
 

 

 

 

                                                 

 

     

 

    

 

 

      

 

    

 

  

 

     

 

    

 

   

 

    

 

     

 

     

    

 

     

     

 
 

 

 
  

   
   

   
  

   
  

    
  

  
   
   


 

 

 

 

 

 


 

 


 


 

 

 

 

 

 


 

 

1 

Clinical Pharmacology Review 

NDA:  204326 

Generic Name: Amphetamine Extended-Release Orally 

Trade Name: ADZENYS-XR-ODT (proposed) 

Disintegrating Tablets 

(b) (4)

Strength and Dosage Form: (b) (4)

Indication: Attention Deficit Hyperactivity Disorder (ADHD) 

in Children (6-12 yr), Adolescents (13-17) and 

Adults 

Sponsor: NEOS Therapeutics 

Submission Type: Original NDA [505(b)(2)] 

Priority Classification: Standard 

Submission Date: Re-submission: 7/27/2015 

PDUFA date: 1/27/2016 (6-month review cycle) 

OCP Division: DCP1 

OND Division: DPP 

Reviewer: Praveen V. Balimane, Ph.D. 

Team Leader: Hao Zhu, Ph.D. 

Table of Contents 
1. Executive Summary................................................................................................................. 3
 
1.1 Recommendation ....................................................................................................................... 3
 
1.2 Post-Marketing Studies ................................................................................................... 4
 
1.3 Summary of Clinical Pharmacology Findings................................................................. 5
 
2. Question Based Review (QBR) ................................................................................................... 8
 
2.1 General Attributes ..................................................................................................................... 8
 

2.1.1 What pertinent regulatory background or history contributes to the current assessment 

of the clinical pharmacology and biopharmaceutics of this drug? .......................................... 8 

2.1.2 What are the highlights of the formulation of the drug product as they relate to clinical 

pharmacology and biopharmaceutics?..................................................................................... 8 

2.1.3. What are the proposed mechanism (s) of action and therapeutic indication(s)? ........... 9
 
2.1.4. What are the proposed dosage and route of administration? ......................................... 9
 

1 

Reference ID: 3865545 



 

 

 

 

    
   

     
  

 

    
 

   
     
 

   
  

    
   

  

   

   
   

    
 

 

 

 

 

 

 

 

 

 

 


 


 

 

 

 
 



 




 

 




 


 

 




 




 

 

 


 


 


 

 

 


 



 




 

 




 




 

 




 




 

 

 


 

2
 

2.1.5. What is the reported adverse event profile from the bioequivalence studies?............... 9
 
2.2. General Clinical Pharmacology and Biopharmaceutics ......................................................... 10
 

2.2.1 What are the design features of the pivotal study used to support dosing or claims? .. 10
 
2.2.2. Is the Amphetamine Extended-Release Orally Disintegrating Tablets (XR-ODT) 30
 
mg under Fasted Conditions similar in PK profile and exposure  to the reference listed drug, 

Adderall XR® Capsule 30 mg under Fasted Condition? ...................................................... 10
 
2.2.3 Is the exposure of amphetamine XR ODT significantly different based on 

administration with or without food? .................................................................................... 12
 
2.2.4. What are the general PK Characteristics of  Amphetamine XR ODT? ....................... 13
 
2.2.5. What is the composition of Amphetamine XR ODT formulation used in the relative 

BA study? .............................................................................................................................. 14
 
2.2.6. Is the formulation used in clinical study (NT0202.1005) identical to the to-be

marketed formulation?........................................................................................................... 15
 

3. Analytical Methods ................................................................................................................... 16
 
3.1. Are the active moieties in the plasma (or other biological fluid) appropriately identified and 

measured to assess pharmacokinetic parameters? ......................................................................... 16
 
3.2. What bioanalytical methods are used to assess concentrations of d and l-amphetamine and is 

the validation complete and acceptable? ....................................................................................... 16
 
4.1 Individual Study Report .......................................................................................................... 19
 
4.2 OSI Inspection Report ............................................................................................................. 33
 

2
 

Reference ID: 3865545 



 

 

 

 

  
 

    

   

       

    

 

   

 

 

 

  

  

     

      

  

     

  

  

  

  

 

   

  

   

    

 

    

      

 

 

 

 

    

 

   

    

   

  

 


 

 

 

 


 


 

 

 

 

3
 

1. Executive Summary 

Neos Therapeutics, Inc (Neos) has submitted a New Drug Application (NDA) for 

Amphetamine (b) (4) Extended Release (XR) Orally Disintegrating Tablets (ODT) via 

the 505(b)(2) pathway. ADDERALL XR is the reference listed product (RLD). In 

December 2012, Neos had submitted the original 505(b)(2) NDA for the Amphetamine 

XR ODT product to the U.S. Food and Drug Administration (FDA). During the review of 

the application in the 1
st 

cycle, the Agency had identified significant CMC related issues 

(hardness, disintegration and friability) and issued a Complete Response letter dated 

September 24, 2013. 

Neos re-submitted the NDA on July 27, 2015. The current development program is based 

on a single-dose bioequivalence (BE)/food effect clinical study (NT0202.1005) 

demonstrating similarity in pharmacokinetic profile and exposure between the 

amphetamine XR ODT product and ADDERALL XR
 

(RLD) and assessing the effect 

of food on PK of the amphetamine XR ODT product. No additional clinical safety and 

efficacy studies were submitted in this application. The efficacy and safety of the 

amphetamine XR ODT product is based on FDA’s previous findings for the RLD-

Adderall XR. The sponsor is seeking the indication for the treatment of Attention Deficit 

Hyperactivity Disorder (ADHD) which is also the approved indication for ADDERALL 

XR


. Our findings are summarized as follows: 

 The amphetamine XR ODT product demonstrated similar pharmacokinetic profile 

and exposure as compared to ADDERALL XR ® and is anticipated to have 

similar efficacy and safety profiles to ADDERALL XR
 

. 

 The amphetamine XR ODT product has no clinically meaningful food effect and 

thus can be administered with or without food. 

 The amphetamine XR ODT product should be placed on the tongue. The tablet 

will disintegrate in saliva and should be swallowed without water or fluid. 

1.1 Recommendation 

The Office of Clinical Pharmacology (OCP) supports a recommendation for approval of 

Amphetamine (b) (4) Extended Release (XR) Orally Disintegrating Tablets (ODT) by 

Neos for the treatment of ADHD, provided no inspection issues are identified by the 

Office of Study Integrity and Surveillance (OSIS) on their inspection of the clinical site 

for Study NT0202.1005. The analytical site for the study was inspected by OSIS and the 

analytical portion of the BE/food effect study was found to be acceptable (OSIS review in 

DARRTS on 12/14/2015). 
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Decision Acceptable 

to OCP 

Comment 

Overall Yes Pending labeling agreements with the sponsor. 

Evidence of 

Effectiveness 

Yes Clinical efficacy and safety studies were not conducted 

and the information was borrowed from the RLD-

Adderall XR 
Proposed dose 

for general 

population 

Yes (b) (4)

Labeling Yes Pending satisfactory agreement with the sponsor. 

1.2 Post-Marketing Studies
 

PMC or 

PMR 

Key Drug 

Development 

Question 

Rationale Design Summary (TBD) 

PMR 

What are the PK 

properties of 

amphetamine XR 

ODT in male or 

female 

children (4 to less 

than 6 years of 

age) with ADHD? 

Concentration time 

profile of 

amphetamine 

determines the onset 

and duration of the 

clinical response. It is 

valuable to assess the 

PK profile in ADHD 

patients 4-5 years old 

and ensure it is similar 

to that in older patients. 

This information can be 

used to support the 

clinical efficacy and 

safety trial design. 

Study population: ADHD 

patients 4-5 years old 

Study design: single 

dose , open 

label 

Sample size: prospectively 

powered to ensure a 95% 

confidence interval (CI) 

within 60% and 140% of 

the point estimate for the 

geometric mean estimates 

of clearance and volume of 

distribution 

Dose(s):10, 30 mg single 

dose 

Study length: one day 

Endpoints: AUC, Cmax 
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1.3 Summary of Clinical Pharmacology Findings 

Bioequivalent study to demonstrate similarity in pharmacokinetic profile and exposure of 

Amphetamine XR ODT vs. Adderall XR 

Neos performed an in vivo bridging study (NT0202.1005) at the 30 mg strength to 

demonstrate similarity in pharmacokinetic profile and exposure between the XR-ODT 

product and the listed drug, ADDERALL XR ®.
 

Table 1: Bioequivalence data for d-amphetamine. 

Statistical Analysis of the Log-Transformed Systemic Exposure Parameters of d-

amphetamine Comparing amphetamine XR-ODT under Fasted Conditions (Treatment A) 

to the Reference Product under Fasted Conditions (Treatment C)
 

Table 2: Bioequivalence data for l-amphetamine. 

Statistical Analysis of the Log-Transformed Systemic Exposure Parameters of l-

amphetamine Comparing amphetamine XR-ODT under Fasted Conditions (Treatment A) 

to the Reference Product under Fasted Conditions (Treatment C) 

These results demonstrated that the amphetamine XR-ODT product has similar 

pharmacokinetic profiles and exposure to the RLD-Adderall XR. 

	 The 90% confidence intervals for the log-transformed exposure parameters Cmax, 

AUClast, AUCinf, and AUC5-last were within the  80% to 125% range for both 

d- and l-amphetamine 

	 Regarding early systemic exposure (AUC0-5), the geometric mean ratios 

(NT0202 XR-ODT/Adderall XR) were 82.75% for d-amphetamine and 85.15% 

for l-amphetamine and the lower 90% confidence intervals were just below the 

threshold value of 80% (77.37% for d-amphetamine and 79.45% for l-

amphetamine). Variability in the rapidly changing concentrations during the first 
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5 hours likely contributed to the width of the 90% confidence intervals of AUC0

5.In the study, though the lower bound of 90%CI of AUC0-5h was below 80%, 

the point estimate of the ratio of test/RLD for AUC0-5h was 83%. Additionally, it 

is known from published data (Current Medical Research and Opinion, Vol 18, 5, 

311-316, 2002) that Adderall XR (RLD) is also known to have a 42% to 53% 

reduction in partial AUCs (0-to 6 h and 0-to 4 h, respectively) in presence of food. 

However, in spite of this reduction in early exposure of Adderall XR, its label 

recommends taking it without regards to food. Allowing Adderall XR being taken 

with or without food indicates that clinically meaningful changes following the 

treatment of Adderall XR is not anticipated in the presence or absence of food. 

Hence, it is also expected that a mean 17% reduction in AUC0-5h observed for 

amphetamine XR ODT product is also unlikely to cause any clinically meaningful 

changes. 

	 Visual inspection demonstrated that the shape of the mean pharmacokinetic 

profiles were similar between amphetamine XR ODT and Adderall XR (RLD). 

Food Effect Study for Amphetamine XR ODT 

In Study NT0202.1005, the effect of food on the rate of absorption and oral 

bioavailability for the Amphetamine XR-ODT was assessed. 

Figure 1: Mean d-amphetamine Concentration-Time Profiles after Administration of 

amphetamine XR-ODT under Fasted Conditions (Treatment A), amphetamine XR-ODT 

under Fed Conditions (Treatment B), and the Reference Product under Fasted Conditions 

(Treatment C) 
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The presence of food decreased the rate of absorption of amphetamine XR-ODT, which 

resulted in a decrease in maximum exposure (Cmax) to d- and l-amphetamine by 

approximately 18% and a delay in the median Tmax of approximately 2 hours (d

amphetamine) to 2.25 hours (l-amphetamine). However, no meaningful food effect was 

observed for overall systemic exposure, based on AUClast and AUCinf. This effect of 

food on the PK of amphetamine XR-ODT is very similar to the extent of food-effect 

observed for ADDERALL XR (the RLD) which is also known to have slight decrease in 

exposure (7% decrease in AUC and 14% decrease in Cmax) with a 2.5 hours increase in 

Tmax in presence of food (Current Medical Research and Opinion, Vol 18, 5, 311-316, 

2002). Similar to the RLD, this decrease in Cmax and prolonged Tmax is not considered 

to be clinically significant, and therefore amphetamine XR ODT could be taken without 

regards to meals. 

Clinical and Bioanalytical Site Inspections: 

The analytical site for the study was inspected by the Office of Study Integrity and 

Surveillance (OSIS) and the analytical portion of BE/food-effect study was found to be 

acceptable (OSIS review in DARRTS on 12/14/2015). The inspection report of the 
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clinical site for Study NT0202.1005 by OSIS is expected by Jan 13
th

, 2016 (Appendix 

4.2). 

2. Question Based Review (QBR) 

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? 

Neos Therapeutics, Inc (Neos) has submitted a New Drug Application (NDA) for 

Amphetamine (b) (4) Extended Release (XR) Orally Disintegrating Tablets (ODT) via 

the 505(b)(2) pathway. ADDERALL XR is the reference listed product (RLD). In 

December 2012, Neos had submitted the original 505(b)(2) NDA for the Amphetamine 

XR ODT product to the U.S. Food and Drug Administration (FDA). During the review of 

the application in the 1
st 

cycle, the Agency had identified significant CMC related issues 

(hardness, disintegration and friability) and issued a Complete Response letter dated 

September 24, 2013. 

Neos re-submitted the NDA on July 27, 2015. The current development program is based 

on a single-dose bioequivalence (BE) clinical study (NT0202.1005) demonstrating 

similarity in pharmacokinetic  profile and exposure between the amphetamine XR ODT 

product and ADDERALL XR
 

(RLD) and assessing the effect of food on PK of the 

amphetamine XR ODT product. No additional clinical safety and efficacy studies were 

submitted in this application. The efficacy and safety of the amphetamine XR ODT 

product is based on FDA’s previous findings for the RLD-Adderall XR. The sponsor is 

seeking the indication for the treatment of Attention Deficit Hyperactivity Disorder 

(ADHD) which is also the approved indication for ADDERALL XR
 

. 

2.1.2 What are the highlights of the formulation of the drug product as 
they relate to clinical pharmacology and biopharmaceutics? 

Amphetamine XR-ODT contains a Schedule II drug, amphetamine, in a 3:1 ratio of d- to 

l- isomer and is formulated in a new extended-release ODT dosage form. Amphetamine 

XR-ODT contains Amphetamine (b) (4)

 which 

contains a 3:1 ratio of d- to l- isomer, ODT 

along with other excipients. 

 methacrylic acid 

(b) (4)

(b) (4) (b) (4)

copolymer type A and triethyl citrate. 

8 

Reference ID: 3865545 



 

 

 

 

 

    
 

 

   

  

  
 

      
 

   

  

  

 

 

 

 

   

  

  

 

   

   

   

  

 

  

   
 

  
 

 

  

 

    

 

 

   

  

   

 


 


 


 9
 

2.1.3. What are the proposed mechanism (s) of action and therapeutic 
indication(s)? 

Amphetamines are non-catecholamine sympathomimetic amines with CNS stimulant 

activity. The mode of therapeutic action in ADHD is not known. Amphetamines are 

thought to block the reuptake of norepinephrine and dopamine into the presynaptic 

neuron and increase the release of these monoamines into the extra-neuronal space. 

2.1.4. What are the proposed dosage and route of administration? 

The product is an XR-ODT tablet that is to be placed on the tongue where it disintegrates 

quickly followed by ingestion of the disintegrants with saliva. This is how the product is 

given in the clinical trial. Since this product will be taken without any water, no dedicated 

water-effect study was conducted to demonstrate lack of meaningful changes in 

pharmacokinetic profile and exposure of amphetamine when the product is taken with 

water. . 

In children with ADHD who are 6-12 years of age and are either starting treatment for the 

first time or switching from another medication, start with 

morning; daily dosage may be adjusted in increments of 

intervals. The maximum recommended dose for children is 

The recommended starting dose for adolescents with ADHD who are 13-17 years of age 

(b) (4)
and are either starting treatment for the first time or switching from another medication is 

mg/day after one week if ADHD symptoms 
(b) (4)

mg/day. The dose may be increased to 

 mg once daily in the 

mg or mg at weekly 

mg/day. 

(b) 
(4)(b) 

(4)
(b) (4)

(b) 
(4)

are not adequately controlled. 

In adults with ADHD who are either starting treatment for the first time or switching 
(b) (4)

from another medication, the recommended dose is amphetamine XR-ODT mg/day. 

2.1.5. What is the reported adverse event profile from the 
bioequivalence studies? 

The sponsor reported that in general, the clinical portion of the bioequivalence study 

(NT0202.1005) was completed with no serious adverse event (AE). The investigational 

drug was well tolerated by healthy subjects, as a single-dose administration. There were 

no deaths or serious adverse events reported in the study. The sponsor reported total of 46 

treatment-emergent adverse events (TEAEs), which were reported by 17 subjects over the 

course of the study.  Of these 46 TEAEs, 45 were mild and 1 was moderate; there were 

no serious TEAEs or deaths during the course of the study. In general, the nature of the 

TEAE’s reported was consistent with the mechanism of action of the study medication. 

9 

Reference ID: 3865545 



 

 

 

 

  

   

   

 
 

     
 

    
 

 

   

 

    

   

   

   

   

 
 

 

   
  

    
 

 

 

 

 

  

 

   

 

 

 

 

  

  

 
 

 


 

 


 

 

10 

The sponsor reported that there were no clinically significant findings in the vital signs 

assessment or the laboratory tests for any of the subjects. Refer to medical review for 

Agency’s assessment of safety. 

2.2. General Clinical Pharmacology and Biopharmaceutics 

2.2.1 What are the design features of the pivotal study used to support 
dosing or claims? 

The sponsor is seeking approval for the treatment of ADHD by Amphetamine (b) (4)

Extended Release (XR) Orally Disintegrating Tablets (ODT). The current development 

program is based on a single-dose bioequivalence (BE)/food effect clinical study 

(NT0202.1005) demonstrating similarity in pharmacokinetic profile and exposure 

between amphetamine XR ODT product and ADDERALL XR
 

(RLD) and assessing the 

effect of food on PK of amphetamine XR ODT product. No additional clinical safety and 

efficacy studies were submitted in this application. 

2.2.2. Is the Amphetamine Extended-Release Orally Disintegrating 
Tablets (XR-ODT) 30 mg under Fasted Conditions similar in PK profile 
and exposure to the reference listed drug, Adderall XR® Capsule 30 mg 
under Fasted Condition? 

Yes. 

Sponsor’s Amphetamine XR-ODT was found to be similar in PK profile and exposure to 

RLD- Adderall XR under Fasted Conditions. 

The 90% confidence intervals for the log-transformed exposure parameters Cmax, 

AUClast, AUCinf, and AUC5-last were within the 80% to 125% range for both d- and l-

amphetamine. 

Regarding early systemic exposure (AUC0-5), the geometric mean ratios (amphetamine 

XR-ODT/Adderall XR) were 82.75% for d-amphetamine and 85.15% for l-amphetamine 

and the lower 90% confidence intervals were just below the threshold value of 80% 

(77.37% for d-amphetamine and 79.45% for l- amphetamine). Variability in the rapidly 

changing concentrations during the first 5 hours likely contributed to the width of the 

90% confidence intervals about AUC0-5. 
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Table 3: Bioequivalence data for d-amphetamine. Statistical Analysis of the Log-

Transformed Systemic Exposure Parameters of d-amphetamine Comparing amphetamine 

XR-ODT under Fasted Conditions (Treatment A) to the Reference Product under Fasted 

Conditions (Treatment C) 

Table 4: Bioequivalence data for l-amphetamine. Statistical Analysis of the Log-

Transformed Systemic Exposure Parameters of l-amphetamine Comparing amphetamine 

XR-ODT under Fasted Conditions (Treatment A) to the Reference Product under Fasted 

Conditions (Treatment C) 

In addition to the comparison of the mean data, an assessment of intra-subject variability 

(XR-ODT vs. Adderall) for the key PK parameters was also performed. The Table below 

provides data on individual subjects and if there was any significant change in key PK 

parameters for individual subjects. None of the subjects had <50% decrease or >200% 

increase in ratio for any of the PK parameters. Majority of the subjects had ratio between 

80% -125% 

Table 5: Number and Percentage of Subjects with Calculated Ratios that Meet the 

Indicated Conditions (>200%, >125%, <80%, <50%) for All Pharmacokinetic Parameters 

Applied for Bioequivalence Testing 
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In the study, though the lower bound of 90% CI of pAUC0-5h was below 80%, the point 

estimate of the ratio of test/RLD for pAUC0-5h was 83%. Additionally, it is known from 

published data (Current Medical Research and Opinion, Vol 18, 5, 311-316, 2002) that 

Adderall XR (RLD) is also known to have a 42% to 53% reduction in pAUC (0-to 6hr 

and 0-to 4 hr, respectively) in presence of food. However, in spite of this reduction in 

early exposure of Adderall XR, its label recommends taking it without regards to food. 

Allowing Adderall XR being taken with or without food indicates that clinically 

meaningful changes following the treatment of Adderall XR is not anticipated in the 

presence or absence of food.  Hence, it is also expected that a mean 17% reduction in 

pAUC0-5h observed for amphetamine XR ODT product is also unlikely to cause any 

clinically meaningful changes. Additionally, visual inspection demonstrated that the 

shape of the mean pharmacokinetic profiles were similar between amphetamine XR ODT 

and Adderall XR (RLD). 

Therefore, considering all the data, we believe that amphetamine XR-ODT has similar 

PK profile and exposure to Adderall XR and thus is likely to have similar efficacy and 

safety profile to the RLD (ADDERALL-XR®). 

2.2.3 Is the exposure of amphetamine XR ODT significantly different 
based on administration with or without food? 

No. 

Food effect study demonstrated that there was no meaningful effect of food on the overall 

systemic exposure (i.e. AUClast and AUCinf) for amphetamine XR ODT. However, the 

presence of food decreased the rate of absorption of amphetamine XR-ODT, which 

resulted in a decrease in maximum exposure (Cmax) to d- and l-amphetamine by 

approximately 18% and a delay in the median Tmax of approximately 2 hours (d

amphetamine) to 2.25 hours (l-amphetamine). This effect of food on the PK of 

amphetamine XR-ODT is very similar to the extent of food-effect observed for 

ADDERALL XR (the RLD) which is also known to have slight decrease in exposure (7% 

decrease in AUC and 14% decrease in Cmax) with a 2.5 hours increase in Tmax in 

presence of food (Current Medical Research and Opinion, Vol 18, 5, 311-316, 2002). 

This decrease in Cmax and prolonged Tmax is not clinically significant, and therefore 

amphetamine XR ODT could be taken without regards to meals, similar to the RLD. 
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Table 6: Food-Effect data for d-amphetamine. Statistical Analysis of the Log-

Transformed Systemic Exposure Parameters of d-amphetamine Comparing amphetamine 

XR-ODT under Fed Conditions (Treatment B) to amphetamine XR-ODT under Fasted 

Conditions (Treatment A) 

Table 7: Food-Effect data for l-amphetamine. Statistical Analysis of the Log-

Transformed Systemic Exposure Parameters of l-amphetamine Comparing amphetamine 

XR-ODT under Fed Conditions (Treatment B) to amphetamine XR-ODT under Fasted 

Conditions (Treatment A) 

Therefore, food had no effect on overall AUC with only marginal effects on Cmax and 

Tmax and thus Amphetamine XR ODT can be taken without regards to food. 

2.2.4. What are the general PK Characteristics of Amphetamine XR ODT? 

Following a single, 30 mg single oral dose of amphetamine XR-ODT in 40 healthy adult 

subjects in a crossover study under fasting conditions, d-amphetamine mean (+SD) peak 

plasma concentrations of 44.9 (+8.9) ng/mL occurred at a median time of 5.0 hours after 

dosing, and l-amphetamine mean (+SD) peak plasma concentrations of 14.5 (+ 3.0 ng/mL 

occurred at a median time of 5.25 hours after dosing. 

Figure 2: Mean Concentration of D-Amphetamine (and L-Amphetamine) vs. Time for 

amphetamine XR-ODT and RLD- Adderall XR in the Fasted State 
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Amphetamine is reported to be oxidized at the 4 position of the benzene ring to form 4

hydroxyamphetamine, or on the side chain α or β carbons to form alpha-hydroxy

amphetamine or norephedrine, respectively. Norephedrine and 4-hydroxy-amphetamine 

are both active and each is subsequently oxidized to form 4-hydroxy-norephedrine. 

Alpha-hydroxy-amphetamine undergoes deamination to form phenylacetone, which 

ultimately forms benzoic acid and its glucuronide and the glycine conjugate hippuric 

acid. Although the enzymes involved in amphetamine metabolism have not been clearly 

defined, CYP2D6 is known to be involved with formation of 4-hydroxy-amphetamine. 

2.2.5. What is the composition of Amphetamine XR ODT formulation 
used in the relative BA study? 

Neos has developed Amphetamine Extended Release Orally Disintegrating Tablets (XR

ODT), an extended release oral formulation of Amphetamine, as an orally disintegrating 

tablet (ODT) intended for the treatment of attention deficit hyperactivity disorder 

(ADHD). The composition of the formulation used in the relative BA study is listed in 

Table 8. 

Table 8: Amphetamine XR-ODT Composition 
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The sponsor plans to use the same formulation which was used in the clinical study 

(NT0202.1005) as the commercial formulation (to-be-marketed) in the future. The 

detailed composition of the to-be-marketed formulation is provided in the response to 

Question 2.2.5. 

3. Analytical Methods 

3.1. Are the active moieties in the plasma (or other biological 
fluid) appropriately identified and measured to assess 
pharmacokinetic parameters? 

Yes, both d and l-amphetamine were appropriately measured in biological fluids. 

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

The concentrations of d and l-amphetamine in human plasma were determined using a 

precise and accurate LC-MS/MS method. The method was adequately validated and 

acceptable. 

Human plasma was analyzed for D-amphetamine and L-amphetamine according to 

 procedure ATM(b) (4)

1784, Validation, effective 25 July 2011 and Original, effective 11 August 2011. The 

method was validated for a range of 0.500 to 80.0 ng/mL for D-amphetamine and 0.200 

to 32.0 ng/mL for L-amphetamine based on the analysis of 0.150 mL of plasma. Human 

plasma containing D-amphetamine, L-amphetamine, and the ring pentadeuterated 

racemic internal standard, DL-amphetamine-D5, was extracted by liquid-liquid 

extraction. The organic phase was transferred and treated with a derivitization reagent. 

After evaporation and reconstitution, an aliquot was injected onto a Sciex 4000 LC-MS

MS equipped with an HPLC column. The peak area of m/z 329→91 amphetamine-TPC 

product ion was measured against the corresponding diastereomer peak area of the m/z 

334→96 amphetamine-D5-TPC product ion of the internal standard. Quantitation was 

performed using separate weighted (1/x2 for both analytes) linear least squares regression 

analyses generated from calibration standards prepared immediately prior to each run. 

Table 9: Bioanalytical Method Validation Summary for D-Amphetamine in Human K2-EDTA 

plasma 

16 
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Table 10: Bioanalytical Method Validation Summary for L-Amphetamine in Human K2-EDTA 

Plasma 
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4. Appendix 

4.1 Individual Study Report 
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The performance of the analytical method is acceptable. Yes  No 

LC/MS/MS: 

Human plasma was analyzed for  D-amphetamine and L-amphetamine  using a validated 

LC/MS/MS method.  

The method was validated for a range of 0.500 to 80.0 ng/mL for D-amphetamine and 0.200 to 

32.0 ng/mL for L-amphetamine based on the analysis of 0.150 mL of plasma. Human plasma 

containing D-amphetamine, L-amphetamine, and the ring penta-deuterated racemic internal 

standard, DL-amphetamine-D5, was extracted by liquid-liquid extraction. The organic phase was 

transferred and treated with a derivitization reagent. After evaporation and reconstitution, an 

aliquot was injected onto a Sciex 4000 LC-MS-MS equipped with an HPLC column. The peak 

area of m/z 329→91 amphetamine-TPC product ion was measured against the corresponding 

diastereomer peak area of the m/z 334→96 amphetamine-D5-TPC product ion of the internal 

standard. Quantitation was performed using separate weighted (1/x2 for both analytes) linear 

least squares regression analyses generated from calibration standards prepared immediately 

prior to each run. 

Statistical Method: 

Study Population : 



Randomized/Completed/ Discontinued 42/39/3 

(1 withdrew due to personal reason, 1 withdrew 

due to family emergency, 1 withdrawn due to non 

compliance- positive urine drug test) 

Age [Median (range)] 32.5 (18-72) year 

Male/Female 27/15 

Reference ID: 3865545 





  

 

 
 

 

 

   

 

 

 

 

N=39 for Fasted XR-ODT; N=40 for other 2 treatment arms 

Tmax presented as Median (Min, Max) 

Figure 2: Mean l-amphetamine Concentration-Time Profiles after Administration of 

NT0202 XR-ODT under Fasted Conditions (Treatment A), NT0202 XR-ODT under Fed 

Conditions (Treatment B), and the Reference Product under Fasted Conditions 

(Treatment C) 
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Table 2: Pharmacokinetic Parameters of l-amphetamine 

N=39 for Fasted XR-ODT; N=40 for other 2 treatment arms 

Tmax presented as Median (Min, Max) 

Table 3: Bioequivalence data for d-amphetamine. Statistical Analysis of the Log-Transformed 

Systemic Exposure Parameters of d-amphetamine Comparing NT0202 XR-ODT under Fasted 

Conditions (Treatment A) to the Reference Product under Fasted Conditions (Treatment C) 

Table 4: Bioequivalence data for l-amphetamine. Statistical Analysis of the Log-Transformed 

Systemic Exposure Parameters of l-amphetamine Comparing NT0202 XR-ODT under Fasted 

Conditions (Treatment A) to the Reference Product under Fasted Conditions (Treatment C) 

Table 5: Food-Effect data for d-amphetamine. Statistical Analysis of the Log-Transformed Systemic 

Exposure Parameters of d-amphetamine Comparing NT0202 XR-ODT under Fed Conditions 

Reference ID: 3865545 



  

 

  

 

 
 

 
   

  

 
    

  

 

 

 
 

    

  

 

(Treatment B) to NT0202 XR-ODT under Fasted Conditions (Treatment A) 

Table 6: Food-Effect data for l-amphetamine. Statistical Analysis of the Log-Transformed Systemic 

Exposure Parameters of l-amphetamine Comparing NT0202 XR-ODT under Fed Conditions 

(Treatment B) to NT0202 XR-ODT under Fasted Conditions (Treatment A) 

Table 7: Number and Percentage of Subjects with Calculated Ratios that Meet the 

Indicated Conditions (>200%, >125%, <80%, <50%) for All Pharmacokinetic Parameters 

Applied for Bioequivalence Testing 

Figure 3: Scatter Plot of Individual Ratios and Geometric Least Square Mean (LSM) 

Ratio for All Pharmacokinetic Parameters Applied for Bioequivalence Testing 

Reference ID: 3865545 



  

 

 
 

        

       

 
 

         

   

Table 8: Number and Percentage of Subjects with Calculated Ratios that Meet the Indicated Conditions 

(>200%, >125%, <80%, <50%) for All Pharmacokinetic Parameters Applied for Food Effect Testing 

Figure 4: Scatter Plot of Individual Ratios and Geometric Least Square Mean (LSM) Ratio for All 

Pharmacokinetic Parameters Applied for Food Effect Testing 
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using only 39 subjects. Two subjects withdrew due to personal and family reasons and 

were dosed only 1 treatment arm (out of 3 treatment arms). Third subject was found to be 

non-compliant due to positive urine drug test and did not have data for the 3
rd 

treatment 

arm (fasted XR-ODT). Thus, statistical analysis for relative BA data was performed for 

39 subjects for whom the complete data set existed. This is acceptable. 

2.	 The sponsor is planning to use the same formulation used in the clinical study 

(NT0202.1005) as their to-be-marketed (commercial) formulation. Thus, no additional 

bridging PK studies are required. 

3.	 Regarding the relative bioavailability (BA) of NT0202 XR-ODT to the RLD 

(Adderall XR) under Fasted Condition:
 

The sponsor has performed appropriate statistical analysis with key pharmacokinetic parameters 

(Cmax, AUC0-t, AUC0-inf, AUC0-5 and AUC5-t) to assess the bioequivalence of their product. 

All the BE criteria were met for all parameters except pAUC0-5h. Though this lower bound of 

the 90% CI for pAUC0-5h was below 80% , we have the following rationale for accepting the 

overall findings of product: 

In the study, though the lower bound of 90%CI of pAUC0-5h was below 80%, the point estimate 

of the ratio of test/RLD for pAUC0-5h was 83%. Additionally, it is known from published data 

(Current Medical Research and Opinion, Vol 18, 5, 311-316, 2002) that Adderall XR (RLD) is 

also known to have a 42% to 53% reduction in pAUC (0-to 6hr and 0-to 4 hr, respectively) in 

presence of food. However, in spite of this significant reduction in early exposure of Adderall 

XR, its label recommends taking it without regards to food. Allowing Adderall XR being taken 

with or without food indicates that clinically meaningful changes following the treatment of 

Adderall XR is not anticipated in the presence or absence of food. Since no clinically 

meaningful changes are expected even when the early pAUC is reduced up to 50% for Adderall 

XR, it is also expected that a mean 17% reduction in pAUC0-5h observed for amphetamine XR 

ODT product is also unlikely to cause any clinically meaningful changes. Additionally, sponsors 

internal data (figure below) is also consistent with published literature and demonstrates that the 
AUC profiles in the fed and fasted state from zero to five hours for Amphetamine XR-ODT lie 

between those for ADDERALL XR (with and without food). 

Figure: Early partial AUC0-5hr comparison: Amphetamine XR ODT (fed and fasted) and Adderall 

XR (fed and fasted) 

Reference ID: 3865545 



  

 

   
 

   

 

 

 

    

  

 

  

 

  

 

      

   

  

 

 

   

 

 

 

 

 

 

 

  Therefore, considering all the data, we agree with the sponsor’s conclusion that Neos 
Therapeutics Inc.’s Amphetamine XR-ODT is likely to have similar efficacy and safety profile to 

the RLD (ADDERALL-XR®). 

4. Regarding the Food Effect for NT0202 XR-ODT 

Food effect study demonstrated that there was no significant effect of food on the overall 

systemic exposure (i.e. AUClast and AUCinf). However, the presence of food decreased the 

Cmax for d- and l-amphetamine by approximately 18%. This effect of food on the PK of 

NT0202 XR-ODT is very similar to the extent of food-effect observed for ADDERALL XR (the 

RLD) which is also known to have slight decrease in exposure (7% decrease in AUC and 14% 

decrease in Cmax) in presence of food (Current Medical Research and Opinion, Vol 18, 5, 311

316, 2002). 

In addition, it was observed that the early exposure pAUC0-5h was significantly reduced in 

presence of food. The pAUC0-5h was reduced up to 25% at the mean level and several 

individual subjects are demonstrated to have reduction of greater than 50% (up to 70%) in their 

AUC0-5h. However, similar dramatic reductions in early AUC0-5h have also been reported for 

the RLD, Adderall XR. A controlled food effect study (Current Medical Research and Opinion, 

Vol 18, 5, 311-316, 2002) lists 53% reduction in mean AUC0-4h and 42% reduction in mean 

AUC0-6h. This reduction in mean early partial AUC for Adderall XR in presence of food is 

generally similar to the levels of reduction for the test product NT0202 XR-ODT. 

Reference ID: 3865545 



  

 

     

   

 

 

 

 

Thus, the food effect is not considered clinically meaningful and we recommend that 

amphetamine XR-ODT can be taken without regards to meals, similar to the RLD, Adderall XR. 
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M E M O R A N D U M DEPARTMENT OF HEALTH AND HUMAN SERVICES
 
PUBLIC HEALTH SERVICE
 

FOOD AND DRUG ADMINISTRATION
 
CENTER FOR DRUG EVALUATION AND RESEARCH
 

DATE: December 14, 2015 

TO: 	 Mitchell Mathis, M.D., 

Director, Division of Psychiatry Products 

Ann Farrell, M.D.,
 
Director, Division of Hematology Products
 

Dale Conner, Pharm.D.
 
Director (Acting)
 
Office of Bioequivalence
 
Office of Generic Drugs 


FROM: Himanshu Gupta, Ph.D. 

Division of Generic Drug Bioequivalence Evaluation 

(DGDBE) 

Office of Study Integrity and Surveillance (OSIS) 

Sam H. Haidar, Ph.D., R.Ph.
 
Acting Director, Division of Generic Drug 

Bioequivalence Evaluation
 
Office of Study Integrity and Surveillance (OSIS)
 

SUBJECT: Review of Establishment Inspection Report (EIR) 

covering 

NDA 204326, Amphetamine Extended-Release Orally 

disintegrating Tablets (XR-ODT) 30mg sponsored by Neos 

Therapeutics Inc., 
(b) (4)

Reference ID: 3860277Reference ID: 3865545 



    

 

 

  

 

 

 

 

 

 

 

 

  

   

 

 

 

  

 

 

 

 

 

 

 

Page 2 – Review of EIR of 
(b) (4)

(b) (4)

Summary: No Form FDA 483 was issued. The data can be accepted 

for further agency review. 

The Office of Study Integrity and Surveillance (OSIS) conducted 

a surveillance inspection at from 

 The inspection was conducted in support of review of 

NDA 204326, 

Specifically, the analytical portions of 

(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)

the following bioequivalence studies were audited during the 

inspection: 

NDA 204326 Amphetamine Extended-Release Orally 

disintegrating Tablets (XR-ODT) 30mg 

Study #: 3007227 (Protocol #NT0202.1005) 

Study Title: “A Single-Dose, Three-Period, Three 

Treatment, Three-Way Crossover 

Bioavailability Study of an Investigational 

Formulation of NT0202 Amphetamine Extended-

Release Orally disintegrating Tablets (XR-

ODT) 30mg under Fed and Fasted Conditions and 

Adderall XR Capsule 30mg under Fasted 

Conditions.” 

Sample analysis: 05/20/2014-06/10/2014 

(b) (4)

Reference ID: 3860277Reference ID: 3865545 

1 Page has been Withheld in Full as b4 (CCI/TS) 
immediately following this page



   

 

  

 

  

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 












 

 


 


 

 












 

 


 


 

Page 4 – Review of EIR of 

(b) (4)

(b) (4)

(b) (4)

This inspection was conducted by Himanshu Gupta, Ph.D., and Sam 

H. Haidar, R.Ph., Ph.D. The audit included a thorough review 

of the method validation and the study records, examination of 

facilities and equipment, and interviews and discussions with 

the firm's management and staff. 

At the conclusion of the inspection, no deficiencies were 

observed, and no Form FDA-483 was issued. 

Conclusion: 

Following review of the inspectional findings, these 

reviewers recommend that results from the bioanalytical 

portions of the following studies be accepted for further 

Agency review: 


NDA 204326
 
Study #: 3007227 (Protocol # NT0202.1005)
 

(b) (4)

Himanshu Gupta, Ph.D.
 

Sam H. Haidar, Ph.D., R.Ph.
 

Reference ID: 3860277Reference ID: 3865545 



    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 






(b) (4)
Page 5 – Review of EIR of 

(b) (4)

Final Classification: 

NAI-
(b) (4)

cc: 

OTS/OSIS/Taylor/Kadavil/Turner-Rinehardt/Fenty-Stewart/Nkah 

OTS/OSIS/DNDBE/Bonapace/Dasgupta/Cho 

OTS/OSIS/DGDBE/Haidar/Skelly/Choi/Gupta 

Draft: HG 12/11/2015 

Edit: SHH 12/14/2015 

OSI File #: 

NDA 204326 – BE#6970 
(b) (4)

ECMS: Cabinets/CDER_OC/OSI/Division of Bioequivalence & Good 

Laboratory Practice Compliance/Inspections/BE Program/Analytical 

sites/

 Surv Inspection (b) (4)

(b) (4)

FACTS: (b) (4)

Reference ID: 3860277Reference ID: 3865545 
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HIMANSHU GUPTA 
12/14/2015 

SAM H HAIDAR 
12/14/2015 
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PRAVEEN BALIMANE 
12/23/2015 

HAO ZHU 
12/24/2015 

MEHUL U MEHTA 
12/29/2015 
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