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The DP contains an amantadine extended-release tablet core with an outer immediate-release 
layer.  Drug release from the extended-release core is controlled by an osmotic pump system.  
Osmotic pump systems consist of a drug core inside of a semipermeable polymer membrane 
that is permeable to water molecules but not to the drug.  The semipermeable polymer 
membrane has a laser drilled orifice for drug delivery.  Drug release is driven by the osmotic 
pressure generated within the drug core upon exposure to water.  

 
The strength of each tablet expressed as the base was rounded to the nearest milligram.  All 
excipients in the formulation are compendial except the coating materials.  Dr. Wong noted 
that the applicant provided adequate information about these coating materials.  The DP 
specifications proposed by the applicant were acceptable.  The levels of excipients were 
compendial except for the coating materials, which the reviewer concluded were adequate. The 
acceptance criteria for  (known impurity) and the  

 were within the qualification limit.  Dr. Wong concluded these levels met the 
ICH Q3B and the levels were acceptable.  The applicant used validated non-compendial assay 
methods for identification, content, uniformity, related compounds and  which 
were acceptable.  The results of the batch analysis for three registration size batches for each 
tablet strength of DP found that all results were within the product specifications. 
 
The DP is packaged in unit-dose blister package for prescriber samples only or High Density 
Polyethylene (HDPE) bottles of 30 or 90 count.  The DMFs for the packaging components 
were reviewed and minor deficiencies were corrected in the applicant’s response to the 
reviewer’s information request.   
 
The DP reviewer noted that there are no impurities above the ICH Q3B (R2) identifiable level 
(0.2%) observed after storage for up to 30 months at 25°C/40%RH. The impurities identified 
in the finished product are the same as those reported for the API. There were no adverse 
trends observed in assay and impurities levels, and the proposed packaging components offer 
sufficient product protection.  The DP reviewer noted that amantadine was not subject to 
photo-degradation based on the results of U-V testing.   Dissolution testing found the DP 
remained within the acceptance criteria. 
 
CDTL Comment: 
Dr. Wong confirmed that the levels of excipients and impurities remain acceptable at the 
maximum recommended dose of 400 mg daily of Amantadine ER (a 140 mg tablet plus a 240 
mg tablet) taken daily. 
 
Shelf-life 
The DP reviewer concluded that “The proposed expiry dating of 30 months for all strengths of 
the Amantadine HCl ER Tablets when packaged in HDPE bottles with 30- and 90-counts and 
in aluminum foil blisters and stored at 20°C to 25°C (68°F to 77°F)] is justified by the 
available 18-months real stability data.”   
 
The applicant agreed to revise the Post-Approval Stability Protocol and Commitment 
recommended by OPQ.  The long-term (25°C/60% RH) stability studies for the first three 
commercial batches in each container-closure configuration will be studied up to 36 months, 
and an additional 3 or 6 months beyond the expiry point.  The applicant agreed to include 
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nonclinical sections of labeling for amantadine ER will closely follow the language in the 
nonclinical section for Symmetrel. 
 
The recommendation from the nonclinical review team is that the NDA is approvable, with 
labeling modifications. 
 

5. Clinical Pharmacology/Biopharmaceutics  
Bilal AbuAsal, Ph.D. is the primary Clinical Pharmacology reviewer for this application. 
 
The mechanism of action underlying the ability of amantadine to improve the symptoms of 
PD,  and drug-induced extrapyramidal disorders is not known. 
 
The scientific bridge to the FDA’s finding of safety and effectiveness for Symmetrel syrup 
(reference listed drug=RLD) is based on bioequivalence (BE) primarily supported by the 
results of Study OS320-PKP06.  Amantadine ER is not manufactured in tablet strengths that 
match the minimum (100 mg daily) and maximum (400 mg divided bid) recommended daily 
dose of Symmetrel syrup.  The exposure to amantadine from once daily dosing with the 
available dose strengths of Amantadine ER tablets (i.e., 240 mg and 320 mg of amantadine 
HCl) is bracketed by the exposures obtained from the “usual dose” (i.e., 200 mg daily) and the 
highest dose (i.e., 400 mg daily) of Symmetrel Syrup.  However, the combination of a 160 mg 
tablet plus a 240 mg tablet of Amantadine ER can match exposures of the maximum daily 
dose (200 mg b.i.d.) of Symmetrel syrup. 
 
Multiple Dose Relative Bioavailability 
The applicant’s pivotal relative bioavailability Study OS320-PKP06 was a 2-treatment, 2-
period, 2-sequence, multiple oral dose crossover study with a 2-day titration period in healthy 
subjects treated for 7 days (excluding titration) under fasting conditions.  Steady state relative 
bioavailability was determined after subjects received Treatment A (Amantadine ER 320 mg 
once daily for 7 days) or Treatment B (Amantadine syrup 160 mg twice daily for 7 days) 
(Figure 1).  The reviewer concluded that Amantadine ER is bioequivalent to amantadine syrup 
on a “per mg” basis.  
 
The OCP reviewer also compared the concentration/time profiles of different dose strengths of 
Amantadine ER with the lowest and highest daily dose of Symmetrel (see Figure 2). The 
amantadine concentration-time profiles for the 240 mg and 320 mg (salt) doses of Amantadine 
ER are within the profiles for Symmetrel 100 mg and the 200 mg administered twice daily.  As 
expected, the 160 mg dose of Amantadine ER is higher than the lowest dose of Symmetrel 50 
mg twice daily, which may be an effective dose for some patients treated for PD.  The OCP 
reviewer recommended that Amantadine ER 160 mg daily should not be used in patients who 
cannot tolerate more than 50 mg of amantadine IR b.i.d.  
 
The highest daily dose of Symmetrel (400 mg daily divided dose) can be matched by 
combining a 160 mg tablet with a 240 mg tablet of Amantadine ER for a total daily dose of 
400 mg taken once daily.  The OCP and the applicant agree to include a maximum 
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Amantadine ER dose of 400-mg/day in labeling based on the OCP’s modeling of the 400 
mg/day Amantadine ER and Symmetrel.  
 
Figure 1: Mean plasma concentration-time profiles following oral administration of 320-
mg AMANTADINE ER tablets once daily (Treatment-A: 320 mg amantadine HCl ER 
tablets) or SYMMETREL syrup twice daily (Treatment-B: 160 mg amantadine HCl) for 
7 days in healthy volunteers, Study OS320-PKP06 
 

 
Source: FDA Clinical Pharmacology Review 
 
Figure 2: Comparison of the Steady State PK Profiles of Amantadine from the Proposed 
Amantadine ER doses (160 mg, 240 mg, 320 mg and 160+240 mg) with the 
Recommended Doses of Symmetrel Syrup. 

 
Source: FDA Clinical Pharmacology Review 
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In Figure 2, the lowest dose of 100 mg once daily (QD), usual dose of 100 mg twice daily 
(BID) and maximum dose of 200 mg BID are shown for Symmetrel Syrup is marked as IR and 
Amantadine ER tablets as ER respectively. 
 
Dr. AbuAsal noted the difference in median Tmax values following oral administration of 160 
mg b.i.d. of amantadine syrup (Tmax=2-3 hours) and Amantadine ER 320 mg daily 
(Tmax=7.5 hours), but questioned the clinical meaningfulness of this difference in Tmax. 
 
CDTL Comment: 
The difference in Tmax between amantadine syrup and Amantadine ER is not clinically 
meaningful because the clinical effects of amantadine on the symptoms of PD is not 
immediate.  In addition, patients treated with amantadine for PD are titrated to an effective and 
tolerated dose.  It may take one to several weeks to titrate patients to a 200 mg to 400 mg daily 
dosage of amantadine syrup including time to observe patients for an effect on the symptoms 
of PD. 
 
Dosing of Amantadine ER in the morning is not expected to impact efficacy, but patients may 
experience adverse effects closer to Tmax (median 7.5 hours) in the early afternoon.  Common 
adverse reactions associated with use of amantadine include agitation and irritability.  It may 
be preferable that patients experience CNS adverse reactions during the daytime rather 
potentially interfering with sleep at night. 
 
Single Dose Relative Bioavailability and Dose Proportionality 
Study OS320-PKP05 single oral dose, randomized, laboratory-blinded, four-treatment, four-
period, four-sequence, crossover design study in healthy male and female volunteers.  The 
results of the study demonstrated dose proportionality between Amantadine HCl ER tablets, 
160 mg, 240 mg, and 320 mg.   
 
ADME 
 
Absorption 
Median Tmax for plasma amantadine was around 7.5 hours from amantadine ER.  Time to 
reach steady-state is approximately four days after dose initiation in subjects with normal renal 
function.  Ingestion of high-fat, high-calorie meal did not affect the PK of amantadine. 
 
The steady-state exposures (Cmax, AUC0-24) were bioequivalent with the immediate release 
formulation on a milligram (mg) to mg basis (i.e., 320 mg amantadine ER given once daily 
and160 mg Symmetrel syrup given twice daily). 
 
Exposure 
The mean AUC0-24, ss (ng.h/ml) and Cmax (ng/ml) based on Study OS320-PKP06 healthy 
subjects after daily dose of 320 mg oral dose at steady state were 9946.7 (33.6) and 536.1 
(31.3) respectively.  The steady-state exposures (AUC0-Tau) were 20-30% higher than after 
single dosing (accumulation ratio ~1.2-1.3-fold). 
 
 

Reference ID: 4222633



Cross Discipline Team Leader Review 

Page 12 of 21 12 

Distribution 
The volume of distribution and level of protein binding is expected to be consistent with 
values for described in the immediate release amantadine (Symmetrel) label.  Amantadine is 
67% bound to plasma proteins. The volume of distribution from after intravenous 
administration was 3-8 L/Kg. 
 
Metabolism 
Metabolism accounts for only 5-15% of the total clearance for amantadine. However, only the 
parent compound is believed to be active. Eight metabolites of amantadine have been 
identified in human urine. One metabolite, an N-acetylated compound, was quantified in 
human urine.  
 
Elimination 

• Amantadine is mainly eliminated renally and around 85% of the administered dose is 
excreted unchanged in urine by glomerular filtration and tubular secretion. The 
elimination half-life is about 16 hrs.  

• Amantadine is neither a substrate nor an inhibitor of CYP1A2, 2B6, 2C19, 2C8, 2C9, 
2D6, 2E1, 3A4, and 3A5 based on in vitro studies. 

• In vitro studies showed that amantadine is a week inhibitor of OCT2; however, 
amantadine is not an inhibitor of P-gp, BCRP, OATP1B1, OATP1B3, OAT1 and 
OAT3 under the conditions examined. 

• Amantadine is not a substrate of any of the transporters evaluated under these 
experimental conditions. Amantadine is reported to be poor substrate to MATE1 based 
on in-vitro studies, while, in-vivo amantadine clearance increased by 33 % in the 
presence of quinidine, OCT2 inhibitor. 

 
Age 
Amantadine accumulates as renal function declines with aging.   

 
 
Hepatic Impairment 
No dose reduction is recommended in patients with hepatic impairment. 
 
Dosing in Patients with Renal Impairment 
Amantadine in primarily eliminated by the kidneys.  Patient with impaired renal function will 
experience accumulation of amantadine.  Improper dosing of amantadine in patients with 
impaired renal function has been associated with fatal overdose.   
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weeks), Maintenance (12 weeks) and Taper (2 weeks).  Study 3006 included  a 2-week 
Titration Phase, a 22-week Maintenance Phase and a 13-day Tapering Phase before stopping 
study drug.  The mean and median exposure in days in Study 3006 (Table 9) was only slightly 
longer the duration of study 3005 which is unexpected because Study 3006 enrolled 50% more 
patents and the maintenance phase was 10 weeks longer.   
 
Table 9. Summary of Exposure (Days) in Studies 3005 and 3006  
Statistics Amantadine 320 mg Amantadine 240 mg Placebo 
N 75 75 72 
Mean 120 126 123 
Std Dev 57 58 58 
Median 113 119 114 
Min 11 13 14 
Max 204 210 232 
Source: CDTL 
 
The majority of the early discontinuations occurred in the Maintenance phase of both studies 
(Table 10). 
 
Table 10. Discontinuation by Study Epoch and Arm Safety Population in Studies 3005 
and 3006 

 Study Identifier 
  OS320-3005 OS320-3006 All 
  Actual Treatment for Period 01 Actual Treatment for Period 01  

Discontinuation 
Epoch 

Amantadine 
240 mg 

Amantadine 
320 mg 

Placebo All Amantadine 
240 mg 

Amantadine 
320 mg 

Placebo All  

Titration Period 2 1 2 5 1 1 5 7 12 
Maintenance Period 10 9 8 27 15 17 13 45 72 
Taper Period 1 0 0 1 2 1 1 4 5 
All 13 10 10 33 18 19 19 56 89 
Source: CDTL 
 
The two most common reasons for early discontinuation were because of an adverse event or 
caused by the applicant ending the study early (Table 11).  In total, 89 of the 222 patients 
enrolled in both studies ended participation early. 
 
Table 11. Reasons (Reviewer Recoded) for Discontinuation from Randomized Population 
in Studies 3005 and 3006  
Discontinuation 
Reason 
Standardized 
Term 

Amantadine  
240 mg 

Amantadine  
320 mg 

Placebo All 

Adverse event 9 13 6 28 
Lack of efficacy 2 0 3 5 
Lost to follow-up 0 0 1 1 
Non-compliance 
with study drug 

0 0 2 2 

Physician decision 1 0 0 1 
Protocol deviation 2 1 1 4 
Screen failure* 0 0 1 1 
Study terminated 
by sponsor 

11 9 8 28 
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Body System 
or Organ Class 

Dictionary-
Derived Term 

Amantadine 
240 mg 
N=75 

% 

Amantadine 
320 mg 
N=75 

% 

Placebo  
 

N=72 
% 

disorders 

General 
disorders and 
administration 
site conditions 

Oedema 
peripheral 

3 11 1 

Nervous system 
disorders 

Dizziness 5 7 0 

Vascular 
disorders 

Hypertension 3 7 0 

Gastrointestinal 
disorders 

Constipation 4 5 3 

Infections and 
infestations 

Urinary tract 
infection 

5 5 4 

Musculoskeletal 
and connective 
tissue disorders 

Arthralgia 5 4 0 

Infections and 
infestations 

Nasopharyngitis 3 5 0 

Nervous system 
disorders 

Headache 4 4 1 

Musculoskeletal 
and connective 
tissue disorders 

Muscle spasms 4 4 1 

Psychiatric 
disorders 

Confusional 
state 

5 3 1 

Psychiatric 
disorders 

Anxiety 3 4 3 

Musculoskeletal 
and connective 
tissue disorders 

Back pain 3 3 0 

Vascular 
disorders 

Hypotension 4 1 1 

Gastrointestinal 
disorders 

Vomiting 1 3 0 

Musculoskeletal 
and connective 
tissue disorders 

Osteoarthritis 1 3 0 

Investigations Haemoglobin 
urine present 

1 3 1 

Renal and 
urinary 
disorders 

Dysuria 1 3 0 

Metabolism and 
nutrition 
disorders 

Decreased 
appetite 

1 3 0 

Psychiatric 
disorders 

Nightmare 3 1 0 

Investigations Blood 
cholesterol 
increased 

3 1 0 
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Body System 
or Organ Class 

Dictionary-
Derived Term 

Amantadine 
240 mg 
N=75 

% 

Amantadine 
320 mg 
N=75 

% 

Placebo  
 

N=72 
% 

Nervous system 
disorders 

Parkinson's 
disease 

4 0 1 

1=Hallucinations, Hallucinations visual, hallucinations auditory and Illusions 
Preferred terms were recoded from verbatim terms from the applicant’s ISS dataset. 
Source: CDTL 
 
Table 14 shows the most frequently reported adverse reaction were G.I. or central nervous 
system related.  There was a clear relationship to dose for hallucinations, dry mouth, edema, 
and hypertension. 
 
Electrocardiograms (ECG) 
Six randomized patients had a normal QT interval at screening but developed an abnormal QT 
during the study (QT ≥ 450 msec) including one patient in the amantadine ER 320 mg group, 
three in the amantadine 240 mg group and two in the placebo group.  None of abnormalities 
were clinically significant in the opinion of the investigator/applicant.  Four patients had an 
QTcF (Fridericia) that was normal at screening but became abnormal (≥ 60 msec) during the 
study, three were in the placebo group and one was in the amantadine ER 240 mg group. 
 
The QT interval abnormalities did not suggest that amantadine ER was associated with an 
increased incidence of QT or QTcF prolongation.  Higher doses of amantadine ER 320 mg/day 
was not associated with an increased frequency of prolonged QT interval.  Only two-third of 
patients treated with amantadine ER had an ECG by Visit 7 (Table 15).  Less than half of the 
patients randomized in study 3006 (N=133) had an ECG at Visit 9 (End of Study).  The large 
amount of missing ECG data in studies 3005 and 3006 limits the ability to use the data to base 
labeling recommendations. 
 
Table 15. Patients with ECG Data by Visit Studies 3005 and 3006 
Actual 
Treatment 

Screening Visit 2 Visit 7 Visit 9 
(study 3006 
only) 

Early 
Termination 

Unscheduled 

Amantadine 
240 mg 

75 75 51 29 26 5 

Amantadine 
320 mg 

75 75 49 27 29 8 

Placebo 72 72 46 26 27 1 
Source: CDTL 
 
Clinical Laboratory 
The number of laboratory investigations declined as patients withdrew early from the 
respective studies.  Review of the available laboratory data found no patient had an elevation 
of bilirubin elevated to greater that 2 X the upper limit of normal (UMN).  Another patient had 
a postbaseline elevation of AST between 2 and 5 X UMN.  There were no cases that met Hy’s 
Law criteria.  The hematology, electrolytes and glucose testing did not reveal a pattern of 
abnormality associated with amantadine ER. 
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8. Advisory Committee Meeting  
An Advisory Committee Meeting was not convened for this application. Amantadine has a 
long marketing history in the U.S. This application relies on previous FDA finding of safety 
and effectiveness for amantadine.  
 

9. Pediatrics 
The applicant included a request for a full waiver from PREA requirement to conduct studies 
in the pediatric population.  The applicant’s justification for requesting a PREA waiver is that 
studies in children are impracticable.  The PeRC granted the request for a full waiver. 

10. Other Relevant Regulatory Issues  
Clinical Site Inspections 
OSI inspections of the clinical sites were not requested for the clinical study sites because both 
studies were terminated before completion and not necessary to support approval. 
 
Bioequivalence Study Site Inspection 
The Division of New Drug Bioequivalence Evaluation (DNDBE) within the Office of Study 
Integrity and Surveillance (OSIS) recommends accepting data without an on-site inspection. 
The rationale for their recommendation is that OSIS recently inspected  

 The outcome from this on-site 
inspection was a classification of No Action Indicated (NAI). 
 
Controlled Substance Staff 
There is no evidence of abuse associated with amantadine based on the adverse event (AE) 
profile of Amantadine HCl ER Tablets and on a Division of Pharmacovigilance’s (DPV) 
review of post-marketing cases in the FDA Adverse Event Reporting System (FAERS). 
Additionally, there is no evidence in the medical literature for an association between 
amantadine and drug abuse, dependence or withdrawal. CSS recommends that amantadine 
remains as a non-controlled substance under the Controlled Substances Act (CSA), and that 
Section 9 (Drug Abuse and Dependence) is not included in the label of the product. 

11. Labeling  
Proprietary Name Review 
DMEPA found the proposed proprietary name (Osmolex ER) acceptable. 
 
Carton Container Labels  
Comments from OPQ and DMEPA were forwarded to the applicant.  The applicant submitted 
revised Carton and Container labels resulting in no additional comments from OPQ or 
DMEPA. 
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12. Recommendations/Risk Benefit Assessment  
 

Recommended Regulatory Action  
Approval 

 
Risk Benefit Assessment 
The applicant has successfully bridged amantadine ER tablets to the reference listed 
product and it is therefore appropriate to rely on FDA’s finding of efficacy and safety for 
Symmetrel Syrup to support this 505(b)(2) application.   
 
The ability to interpret the efficacy and safety information submitted in the application 
from the applicant’s controlled clinical studies investigating amantadine ER for the 
treatment of dyskinesia in patients with PD treated with levodopa is limited because of the 
large amount of missing data.  These studies do not provide new efficacy information that 
is adequate for inclusion in labeling, and did not identify unique adverse reactions 
associated with amantadine ER that are not already described in labeling for the referenced 
product. 
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