities for 5 weeks. In the open-label dose optimization phase (5 
weeks), the initial Amphetamine ER Oral Suspension dose was 2.5 or 5.0 mg once daily in the 
morning. The dose could be titrated twice a week in increments of 2.5 or 5.0 mg or once a week 
in increments of 5 or 10 mg until an optimal dose or maximum dose (20 mg/day) was reached. 
Subjects who could not tolerate a minimum dose of 10 mg/day were to be discontinued from the 
study. 

Subjects who achieved a stable dose during dose optimization of open-label TRI102 continued 
in the study and were randomized to double-blind treatment with the optimal dose of TRI102 
that was established in the open-label, dose optimization phase, or placebo for one week. At the 
end of the week-long double-blind Treatment Period, subjects were evaluated for ADHD 
symptoms in a laboratory classroom setting utilizing the Swanson, Kotkin, Agler, M-Flynn, and 
Pelham Rating Scale (SKAMP) and Permanent Product Measure of Performance (PERMP) 
assessments. There was a practice laboratory classroom session before the randomized, 
controlled phase. The primary efficacy endpoint was the SKAMP-Combined score at 4 hours 
post-dose. The key secondary efficacy parameters were the onset and duration of clinical effect 
as determined by SKAMP Combined scores at each post-dose time point. 
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2.2.4	  What are the evidences of efficacy provided by the sponsor in support of the 
application? 

The sponsor stated that the analysis of the SKAMP Attention and Deportment subscale scores 
(LS mean ± SE) over time by treatment group demonstrated significant response to TRI102 at all 
individual post dose time points (all p-values <0.001) and as an average across all time points 
(treatment difference LS mean [SE]: -2.2 [0.39] Attention, -3.3 [0.51] Deportment, all p-values 
<0.001). Refer to Medical review for Agency’s conclusions on the pivotal safety and efficacy 
study. 

The sponsor reported that in the pivotal safety and efficacy trial, the onset of treatment effect 
occurred at the earliest time point assessed, 1 hour post-dose (treatment difference LS mean 
[SE]: -10.2 [1.61], p <0.0001). The duration of efficacy persisted until the final time point at 13 
hours post-dose (treatment difference LS mean [SE]: -9.2 [1.61], p <0.0001). The highest 
magnitude of effect relative to pre-dose in the TRI102 group occurred at the 4-hour post-dose 
time point (LS mean [SE]: -8.8 [1.14]), and the highest treatment difference relative to placebo 
occurred at 2 hours post-dose (treatment difference LS mean [SE]: -15.3 [1.61], p <0.0001). 

Figure 5: Change From Pre-dose SKAMP-Combined Scores Over Time (LS Mean ±  SE) by 
Treatment Group- ITT Population 

Source: Sponsor’s Clinical Overview Report 

2.2.5	  What are the evidences of safety provided by the sponsor in support of the application? 
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The sponsor reported that the safety of TRI102 was evaluated in four clinical studies of 
Amphetamine ER Oral Suspension (also referred to as Amphetamine ER Oral Suspension and 
TRI102): three single dose pharmacokinetic (PK) studies (Studies 2013-3144, 2013-3198, and 
2014-3401) in healthy adult subjects and one multiple-dose phase 3 study (Study TRI102-ADD
001) in pediatric patients with ADHD (aged 6-12 years).  

During the open-label treatment period of the Phase 3 study in children with ADHD (Study 
TRI102-ADD-001), the most frequently occurring TEAEs by system organ class (SOC) term 
were psychiatric disorders (33 subjects [30.8%]); metabolism and nutrition disorders (28 
[26.2%]); gastrointestinal disorders (21 [19.6%]); injury, poisoning, and procedural 
complications (10 [9.3%]); nervous system disorders (10 [9.3%]); infections and infestations (8 
[7.5%]); general disorders and administration site conditions (6 [5.6%]); and respiratory, 
thoracic, and mediastinal disorders (6 [5.6%]). All other SOC terms occurred in <5% of subjects. 
During the double-blind Treatment Period, the most frequently occurring TEAE by SOC term 
was respiratory, thoracic, and mediastinal disorders (3 TRI102 subjects [5.8%]). No AE 
(preferred term or combined SOC) occurred in more than 2 subjects in either the TRI102 or 
placebo group, with the exception of respiratory, thoracic and mediastinal 
disorders (comprised of epistaxis and allergic rhinitis), which occurred in 3 subjects on TRI102 
and no subjects on placebo. Four subjects (3 placebo [6.3%], 1 TRI102 [1.9%]) had at least one 
treatment-related TEAE. No specific SOC term occurred in >5% of subjects. Three adverse 
events occurred in >2% of subjects on TRI102 and greater than placebo during the double-blind 
Treatment Period: Epistaxis, Rhinitis Allergic and Abdominal Pain Upper. Each of these 
occurred in 2 subjects (3.8%). The sponsor reported that adverse events reported in the trials 
were similar in quality, frequency and severity to the expected adverse events for amphetamines 
used for the treatment of ADHD. Refer to medical review for Agency’s evaluation of the safety 
of Amphetamine ER Oral Suspension 

The sponsor reported that in the bioavailability study, the most commonly reported AEs were 
headache (27.7% of subjects; 10.3% following Treatment A (TRI102 fasting), 10.0% following 
Treatment B (TRI102 fed) and 6.9% following Treatment C (Reference Product), Dizziness 
(10.0% of subjects; 3.4% following Treatment A (TRI102 fasting), 3.3% following Treatment B 
(TRI102 fed) and 3.4% following Treatment C (Reference Product), Dry Mouth (10.0% of 
subjects; 6.9% following Treatment A (TRI102 fasting), 6.7% following Treatment B (TRI102 
fed) and 3.4% following Treatment C (Reference Product), and Tachycardia (10.0% of subjects; 
6.9% following Treatment A (TRI102 fasting), 3 and 6.9% following Treatment C (Reference 
Product). 

2.3  Exposure Response 

2.3.1	  Does the interpolation of the PK support the approval and dosing recommendations of 
amphetamine extended release (ER) oral suspension in adolescents? 

Yes, the interpolation of the PK from the data in children (6-12 years) and adults (17 years 
above) supports the approval and dosing recommendations of amphetamine extended release 
(ER) oral suspension in adolescents. FDA’s modeling and simulation demonstrated the projected 
PK profile of amphetamine in adolescents (13-17 years) matched closely to observed PK profiles 
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in children (6-12 years). Body weight was the only prognostic factor that explained between-
subject variability of PK in children and adolescents. The similar PK in adolescents and 
individual dose titration scheme supported the same dosing regimen of amphetamine ER oral 
suspension in this population as in children (6-12 years). 

Figure 6: Simulated d-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: Pharmacometric (PM) review 

Figure 7: Simulated l-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: Pharmacometric (PM) review 

2.3.2	  Are the exposures to d- and l-amphetamine in pediatric children, 6 -12 years old, 
Adolescents (13-17 years old) similar to Adults (18 years and above)? 

Yes, the exposures to d- and l-amphetamine in pediatric children, 6-12 years old, Adolescents 
(13 -17 years old), when adjusted for body weight, are similar to Adults (18 years  and older) 
based on Figures 6 and 7. 
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Body weight was the only prognostic factor that explained between-subject variability of PK in 
children, adolescents and adults.  

2.4  General Pharmacokinetics 

2.4.1	  Are the active moieties in the plasma (or other biological fluid) appropriately identified 
and measured to assess pharmacokinetic parameters and exposure response 
relationship? 

Yes. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay was used for the 
quantitation of d- and l-amphetamine in plasma. The method was adequately validated and is 
acceptable. 

2.4.2	   Is exposure to amphetamine similar after administration of Amphetamine ER Oral 
Suspension and the RLD, Mixed Amphetamine Salts Tablet (Teva Pharmaceuticals)? 

Total exposure (AUC0-∞), AUCt and Cmax of both d- and l-amphetamine were equivalent, 
however, pAUC(0-4) and pAUC(0-5) of both d- and l-amphetamine were not equivalent. Partial 
AUC(5-t) of amphetamine was equivalent. The non-equivalence of pAUC(0-4) and pAUC(0-5) 
does not appear to be clinically significant since the drug was reported to be efficacious during 
the treatment duration in the pivotal safety and efficacy trial.  

The median (range) Tmax of d-amphetamine after administration of the Amphetamine ER Oral 
Suspension was 4 (2 – 7) hours compared to 6 (6 -8) hours after administration of the RLD, 
Mixed Amphetamine Salts (Teva Pharmaceuticals) under fasting conditions. The mean ± SD of 
T ½ of d-amphetamine after administration of Amphetamine ER Oral Suspension was 12.36 ± 
2.94 hours compared to 12.24 ± 2.50 hours after administration of the RLD.  The median (range) 
Tmax of l-amphetamine after administration of the Amphetamine ER Oral Suspension was 4 (2 – 
7) hours compared to 7 (6 -9) hours after administration of the RLD, Mixed Amphetamine Salts 
(Teva Pharmaceuticals) under fasting conditions. The mean ± SD of T ½ of d-amphetamine after 
administration of Amphetamine ER Oral Suspension was 15.12 ± 4.40 hours compared to 15.11 
± 3.71 hours after administration of the RLD.       
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Figure 9: Mean Plasma Concentration-Time Profiles of d-Amphetamine 

Source: Study 2014-3401
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Table 4: Statistical Analysis of the Log-Transformed Systemic Exposure Parameters of d-
Amphetamine Comparing Test Product – Fasted (Treatment A) to Reference Product- Fasted 
(Treatment C) 

Source: Study 2014-3401
 

Table 5: Summary of Partial Pharmacokinetic Parameters and Statistical Results of d-
Amphetamine 

Source: Study 2014-3401
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Table 6: Statistical Analysis of the Log-Transformed Systemic Exposure Parameters of l-
Amphetamine Comparing Test Product- Fasted (Treatment A) to Reference Product-Fasted 
(Treatment C) 

Source: Study 2014-3401 

Table 7: Summary of Partial Pharmacokinetic Parameters and Statistical Results of l-
Amphetamine 

Source: Study 2014-3401 

2.4.3 What is the pharmacokinetics of d- and l-amphetamine in pediatric children, 6 -12 years 
old with ADHD? 

Table 8 and 9 contain the descriptive pharmacokinetics of d- and l- amphetamine, respectively 
after administration of Amphetamine ER Oral Suspension to children 6-12 years old with 
ADHD. The Tmax and T ½ were similar to that observed for Adults 
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Table 8: Descriptive Statistics for Plasma d-Amphetamine Pharmacokinetic Parameters 

Source: Study TRI102-PK-200 

Table 9: Descriptive Statistics for Plasma l-Amphetamine Pharmacokinetic Parameters 

Source: Study TRI102-PK-200 
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The shape of the plasma concentration time profiles of d-amphetamine after administration of  
Amphetamine ER Oral suspension to adults is similar to that observed after administration to 
pediatric patients (6-12 years) (Figures 10 and 11).Similar observation as made for l-
amphetamine. 

Figure 10: Arithmetic Mean Plasma Concentration-Time Profiles of d-Amphetamine (red curve) 
in Adults (Study 2014-3401) 
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Figure 11: Mean d-Amphetamine Plasma Concentration-Time Profiles (6 – 12 years) 

The descriptive pharmacokinetics for children (6-12 years) in Study TRI102-PPK-200 was 
similar to that of adults (Study 2014-3401) after administration of Amphetamine Oral 
Suspension (Tables 4, 5, 7, 8, 9). 

2.4.3  Intrinsic Factors 

2.4.4.1 What are the major intrinsic factors responsible for the inter-subject variability in 
exposure (AUC, Cmax, Cmin) in subjects and how much of the variability is explained by the 
identified covariates? 

Based on modeling and simulation, body weight was the only prognostic factor that explained 
between-subject variability of PK in children and adolescents.   
No new evaluation of intrinsic factors (e.g. renal, hepatic impairment) was conducted for this 
application. Information on intrinsic factors in the RLD, Adderall IR is included in the proposed 
label. 

22
 

Reference ID: 3822557 



 
 

   

 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.4.4  Extrinsic Factors 

2.4.5.1 Is the exposure different after administration of Amphetamine ER Oral Suspension under 
fed compared to fasting conditions? 

Food does not affect AUC0-∞, AUCt, and Cmax of both d- and l-amphetamine after 
administration of Amphetamine ER Oral Suspension. However, pAUC(0-4), pAUC(0-5) are 
decreased after administration with food. pAUC(5-t) and pAUC(4-t) are not affected by 
administration with food. Median Tmax (range) for d- and l-amphetamine was 5 (3 – 8) hours 
after administration with food compared to 4 (2-7) hours, respectively under fasting conditions. 
We do not consider this level of change in pharmacokinetic profile is clinically meaningful. 
Amphetamine ER Oral suspension can be administered with or without food 

Table 10: Statistical Analysis of Test Product- Fed (Treatment B) vs Test Product- Fasted 
(Treatment A)  

Source: Study 2014-3401 
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Table 11: Summary of Partial Pharmacokinetic Parameters and Statistical Results of d-
Amphetamine 
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Table 12: Summary of Pharmacokinetic Parameters and Statistical Results of l-Amphetamine 

Source: Study 2014-3401 

2.4.5.2 What are the drug-drug interactions? 

No new drug-drug interactions were conducted for this application. Drug interaction studies that 
were conducted as part of the clinical pharmacology programs for Adderall IR are included in 
the proposed label. 
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2.5 General Biopharmaceutics 

2.5.1	  How is the proposed to be marketed (TBM) formulation linked to the clinical trial 
material? 

The TBM formulation was used in the pivotal relative bioavailability trial, pediatric 
pharmacokinetic trial, and clinical trial. 

2.5.2	  What is the composition of the TBM formulation? 

The composition of the TBM is illustrated in Table 13.  
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2.5.3	  What is the Relative Bioavailability of Amphetamine ER Oral Suspension with an 
Immediate Release Mixed Amphetamine Salts Tablet as Reference? 

The bioavailability of d-amphetamine after administration of Amphetamine ER Oral Suspension 
is about 106% relative to the RLD, Mixed Amphetamine Salts (Teva). The bioavailability of l-
amphetamine after administration of Amphetamine ER Oral Suspension is about 111% relative 
to the RLD, Mixed Amphetamine Salts (Teva). 

Table 14: Summary of Partial Pharmacokinetic Parameters and Statistical Results of d- and l-
Amphetamine 

Source: Sponsor’s Summary of Biopharmaceutics Studies 

2.6  Analytical Methods 

2.6.1	  What bioanalytical methods are used to assess concentrations of d- and l-
amphetamine and is the validation complete and acceptable? 

Liquid chromatography-tandem mass spectrometry(LC-MS/MS) assays were used for the 
quantification of d- and l-amphetamine. The methods are validated and acceptable. 

Table 15: Summary of Bioanalytical Methods  

Source: Sponsor’s Summary of Biopharmaceutics Studies 
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3.1  Pharmacometric Review 
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OFFICE OF CLINICAL PHARMACOLOGY: 
PHARMACOMETRIC REVIEW 

1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 
The purpose of this review is to address the following key questions. 

1.1.1	 Does the interpolation of the PK support the approval and dosing recommendations 
of amphetamine extended release (ER) oral suspension in adolescents? 

Yes, the interpolation of the PK from the data in children (6-12 years) and adults (17 years above) 
supports the approval and dosing recommendations of amphetamine extended release (ER) oral 
suspension in adolescents. 

Based on section 505B(a)(2)(B)(ii) of the PREA: "A study may not be needed in each pediatric 
age group if data from one age group can be extrapolated to another age group", sponsor 
conducted a population PK analysis for adolescents using interpolation of data from children (6
12 years) and adults. FDA’s modeling and simulation demonstrated the projected PK profile of 
amphetamine in adolescents (13-17 years) matched closely to observed PK profiles in children 
(6-12 years). Body weight was the only prognostic factor that explained between-subject 
variability of PK in children and adolescents.  

In the American Academy of Pediatric guidelines (2011) and the labeling of approved 
medications for the treatment of ADHD (e.g., Adderall), the effects of stimulants are the same 
for the age groups 6-12 and 13-17. Here, the safety and efficacy of amphetamine in children has 
been established in submitted pediatric (6-12 years) clinical studies (TRI102-ADD-001), which 
support the approval in adolescents. 

Also, in the labeling of approved medications  (e.g., Adderall) for the treatment of ADHD, the 
dosage is the same for the age groups 6-12 and 13-17. Here, the similar PK in adolescents and 
individual dose titration scheme supported the same dosing regimen of amphetamine ER oral 
suspension in this population as in children (6-12 years) : starting dose begins at 2.5 mg once 
daily in the morning. The dose may be increased in increments of 2.5 to 10 mg per day every 4 to 
7 days until an optimal response is obtained. 

1.2 Recommendations 
Given the fact that the use of medications in treating ADHD is essentially the same for the age 
groups 6-12 and 13-17, the effects of stimulants in treating ADHD symptoms do not vary by age 
and sex, and the PK profile of amphetamine in adolescents (13-17 years) is similar to PK profile 
in children (6-12 years), we recommend the labeling of “Dosage and Administration” section : 
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In children 6 years of age and older, recommended  starting dose is 2.5 mg once daily in the 
morning. Dosage may be increased in increments of 2.5 mg to 10 mg per day every 4-7 days 
until optimal response obtained. 

2 PERTINENT REGULATORY BACKGROUND 
Amphetamine is indicated for the treatment of attention deficit hyperactivity disorder (ADHD). 
It is a non-catecholamine sympathomimetic amine that has the ability to stimulate central 
nervous system (CNS) activity.  

Tris Pharma has submitted this 505(b) (2) New Drug Application (NDA) for amphetamine ER 
oral suspension as a new NDA to the Food and Drug Administration (FDA) for treatment of 
patients with Attention-Deficit Hyperactivity Disorder (ADHD). It is recommended that starting 
dose begins at 2.5 mg once daily in the morning. The dose may be increased in increments of 2.5 
to 10 mg per day every 4 to 7 days until an optimal response is obtained. Daily doses above 20 
mg have not been studied and are not recommended.   

In the NDA submitted on December 19, 2014, sponsor provided two PK studies (2014-3401 and 
TRI102-PPK-200) to describe PK of amphetamine ER oral suspension in adults (older than 17 
years) and children (6-12 years). Also, sponsor requested a waiver from the requirement to 
conduct studies in children 13-17 years of age. In this review cycle (May 7, 2015), sponsor 
submitted a PK report to bridge different patient populations from children to adolescents. 

3 RESULTS OF SPONSOR’S ANALYSIS 
Sponsor used PK data from Study 2014-3401 (adults) and Study TRI102-PPK-200 (children) to 
study the PK of amphetamine ER oral suspension in adolescents. Sponsor developed a PK model 
with a delayed first-order absorption and first-order disposition that described the concentration-
time profiles from children to adolescents and adults. 

3.1 Data 

Study 2014-3401 was an open-label, single-dose, randomized, three-period, three-treatment, six-
sequence, cross-over, relative bioavailability and food-effect study in 30 healthy adult subjects 
(older than 17 years). Three treatments were amphetamine ER oral suspension (fasted), 
amphetamine ER oral suspension (fed) and the reference product (DEXTROAMPHETAMINE 
SACCHARATE, AMPHETAMINE ASPARTATE, DEXTROAMPHETAMINE SULFATE 
AND AMPHETAMINE SULFATE Tablets). The daily dose is 18.8 mg amphetamine. Blood 
samples were collected pre-dose and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 24, 36, 48, and 60 
hours after drug administration. 29 subjects were included in PK analysis. 

Study TR102-PPK-200 was a Phase 1, open-label study in children (6-12 years)  with ADHD 
following the administration of a single 10 mg dose of amphetamine ER oral suspension. 12 
subjects were included (6 subjects aged 6 to 9 years and 6 subjects aged 10 to 12 years). Blood 
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samples were collected pre-dose and 1, 3, 4, 6, 8, 10, 12, and 26-30 hours post-dose after drug 
administration.  

In total 1178 concentration-time points for d-amphetamine and l-amphetamine were included for 
the PK analysis. All children were dosed under fasted conditions. For Study 2014-3401, only 
data from the fasted state were used for the analysis. In both studies, the d- and l-amphetamine 
amounts were present in a 3:1 ratio (Table 1 Amphetamine dosing in Study 2014-3401 and Study 
TRI102-PPK-200. The d-amphetamine and l-amphetamine amounts are present in 3:1 ratio in 
each dose unit.Table 1 Amphetamine dosing in Study 2014-3401 and Study TRI102-PPK-200. 
The d-amphetamine and l-amphetamine amounts are present in 3:1 ratio in each dose unit.Table 
1). 

Table 1 Amphetamine dosing in Study 2014-3401 and Study TRI102-PPK-200. The d-
amphetamine and l-amphetamine amounts are present in 3:1 ratio in each dose unit. 

Source: sponsor’s population-pk-report.pdf, Table 1 

3.2 Analytical Methodologies 

Sponsor assumed no different PK characteristics between l- and d-amphetamine, therefore l-
amphetamine concentrations were modelled using the following equation: 

Where, Cl and Cd are the concentrations of l- and d-amphetamine; εl,ij is the residual error of l-

amphetamine concentrations for the ith subject and jth time point. The Cd are divided by the ratio 
of the two moieties. 

Sponsor develop an one-compartment model with the apparent clearance (CL/F), apparent 
volume of distribution (V/F), first-order rate constant for absorption (ka) and a time-lag for 
absorption (tlag). Body weight was used to explain the between-subject variability, where tvCL 

and tvV are the typical values of CL/F and V/F in a 70 kg subject. 
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3.3 Analytical Software 


All estimations and simulations were conducted using Phoenix® 6.4. 


3.4 PPK Model Parameters 

The final parameter estimates and their precision are provided  (Table 2). The confidence limits 
for CL/F and V/F are well within 60%-140% of the point estimates, which meets the FDA 
guidance for designing pediatrics pharmacokinetic studies. The mean apparent clearance (CL/F) 
in a typical child (30kg), adolescent (52kg) and adult (70kg) are: 7.1 L/hr, 10.1 L/hr and 12.3 
L/hr, respectively. The mean apparent volume of distribution (V/F) in typical child (30kg), 
adolescent (52kg) and adult (70kg) are: 111.1 L, 160.9 L and 196.7 L, respectively. The 
between-subject variability in was 18.9% for CL/F and 11.2% for V/F. 

Table 2 Final model parameter estimates 

Source: sponsor’s population-pk-report.pdf, Table 3 

3.4.1 Model Evaluation 
Both the individual prediction (Figure 1) and population  prediction (Figure 2) describe the 
observed concentration data well. 
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Figure 1 The individual predicted and observed concentrations of d- and l-amphetamine ( dCObs 
= d-amphetamine; lCObs=l-amphetamine) 

Source: sponsor’s population-pk-report.pdf, figure 3
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Figure 2 The population predicted and observed concentrations of d- and l-amphetamine (dCObs 
= d-amphetamine; lCObs=l-amphetamine) 

(

 

Source: sponsor’s population-pk-report.pdf, figure 4 

3.5 PK Simulations for Adolescents 

Sponsor simulated the PK profiles in adolescents at 2.5 mg, 5 mg, 7.5 mg, 10 mg, 15 mg and 20 
mg doses QD based on PK parameters estimated from the children and adult data (Figure 3 and 
Figure 4). 
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Figure 3 Simulated PK profiles for an adolescent weighing 52 kg and a child weighing 30 kg 
administered 2.5 mg, 5 mg, 10 mg and 20 mg QD amphetamine ER oral suspension ( d-
amphetamine concentrations represented in red; l-amphetamine concentrations represented in 
blue) 
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Source: sponsor’s population-pk-report.pdf, figure 8 

Sponsor also simulated the concentration-time profiles in a typical child (6-12 years), adolescent 
(13-17 years) and adult (17 years above) each receiving 10 mg once daily dosing (Figure 4). For 
the same dose, the concentrations in a child are greater than those in adults owing to body weight 
differences. 

Figure 4 Simulated pharmacokinetic profiles for a typical child (30 kg), adolescent (52 kg) and 
adult (70 kg) each receiving 10 mg QD amphetamine ER oral suspension ( d-amphetamine 
concentrations represented in red; l-amphetamine concentrations represented in blue)  

Source: sponsor’s population-pk-report.pdf, figure 9 
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Reviewer’s comments: The datasets of Study 2014-3401 and Study TR102-PPK-200 seems to 
include a sufficient number of subjects in children (6-12 years) and adult (17 years above) 
population with an adequate number of PK observations at informative time points. However, 
the assumption that a 3.2:1 ratio of d- and l-amphetamine concentrations is not supported by the 
data (Figure 5). In addition, following a single 10 mg oral dose of amphetamine ER oral 
suspension in 12 pediatric subjects with ADHD (aged 6-12 years) under fasting conditions, the 
mean plasma terminal elimination half-life of d-amphetamine was 10.43 (± 2.01 h) hours and the 
mean plasma terminal half-life for l-amphetamine was 12.14 (± 3.15 h) hours. Therefore, 
sponsor’s hypothesis of same PK characterics between d- and l-amphetamine in the population 
PK model is not valid. 

Figure 5 D- and L-Amphetamine Concentration Ratio v.s Time 

Source: reviewer’s analysis

 4 REVIEWER’S ANALYSIS 

4.1 Objectives 
To confirm whether the interpolation of the PK support the approval and dosing 
recommendations of amphetamine extended release (ER) oral suspension in adolescents.   

4.2 Methods 

4.2.1 Data Sets 

Data sets used are summarized in Table 3. 
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Table 3 Analysis Data Sets 

Study Number Name Location in \\cdsnas\pharmacometrics\ 

Study 2014-3401 and 
Study TRI102-PPK-200 

PPK.xls \Reviews\ Ongoing PM Reviews\Amphetamine_NDA 
208147_LZ\FDA Analysis\ 

4.2.2 Software 

Population PK modeling and PK profile simulation were conducted using the Phoenix® 6.4.  


4.2.3 Models 

We used the sponsor’s proposed one compartment model, which was parameterized in terms of 

the apparent clearance (CL/F), apparent volume of distribution (V/F), first-order rate constant for 

absorption (ka) and a time-lag for absorption (tlag). Without the assumption of 3.2:1 ratio of d- 

and l-amphetamine concentrations, we built two seperate population PK models for d- and l-

amphetamine concentrations.  


4.3 Results 

The final parameter estimates and their precision are provided in Table 4. The Cl estimates of d- 

and l-amphetamine are different. The other parameter estimates are similar.
 

Table 4 Final model parameters based on the Population PK model for d- and l-amphetamine 
concentrations. 

Parameter Estimates (95% CI) 
d-amphetamine l-amphetamine 

Mean Volume, L/70 kg 195.21 (187.56, 202.86) 198.37 (190.55, 206.17) 
Mean Clearance, L/hr/70 kg 13.29 (12.42,14.16) 11.05 (10.26, 11.83) 

Mean absorption rate constant, 0.582 (0.521, 0.644) 0.598 (0.527, 0.668) 
1/hr 

Mean absorption delay, hr 0.593 (0.464, 0.722) 0.620 (0.488, 0.751) 
Allometric exponent for 0.671 (0.594, 0.749) 0.686 (0.605, 0.766) 

Volume (V) 
Allometric exponent for 0.650 (0.544, 0.757) 0.630 (0.510, 0.750) 

Clearance (CL) 
Residual error, ug/L 2.30 (1.99, 2.61) 0.763 (0.673, 0.853) 

Source: reviewer’s analysis 

Figure 6 and Figure 7 demonstrate the d- and l-amphetamine  concentration-time profiles in a 
typical child, adolescent and adult each receiving 10 mg once daily dosing. For the same dose, 
the concentrations in a child are greater than those in adolescents and adults due to body weight 
differences. 
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Figure 6 Simulated d-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: reviewer’s analysis 

Figure 7 Simulated l-amphetamine pharmacokinetic profiles for a typical child (30 kg), 
adolescent (52 kg) and adult (70 kg) each receiving 10 mg of amphetamine ER oral suspension 
once daily. 

Source: reviewer’s analysis 

FDA’s modeling and simulation demonstrated the projected PK profile of amphetamine in 
adolescents (13-17 years) matched closely to observed PK profiles in children (6-12 years). Body 
weight was the only prognostic factor that explained between-subject variability of PK in 
children and adolescents. The similar PK in adolescents and individual dose titration scheme 
supported the same dosing regimen of amphetamine ER oral suspension in this population as in 
children (6-12 years) : starting dose begins at 2.5 mg once daily in the morning. The dose may be 
increased in increments of 2.5 to 10 mg per day every 4 to 7 days until an optimal response is 
obtained. 
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Individual Studies Review 
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The washout between drug administrations for each subject was at least 7 days (± 3 hours) from the first drug 
administration of the period. 
Treatment A 
Test Product: 
One dose, 7.5 mL of oral suspension (containing 18.8 mg of amphetamine 
base), administered after an overnight fast of at least 10 hours 
Treatment B 
Test Product: 
One dose, 7.5 mL of oral suspension (containing 18.8 mg of amphetamine base), administered 30 minutes after 
the start of a high-fat, high-calorie breakfast 
Treatment C 
Reference Product: 
One 15 mg (eq to 9.4 mg amphetamine base) tablet administered at 0 and 4 hours under fasting conditions: 
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• For the 0-hour dose, subjects were required to fast for at least 10 hours prior 
to drug administration and 6 hours following drug administration. 
• For the 4-hour dose, subjects were required to fast for at least 4 hours prior 
to drug administration and 2 hours following drug administration. 

Sampling Times Prior to dosing (0-hour) and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 24, 36, 48, and 
60 hours after drug administration 

PK Analysis 

Statistical Analysis Descriptive statistics for the pharmacokinetic parameters of d-amphetamine and l-

Reference ID: 3822557 









 

 
 
 
 
Table 2. Summary of Partial Pharmacokinetic Parameters and Statistical Results of d-Amphetamine 
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Figure 2 Arithmetic Mean Plasma Concentration-Time Profiles of l-Amphetamine 
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Table 3. Summary of Pharmacokinetic Parameters and Statistical  Results of l-Amphetamine 

Table 4. Summary of Partial Pharmacokinetic Parameters and Statistical Results of l-Amphetamine 
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Clinical Study Report Review 
Study Report #: TRI102-PPK-200 Study Period: 4/11/12 – 4/12/15 
Study Site: Center for Psychiatry and Behavior Medicine, Inc., 7351 Prairie Falcon Road,  Las 
Vegas, Nevada, 89128 
Principal Investigator: Ann C. Childress, MD 
Link: \\cdsesub1\EVSPROD\nda208147\0010 

Title: Evaluation of the Single Dose Pharmacokinetics of TRI102 in Children with ADHD 

Objective: To evaluate the plasma amphetamine concentration/time profile of: 
TRI102, Amphetamine Extended Release Oral Suspension (2.5 mg/mL) (Tris Pharma Inc.) after 
a single dose in children with ADHD 

Study Design: Open-Label, single-dose, one-period, one-treatment study in 12 pediatric ADHD 
subjects who were otherwise healthy. Two age groups were included in the study: Six subjects 
between the ages of 6 to 9 years and 6 subjects between the ages of 10 to 12 years old. A “mid
range” amphetamine dose of 10 mg amphetamine base was evaluated. This, according to the 
sponsor, allowed the comparison of 10 mg amphetamine base to equivalents of other 
amphetamine products. Subjects abstained (wash out) from all pre-existing psychostimulant 
medication for 48 hours before dose administration. Therefore, per protocol, the last exposure to 
any stimulant medication was 72 hours prior to dosing with study medication. Subjects that were 
taking any daily medication aside from ADHD medication would not change the medications 
during the study. 

Treatment: Test Product- TRI102, Amphetamine Extended Release Oral Suspension (2.5 
mg/mL), Tris Pharma Inc. Lot No: TB-125B. Each subject received a single dose of TRI102, 10 
mg amphetamine base on Day 1.  

Pharmacokinetic Measurements:  Blood samples for pharmacokinetic analysis were collected at 
pre-dose, and at the following times: Day 1: 1, 3, 4, 6, 8, 10, 12 and 28 hours post dose (Day 2).  
Plasma samples were assayed for d-amphetamine and l-amphetamine. PK parameters, AUCt, 
AUC∞, Cmax, Tmax, T ½ were estimated. Arithmetic mean, Geometric mean, standard 
deviation and percent coefficient of variation were determined 

Safety Measurements: Safety was monitored through physical examinations, clinical laboratory 
evaluations, vital signs measurements, and ECGs.  

Analytical Method: 

Method 
Method Type LC/MS/MS 
Matrix Plasma 
Analytes l-amphetamine and d-amphetamine 
Calibration Range 0.2 to 80.0 ng/mL 
Validation 
Method validated prior to use Yes 

1 
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Method validation acceptable Yes 
Study Sample Analysis 
Samples analyzed within the established Yes 
stability period 
Quality control samples range acceptable Yes 
Chromatograms provided Yes 
Accuracy and precision of the calibration curve Yes 
acceptable 
Accuracy and precision of the quality control Yes 
samples acceptable 
Overall performance acceptable Yes 

Results 

Summary of Demographic Data 
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d-Amphetamine 

Mean Plasma concentration time profile is presented in the following figure 

Mean d-Amphetamine Plasma Concentration – Time Profiles, Both Age Groups 
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Descriptive Statistics for Plasma d-Amphetamine Pharmacokinetic Parameters- Age Group: 6-9 
years 
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Descriptive Statistics for Plasma d-Amphetamine Pharmacokinetic Parameters- Age Group: 10 
12 years 

Descriptive Statistics for Plasma d-Amphetamine Pharmacokinetic Parameters- Both Age 
Groups 

l-Amphetamine 
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The mean plasma concentration-time profile for l-amphetamine is presented in the following 
figure 

Mean l-Amphetamine Plasma Concentration-Time Profile- Both Groups 

The mean pharmacokinetic parameters of l-amphetamine are presented in the following table. 

Descriptive Statistics for Plasma l-Amphetamine Pharmacokinetic Parameters: 6 to 9 years 
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Descriptive Statistics for Plasma l-Amphetamine Pharmacokinetic Parameters: 10 to 12 years 

Descriptive Statistics for Plasma l-Amphetamine Pharmacokinetic Parameters: Both Age Groups 
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Pharmacokinetic Conclusions 

The mean exposure (Cmax and AUC) to d- and l-amphetamine in pediatric patients 6 to 9 years 
old were higher than those 10 to 12 years old. For children between the ages of 6 to 9 years old, 
mean exposure to d-amphetamine was higher than to l-amphetamine. For children between 10 to 
12 years old, exposure to d-amphetamine was higher than to l-amphetamine. The median time 
that the maximum d- and l-amphetamine concentrations were reached was around 3.43 and 4.5 
hours pose-dose, respectively. The apparent elimination half-life was estimated to be 10.6 hours 
for d-amphetamine and 12.5 hours for l-amphetamine. 

Safety Evaluation 
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Frequency of TEAEs and NTEAEs 

The sponsor reported that no serious adverse events or deaths occurred. The study medication 
was reported to be well tolerated. 
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8 45.49 45.49 
9 43.56 43.56 

10 41.77 41.77 
12 36.77 36.77 
14 33.22 33.22 
16 30.18 30.18 
24 18.56 0 18.56 
25 17.5 21.77 39.27 
26 16.53 44.56 61.09 
27 14.73 51.23 65.96 
28 13.9 52.4 66.3 
29 13.12 51.51 64.63 
30 12.39 49.72 62.11 
31 11.69 47.96 59.65 
32 11.04 45.49 56.53 
33 10.42 43.56 53.98 
34 9.28 41.77 51.05 
36 8.27 36.77 45.04 
38 7.37 33.22 40.59 
40 4.64 30.18 34.82 
48 4.9 18.56 23.46 
49 4.62 17.5 0 22.12 
50 4.36 16.53 21.77 42.66 
51 3.89 14.73 44.56 63.18 
52 3.67 13.9 51.23 68.8 
53 3.46 13.12 52.4 68.98 
54 3.27 12.39 51.51 67.17 
55 3.08 11.69 49.72 64.49 
56 2.91 11.04 47.96 61.91 
57 2.75 10.42 45.49 58.66 
58 2.45 9.28 43.56 55.29 
60 2.67 8.27 41.77 52.71 
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