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1 Recommendations/Risk Benefit Assessment 

1.1 Recommendation on Regulatory Action 

The Applicant has demonstrated bioequivalence to the listed drug (Adderall XR).  No 
new safety findings were identified that would indicate a difference in the risk-benefit 
considerations for this form of amphetamine to treat attention deficit hyperactivity 
disorder.  Therefore, I recommend approval of this application. 

1.2 Risk-Benefit Assessment 

There are a number of stimulant-based treatments for ADHD available at this time.  
However, the added benefit of another long-acting oral solution amphetamine option, 
with no known increased risk, supports the approval of this application. 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

None are recommended. 

1.4 Recommendations for Postmarket Requirements and Commitments 

The Applicant’s Adzenys XR oral disintegrating tablet (ODT; NDA-204326) has three 
post-marketing requirements (PMRs) in children ages 4 to less than 6 years old with 
ADHD: 

• A single-dose, open-label, randomized pharmacokinetic study 
• A randomized, double-blind, placebo-controlled, flexible-dose titration study 
• A one-year open-label safety study  

I recommend the same PMRs for the Applicant’s Adzenys ER oral solution.  The 
Applicant can use the data for the ODT PMRs to satisfy the oral solution PMRs if they 
conduct a small bridging study (which can enroll healthy adults).  If, for any reason, the 
Applicant withdraws the ODT from the market prior to completing the ODT PMRs, they 
will then have to complete the PMRs with the oral solution. 

2 Introduction and Regulatory Background 
Neos Therapeutics has submitted a 505(b)(2) application for an extended release 
amphetamine oral suspension referencing listed drug Adderall XR.   
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commercial-scale product formulation.  Levels of the controlling excipient in the 
commercial product differed from those of the clinical trial formulation by greater than  
percent (  percent versus  percent, respectively).  Therefore, the Agency required a 
bioequivalence study of the commercial formulation with the reference listed drug 
(Adderall XR) and a food effect study.  The Division clarified this requirement via the 
WRO meeting and a follow-up email from the regulatory project manager in December 
2105.   

2.6 Other Relevant Background Information 

The Applicant submitted an amphetamine orally disintegrating tablet (ODT) formulation 
NDA (204,326) in December 2012, but was the subject of a Complete Response due to 
Chemistry Manufacturing and Controls (CMC) issues.  Specifically, there were problems 
with tablet hardness and disintegration failures.  The Applicant addressed these 
concerns and the Division approved the application in January 2016. 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

The application was submitted via eCTD.  All required datasets were included.  The 
Applicant did not prospectively submit individual case report forms (CRFs) since there 
were no deaths or serious adverse events.  On examination, preferred terms appeared 
to accurately reflect investigator verbatim terms.    

3.2 Compliance with Good Clinical Practices 

The Quality Assurance Unit from Worldwide Clinical Trials Early Phase Services, LLC, 
inspected and audited study sites to assure compliance with Good Clinical Practices.  
FDA’s Office of Study Integrity and Surveillance recommended accepting the study data 
without an on-site inspection.   

3.3 Financial Disclosures 

Was a list of clinical investigators provided:   
 

Yes    No   

Total number of investigators identified:  28 
Number of investigators who are Applicant employees (including both full-time and 
part-time employees):  0 (Applicant used CRO) 
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455):  0 
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If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value 
could be influenced by the outcome of the study:  N/A 
Significant payments of other sorts:  N/A 
Proprietary interest in the product tested held by investigator:  N/A 
Significant equity interest held by investigator in sponsor of covered study:  
N/A 

Is an attachment provided with details of 
the disclosable financial interests/ 
arrangements:   

Yes    No     N/A  

Is a description of the steps taken to 
minimize potential bias provided: Yes  No     N/A  

Number of investigators with certification of due diligence (FDA 3454, box 3) 0 

Is an attachment provided with the reason:   Yes     No     N/A  

4 Significant Issues from Other Review Disciplines 

4.1 Chemistry Manufacturing and Controls 

At filing, the CMC reviewer requested data concerning product stability data, the length 
of time the product must be shaken to re-suspend, and the ability to dispense accurate 
doses via a variety of measuring instruments.   The Applicant submitted data to address 
these concerns. 

4.2 Clinical Microbiology 

At filing, the Applicant was asked to perform a risk assessment to identify potential 
sources for introduction of Burkholderia cepacia complex organisms (BCC), or to 
provide this data if it already exists.  The Applicant submitted data to address these 
concerns. 

4.3 Preclinical Pharmacology-Toxicology 

During the Filing Meeting, the pharmacology-toxicology reviewer noted that some of the 
inactive ingredients exceeded the Inactive Ingredient Database (IID) limits at the time of 
filing; namely, sorbitol, propylene glycol, and xanthan gum.  In their response, the 
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6 Review of Efficacy 
The Applicant did not conduct any clinical efficacy studies; this application relies on the 
findings of efficacy and safety from the RLD, Adderall XR (NDA 021,303), and the BE 
and food effect studies described above. 

7 Review of Safety 
Safety Summary 
Given the extensive safety experience to date with amphetamine, the relatively brief 
duration of the bioequivalence and food effect studies (single dose studies), and the 
subject population (mostly healthy adult volunteers), these studies are not expected to 
produce meaningful new safety data that could be extrapolated to the clinical use of 
Adzenys.  
 
There were no deaths or non-fatal serious adverse events in any of the studies 
submitted to support this application.  Two subjects discontinued the study early due to 
adverse events as described below (see 7.3.3 Dropouts and Discontinuations).  No 
new, unlabeled safety signals were identified.  
 
The most commonly reported AEs in Applicant-conducted studies (greater than or equal 
to 5 percent of total exposures) were nausea and vomiting (7 percent of Adderall XR 
exposures) and decreased appetite (5 percent of Adderall XR and Clinical Trial 
Formulation exposures). 

7.1 Methods 

7.1.1 Studies Used to Evaluate Safety 

I used all submitted studies (NT0201.1004, NT0201.1005, NT0201.1006, NT0201.1007, 
and NT0201.1008) to evaluate safety.  I also referred to a placebo-controlled study of 
Adderall XR in children (Study 381.201) from the Adderall XR NDA (021,303) for data 
on pulses as described below (see 7.4.3 Vital Signs).  

7.1.2 Categorization of Adverse Events 

The Applicant categorized adverse events using MedDRA versions as follows: 
• NT0201.1004, version 17.0 
• NT0201.1005, version 14.1 
• NT0201.1006, version 15.1 
• NT0201.1007, version 18.1 
• NT0201.1008, version 19.0 
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a3 Native American/American Indian, 1 native Hawaiian. 
b1 Native American/American Indian, 1 multiracial. 
c1 Native American/American Indian. 
 
Based on 2015 U.S. Census Department data, Hispanics (18 percent of the U.S. 
Population) were over-represented in the Applicant’s studies.  African-Americans (13 
percent of the U.S. Population) were under-represented in some studies and over-
represented in others.  ADHD is more often diagnosed in white children1,2, which could 
also exaggerate the differences in the study sample demographics compared to the 
U.S. population potentially receiving the drug.  However, reflection of the diagnosed 
U.S. population is arguably less important in pharmacokinetic studies without an 
efficacy endpoint.  Although sex, racial, and ethnic differences have been observed in 
pharmacokinetic parameters3, these differences are also less important in cross-over 
studies where each subject acts as his or her own control.  Therefore, I would not 
expect subjects’ demographics to have impacted these bioequivalence studies. 

7.2.2 Explorations for Dose Response 

Not applicable. 

7.2.3 Special Animal and In Vitro Testing 

Not Applicable. 

7.2.4 Routine Clinical Testing 

Not applicable. 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The studies conducted were bioequivalence studies.  No new information was 
presented on amphetamine metabolism, clearance, or drug interactions. 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

To assess for increased blood pressure and pulse, investigators measured these vital 
signs at screening, pre-dose, and 4, 8, 12, 24, 36, 48, and 60 hours after dosing in all 
studies.  Some studies had more frequent vital signs (e.g., study NT0201.1005 also 
measured blood pressure and pulse at 1 and 6 hours).  Subjects received study drug in 
an inpatient setting to monitor closely for AEs.  Laboratory tests, physical exams, and 
electrocardiograms (EKGs) were also collected pre- and post-doses. 
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7.4.4 Electrocardiograms (EKGs) 

There were no clinically significant EKG findings in studies NT0201.1004, 
NT0201.1005, NT0201.1006, or NT0201.1008.  A 38-year-old African American female 
subject in study NT0201.1007 developed a widened QRS complex during the study 
(after the treatment period with the Clinical Trial Formulation, fasted).  A cardiologist 
determined the abnormality was benign and idiopathic (e.g., unrelated to stimulant 
treatment).  

7.4.5 Special Safety Studies/Clinical Trials 

Not Applicable. 

7.4.6 Immunogenicity 

Not Applicable. 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

Not Applicable. 

7.5.2 Time Dependency for Adverse Events 

Not Applicable. 

7.5.3 Drug-Demographic Interactions 

Not Applicable. 

7.5.4 Drug-Disease Interactions 

Not Applicable. 

7.5.5 Drug-Drug Interactions 

Not Applicable; data as per RLD. 
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sodium polystyrene sulfonate 

% sorbitol 
 
There was no specific gastrointestinal AE signal in the submitted studies, but most 
exposures were limited to a single dose.  I reviewed multiple other NDA applications 
and could find no other orally administered liquid with both SPS and sorbitol 
(oseltamivir, omeprazole, methylphenidate, amphetamine, oxycodone, morphine, 
lamotrigine, carbamazepine, and valproate). 
Based on the nature of the evidence (case reports), the difference in indication, and the 
large difference in exposures, I do not believe that the Division needs to issue a 
Complete Response for this application.  However, I do recommend that language be 
inserted into labeling mentioning that intestinal necrosis has been seen with the SPS 
and sorbitol combination; see 9.2 Labeling Recommendations. 

8 Postmarket Experience 
Not applicable.
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9 Appendices 

9.1 Literature Review/References 
1Morgan PL, Hillemeier MM, Farkas G, Maczuga S. Racial/ethnic disparities in ADHD 
diagnosis by kindergarten entry. J Child Psychol Psychiatry 2014; 55(8):905-13. 
 
2Morgan PL, Staff J, Hillemeier MM, Farkas G, Maczuga S. Racial and ethnic disparities 
in ADHD diagnosis from kindergarten to eighth grade.  Pediatrics 2013; 132(1):85-93. 
 
3Anderson GD. Sex and racial differences in pharmacological response:  Where is the 
evidence?  Pharmacogenetics, pharmacokinetics, and pharmacodynamics.  J Women’s 
Health 2005; 14(1):19-29. 
 
4Vitiello B, et al. Blood pressure and heart rate over 10 years in the Multimodal 
Treatment Study of Children with ADHD. Am J Psychiatry 2012; 169(2):167-77.  
 
5Lillemoe KD, et al. Intestinal necrosis due to sodium polystyrene (Kyexalate) in sorbitol 
enemas: Clinical and experimental support for the hypothesis.  Surgery 1987; 
101(3):267-72. 
 
6McGowan CE, et al. Intestinal necrosis due to sodium polystyrene sulfonate 
(Kayexalate) in sorbitol.  South Med J 2009; 102(5):493-7. 
 
7Ayoub I, et al. Colon necrosis due to sodium polystyrene sulfonate with and without 
sorbitol: An experimental study in rats.  PLoS One 2015; 
DOI:10.1371/journal.pone.0137636. 

9.2 Labeling Recommendations 

Clinically, no labeling changes are recommended to the RLD’s boxed warning, warnings 
and precautions, or adverse reactions specific to this formulation.  Because altering the 
suspension’s pH could change the pharmacokinetic parameters of the drug, CMC and 
clinical have recommended wording to advise patients not to mix the suspension with 
foods or other liquids prior to consuming Adzenys.  Data on blood pressure will conform 
to the approved Adzenys ODT label. 
 
Based on the possible risk of intestinal necrosis with the concomitant exposure to 
sodium polystyrene sulfonate and percent sorbitol, I suggest something similar to the 
following language be added to the Warnings and Precautions section of the label: 
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Cases of intestinal necrosis, including some deaths, have been reported with the 
concomitant use of sodium polystyrene sulfonate and % sorbitol.  In these cases, 
patients were administered sodium polystyrene sulfonate to treat hyperkalemia at doses 
greater than 200 times the amount present in Adzenys ER oral suspension.  However, 
no absolute safe levels for the interaction of sodium polystyrene sulfonate and % 
sorbitol have been established. 

9.3 Advisory Committee Meeting 

This 505(b)(2) application relies on the findings of safety and efficacy of Adderall XR 
and there were no questions for an Advisory Committee. 
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