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appears to support a titration-based dosing regimen to target optimal 
treatment effect for each individual. 

4. The pharmacokinetic profile of Aptensio ® is consistent with the 
expectations for an extended-release formulation and is sufficient to 
support a once daily dosing. 

5. Aptensio ® capsule can be administered as a whole capsule or sprinkled 
onto applesauce. 

6. Aptensio ® may be given with or without food. It is advised that patients 
should establish a routine pattern with regard to meals. 

7. Patients should avoid alcohol while taking Aptensio ®. 

1.1 Recommendation 

The Office of Clinical Pharmacology has determined that there is sufficient 
clinical pharmacology and biopharmaceutics information provided in the NDA to 
support a recommendation of approval of Aptensio ®. The acceptability of 
specific drug information is provided below. 

Decision Acceptable to OCP? Comment 
Overall Yes Pending labeling agreements with the 

sponsor. 

Evidence of 
Effectiveness 

Yes 2 positive registration trials in pediatric 
patients 

Proposed dose for 
general population 

No 

Labeling No     Pending satisfactory agreement with the 
sponsor. 

(b) (4)

1.2 Post-Marketing Studies 

No post-marketing studies are required. 

1.3 Summary of Clinical Pharmacology findings 

1.3.1 Relative Bioavailability 

The link between Aptensio ® capsule and Ritalin ® IR, the reference listed 
product, has been adequately established through a relative bioavailability study 
under fasted conditions (Study RP-BP-PK001). Pharmacokinetic profiles and 
pharmacokinetic parameters between Aptensio ® and Ritalin ® are compared in 
Figure 1 and Table 1, respectively. As shown in Figure 1, the mean 
pharmacokinetic profile of Aptensio ® is consistent with the expectations for an 
extended release formulation and is sufficient to support a once daily dosing.   
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Study RP-BP-PK-002 was conducted in patients receiving Aptensio ® at steady 
state under fed conditions. The accumulation ratio was 1.04 indicating no 
accumulation. 

Figure 1: Mean (SD) plasma methylphenidate concentration versus time by 
treatment after single dose under fasted conditions (linear scale) - PK population 

Table 1: Bioavailability Comparisons of Aptensio ® Given as Capsule versus 
Sprinkled onto Apple Sauce - PK population (T1 Capsule vs. T2 Sprinkles) 

1.3.2 Pharmacokinetic Profile Comparison between Adults and Adolescents 
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The mean pharmacokinetic profiles of methylphenidate for adults and children 6 
years and above following the administration of Apentio ® are shown in Figure 2. 
Both profiles show double peaks with similar shape. The efficacy and safety 
information was collected in pediatric patients 6 years and above in the current 
program. It is anticipated that the similar mean pharmacodynamic effect can be 
seen in adults if the exposure is reached at appropriate level. As a common 
practice, dose in adults will be titrated based on each individual’s clinical 
response. Hence the current pharmacokinetic data in combination with the 
clinical practice and prior experience of methylphenidate appear to support the 
extension of the indication from pediatric patients to adults. 

Figure 2: Mean Pharmacokinetic Profile of Methylphenidate for Children 6 Years 
and Above 

Pharmacokinetic profiles in pediatric patients are associated with large variability. 
As shown in Figure 3, different shapes of pharmacokinetic profiles can be 
observed. The large inter-subject variability in pharmacokinetic profiles appears 
to support a titration-based dosing regimen to achieve optimal treatment effect 
for each individual. 

Figure 3: Pharmacokinetic Profiles in Pediatric Patients at Different Dose Groups 
(3-4 Subjects per Group). 
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1.3.4 Administration of Aptensio ® as a Whole Capsule or Sprinkled onto Apple 
Sauce 

Study RP-BP-PK001 compared the pharmacokinetic profiles (Figure 1) and 
pharmacokinetic parameters (Table 1) when Aptensio ® was administered either 
as a whole capsule or sprinkled onto applesauce. The respective ratios of the 
geometric means and corresponding 90% confidence intervals of Cmax, AUC0-inf 

and AUC0-t are within 80%-125%. In addition, the median Tmax values are 2 hours 
and the ranges of Tmax are similar. Furthermore, the mean pharmacokinetic 
profiles when Aptensio ® was administered as a whole capsule or sprinkled onto 
apple sauce are superimposable. Therefore, similar mean efficacy and safety 
profiles are expected when Aptensio ® is given as a whole capsule or sprinkled 
onto apple sauce. 

1.3.4 Food Effect 
The effect of a high fat (approximately 50% of total caloric content of the meal), 
high calorie (approximately 1000 calories) meal on Aptensio ® absorption was 
compared with Ritalin ® in study RP-BP-PK002. The study results are presented 
in Table 3. A graphical representation of the pharmacokinetic profiles for 
Aptensio ® and Ritalin ® under fed conditions is given in Figure 4. 

At least one pivotal clinical trial (i.e., Study RP-BP-EF002) has been conducted 
where patients were dosed without regard to meal. The trial results suggested 
that Aptensio ® is safe and efficacious. The clinical trial results appear to support 
that Aptensio ® can be given without regard to meals. 

A direct comparison of mean pharmacokinetic profiles when Aptensio ® is given 
under fast condition (Figure 1) versus under fed condition (Figure 4) showed the 
second peak of the mean methylphenidate pharmacokinetic profile is reduced or 
diminished under fed conditions. At individual level, higher percentage of 
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subjects with smaller second peak (< 80% of the first peak) as compared to the 
first peak can be found in subjects under fed conditions than under fast 
conditions (Table 4). Pharmacokinetic profile of methylphenidate is known to 
correlate with its pharmacodynamic effect. Hence, to ensure consistent efficacy 
and safety experience for a patient receiving Aptensio ®, it is recommended that 
patients should establish a routine pattern with regard to meals. 

Table 3: Statistical analysis of bioavailability of Test (fed) versus Reference 
(fasting) treatment (PK population) 

Figure 4 Mean (SD) plasma methylphenidate concentration versus time by 
treatment after single dose under fed conditions on Day 1 (A) and Day 12 (B) 
(linear scale) - PK population 
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The sponsor submitted a 505(b) (2) application for Aptensio ® Extended Release 
(ER) capsules. The reference drug for this application is Ritalin ® IR tablet which 
is currently approved for ADHD. 

The application was based on two efficacy and safety studies. Study EF001 was 
conducted in children 6-12 years of age and Study EF002 was conducted in 
children and adolescents 6-18 years of age. Both studies demonstrated that the 
drug is safe and effective. Clinical pharmacology studies were conducted to 
evaluate the relative bioavailability of Aptensio ® as compare to Ritalin ® IR 
tablet, to compare pharmacokinetic profiles of Aptensio ® given as a whole 
capsule versus as sprinkled into apple sauce, to assess the food effect, and to 
describe pharmacokinetic features in pediatric population. 

2.1.2 What are the highlights of the chemistry and physical-chemical properties 
of the drug substance and the formulation of the drug product as they 
relate to clinical pharmacology and biopharmaceutics? 

The structural formula for methylphenidate is given in Figure 5. 

Figure 5: Structural Formula for Methylphenidate 

The formulation contains a racemic mixture of the stereo pair of methylphenidate 
(MPH) isomers (d,l - threo methylphenidate). The d-MPH enantiomer is more 
potent than the l-MPH enantiomer.  There is no inter-conversion between the 
isomers. 

2.1.3 What is the proposed dosage form and route of administration? 

The proposed dosages are ER capsules containing 10, 15, 20, 30, 40, 50, 60
 mg of methylphenidate administered orally. 

(b) 
(4)

2.1.4 What is the reported adverse event profile from the pharmacokinetic 
studies? 

For study pk001, a total of 14 (53.8%) subjects experienced at least one 
treatment-emergent adverse event (TEAE) during the study. Eight (33.3%), 3 
(32.0%) and 9 (36.0%) subjects reported at least one TEAE following 
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administration of Aptensio ® 80 mg capsule, Aptensio ® 80 mg sprinkle, and the 
RLD, respectively. 

In study pk002, a total of 15 (57.5%) subjects experienced at least one 
treatment-emergent adverse event (TEAE) during the study. Nine (37.5%) and 8 
(34.8%) subjects reported at least one TEAE following administration of Aptensio 
® 80 mg and RLD 25 mg (three times a day), respectively. There were no 
serious adverse events reported. 

The most common TEAEs for both studies were nausea, headache, decreased 
appetite and dry mouth. Refer to the medical review for the Agency’s 
assessment of safety. 

2.2. General Clinical Pharmacology and Biopharmaceutics 

2.2.1		 What were the in vivo Clinical Pharmacology and Biopharmaceutics 
studies and the clinical studies with PK and/or PD information submitted 
in the NDA? 

The clinical pharmacology package for Aptensio consists of two pivotal 
pharmacokinetic studies in adults, a pilot PK study in children and a population 
PK study. Table 5 summarizes the in vivo studies included in the package. 

Table 5: Overview of In Vivo Studies 
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2.2.3		 What drugs (substances, products) indicated for the same indication are 
approved in the US? 

Other approved methylphenidate products indicated for the treatment of ADHD 
are Concerta ®, Ritlain LA ®, Focalin ®, Metadate CD ®, and Quillivant ®. 

2.2.4 Does Aptensio show characteristics of an extended-release formulation? 

Yes. The pharmacokinetic profile of Aptensio demonstrates the characteristics of 
an extended release formulation (Figure 6) and supports the once daily dosing. 

Figure 6: Plasma Concentrations for an 80 mg Dose of Aptensio in Adults 

Compared to 25 mg Ritalin IR Tid. 

2.2.5 Can Aptensio ® be administered as a whole capsule or as sprinkles into 
apple sauce? 

Yes. A pharmacokinetic study was conducted in adults comparing the 
administration of the 80 mg capsule administered either as a whole capsule or 
after the content of the capsule mixed with one teaspoon of applesauce. As 
shown in Table 7, the respective ratios of the geometric means and 
corresponding 90% confidence intervals of Cmax, AUC0-inf and AUC0-t are 
within 80%-125%. In addition, the median Tmax values are both 2 hours with 
similar ranges. Furthermore, the mean pharmacokinetic profiles when 
administered as a whole capsule and sprinkled onto apple sauce are 
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superimposable (Figure 6). Therefore, similar mean efficacy and safety profiles 
are expected when Aptensio ® is given as a whole capsule or sprinkled into 
apple sauce. 

Table 7: Comparisons of Pharmacokinetic Parameters Obtained from Patients 
Receiving Sprinkles versus the Whole Capsule 

2.2.6 What is the pharmacokinetic feature following multiple doses of Aptensio ® 
80 mg ER with a high fat breakfast? 

A multiple-dose pharmacokinetic study was conducted comparing an 80 mg dose 
of Aptensio ® with Ritalin ® IR 25 mg given 3 times a day in healthy adults under 
fed conditions. The pharmacokinetic profiles on Day 1 and Day 12 are 
represented in Figure 7. The results comparing methylphenidate exposure on 
Day 1 and Day 12 under fed condition are presented in Table 8, which showed 
that there is no accumulation of methylphenidate following repeated dosing of 
Aptensio ®. 

Figure 7 shows the second peak of the mean methylphenidate pharmacokinetic 
profile is reduced or diminished under fed conditions. At individual level, higher 
percentage of subjects with smaller second peak (< 80% of the first peak) as 
compared to the first peak can be found in subjects under fed conditions than 
under fast conditions (Table 9). Pharmacokinetic profile of methylphenidate is 
known to correlate with its pharmacodynamics effect. Hence, to ensure 
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Table 9: Percentage of Subjects that Demonstrated a Smaller Second Peak as 
Compared to the First Peak 

Treatment Group 

Fast (PK-001) Fed (PK-002) 

Condition Capsule Sprinkle Day 1 Day 12 

Percentage *(ratio) 

46% 
(11/24) 

36% 
(9/25) 

(58%) 
12/21 

72% 
(15/21) 

*: Percentage of reduced or diminished second peak is defined as the second peak occurs 
between 5-10 hours and is less than 80% of the first peak which occurs between 0-5 hours.  

2.2.7 Do the supportive studies using the Canadian formulation show a food 
effect? 

The sponsor conducted several supportive studies using a Canadian formulation.  
Study 022-013 looked at the food effect on the Canadian Aptensio ® and 
Concerta ® (Figure 8). Study 022-006 investigated the 20 mg capsules under fed 
and fasted conditions vs Ritalin LA (Figure 9), while study 97-147 using a 20 mg 
Canadian capsule vs 20 mg IR tablet under fed and fasted conditions (Figure 
10). 

Figure 8: Study 022-013: Methylphenidate Mean Concentration - Time Profile 
under fed conditions (N = 21 for Concerta and the Canadian Aptensio test 
product) 

Figure 9. Study 022-006: mean methylphenidate plasma concentrations under 
fed and fasted conditions. (Test product is Canadian Aptensio) 
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  Figure 11. Study 97-147: mean methylphenidate time profiles under fast 
conditions (A) and fed conditions (B) 

(A)
	

(B) 
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These results are different from those observed for the US product in the 
following ways: 

1. As shown in Study 022-013, the profile for the Canadain product does not 
appear to be impacted by food after a single dose in contrast to what is 
observed for the US product with the second peak and Cmax decreased 
by food. 

2.		 As shown in study 022-006, the pharmacokinetic curve for the Canadian 
product looks very similar to the US product. Food appears to make the 
second peak more prominent for the Canadian product in contrast to the 
US reference for which food decreases the size of the second peak. 

3. The observations from study 022-006 are further supported by study 97-
147 which shows the food curve to resemble the US reference curve 
under fasting conditions. 

The three studies are pilot studies using Canadian products. The sponsor 
conducted a separate food effect study using the U.S. product. The food effect 
study results based on Canadian products are summarized only for reference. 

2.2.8		 How was the drug administered with respect to food in the pivotal efficacy 
and safety trials - Study EF001 and Study EF002? 

For Study EF001 breakfast was provided after dosing. For study EF002 the drug 
was not administered in the fasting state; patients took their medication either 
before, during, or after meals. 

2.2.9 What was the design of the short term efficacy studies and what were the 
clinical endpoints? 

Study EF001 was a randomized, double-blind study of the time course of 
response to Aptensio ® methylphenidate hydrochloride extended-release 
capsules as compared to placebo in children 6 to 12 years with Attention Deficit 
Hyperactivity Disorder in an analog classroom setting.  During the open-
label optimization phase, all subjects began at an initial Aptensio ® dose of 15 
mg and were titrated to an optimal dose using Aptensio ® strengths of 15, 20, 30 
or 40 mg, up to the maximum of 40 mg/day. For safety reasons subjects who 
weighed 25 kg or less were not to be assigned to receive the 40 mg dose. The 
results are shown in Table 10. 

Table 10: Primary Efficacy Endpoint Analysis: SKAMP Total Score Averaged 
Over All Postdose Time points for the Evaluable and ITT Population 
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The second study was Study RP-BP-EF002, where the primary efficacy endpoint 
was the change from baseline (Visit 2) to the end of Week 1 (Visit 3) in the 
clinician-rated ADHD-RS-IV (ADHD Rating Scale). The design was a parallel, 
randomized, double-blind, multicenter, placebo-controlled, forced dose, phase 3 
study to evaluate the safety and efficacy of Aptensio ® in the treatment of ADHD 
in children and adolescent patients aged 6 to 18 years. Subjects received their 
double-blind, randomized dose (10, 15, 20, or 40 mg Aptensio or placebo) for 1 
week. Following the double-blind phase, doses were optimized via titration in an 
open-label manner and subjects continued receiving Aptensio for 11 weeks. 
During the Double-Blind phase, subjects participated in a Baseline Visit (Visit 2, 
Day 0) during which they underwent baseline assessments and were dispensed 
a randomized, double-blind, fixed dose of 10, 15, 20, or 40 mg/day Aptensio or 
placebo for 1 week. The first dose of double-blind study drug was taken the 
following morning. The subject’s parent/legally authorized representative was 
required to administer study drug to the subject in the morning each day no later 
than 10 a.m. The trial results are shown in Table 11. 

Table 11: Descriptive Statistics for Decrease in ADHD-RS-IV Total Score from 
Baseline (Visit 2) to the End of Double-Blind Phase (Visit 3) (Efficacy Population, 
N = 221) 

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

The firm conducted a single-dose 80 mg dose of Aptensio ® dosed as capsule vs 
80 mg dose of Aptensio ® dosed as sprinkles vs a reference 25 mg IR under 
fasted conditions in adults. A second bioavailability study of a single 80 mg dose 
of Aptensio ® methylphenidate hydrochloride ER capsule dosed under fed 
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conditions vs. 25 mg Ritalin® IR given three times daily in healthy adults also 
under fed conditions. They also conducted a PK study in pediatric subjects.  

2.2.11 What are the sponsor’s dosing recommendations for Aptensio? 

The sponsor proposed dosing recommendations are shown in table 2 based on 
simulations using a population pharmacokinetic model. 

2.2.12 Did the heavier children in Study EF001 get higher doses? 

Study EF001 is designed as a flexible-dosing study. Patients received the final 
doses through titration based on clinical responses. The results do not appear to 
suggest that high body weight patients are always titrated to a relatively high 
dose based on clinical response and patient tolerability, given the caveat that the 
trends are observed based on small number of subjects and might not be 
definitive. 

(b) (4)
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2.2.14 Does the safety data for either sleep, blood pressure or pulse show any 
increase in low body weight patients receiving the same dose as high 
body weight patients? 

Safety data based on Study EFF001 do not provide conclusive/definitive 
information to suggest that a detailed body weight based dosing is necessary. 
The comparison was based on various safety signals observed in children with 
different body weight receiving the same dose. Due to the small sample size in 
the study, the results are not conclusive. 

There was no clear trend on observed diastolic blood pressure, systolic blood 
pressure, plus, and sleep with respect to body weight for any of the dose groups 
(Figure 13). 

Figure 13: Observed Major Safety Signals for Pediatric Patients Receiving 
Different Doses of Aptensio ® Stratified by Body Weight 
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Systolic Blood Pressure 
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26 

Reference ID: 3722560 



3.0 Analytical Methods 

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

Yes, the active moiety, d- and l-methylphenidate was appropriately measured in 
biological fluids. 

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

A liquid chromatography with tandem mass spectrometric detection (LC-MS/MS) 
method was used to analyze the plasma samples from the clinical studies. The 
method used for the clinical studies was solid phase extraction (SPE) followed by 
liquid chromatography (LC) based on cation exchange chromatography and 
tandem mass spectrometric detection (MS/MS), with the mass spectrometer 
operated in the Multiple Reaction Monitoring mode with positive ion electrospray. 
The concentrations of dl-methylphenidate in human plasma were determined 
using a precise and accurate LC-MS/MS method. The calibration range of the 
method is 2 to 1000 ng/mL using a 50.0 µL aliquot of plasma. The method was 
sensitive, selective, accurate, and reproducible. Dl Methylphenidate is stable 
during storage, processing and analysis in human plasma samples. The 
analytical method was adequately validated and acceptable. The following is a 
tabular summary of the validation of the bioanalytical method. 
Information Requested Data 
Bioanalytical report location \\cdsesub1\evsprod\nda205831\0000\m5\53-

clin-stud-rep\531-rep-biopharm-stud\5314-
bioanalyt-analyt-met\fro-r1524r1\fro-
r1524r1-meth-val.pdf 

27 

Reference ID: 3722560 



         
         
           

  
        

          
             

           

      
    

   
   

      
         

  
   

   

    
  

 
    

 
  

    
   
   

 
   

    
   
   

 
   

     
 

    
 

 

    
           
          
           

   
      

            
            

           
         
    

       
 
        

  
             

 
        

 
           
       

             

Analyte dl-methylphenidate 

28
 

Reference ID: 3722560
 



---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

----------------------------------------------------

This is a representation of an electronic record that was signed 
electronically and this page is the manifestation of the electronic 
signature. 

/s/ 

ANDRE J JACKSON 
03/27/2015 

HAO ZHU 
03/27/2015 

Reference ID: 3722560 




