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The approved indications for Symmetrel are as follows: 

• Symmetrel is indicated for the prophylaxis and treatment of signs and symptoms of 
infection caused by various strains of influenza-A virus. SYMMETREL is also indicated in 
the treatment of parkinsonism and drug-induced extrapyramidal reactions. 

• Symmetrel is indicated in the treatment of idiopathic Parkinson’s disease (Paralysis 
Agitans), postencephalatic parkinsonism, and symptomatic parkinsonism which may 
follow injury to the nervous system by carbon monoxide intoxication. It is indicated in 
those elderly patients believed to develop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson’s disease, SYMMETREL is less effective 
than levodopa, (-)-3-(3,4- dihydroxyphenyl)-L-alanine, and its efficacy in comparison with 
the anticholinergic antiparkinson drugs has not yet been established. 

• Symmetrel is indicated in the treatment of drug-induced extrapyramidal reactions. 
Although anticholinergic-type side effects have been noted with SYMMETREL when used 
in patients with drug-induced extrapyramidal reactions, there is a lower incidence of these 
side effects than that observed with the anticholinergic antiparkinson drugs. 

 
A Pre-NDA was held with representatives from Adamas on March 1, 2016, at the FDA, White 
Oak Campus.  The applicant and representatives from various review disciplines from FDA agreed 
upon the format of specific sections of the Amantadine ER NDA. 
 
Table 2: Review Team Members 
Review Discipline Primary Review  CDTL or Supervisory 

Review 
CMC/Biopharm See CMC review Table   
Nonclinical 
Pharmacology/Toxicology 

Luann McKinney, DVM Lois Freed, PhD 

Clinical Pharmacology Gopichand Gottipati, Ph.D. Sabarinath Sreedharan, Ph.D. 
Kevin Krudys, Ph.D.,  

Clinical Kenneth Bergmann, MD Gerald David Podskalny, DO 
Controlled Substance Staff Martin S. Rusinowitz, M.D. Silvia Calderon, Ph.D. 
Statistical Review Xiangmin Zhang, PhD. Kun Jin, Ph.D. 

Hsien Ming Hung, Ph.D. 
DMEPA Proprietary Name 
Review 

Briana Rider, PharmD Lolita White, PharmD 

DMEPA Labeling Review Chad Morris, PharmD, 
MPH 

Lolita White, PharmD 

Labeling Review Tracy Peters, PharmD, 
Associate Director for 
Labeling 

 

Office of Scientific 
Investigations 

Cara Alfaro, Pharm.D. Phillip Kronstein, MD 

Patient Labeling- 
Office of Prescription Drug 
Promotion (OPDP) 
 
Patient Labeling Office of 
Medicine Policy 

Dhara Shah, PharmD, 
 
 
 
Sharon W. Williams, MSN, 
BSN, RN 

Lisa Hubbard, RPh, 
 
 
 
Marcia Williams, PhD 
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• Catalent Pharma Solutions 
Location: Somerset, NJ 07207 (FEI 3003563645) 
Function: Amantadine HCl extended release capsule DP manufacture 
Review Conclusion: Acceptable from a facilities assessment standpoint. 

• Sharp Corporation 
Location: Allentown, PA (FEI 3004161147)   
Function: DP packaging into bottles 
Review Conclusion: Acceptable from a facilities assessment standpoint. 

• Sharp Corporation 
Location: Conshohocken, PA (FEI 2518332) 
Function: DP packaging into blisters (physician samples) 
Review Conclusion: Acceptable from a facilities assessment standpoint. 

 
Facilities Recommendation:  
The subject NDA is recommended for approval from a facilities assessment standpoint. 

 
The overall risk score for Moehs Catalent is medium primarily because of the facilities risk score. 
As noted in Dr. Fong’s review, the facilities score is medium due to voluntary action indicated 
(VAI) conclusions for the last three inspections, and recurring observations regarding equipment 
cleaning and building maintenance. However, following the February 22 to 26, 2016, inspection, 
the firm was determined to have adequately addressed the previously identified deficiencies. 

Biopharmaceutics 
 
Dr. Qi Zhang, PhD is the primary Biopharmaceutics reviewer for this application. 
 
Dissolution Method and Acceptance Criteria:  
The applicant’s proposed dissolution method [USP apparatus II (Paddle) at 50 rpm; 500 or 900 
mL of water at 37oC] was fully validated and is acceptable. The proposed acceptance criteria of 
NMT % at 2 hours % at 6 hours, % at 8 hours and NLT % of the labeled amount 
of amantadine HCL dissolved at 12 hours are acceptable for release and on stability. 
 
Alcohol Dose-Dumping Potential:  
The results from the in vitro alcohol dissolution showed that with increasing amounts of alcohol 
(25% ethanol and most noticeably at 30% and 40%), there is dose dumping. With 5% and 10%, 
ethanol there is a small but insignificant increase in the dissolution rate.  However, the dissolution 
rate observed with 15% and 20% ethanol is unexpectedly lower than the dissolution rate of the 
control product with no ethanol. These results could be attributed to the following statement was 
recommended to be added to Section 7.5 of the labeling: “Concomitant use with alcohol should be 
avoided as it may increase the potential for CNS effects such as dizziness, confusion, 
lightheadedness and orthostatic hypotension; and may result in dose dumping based on in-vitro 
studies.” 
 
The extended-release claim for ADS-5102 is supported.  The formulation of the drug product used 
in the pivotal clinical studies is reported to be the same as that of the commercial drug product, 
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except for the color and imprinting on the capsule shells. The manufacturing site of the drug 
product-batches used in the Phase 3 clinical and registration-stability studies is the proposed 
commercial site; therefore, bridging between the clinical and commercial formulation-products 
was not needed. 
 
The applicant’s biowaiver request for lower strength capsule strength (68.5 mg) was granted based 
on the BA/BE information for the highest strength capsule (137 mg), composition proportionality 
of the formulations for all proposed strengths, PK linearity in the proposed range and dissolution 
profile comparison/f2. 
 
Biopharmaceutics Recommendation 
From a Biopharmaceutics perspective, NDA 208944 for Gocovri (Amantadine) Extended Release 
Capsules, 68.5 mg and 137 mg, is recommended for APPROVAL. 
 
Overall OPQ Recommendation: APPROVAL. 
 

4. Nonclinical Pharmacology/Toxicology 
Dr. LuAnn McKinney, DVM is the primary Nonclinical Pharmacology/Toxicology reviewer for 
this application.   
 
Dr. McKinney summarized her review finding as follows. “Developmental and reproductive 
toxicity studies have not been conducted according to current standards. According to published 
literature, amantadine has a negative effect on male and female fertility at a dose less than the 
recommended human dose (274 mg/day) and administration to pregnant rats and mice caused 
embryolethality and fetal malformations. On a body surface area basis, the dose associated with 
embryolethality and malformations in rats was 1.8-fold the recommended human dose of 274 mg 
per day and adverse effects on fertility were at a dose less than the RHD”. 
 
Dr. McKinney concluded that results of pharmacology studies submitted with the application 
indicate amantadine is a weak non-competitive NMDA receptor antagonist. Information from 
published literature and results of vitro studies included in the application suggests that “there may 
also be agonist activity at the sigma-1 receptor, antagonism at the nicotinic acetylcholine receptor; 
however, the mechanism of action in LID remains unclear.” 
 
Aside from the published fertility and pregnancy findings for amantadine, there are no nonclinical 
findings that imply a risk to safety in the proposed patient population.  
 
Nonclinical Pharmacology/Toxicology Recommendation 
From a nonclinical perspective, Dr. McKinney and Dr. Freed in her Supervisory Memo agree that 
the application is approvable and no further studies are required. 

 

5. Clinical Pharmacology/Biopharmaceutics  
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Dr. Gopichand Gottipati, Ph.D. was the primary Clinical Pharmacology reviewer for this 
application and Drs., Kevin Krudys, Ph.D., Sabarinath Sreedharan, Ph.D. provided secondary 
reviews. 
 
The clinical study reports in the NDA include five Phase 1 pharmacokinetic studies (relative 
bioavailability, bioequivalence, food effect, single ascending dose, multiple ascending dose 
studies). 
 
Table 5: Clinical Pharmacology Studies Included in the NDA 

Study ID 
Phase 

No. 
of 

Ctrs 

Study Dates 
(Start– 

Completion) 

Design / 
Control 

Regimena Indication 
No. 

Planned/ 
Entered/ 

Completed 

Treatment 
Duration 

Sex (M/F) Age 
(Range) Race 

Clinical Pharmacology 

NPI-5103- 
C101 
Phase 1 

1 17 Jan 2007- 
14 Mar 2007 

Open-label, 
randomized, 
4-period 
crossover 

100 mg amantadine 
extended release 
capsule Formulations 
A, B, C (ADS-5102) 
100 mg IR 

Healthy 
subjects 

20/20/15 

Single 
dose 

8M/12F 
20-38 yrs 
(mean 25.5) 
20 white 

ADS-AMT- 
PK111 
Phase 1 

1 13 Oct 2014- 
05 Dec 2014 

Open-label, 
randomized, 
2-period 
crossover 

170 mg ADS-5102 QD 
(bedtime) 
100 mg IR capsules 
Q12h.  Single and 
Multi-dose PK 

Healthy 
subjects 
24/24/23 

8 days 19M/5F 
21-45 yrs 
(mean 31.8) 
9 black/AA 
15 white 

ADS-AMT- 
PK110 
Phase 1 

1 09 Jun 2015- 
24 Jul 2015 

Open-label, 
3-period 
crossover 

ADS-5102: 
85 mg 
170 mg 
2 x 170 mg 

Healthy 
subjects 
30/30/29 

Single 
dose 

16M/14F 
19-44 yrs 
(mean 30.4) 
6 black/AA 
24 white 

ADS-AMT- 
PK113 
Phase 1 

1 23 Mar 2015- 
05 May 2015 

Open-label, 
3-period 
crossover, 
fed vs 
fasted 

170 mg ADS-5102: 
Fasting/fed 
capsule contents sprinkled 
on applesauce 

Healthy 
subjects 
36/36/35 

Single 
dose 

26M/10F 
18-45 yrs 
(mean 28) 
29 black/AA 
7 white 

ADS-AMT- 
PK112 
Phase 1 

1 25 Jul 2014- 
10 Sep 2014 

Open-label, 
2-period 
crossover 

340 mg ADS-5102 
manufactured at 2 
different sites 

Healthy 
subjects 
42/42/39 

Single 
dose 

13M/29F 
20-42 yrs 
(mean 28.7) 
6 black/AA 
33 white 
3 multiracial 

Source: Adamas 
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ADME 
 
Absorption 
The applicant conducted Study ADS-AMT-PK111, “A Crossover Study to Compare Single Dose 
and Steady-State Amantadine Pharmacokinetics Following Oral Administration of ADS-5102 
(Amantadine HCl) Extended Release (ER) Capsules QD with Amantadine Immediate Release (IR) 
Tablets BID in Healthy Subjects.”  The purpose of Study PK 111 was to evaluate the single dose 
(Table 6) and multiple dose (Table 7) PK profile of ADS-5102 compared with amantadine IR. 
 
Table 6: Study PK 111 Mean (CV) Plasma Pharmacokinetic Parameters of Amantadine by 
Treatment (Single-Dose Analysis Population) 
 

Parameter Amantadine Treatments 

ADS-5102 ER 
(n=23) 

Amantadine IR 
(n=23) 

AUC0-t (ng•h/mL) 7081.9 (28.4) 9152.7 (33.4) 

AUC0-inf (ng•h/mL) 7489.1 (29.3) 9593.8 (36.0) 

AUC0-24 (ng•h/mL) 3992.7 (30.1) 6303.2 (26.2) 

%AUCexp (%) 5.217 (50.4) 3.935 (77.1) 

Cmax (ng/mL) 266.7 (32.7) 464.0 (21.1) 

tmax (h)a 12.00 (6.00, 20.00) 3.00 (2.00, 6.00) 

tlag (h)a 2.00 (2.00, 4.00) 0.00 (0.00, 0.00) 

t1/2 (h) 14.555 (18.5) 14.519 (23.5) 

Lambda z (1/h) 0.04908 (17.1) 0.04987 (20.2) 

AUC0-t/D (ng•h/mL/mg) 41.66 (28.4) 45.76 (33.4) 

AUC0-inf/D (ng•h/mL/mg) 44.05 (29.3) 47.97 (36.0) 

AUC0-24/D (ng•h/mL/mg) 23.49 (30.1) 31.52 (26.2) 

Cmax/D (ng/mL/mg) 1.569 (32.7) 2.320 (21.1) 
Abbreviations: CV, coefficient of variation; ER, extended release; IR, immediate release. 
a Median (minimum, maximum) is shown. 
Source:Adamas 
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Table 7: Study PK 111 Mean (CV) Plasma Pharmacokinetic Parameters of Amantadine by 
Treatment (Steady-State Analysis Population) 

 
Abbreviations: CV, coefficient of variation; ER, extended release; IR, immediate release. 
a Median (minimum, maximum) is shown. 
Source: Adamas 
 
The amantadine reference product used in Study AMT-PK111 was amantadine IR tablets 
manufactured by Upsher-Smith Laboratories, Inc.  Amantadine 100 mg tablets manufactured by 
Upsher-Smith Laboratories (A076186) are listed as the Reference Standard in the Orange Books 
(Accessed 7/31/2017).  
 
Dr. Gottipati described ADS-5102 (amantadine ER) as being 93% bioavailable relative to 
amantadine immediate release (amantadine IR).  The comparison of 170 mg of ADS-5102 (salt 
expressed as 137 mg of the active ingredient) to 100 mg of amantadine IR dose bid meets the 
FDA’s bioequivalence criteria. ADS-5102 reached steady state after 4 days.  Exposure to 
amantadine at steady state for ADS-5102 was 20% to 30% higher than after a single dose (Table 
7). Administration of ADS-5102 with a high fat meal or opening the capsule and sprinkling the 
contents on applesauce did not alter the plasma PK of the ADS-5102.  Plasma amantadine 
exposure (AUCt, AUC∞, and Cmax) increased in a dose-proportional manner over the dose range 
of 68.5 mg to 274 mg. 
 
The applicant relies on the information in the Symmetrel label for or Distribution, Metabolism and 
Elimination. 
 
 
 

Parameter Amantadine Treatments 

ADS-5102 ER 
(n=23) 

Amantadine IR 
(n=23) 

AUC0-24,ss (ng•h/mL) 9946.7 (33.6) 11531.4 (31.1) 

Cmax,ss (ng/mL) 536.1 (31.3) 611.7 (27.1) 

Cmin,ss (ng/mL) 284.8 (39.6) 366.3 (36.4) 

tmax,ss (h)a 8.00 (4.00, 18.00) 14.00 (2.00, 16.00) 

tmin,ss (h)a 2.00 (0.00, 8.00) 1.00 (0.00, 24.00) 

Cave,ss (ng/mL) 414.4 (33.6) 480.5 (31.1) 

t1/2 (h) 16.637 (24.3) 16.320 (24.8) 

Cmax,ss/D (ng/mL/mg) 3.153 (31.3) 3.058 (27.1) 

AUC0-24,ss/D (ng•h/mL/mg) 58.51 (33.6) 57.66 (31.1) 

Cmin,ss/D (ng/mL) 1.675 (39.6) 1.832 (36.4) 

Swing 0.95 (34.0) 0.73 (29.0) 

Degree of fluctuation 0.62 (24.8) 0.54 (22.2) 

Accumulation 2.52 (23.3) 1.82 (11.7) 
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Distribution 
The volume of distribution determined after the intravenous administration of amantadine to 15 
healthy subjects was 3 to 8 L/kg, suggesting tissue binding. Amantadine is approximately 67% 
bound to plasma proteins over a concentration range of 0.1 to 2.0 μg/mL. 
 
Metabolism 
Amantadine is primarily excreted unchanged in the urine by glomerular filtration and tubular 
secretion. Eight metabolites of amantadine have been identified in human urine. One metabolite, 
an N-acetylated compound, was quantified in human urine and accounted for 5 to 15% of the 
administered dose. Plasma acetylamantadine accounted for up to 80% of the concurrent 
amantadine plasma concentration in 5 of 12 healthy volunteers following the ingestion of a 200 
mg dose of amantadine. Acetyl amantadine was not detected in the plasma of the remaining seven 
volunteers. The contribution of this metabolite to efficacy or toxicity is not known.  Amantadine is 
neither a substrate nor an inhibitor of CYP1A2, 2B6, 2C19, 2C8, 2C9, 2D6, 2E1, 3A4, and 3A5 
based on in-vitro drug interaction studies. 
 
Elimination 
Amantadine is primarily excreted unchanged in the urine by glomerular filtration and tubular 
secretion.  Amantadine is neither a substrate nor an inhibitor for organic anions (OAT) or organic 
cations (OCT) MATE2-K, OAT1, OAT3 while it did not show inhibitory activity against p-gp, 
BCRP, OATP1B1 and OATP1B3 in the concentration range observed in the patients with PD.  It 
was reported to be poor substrate of MATE1 and OCT2 based on in-vitro studies, while, in-vivo 
amantadine clearance increased by 33% in the presence of quinidine an inhibitor of organic 
cations transporters. 
 
Dose proportionality  
In study ADS-AMT- PK111, the applicant demonstrated bioequivalence for the highest strength 
ADS-5102 capsule 170 mg (137 mg base). 
 
Table 8: Study ADS-AMT- PK111, Bioequivalence Data 

 
Treatment A = ADS-5102 (170 mg, QD multiple doses);Treatment B = Amantadine IR (100 mg, BID, multiple 
doses). 
 
The FDA’s bioequivalence criteria that the 90% confidence interval for the ratio of the averages 
(population geometric means) of the measures for the Amantadine ER and IR falls within a BE 
limit (usually 80-125%) for the ratio of the product averages for Cmax and AUC (Table 8). The 
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BE information supports extending the indication for treatment of Parkinson’s disease in the 
Symmetrel label to ADS-5102. 
 
The Biopharmaceutics reviewer concluded the information provided regarding the BA/BE for the 
higher strength (137 mg), composition-proportionality of the formulations for both proposed 
strengths, PK linearity in the proposed range, and dissolution profile comparison supported the 
approval of a biowaiver request for the proposed lower strength (68.5 mg ER capsules).  
 
Special Populations 
 
Hepatic Impairment 
The effect of hepatic impairment on plasma exposure to amantadine has not been studied.  
Because amantadine is primarily eliminated by the kidneys unchanged, the exposure to 
amantadine in patients with hepatic impairment is not expected.   
 
Renal Impairment 
The kidneys are primarily responsible for elimination of amantadine.  Dr. Gottipati reviewed the 
applicant’s model, based on published literature showing that the elimination rate constant for 
amantadine is correlated to creatinine clearance.  He disagreed with the applicant’s assumption 
used to develop the steady state simulated concentrations in patients with renal impairment for the 
treatment of dyskinesia in patients with PD.  The applicant had increased the steady state 
simulated concentrations by 50% to account for accumulation, and another 20% to adjust for 
higher exposures in females.   
 
Dr. Gottipati developed independent estimates of the PK model parameters using single and 
multiple dose PK data from study AMT-PK111.   His revised parameter estimates included a 
higher volume of extravascular distribution, slower absorption rate and a faster elimination rate as 
compared with the applicant’s analysis. The model using the revised parameter estimates provided 
simulations that matched the observed data for single and multiple dosing (Figure 3).   
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Figure 4: Simulation for Patients with Moderate Renal Impairment 137 mg Daily 

 
Source: FDA Clinical Pharmacology Review 
 
Dosing recommendation in moderate renal impairment (Figure 4): 68.5 mg QD at bedtime for 1 
week, and 137 mg QD at bedtime thereafter; grey shaded area represents exposures in the margins 
of renal impairment (CrCL60 and CrCL121) in normal subjects and mildly renally impaired 
subjects (reference population) 
 
Figure 5: Simulation for Patients with Severe Renal Impairment 68.5 mg Daily 

 
Source: FDA Clinical Pharmacology Review 
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Dosing recommendation in severe renal impairment (Figure 5): 68.5 mg QD at bedtime; grey 
shaded area represents exposures in the margins of renal impairment (CrCL60 and CrCL121) in 
normal subjects and mildly renally impaired subjects (reference population) 
 
The last approved Symmetrel label notes amantadine is removed in negligible amounts by 
hemodialysis. 
 
Bioequivalence (BE) and Dosing Recommendations for the Treatment of Parkinson’s 
Disease 
 
Based on results of the pivotal BE study (ADS-AMT-PK111), 137 mg QD of ADS-5102 is 
bioequivalent to 100 mg BID of amantadine IR (RLD).  The OCP reviewer recommended the 
following labeling language for dosing in patients treated for PD. 
 

• Dosing recommendation in treatment of PD 
 

A dose of GOCOVRI is 137 mg once daily when used alone.  The initial dose of 
GOCOVRI is 68.5 mg daily for patients with serious associated medical illnesses or who 
are receiving high doses of other antiparkinson drugs. After one to several weeks at 68.5 
mg once daily, the dose may be increased to 137 mg once daily, if necessary. 
 
Occasionally, patients whose responses are not optimal with GOCOVRI at 137 mg once 
daily may benefit from an increase up to 274 mg once daily. However, such patients 
should be supervised closely by their physicians. 

 
Dosing in Moderate and Severe Renal Impairment for the Treatment of Parkinson’s Disease 
 
The Office of Clinical Pharmacology (OCP) reviewers conducted simulations to derive the 
expected exposure for patients with moderate and severe renal impairment treated with ADS-5102 
for the treatment of PD.  The simulation (Figure 6) is based on the recommended dose of 
amantadine in patients with PD with normal renal function of 100 mg bid.  Based on these 
simulations, the recommended dose of ADS-5102 in PD patients with normal or mildly impaired 
renal function is 137 mg daily. 
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potassium (1.0 meq/L) and magnesium and the other had moderately low serum potassium (3.0 
meq/L) and magnesium.  Both cases are confounded by the electrolyte abnormalities and in the 
absence of systematic collection of information on amantadine’s ability to alter QT, labeling 
should not include not include specific comments regarding amantadine ER’s potential to prolong 
QTc or the association with torsade de pointes.  Although there are no clear cases of torsade de 
pointes presented in this application, the risk for cardiac arrhythmia and sudden cardiac death 
following intentional overdose and through accumulation in patients with end stage renal disease 
have been reported.  Torsade de pointes may occur in the setting of amantadine overdose but it is 
one of several cardiac arrhythmia reported in this setting. 
 
The Office of Clinical pharmacology recommends the following labelling concepts to be 
included in the final package insert.  

o The initial daily dosage of GOCOVRI is 137 mg administered orally once daily at bedtime 
for one week then the daily maintenance dose may be increased to 274 mg at bedtime.  

o GOCOVRI can be taken with or without food. The capsules can be swallowed whole or by 
sprinkling the entire contents on a small amount (teaspoonful) of soft food, such as 
applesauce. The drug/food mixture should be swallowed immediately without chewing 

o Avoid concomitant use of GOCOVRI with alcohol.  
o No dose adjustment is necessary in patients with hepatic impairment 
o Reduce the GOCOVRI dose by half in patients with moderate renal impairment 
o Daily dose of 68.5 mg is recommended in patients with severe renal impairment. 
o Avoid use of GOCOVRI in end-stage renal disease patients. 

 
Office of Clinical Pharmacology Recommendation 
The Office of Clinical Pharmacology has reviewed the information included in NDA 208944. This 
NDA can be approved from a clinical pharmacology perspective for drug-induced dyskinesia in 
Parkinson’s disease based on the totality of the evidence of effectiveness. Additionally, based on 
the key secondary endpoint analyses and results from the pivotal bioequivalence study, it can be 
approved for a broader indication in the treatment of Parkinson’s disease. 
 

6. Clinical Microbiology  
Not applicable. 
 

7. Clinical/Statistical- Efficacy 
The applicant included final reports and datasets from one Phase 2 controlled dose-finding study, 
two Phase 3 double-blind, placebo-controlled efficacy and safety studies, and one open-label long-
term safety study in patients with PD (Table 10). Dr. Xiangmin Zhang, Ph.D., was the primary 
statistical reviewer for this application.  Her review focused on Study 301 and Study 304.   
 
Study ADS-PAR- AM201was a Phase 2 study that enrolled 83 PD subjects with dyskinesia (80 in 
the modified intent-to-treat population (mITT)).  Subjects were randomized to treatment with 
placebo or ADS-5102 260 mg, 340 mg, or 420 mg, administered once daily at bedtime for 8 
weeks. During the first week of treatment, all randomized patients received a daily dose of 260 
mg, which was increased to 340 mg at  the end of Week 1 for the higher dose groups, and then to 
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420 mg at the end of Week 2 for the highest dose group or matching placebo. The results led the 
applicant to select the 340 mg dose level for the subsequent Phase 3 studies. 
 
Study ADS-AMT-PD301 was a Phase 3, placebo-controlled efficacy and safety that randomized 
121 PD patients with dyskinesia to ADS-5102 340 mg (274 mg) or placebo, once daily for 25 
weeks of treatment.  The applicant decided to terminate Study 301 early for “business reasons”; 
after all randomized subjects completed the Week 12 study visit.   
 
Study ADS-AMT-PD304 was a Phase 3 placebo-controlled efficacy and safety study that 
randomized 75 PD subjects with dyskinesia to ADS-5102 340 mg (274 mg) or placebo, once 
daily, for 13 weeks of treatment.   
 
Study ADS-AMT-PD302 is an ongoing open-label Phase 3 study evaluating the long-term safety 
and tolerability of 340 mg ADS-5102 once daily at bedtime, for up to 101 weeks in 223 PD 
subjects with dyskinesia.  
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Table 10: Summary of Key Design Features for Clinical Trials Included in the NDA 

 
Source: Adamas 
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Study 301 
 
Study 301-Study Design  
 
Study ADS-AMT-PD301was a Phase 3 placebo-controlled efficacy and safety that randomized 
once daily at bedtime, for 25 weeks of treatment.  Patients were recruited at 41 centers in the U.S. 
(40) and Canada (1).  Enrolled patients were randomized to ADS-5201 or placebo a 1:1 ratio.  
Patients randomized to ADS-5102 received a daily dose of 147 mg ADS-5102 during Week 1, 
followed by 23 weeks of 274 mg ADS-5102, and ending with 147 mg ADS-5102 during Week 25.   
 
The Key Inclusion Criteria required patients to have PD determined using the United Kingdom 
Parkinson’s Disease Society (UKPDS) Brain Bank Clinical Diagnostic Criteria, and to have 
dyskinesia as demonstrated by a score of at least 2 (mild) on Part 4, item 4.2 (functional impact of 
dyskinesias) of the Movement Disorders Society (MDS) version of UPDRS at Screening and at 
Day 1 (Baseline), on at least 2 half-hour time periods between 9 AM or 10 AM and 4 PM, 
indicated as “ON” with troublesome dyskinesia on each of two 24-hour PD home diaries 
completed just prior to Day 1. 
 
The Key Exclusion Criteria were a history of neurological disease that, in the opinion of the 
investigator, would have affected motor function or cognition; a history of sensory impairments 
(e.g., hearing, vision); cognitive impairment as evidenced by a Mini-Mental Status Examination 
(MMSE) score of less than 24 during Screening; an acute or chronic major psychiatric disorder 
(e.g., Major Depressive Disorder) or symptom (e.g., hallucinations, agitation, paranoia); and 
subjects who were Hoehn and Yahr Stage 5. 
 
Patients were required to have peak dose dyskinesia, although patients could have other movement 
disorders related to PD as well.  Patients who did not have a history of peak dose dyskinesia were 
excluded.  Patients with a history of neurosurgical treatment for PD (e.g., deep brain stimulation) 
were also excluded.  Patients with an estimated glomerular filtration rate (eGFR) < 50 
mL/min/1.73 m2 were excluded because of the potential for accumulation of amantadine in 
patients with moderate or severe renal function impairment. 
 
The Inclusion and Exclusion Criteria for Study 301 and Study 304 were identical. In both Study 
301 and Study 304, concomitant medications for the treatment of PD were allowed as long as the 
dose was kept constant for 30 day prior to screening and throughout the study. 
 
The primary efficacy endpoint was change from Baseline to Week 12 in the Unified Dyskinesia 
Rating Scale (UDysRS) total score.  The UDysRS has 4 sections:  

1. Historical Disability (patient perceptions) of On-Dyskinesia impact (maximum 44 points) 
2. Historical Disability (patient perceptions) of Off-Dystonia impact (maximum 16 points) 
3. Objective Impairment (dyskinesia severity, anatomical distribution over seven body 

regions, and type (choreic or dystonic) based on four activities observed or video-recorded 
(28 points) 

4. Objective Disability based on Part III activities (maximum 16 points) 
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Key Secondary endpoints were placed in single a hierarchy to control address the risk of type 1 
error associated with multiple comparisons. Hierarchy of endpoints with each test performed at the 
two-sided significance level of 𝛼𝛼 = 0.05: 

• 340 mg ADS-5102 vs. placebo for UDysRS at Week 12 
• 340 mg ADS-5102 vs. placebo for UDysRS at Week 24 
• 340 mg ADS-5102 vs. placebo for ON time without troublesome dyskinesia at Week 12 
• 340 mg ADS-5102 vs. placebo for ‘ON” time without troublesome dyskinesia2 at Week 24 
• 340 mg ADS-5102 vs. placebo for OFF time at Week 12 
• 340 mg ADS-5102 vs. placebo for OFF time at Week 24 

 
The efficacy analysis population was the modified intent-to-treat (mITT) population, defined as all 
randomized subjects who were dosed and who provided at least one post-baseline assessment of 
the UDysRS. 
 
The primary endpoint was analyzed using a mixed model with repeated measure (MMRM), with 
treatment, visit (three levels corresponding to Weeks 2, 8, and 12), and treatment by visit 
interaction as fixed effects and baseline value of the UDysRS total score as the covariate.  
 
The unstructured variance-covariance matrix and Kenward-Roger approximation were used for the 
analysis.  The secondary endpoints were analyzed using similar MMRM analyses, with endpoint 
specific baseline as the covariate. The Week 24 secondary endpoints were also analyzed using the 
MMRM, except that the fixed effect visit had five levels: Weeks 2, 8, 12, 18, and 24. 
 
Study 301-Efficacy Results  
 
A total of 121 PD patients (mITT population) were randomized to ADS-5102 340 mg (274 mg) 
ADS-5102 or placebo. The mean age was similar for the two treatment groups.  Slightly more men 
compared to women enrolled in the study (men 55-60% versus women 34-55%), which is 
consistent with the gender distribution of PD.  The study enrolled predominantly Caucasian 
patients (92% overall), making comparisons between racial groups impractical.  The proportion of 
patients age 65 years and above was similar to that of patients under age 65 (52% versus 48%).  
The mean daily dose of levodopa was higher in the ADS-5105 group compared to the placebo 
group (800 mg versus 700 mg).  A small difference in mean baseline UDysRS scores between the 
treatment groups does not seem likely to have influenced the change from baseline to Week 12 
scores significantly in either direction. 
 
One third (33%) of patients in Study 301 withdrew before trial completion in both the placebo and 
ADS-5201 groups.  The applicant’s decision to stop the trial early was responsible for 10% of the 
patients who discontinued early.  Dr. Zhang’s noted that the number of missing observations at 
Week 12 was 16% and 10% for the 340 mg ADS-5102 group and placebo group, respectively, and 
missing observations at Week 24 were 33% and 36% for the 340 mg ADS-5102 group and the 
placebo group. 
 

                                                 
2 “ON” time without troublesome dyskinesia= (“ON” time with no dyskinesia plus “ON” time with non-troublesome 
dyskinesia. 
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The results indicate the treatment difference between ADS-5102 and placebo for the change from 
baseline in total UDyRS scores becomes apparent at Week 2.   
 
Figure 8: Study 301 mean (± standard error) of Change from Baseline in UDysRS Total 
Score by Week and Treatment 

 
Source: FDA statistical reviewer 
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Table 12: Study 301 analyses of change from Baseline to Week 12 and Week 24 in 
UDysRS total score, mITT population 

 
 
Dr. Zhang described the results of the applicant’s analyses, which were based on all subjects in the 
mITT population that had Week 12 (or Week 24) measurements, without imputation (Table 12). 
With the pre-specified analysis method, ADS-5102 was statistically significantly better than 
placebo (p-value = 0.0009) in terms of change from Baseline to Week 12 in UDysRS total score, 
with a least square ADS-5102-placebo difference of -7.9 points (95% CI = (-12.5, -3.3)). ADS-
5102 was also statistically significantly better than placebo (p-value = 0.0008) in terms of change 
from Baseline to Week 24 in UDysRS total score, with a least square ADS-5102-placebo 
difference of -9.3 points (95% CI = (-14.7, -4.0)). 
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Table 13: Study 301 Changes from Baseline in PD Diary ON Time without Troublesome 
Dyskinesia at Weeks 12 and 24 (MITT Population) 

 
Source: Adamas 
 
The results of the analysis for the change in “ON” time without troublesome dyskinesia are 
presented in Table 13. ADS-5102 was statistically significantly better than placebo (p-value < 
0.0001). The least squares ADS-5102-placebo difference of 2.74 hours (95% CI = (1.53, 3.96)). 
ADS-5102 was also statistically significantly better than placebo (p-value = 0.0007) in terms of 
change from Baseline to Week 24 in ON time without troublesome dyskinesia, with a least square 
ADS-5102-placebo difference of 2.22 hours (95% CI = (0.96, 3.47)).   This table is mislabeled in 
the statistical review (Table 6) as Change in “ON” time. 
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Table 14: Study 301 analyses of change from Baseline to Week 12 and Week 24 in OFF 
time (in hour), mITT population 

 
Source: Adamas 
 
Dr. Zhang noted the results of the applicant’s protocol specified analysis for the change in OFF 
time from Baseline to Week 12 is presented in Table 14. ADS-5102 was statistically significantly 
better than placebo (p-value = 0.0171), with a least square ADS-5102-placebo difference of -0.90 
hour (95% CI = (-1.64, -0.16)). ADS-5102 was also statistically significantly better than placebo 
(p-value =0.0406) in terms of change from Baseline to Week 24 in OFF time, with a least square 
ADS-5102-placebo difference of -0.81 hour (95% CI = (-1.58, -0.04)). 
 
Dr. Zhang requested the applicant conduct several additional sensitivity analyses for the primary 
and key secondary endpoints. “Two post-hoc sensitivity analyses were submitted in response to 
the information request: (1) an analysis assuming the data are missing at random and using the 
multiple imputation method and (2) an analysis assuming the data are not missing at random 
(NMAR) and imputing missing observations in the placebo group with the multiple imputation 
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method in (1) while imputing missing observations in the ADS-5102 group as if they had been 
obtained in the placebo group.” 
 
The results of the additional sensitivity analyses did not change the statistical conclusion based on 
the primary analysis for the primary and key secondary endpoints, except that the sensitivity 
analysis assuming NMAR provided a non-significant nominal p-value for the Week 24 OFF time 
endpoint. 
 
CDTL Comment: 
The efficacy results for the change from baseline to the Week 12 visit for the  total UDysRS score 
for the protocol specified analysis in the mITT population is statistically significant in favor of the 
group treated ADS-5102 compared to placebo.  I agree with Dr. Zhang’s conclusion that the 
results of the change from baseline in UDysRS total score and the secondary endpoints at Week 
24 visit are not interpretable.  Dr. Zhang’s principal concern limiting the interpretability of the 
Week 24 results is the large amount of missing efficacy data for the mITT population at Week 24.  
Dr. Zhang comments that the Week 24 data not adequate to test the validity of the missing at 
random assumption of the MMRM method.  The applicant submitted several sensitivity and 
additional post hoc analyses to support their assertion that the Week 24 results are statistically 
significant.  However, the interpretation of statistical results for the Week 24 outcomes (primary 
and secondary endpoints) remains difficult.  Ending a trial early often give results that 
overestimate treatment benefit, even if the interim analysis was prespecified (Ellenberg, DeMets, 
& Fleming, 2010).  The risk for overestimation of benefit is greater in small trials (Montori et al., 
2005).  In this case, the analysis plan did not include an interim analysis. The applicant does not 
explain their reason for ending the study early (other than for “business reasons”), or the 
procedures used terminating the trial early.  It also raises questions as to how the decision was 
made to end the trial early.   
 
Study 304 
 
Study 304-Study Design  
 
Study ADS-AMT-PD304 was a Phase 3 placebo-controlled efficacy and safety study that 
randomized patients to ADS-5102 once daily or placebo, in a 1:1 ratio, for 13 weeks of treatment.  
Patients randomized to ADS-5102 received a daily dose of 147 mg ADS-5102 during Week 1, 
followed by 11 weeks of 274 mg ADS-5102, and ending with 147 mg ADS-5102 during Week 13.  
Patients were enrolled in 32 centers in Austria, France, Germany, Spain, and United States.   
 
The Inclusion and Exclusion Criteria for Study 301 and Study 304 were identical. 
 
The primary endpoint was the change from baseline to Week 12 in the total UDysRS score.  The 
key secondary endpoints were the change from Baseline to Week 12 in ON time without 
troublesome dyskinesia, and the change from Baseline to Week 12 in OFF time (hours). 
 
The modified intent-to-treat (mITT) population was defined as all randomized subjects who were 
dosed and who provided at least one post-baseline assessment of the UDysRS.  The analysis of the 
primary endpoint was an MMRM, with treatment, visit (four levels corresponding to Weeks 2, 4, 
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8, and 12), and treatment by visit interaction as fixed effects, and baseline value of the UDysRS 
total score as the covariate. The unstructured variance-covariance matrix and Kenward-Roger 
approximation were used for the analysis. The key secondary endpoints were analyzed using 
similar MMRM analyses, with endpoint specific baseline as the covariate. 
 
A gatekeeping procedure to control type 1 error followed hierarchy of endpoints, starting with the 
change in UDysRS, as listed below. 

• 340 mg ADS-5102 vs. placebo for UDysRS at Week 12 
• 340 mg ADS-5102 vs. placebo for ON time without troublesome dyskinesia at Week 12 
• 340 mg ADS-5102 vs. placebo for OFF time at Week 12 

 
Study 304-Efficacy Results  
 
A total of 77 patients were randomized (38 ADS-5102 and 39 placebo) in Study 304. Four patients 
in the placebo group and nine patients in the ADS-5102 group withdrew early.  The mITT 
population had a mean age of 65 (41% below age 65 and 59% age 65 or over).  Forty eight percent 
of the patients in the study were women and 52 percent were men.  The treatment groups were 
closely matched by age and gender.  The mITT population was 99% Caucasian; therefore, 
comparisons between racial groups were not feasible.   
 
Baseline UDysRS total scores were reasonably well matched at baseline for the treatment groups.  
Baseline “ON” time without troublesome dyskinesia (hours) was 7.79 hours in the placebo group 
compared to 8.77 hours in the group randomized to ADS-5102.  Patients in the ADS-5102 group 
were treated with levodopa for nearly one less year (10.2 months) compared with the patients in 
the placebo group. However, patients in the ADS-5102 group had more “OFF” time (hours) at 
baseline (2.76 hours), compared with the placebo group (1.95 hours).  
 
By Week 2, there was an apparent difference in the change in total UDysRS scores between ADS-
5102 and placebo, continuing to Week 12 (Figure 9).  The rates of missing observations at Week 
12 were 22% and 8% for ADS-5102 and placebo, respectively.  
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Figure 9: Study 304 Mean (± standard error) of Change from Baseline in UDysRS total 
Score by Week and Treatment Arm 

 
Source: FDA statistical reviewer 
 
The protocol defined primary endpoint, using the prespecified analysis, was based on all subjects 
in the mITT population that had Week 12 measurements, without imputation.  The results showed 
that the change from baseline (least mean square) for total UDysRS scores were significantly 
better in the group treated with ASD-5102, compared with placebo (Table 15).  
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Table 15: Study 304 Analyses of the Change from Baseline to Week 12 in UDysRS Total 
Score (mITT population) 

 
Source: Adamas 
 
The change from baseline to Week 12 in “ON” time without troublesome dyskinesia also favored 
ADS-5102 over placebo (Table 16), as did the change in “OFF” time from baseline to Week 12 
(Table 17). 
 
Table 16: Study 304 the Change from Baseline to Week 12 in ON time (in hour) 
Without Troublesome Dyskinesia, mITT Population 

 
Source: Adamas 
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Table 17: Study 304 analyses of change from Baseline to Week 12 in OFF time (in 
Hours), mITT population 

 
Source: Adamas 
 
Dr. Zhang conducted a post hoc sensitivity analysis, imputing values for missing change from 
baseline to Week 12 in total UDysRS scores.  For patients who discontinued because of an adverse 
event, a worst case value was imputed for missing Week 12 values.  For patients who withdrew 
early because they were “unwilling to proceed” and showed improvement on the Week 2 and 4 
total UDysRS scores, the Week 4 change in total UDysRS score was imputed. After imputation of 
the missing values, a Wilcoxon rank sum test was performed; however, the results did not change 
the statistical conclusion from the results from the primary analysis for the primary endpoint.   
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Subgroup Analyses in Study 301 and Study 304 
 
Efficacy by Gender 
 
Table 18: Study 301 Subgroup Analyses by Gender of Change from Baseline in UDysRS 
Total Score (mITT Population) 

 
Source: FDA Statistical Reviewer 
 
Table 19: Study 304 subgroup analyses by Gender of Change from Baseline in UDysRS 
Total Score (mITT Population) 

 
Source: FDA Statistical Reviewer 
 
In Study 301, the change from baseline to Week 12 and Week 24 (non-missing values) in total 
UDysRS scores was numerically greater in women than in men (Table 18).  The change in 
baseline for “ON” time without troublesome dyskinesia was numerically greater in men than in 
women at Week 12 (M=4.03 hrs. vs. W=3.78 hrs.) and Week 24 (M=4.58 vs. W=4.07).  The 
change from baseline to Week 12 and Week 24 in “OFF” time was numerically greater in women 
than in men. In Study 304 (Table 19), the change from baseline to Week 12 on the total UDysRS 
score was also numerically greater in women than in men. The small size of the subgroups limits 
the interpretability of these observations. 
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Efficacy by Age Group (<65 or ≥ 65) 
 
In Study 301 (Table 20) and Study 304 (Table 21), the difference in the change from baseline to 
Week 12 in total UDysRS scores in patients age under 65 compared to 65 and over was similar in 
both studies, showing a slightly greater change in the group age 65 and over in patients treated 
with ADS-5102.     
 
Table 20: Study 301 Subgroup Analyses by Age Group of Change from Baseline in UDysRS 
Total Score (mITT population) 

 
Source: FDA Statistical Reviewer 
 
Table 21: Study 304 Subgroup Analyses by Age Group of Change from Baseline in UDysRS 
Total Score (mITT population) 

Age Group Change from Baseline to Week 12 in 
UDysRS total score 

Placebo 
340 mg 

ADS-5102 

< 65 years N 14 13 

Means (SD)
a
 -3.00 (11.563) -19.62 (19.160) 

≥ 65 years N 21 16 

Means (SD)
a
 -9.91 (11.991) -22.06 (14.762) 

MITT: modified intent-to-treat; N: number of mITT patients; SD: standard deviation; UDysRS: Unified Dyskinesia 
Rating Scale. 

a  Obtained from all observations in the region specific mITT population, without imputation. 
Source: FDA Statistical Reviewer 
 
In Study 301, the change from baseline to Weeks 12 and 24 in “ON” time without troublesome 
dyskinesia (Table 22) was slightly greater in patients under age 65 compared to patients age 65 
and over.  In Study 304, the change from baseline to Week 12 in “ON” time without troublesome 
dyskinesia (Table 23) in patients treated with ADS-5120 was greater (4.03 hours) compared to 
patients under 65 (2.60 hours).   
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Table 22: Study 301 Subgroup Analyses by Age Group of Change from Baseline in ON time 
(in hour) Without Troublesome Dyskinesia (mITT population) 

Age Group 
Change from Baseline in ON 

time without dyskinesia Placebo 
340 mg 

ADS-5102 

Week 12 

< 65 years N 21 28 

Means (SD)
a
 0.14 (2.688) 4.02 (4.818) 

≥ 65 years N 30 22 

Means (SD)
a
 1.25 (3.704) 3.76 (3.173) 

Week 24 

< 65 years N 16 22 

Means (SD)
a
 0.95 (2.268) 4.73 (4.597) 

≥ 65 years N 20 20 

Means (SD)
a
 1.30 (3.803) 3.90 (2.923) 

MITT: modified intent-to-treat; N: number of mITT patients; SD: standard deviation. 
a  Obtained from all observations in the region specific mITT population, without imputation. 

Source: FDA Statistical Reviewer 
 
Table 23: Study 304 subgroup analyses by age group of change from Baseline in ON time (in 
Hour) without dyskinesia (mITT population) 

 
Source: FDA Statistical Reviewer 
 
In study 301, the mean change in “OFF” time (in Hours) from baseline to Week 12 was -0.96 in 
the ADS-5201 treated group and 0.36 in placebo.  In Study 304, the change in “Off” time (hours) 
for patients treated with ADS-5102 was very similar -0.78 hours in patients less than 65 and-0.77 
hours in patients age 65 and over. The small size of the subgroups limits the interpretability of 
these observations. 
 
 
Geographic Region 
 
An analysis of efficacy endpoints by region was not feasible for Study 301 because only 3 of the 
121 patients in the mITT population were from a non-U.S. center (a single Canadian study center). 
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Table 24: Study 304 subgroup analyses by region of change from Baseline in UDysRS total 
score (mITT population) 

Region Change from Baseline to Week 12 in 
UDysRS total score 

Placebo 
340 mg 

ADS-5102 

Non-US N 28 18 

Means (SD)
a
 -6.50 (12.776) -27.50 (16.332) 

US N 7 11 

Means (SD)
a
 -9.71 (9.569) -10.27 (10.753) 

MITT: modified intent-to-treat; N: number of mITT patients; SD: standard deviation; UDysRS: Unified Dyskinesia 
Rating Scale. 
a  Obtained from all observations in the region specific mITT population, without imputation. 

Source: FDA Statistical Reviewer 
 
In Study 304, the change from baseline to Week 12 in the UDysRS total score (Table 24) was 
numerically greater for ADS-5102 in non-U.S. sites, compared to sites in the U.S.  Across studies, 
the change in UDysRS scores from baseline to Week 12 for ADS-5102 was numerically lower in 
Study 304 (10.8) than in Study 301 (17.1). The small size of the subgroups limits the 
interpretability of these observations. Overall, there is clear evidence of efficacy both in U.S. and 
non-U.S. centers. 
 
Table 25: Concomitant Parkinson’s Disease Medications by Study and Treatment (source: 
applicant’s datasets) 

Actual Arm LD only LD + DA LD + MAOI LD + DA + MAOI
Study 301 ADS-5102 24 13 14 12

Placebo 21 15 10 14

Study 304 ADS-5102 11 9 5 12
Placebo 7 10 7 14

PD Treatment

 
Source: Primary Clinical Review 
 
There were slight imbalances in the distribution of patients who were prescribed dopamine 
agonists (DA) versus monoamine oxidase type B inhibitors (MAOI) with or without a levodopa 
containing product (LD) (Table 25).  These small imbalances are unlikely to have directed the 
results of the study in favor of ADS-5102. 
 
Efficacy Conclusions 
I agree with Dr. Zhang and Dr. Bergmann that the results for the change from baseline to Week 12 
in the total UDysRS scores from Study 301 and Study 304 support the conclusion that ADS-5102 
is effective for the treatment of dyskinesia in advanced PD patients treated with dopaminergic 
medications.  For the Week 24 results in Study 301, I agree with Dr. Zhang that the efficacy 
results and associated p-values are difficult to interpret. The large amount of missing data after 
Week 12 coupled with the applicant’s decision to end the study early without justification for a 
prespecified plan limit the ability to base conclusions on these data.   
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Source: CDTL 
 
Table 27: Example of Multiple Coding of the Same Event in the ISS Adverse Event Dataset 
USUBJID TRTA AEDECOD AEBODSYS 

340 mg ADS-
5102 

Jugular vein thrombosis Vascular disorders 

340 mg ADS-
5102 

Transverse sinus thrombosis Nervous system disorders 

340 mg ADS-
5102 

Intracranial venous sinus thrombosis Nervous system disorders 

Source: CDTL 
 
Analysis Populations Studies 301 and 304 
 
Table 28: Study 301 and 304 Study Patients Completing the Study Versus Completing 
Treatment 

 STUDIES 
  ADSAMTPD301 ADSAMTPD304 
  TRT01A TRT01A 
  340 mg 

 ADS-5102 
Placebo 340 mg 

 ADS-5102 
Placebo 

  N Y N Y N Y N Y 
Completed study 21 42 18 42 8 29 3 35 
Completed 
Treatment 

24 39 18 42 9 28 3 35 

Source: CDTL 
 
The applicant listed patients who discontinued study medication but continued to show up for 
study visits and completing the study.  Patients who completed the study and remained on study 
medication were listed as completing study treatment. In total, 3 patients on ADS-5102 in Study 
301 and 1 patient in Study 304 (Table 28) discontinued study medication but continued in their 
respective study. 
 
Table 29: Study 301 and 304 Analysis Populations 
ACT ARM RAND SAFETY mITT PER-

PROT 
Study 301 

340 mg ADS-
5102 

63 63 63 47 

Placebo 63* 60 58 51 

Study 304 

340 mg ADS-
5102 

37 37 37 25 

Placebo 38 38 38 32 

Total 201 198 196 155 

*3 subjects were randomized but not treated with study medication  
Source: CDTL 
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The safety population (N=198) was the population used for the analysis of adverse events (Table 
29) and adverse reaction in this review (Table 30). 
 
Table 30: Studies 301 and 304 Adverse Events Leading to Change in Study Medication 

 TRTA 
STUDYID Action 340 mg ADS-5102 Placebo 
ADSAMTPD301 DOSE REDUCED 3 0 
  DRUG INTERRUPTED 5 0 
  DRUG WITHDRAWN 13 4 
  All 21 4 
ADSAMTPD304 DOSE REDUCED 0 2 
  DRUG WITHDRAWN 7 3 
  All 7 5 
Total  28 9 
Source: CDTL 
 
Table 31: Reasons for Withdrawal from Study 201 (Phase 2) 
STUDYID DTREAS 260 

mg 
ADS-
5102 

340 
mg 
ADS-
5102 

420 
mg 
ADS-
5102 

Placebo TRT01A 
= All 

ADS-PAR-
AM201 

Estimated glomerular filtration 
rate (egfr) decreased to less than 
50 ml/min/1.73m2 

0 1 0 0 1 

ADS-PAR-
AM201 

Intolerable or unacceptable AEs 3 2 8 0 13 

ADS-PAR-
AM201 

PI discontinued study meds due 
to increased bradykinesia, 
related to PD 

0 0 0 1 1 

ADS-PAR-
AM201 

Subject work schedule became 
too busy and he was unwilling 
to continue in study 

0 0 0 1 1 

ADS-PAR-
AM201 

All 3 3 8 2 16 

Source: CDTL 
 
In Study 201, “adverse event” (Table 31) was the most common reason patients withdrew from 
the study early.  If the patient with “increased bradykinesia” (lack of efficacy) is added to the 13 
patients who discontinued because of an adverse event, 14 patients treated with ADS-5102 
withdrew because of an adverse event. 
 
Table 32: Reasons for Discontinuation in Studies 301 and 304. 

  
  

TRT01A 
340 mg ADS-5102 Placebo Total 301 + 304 

STUDYID STUDYID   
DTREAS 301 304 All 301 304 All  
Adverse Event 13 7 20 4 3 7 27 
Death due to advanced PD (subject died in hospice) 1 0 1 0 0 0 1 
Hospitalization 1 0 1 0 0 0 1 
Per subject lack of efficacy 0 0 0 1 0 1 1 
Applicant's decision 6 0 6 7 0 7 13 
Subject lost to follow-up 1 0 1 1 0 1 2 
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TRT01A 
340 mg ADS-5102 Placebo Total 301 + 304 

STUDYID STUDYID   
DTREAS 301 304 All 301 304 All  
Subject unwilling to proceed 2 1 3 5 0 5 8 
Suicide attempt 0 1 1 0 0 0 1 
All 24 9 33 18 3 21 54 
Source: CDTL 
 
The reasons for discontinuation listed in Table 32 were recoded to include the patient who 
discontinued because of “Hospitalization” (a serious adverse event), another patient who died, and 
the patient who reported “lack of efficacy” as having discontinued because of an adverse event, 
raising the total to 22 patients (Table 33) who discontinued because of an adverse event in the 
group treated with ADS-5201and 8 in the placebo group. 
 
Table 33: Recoded Reasons for Discontinuation in Studies 301 and 304 

 TRT01A 
340 mg ADS-5102 Placebo Total301 + 

304 
STUDYID STUDYID  

Reason 301 
N 

304 
N 

All 
N 

301  
N 

304  
N 

All   
N 

N 

Adverse Event 15 7 22 6 3 8 30 
Applicant's decision 6 0 6 7 0 7 13 
Subject lost to follow-up 1 0 1 1 0 1 2 
Subject unwilling to proceed 2 1 3 5 0 5 8 
Suicide attempt 0 1 1 0 0 0 1 
All 24 9 33 18 3 21 54 
Source: CDTL 
 
Hallucination is the most common adverse event leading to treatment withdrawal in the from 
studies 301 and 304.  The applicant lists seven patients in Study 301 who discontinued because of 
an adverse event, which included patient ADSAMTPD301-12-1-004 who was counted once for 
“Hallucination, auditory” and again for “Hallucination, visual”, but this patient was only counted 
once in Table 34. 
 
Table 34: Studies 301 and 304: Adverse Events Leading to Treatment Withdrawal 
 Study ID  

AEDECOD ADSAMTPD301 
N=100 

ADSAMTPD304 
N=98 

All 
N=198 

Hallucinations 6 2 8 

Vision blurred 2 2 4 

Dry mouth 3 0 3 

Oedema peripheral 3 0 3 

Abnormal dreams 2 0 2 

Confusional state 2 0 2 

Dysphagia 2 0 2 

Gait disturbance 2 0 2 
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Affect lability 0 1 1 

Aphasia 1 0 1 

Aphonia 1 0 1 

Balance disorder 1 0 1 

Cognitive disorder 1 0 1 

Constipation 1 0 1 

Corneal oedema 1 0 1 

Depressed mood 0 1 1 

Dizziness 1 0 1 

Dizziness postural 1 0 1 

Dysarthria 1 0 1 

Dystonia 0 1 1 

Fall 1 0 1 

Fatigue 1 0 1 

Feeling abnormal 1 0 1 

Headache 1 0 1 

Joint swelling 1 0 1 

Mental status changes 0 1 1 

Muscle rigidity 0 1 1 

Muscular weakness 1 0 1 

Nasopharyngitis 1 0 1 

Pain 0 1 1 

Paranoia 1 0 1 

Photophobia 0 1 1 

Psychomotor skills impaired 1 0 1 

Renal impairment 0 1 1 

Suicidal ideation 0 1 1 

Syncope 1 0 1 

Urticaria 1 0 1 

Vertigo 0 1 1 

All 42 14 56 

Source: CDTL 
 
The applicant listed 20 patients (N=13, 340 mg ADS-5102 and N= 7, placebo) who discontinued 
treatment in studies 301 (N=16) and 304 (N=8) because of an adverse event.  There were 56 
adverse events reported by these 22 patients treated with ADS-5102. Four patients (three on ADS-
5201 and one in the placebo group) had actions involving study medication listed as “Other” in the 
adverse event datasets, but the Define file, the Reviewer’s Guide, and the ISS does not explain 
what action involving study medication is meant by “Other”.   
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Table 35: Open-Label Study 302: Reasons for Treatment Withdrawal (Including 120 Day 
Update) 
Reason Treatment Withdrawn Number 

Adverse event 32 

Subject unwilling to proceed 10 

Site closure, subject did not want to transfer to another site 4 

Subject consent was withdrawn 4 

Subject needed to take medication that is excluded or that may interfere with study measurements 4 

Death 4 

Subject lost to follow-up 2 

Indicate the subject elected to have DBS surgery 1 

Non-adherence to protocol specified IP dosing. 1 

Primary neurologist recommendation 1 

Subject is moving out of state and can no longer participate 1 

Total 64 

Source: CDTL 
 
In open-label Study 302, treatment was withdrawn in 64 patients for the reasons listed in Table 35. 
In 32 patients, treatment was withdrawn because of an adverse event, 23 patients had their dose 
reduced, and 15 had treatment with ADS-5201 interrupted on at least one occasion because of an 
adverse event.  There were multiple patients whose treatments were reduced or interrupted before 
ADS-5201 was eventually withdrawn. 
 

Serious Adverse Events 
 
Deaths 
 
Phase 2 Study ADS-PAR- AM201 
There were no deaths in patients enrolled in Study 201. 
 
Phase 3 Studies 301 and 304 
 
In Study 301 and Study 304, 14 patients reported 20 serious adverse events. This included 2 
events in the same patient in Study 301, with one event (hip fracture) resulting in complications 
leading to a fatal outcome.  There were no deaths reported in Study 304. 
 
Subject ADSAMTPD301  This 75 year old female patient suffered 12 adverse events, 
including 2 serious adverse events while on study medication. The patient started ADS-5102 170 
mg qhs on , and the dose was increased to 340 mg qhs on . She 
was withdrawn from the study on , at the time of her death.  She took the last dose 
of study drug on  Her medical history included PD with dyskinesia, coronary 
artery disease, cardiac arrhythmia, and orthostatic hypotension. She had a surgical history of 
cardiac pacemaker insertion, right coronary arterial stent insertion, aortic bypass. 
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The patient was hospitalized for lethargy and hallucinations on .  Study drug was 
stopped and she was given 200 mg amantadine HCl syrup at night.  The family requested comfort 
care on : no further diagnostic testing and no IV fluids or medications were to be 
given.  The code status was changed to ‘do not resuscitate’. The patient was referred to hospice 
and the patient died on . 
 
The patient’s death was reported as “caused by advanced PD” in the Study 301 final report, and 
the death was not listed as an adverse event with fatal outcome in the applicant’s adverse event 
datasets.   
 
Open-label Study ADS-AMT-PD302 
There were 5 deaths reported in this ongoing open-label study up to the 120 Day data cutoff. None 
to the patients who died appeared to have adverse events from amantadine that may have 
contributed to their death.   
 
Patient : This 65 year old male with a history of PD with dyskinesia, high blood pressure, 
chronic kidney deficiency had sudden death in his home on Day 55 of study treatment with 340 
mg of amantadine ER. No additional information was available. The investigator considered the 
patient’s death was due to myocardial infarction, but there was no information in the narrative 
summary to support this conclusion.  The patients last recorded BUN and creatinine were within 
the normal range.  His last estimated creatinine clearance and Estimated GRF-Cockcroft-Gault 
(mL/min/1.73m2) was slightly low (77), but did not meet criteria for medication discontinuation 
for renal impairment and did not meet the proposed criteria for dose adjustment for impaired renal 
function. 
 
Patient : This 73 year old female was admitted to the hospital with pneumonia on Day 96 
of treatment with study medication.  Her dose at the time of admission to the hospital was 340 mg 
daily.  The patient had bilateral pneumonia on chest CT.  The patient was admitted to the hospital 
and started treatment with antibiotics but continued to have difficulty breathing.  The patient died 
in hospice care 4 days after admission to the hospital. 
 
Patient : On Study Day 147, this 74 year old male subject was hospitalized through the 
emergency room because of a 4-day history of increasing abdominal pain and a progressive 
decrease in stool volume. He was given a single dose of levofloxacin and was treated for 
dehydration. CT scan in the emergency room confirmed sigmoid volvulus, and placement of a 
compression tube provided some relief.  This patient subsequently died of C. difficile sepsis.  His 
death occurred was after the NDA cutoff. 
 
Patient : This 79 year-old female with no cardiac history suffered a fatal cardiac arrest at 
home was pronounced dead at home on Day 190 by the Emergency Services. No other 
information is available. The reported last dose of study drug was on  (Day 190). 
 
Patient -This 63-year-old female was hospitalized on Day 507 with a 2-day history of 
altered mental status and minimal oral intake. She required intubation for acute respiratory failure 
and treatment for septic shock. She had disseminated intravascular coagulation (DIC) and 
hyperkalemia. She died on Day 508, which was also the day she took the last dose of study drug. 
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Table 38: Serious Adverse Reactions in Open-label Study 302 (Including the 120 Day 
Update) 
 
AEBODSYS AEDECOD 340 mg  

ADS-5102 
(N=223) 

%  
 

Injury, poisoning and procedural complications Ankle fracture 2 1 

Injury, poisoning and procedural complications Fall 2 1 

Injury, poisoning and procedural complications Hip fracture 2 1 

Injury, poisoning and procedural complications Traumatic fracture 2 1 

Gastrointestinal disorders Volvulus 2 1 

Nervous system disorders Parkinson's disease 2 1 

Injury, poisoning and procedural complications Femur fracture 1 0 

Injury, poisoning and procedural complications Forearm fracture 1 0 

Injury, poisoning and procedural complications Laceration 1 0 

Injury, poisoning and procedural complications Rib fracture 1 0 

Injury, poisoning and procedural complications Wrist fracture 1 0 

Infections and infestations Arthritis bacterial 1 0 

Infections and infestations Cellulitis 1 0 

Infections and infestations Clostridium difficile sepsis 1 0 

Infections and infestations Gastroenteritis viral 1 0 

Infections and infestations Herpes zoster 1 0 

Infections and infestations Pneumonia 1 0 

Infections and infestations Sepsis 1 0 

Infections and infestations Staphylococcal sepsis 1 0 

Infections and infestations Urinary tract infection 1 0 

Gastrointestinal disorders Colonic pseudo-obstruction 1 0 

Gastrointestinal disorders Constipation 1 0 

Gastrointestinal disorders Inguinal hernia 1 0 

Gastrointestinal disorders Intestinal obstruction 1 0 

Cardiac disorders Angina pectoris 1 0 

Cardiac disorders Cardiac arrest 1 0 

Cardiac disorders Coronary artery disease 1 0 

Cardiac disorders Myocardial infarction 1 0 

Musculoskeletal and connective tissue disorders Arthralgia 1 0 

Musculoskeletal and connective tissue disorders Osteoarthritis 1 0 

Musculoskeletal and connective tissue disorders Osteonecrosis 1 0 

Musculoskeletal and connective tissue disorders Rhabdomyolysis 1 0 

Nervous system disorders Encephalopathy 1 0 

Nervous system disorders On and off phenomenon 1 0 

Psychiatric disorders Anxiety 1 0 

Psychiatric disorders Mental status changes 1 0 
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AEBODSYS AEDECOD 340 mg  
ADS-5102 
(N=223) 

%  
 

Psychiatric disorders Suicidal ideation 1 0 

Psychiatric disorders Suicide attempt 1 0 

Respiratory, thoracic and mediastinal disorders Haemothorax 1 0 

Respiratory, thoracic and mediastinal disorders Respiratory arrest 1 0 

Respiratory, thoracic and mediastinal disorders Respiratory distress 1 0 

Blood and lymphatic system disorders Lymphadenopathy 1 0 

Ear and labyrinth disorders Vertigo positional 1 0 

General disorders and administration site 
conditions 

Adverse drug reaction 1 0 

Reproductive system and breast disorders Benign prostatic hyperplasia 1 0 

Vascular disorders Venous thrombosis 1 0 

Total Events 52  

 
Thirty eight patients reported 52 serious adverse reactions in open-label Study 302 (Table 38).  
Four patients in Study 302 had adverse events with fatal outcome; the narrative for these patients 
were reviewed in the section on patient deaths above.  Collectively, terms related to falls or injury 
were most commonly reported in Study 302. 
 
All Adverse Events 
 
Table 39: Study 201 All Adverse Reactions 
 
AEBODSYS AEDECOD 260 mg 

ADS-
5102 

(N=20) 
% 

340 mg 
ADS-
5102 

(N=21) 
% 

420 mg 
ADS-
5102 

(N=20) 
% 

Placebo 
N=22 

% 

Nervous system disorders Dizziness 15 29 15 5 

Gastrointestinal disorders Constipation 35 24 15 9 

Gastrointestinal disorders Dry mouth 15 19 10 0 

Psychiatric disorders Hallucinationa 20 34 20 0 

Psychiatric disorders Confusional state 5 14 10 5 

Gastrointestinal disorders Nausea 5 14 5 5 

Nervous system disorders Headache 5 14 5 5 

Injury, poisoning and procedural complications Fall 5 14 15 14 

General disorders and administration site 
conditions 

Asthenia 0 14 5 5 

Psychiatric disorders Insomnia 0 10 0 9 

Psychiatric disorders Nightmare 0 10 0 0 

Nervous system disorders Syncope 0 10 0 0 

Investigations Blood urea increased 0 10 5 0 

Investigations Blood creatine 
increased 

0 10 0 0 
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AEBODSYS AEDECOD 260 mg 
ADS-
5102 

(N=20) 
% 

340 mg 
ADS-
5102 

(N=21) 
% 

420 mg 
ADS-
5102 

(N=20) 
% 

Placebo 
N=22 

% 

Investigations Blood glucose 
increased 

0 10 0 0 

Infections and infestations Urinary tract 
infection 

5 10 10 0 

Musculoskeletal and connective tissue disorders Muscle spasms 0 10 0 5 

Renal and urinary disorders Urinary hesitation 0 10 0 0 

General disorders and administration site 
conditions 

Oedema peripheral 5 5 10 5 

Psychiatric disorders Mental status 
changes 

10 0 5 0 

Nervous system disorders Somnolence 0 0 10 9 

Injury, poisoning and procedural complications Contusion 10 0 0 9 

Infections and infestations Nasopharyngitis 0 0 10 0 

Eye disorders Visual impairment 0 0 10 0 

Musculoskeletal and connective tissue disorders Pain in extremity 0 0 10 0 

Skin and subcutaneous tissue disorders Rash 0 0 10 9 

Skin and subcutaneous tissue disorders Hyperhidrosis 0 0 10 5 

a= Hallucinations and Hallucinations auditory or visual  
 
In Study 201, there were no adverse events (Table 39) that increased in frequency with higher 
doses of ADS-5102 and that were more frequent in the ADS-5102 treated groups compared to 
placebo. 
 
Table 40: Adverse Reactions 301 and 304 ≥ 3% in ADS-5102 and Greater than Placebo  
 
AEBODSYS AEDECOD 340 mg 

ADS-5102 
(N=100) 

% 

Placebo 
(N=98) 

% 

Psychiatric disorders Hallucination 21 3 

Nervous system disorders Dizziness 16 1 

Gastrointestinal disorders Dry mouth 16 1 

General disorders and administration site conditions Oedema peripheral 15 1 

Gastrointestinal disorders Constipation 13 3 

Injury, poisoning and procedural complications Fall 13 7 

Gastrointestinal disorders Nausea 8 3 

Infections and infestations Urinary tract infection 8 5 

Psychiatric disorders Anxiety 7 2 

Psychiatric disorders Insomnia 6 2 

Psychiatric disorders Depression 6 1 

Nervous system disorders Headache 6 3 

Injury, poisoning and procedural complications Contusion 6 1 
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AEBODSYS AEDECOD 340 mg 
ADS-5102 
(N=100) 

% 

Placebo 
(N=98) 

% 

Skin and subcutaneous tissue disorders Livedo reticularis 6 0 

Metabolism and nutrition disorders Decreased appetite 6 1 

Vascular disorders Orthostatic hypotension 5 1 

Psychiatric disorders Abnormal dreams 4 2 

    

Eye disorders Vision blurred 4 1 

Psychiatric disorders Confusional state 3 2 

Nervous system disorders Dystonia 3 1 

Nervous system disorders Dizziness postural 3 0 

Gastrointestinal disorders Vomiting 3 0 

Musculoskeletal and connective tissue disorders Joint swelling 3 0 

Musculoskeletal and connective tissue disorders Muscle spasms 3 0 

    

Infections and infestations Upper respiratory tract 
infection 

3 1 

General disorders and administration site conditions Gait disturbance 3 0 

Skin and subcutaneous tissue disorders Pigmentation disorder 3 0 

Eye disorders Cataract 3 1 

Eye disorders Dry eye 3 0 

Reproductive system and breast disorders Benign prostatic 
hyperplasia 

6 2 

Respiratory, thoracic and mediastinal disorders Cough 3 0 

*Hallucinations= Hallucinations, auditory and Hallucinations, visual 
 
In Table 40 and in the adverse reaction table that will be used in labeling, the term 
“hallucinations” includes Hallucinations, visual, and Hallucinations, auditory.  The terms 
orthostatic hypotension will be merged to include Orthostatic hypotension, Dizziness postural, 
Syncope, Presyncope and Hypotension in the Warnings section of labeling.  The denominator used 
for Benign prostatic hyperplasia in Table 40 and in labeling is all male patients in the safety 
population randomized in studies 301 and 304 to Gocovri (n=54) or placebo (n=57), which 
changed the percentage to 6% for Gocovri and 2% in placebo. 
 
Table 41: Adverse Reactions in Open-Label Study 302 (Including 120 Day Update) 
 
AEBODSYS AEDECOD ADS-5102  

340 mg  
(N=223) 

% 
Injury, poisoning and procedural complications Fall 25 

Psychiatric disorders Hallucination 19 

Gastrointestinal disorders Constipation 13 

General disorders and administration site conditions Oedema peripheral 13 
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AEBODSYS AEDECOD ADS-5102  
340 mg  
(N=223) 

% 
Gastrointestinal disorders Nausea 8 

Skin and subcutaneous tissue disorders Livedo reticularis 8 

Psychiatric disorders Insomnia 7 

Gastrointestinal disorders Dry mouth 7 

Nervous system disorders Dizziness 7 

Infections and infestations Urinary tract infection 7 

Psychiatric disorders Abnormal dreams 5 

Nervous system disorders On and off phenomenon 5 

Psychiatric disorders Depression 4 

Psychiatric disorders Rapid eye movements sleep 
abnormal 

4 

Infections and infestations Nasopharyngitis 4 

Infections and infestations Upper respiratory tract 
infection 

4 

Musculoskeletal and connective tissue disorders Arthralgia 4 

Musculoskeletal and connective tissue disorders Back pain 4 

Investigations Weight decreased 4 

Psychiatric disorders Anxiety 3 

Psychiatric disorders Confusional state 3 

Psychiatric disorders Sleep disorder 3 

Injury, poisoning and procedural complications Contusion 3 

Gastrointestinal disorders Vomiting 3 

Nervous system disorders Parkinson's disease 3 

Nervous system disorders Balance disorder 3 

Nervous system disorders Cognitive disorder 3 

Musculoskeletal and connective tissue disorders Pain in extremity 3 

Vascular disorders Hypertension 3 

a= Hallucinations, Hallucinations visual or auditory, Parkinson’s disease related hallucinations  
 
The adverse events reported most frequently in Study 302 were similar to those reported in the 
placebo controlled studies (Table 41).  Impulse control disorder was reported in three patients, and 
obsessive compulsive disorder in one patient in open-label Study 302. 
 
Table 42: Pooled Studies 301 and 304 Adverse Events by Gender at Least 5% Greater in 
Females than in Males 
 
AEDECOD Females (N=46) 

 % 
Males (N=54) 

% 
Hallucination 24 19 

Dry mouth 22 11 

Fall 15 11 
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AEDECOD Females (N=46) 
 % 

Males (N=54) 
% 

Constipation 15 11 

Nausea 13 4 

Livedo reticularis 13 0 

Dizziness 11 20 

Oedema peripheral 11 19 

Urinary tract infection 11 6 

Contusion 9 4 

Decreased appetite 9 4 

Abnormal dreams 9 0 

Cataract 7 0 

 
Women reported hallucination, dry mouth, nausea livedo reticularis, contusion, decreased appetite, 
abnormal dreams, fall, constipation and cataract numerically more frequently than men (Table 42).  
 
Table 43: Pooled Studies 301 and 304 Adverse Events with Incidence ≥4% by Sex at Least 
5% Greater in Male Subjects versus Females) 
 
AEDECOD Females (N=46) 

% 
Males (N=54) 

% 
Dizziness 11 20 

Oedema peripheral 11 19 

Anxiety 2 11 

Headache 4 7 

Insomnia 4 7 

Orthostatic hypotension 2 7 

Benign prostatic hyperplasia 0 6 
Gait disturbance 0 6 

 
Men reported dizziness, peripheral edema, orthostatic hypotension and anxiety numerically more 
frequently than women in studies 301 and 304 (Table 43). 
 
Table 44: Open-Label Study 302 Adverse Reactions by Gender with Incidence 5% or More 
in Females than in Males 
 
AEBODSYS AEDECOD Females 

N=92  
% 

Males 
N=131 

% 
Gastrointestinal disorders Nausea 12 5 

Skin and subcutaneous tissue disorders Livedo reticularis 12 5 

Psychiatric disorders Insomnia 10 5 

Nervous system disorders Dizziness 10 5 

Infections and infestations Urinary tract infection 10 5 

Musculoskeletal and connective tissue disorders Pain in extremity 7 1 

Reference ID: 4143202



Cross Discipline Team Leader Review 

Page 54 of 63 54 

Women reported nausea, livedo reticularis, insomnia, dizziness UTI and pain in extremity 
numerically more frequently than men in open-label Study 302 (Table 44). 
 
Table 45: Open-Label Study 302 Adverse Reactions ≥5% in Males and Greater than in 
Females   
 
AEBODSYS AEDECOD Male 

(N=131) 
% 

Female 
(N=92)  

% 
General disorders and administration site conditions Oedema peripheral 14 12 

Psychiatric disorders Abnormal dreams 7 2 

Psychiatric disorders Rapid eye movements sleep 
abnormal 

6 1 

 
Overall, the males experienced abnormal dreams and REM sleep abnormality numerically more 
frequently than women (Table 45). 
 
Table 46: Study 301 and 304 Adverse Events with Incidence ≥5% By Age Group 
And Greater in Patients 65 and Over, and at least 5% greater in either group 
 
AEDECOD  >=65  

(N=52) 
 % 

<65 
(N=48) 

% 
Hallucination 31 10 

Fall 17 8 

Orthostatic hypotension 8 2 

 
Falls and hallucination were reported more frequently in patients treated with ADS-5102 who 
were age 65 and over in controlled studies 301 and 304 (Table 46). 
 
Table 47: Open-Label Study 302: Adverse Reactions in Patients Age 65 and Over, with 
Incidence of at least 5%, and at least 5 % Greater Than in patients Below Age 65 (Including 
120 Day Update) 
 
AEBODSYS AEDECOD >=65 

(N=114) 
% 

< 65 
(N=109) 

% 
Injury, poisoning and procedural complications Fall 33 17 

Psychiatric disorders Hallucination 28 12 

General disorders and administration site conditions Oedema peripheral 19 6 

Infections and infestations Urinary tract infection 10 4 

 
Patients age 65 and over reported falls, hallucinations and peripheral edema substantially more 
often compared to patients under age 65 in Study 302 (Table 47).  
 
Based on those obervations, labeling should reflect that hallucinations and falls occurred more 
frequently in patients  65 years of age or older, compared to those less than 65 years of age. 
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Clinical Information Laboratory  
The laboratory data for placebo controlled studies 201, 301, 304 were analyzed looking for 
patients who shifted from baseline normal to high, normal to low, low to high and high to low 
analyte values.  The results did not indicate that patients developed abnormalities with greater 
frequency in the ADS-5102 group compared to placebo for any of the electrolytes, glucose or 
hematology analytes. 
 
A summary of patients (safety population) with clinical chemistry test results that shifted from 
normal to abnormally high or low, low to abnormally high or high to abnormally low values in 
placebo controlled clinical studies 201, 301, 304 and open label study 302 are presented in table 
48. 
 
Table 48: Shifts in Clinical Laboratory Parameters (Abnormal value any point after 
baseline) in all Double-Blind Placebo-Controlled Trials and Open-Label Trials  
PARAMCD SHIFT 260 mg ADS-

5102 
340 mg 

ADS-5102 
420 mg 

ADS-5102 
Placebo 

ALP N to H 1 46 1 7 

ALT L to H 0 2 0 1 

ALT N to H 0 17 1 1 

AST N to H 2 5 1 2 

BILI N to H 1 6 0 1 

BUN N to H 2 80 4 32 

CREAT N to H 0 11 0 3 

GFR H to L 0 4 0 1 

GFR N to L 0 76 0 19 

GGT N to H 0 27 1 6 

N=normal, H= high, L=low 
 
Hepatic Function 
Eighty one patients (81/306=26%) treated with 340 mg of ASD-5102 in any clinical study had at 
least one hepatic lab test result shift from normal to low at baseline to high at some point during 
study participation (Table 49), compared to 12 patients (12/120=10%) treated with placebo.   
 
Table 49: Number of Patients on 340 mg ASD-5102 with Shift from Normal or Low to High 
in Liver Transaminases or Bilirubin   

 X ULN 
PARAMCD 1.1 to 1.9 2 to 2.9 3 to 3.9 4 to 4.9 5 to 5.9 6 to 6.9 8 to 8.9 
ALP 55 2 0 0 0 0 0 
ALT 19 2 2 1 0 0 0 
AST 7 2 1 1 0 0 0 
BILI 8 0 0 0 0 0 0 
GGT 31 4 0 2 1 1 1 

 
Subject No. : While in open-label Study 302, this subject had AEs of ALT increased and 
AST increased, first noted on Day 57, and resolved on Day 72. At Screening, the subject had an 
ALT of 22 U/L (reference range: 10–33) and an AST of 19 U/L (reference range: 10–36; Listing 
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16.2.8.1.1). On Day 57, ALT was 149 U/L (4.5 X ULN) and AST was 125 U/L (3.5 X ULN). At 
the next scheduled assessment (Day 113), both ALT and AST were within their respective normal 
ranges. The subject continued dosing and remained in the study. 
 
Subject No.  While in open-label Study 302, this 71 year-old white female had a baseline 
AST of 20 (10-36 U/L), ALT 7 (10-33 U/L) ALP 41 (30-115 U/L) and bilirubin 3.1 (0-18.8 
nmol/L).  On study day 622 , the patient had a reported elevation of ALT to 171 U/L  
(4.8 X ULN), ALT to 116 U/L (3.5 X ULN), with bilirubin at 8.0 umoles/L (normal).  No 
additional information on liver function tests was reported, and the patient is listed as having 
completed the study on . 
 
Subject No.  had AEs of ALT increased, AST increased, GGT increased, and alkaline 
phosphatase increased, all starting on Day 29 and resolving on Day 60. At Screening, the subject 
had an ALT of 12 U/L (reference range: 10–33), an AST of 22 U/L (reference range: 10–36), a 
GGT of 16 U/L (reference range: 5–32), and an alkaline phosphatase of 57 U/L (reference range: 
30-115). On Day 29, the values had increased to an ALT of 28 U/L, an AST of 106 U/L, a GGT 
of 80 U/L, and an alkaline phosphatase of 133 U/L. On Day 34, further increases were observed 
for ALT (76 U/L [2.3 X ULN]), GGT (271 U/L), and alkaline phosphatase (334 U/L), and the 
AST had decreased (67 U/L). Study drug was withdrawn (last dose the evening of Day 42), 
although laboratory assessments the next day (Day 43) already indicated decreases in all 4 
analytes: ALT (32 U/L), AST (30 U/L), GGT (218 U/L), alkaline phosphatase (236 U/L). The 
subject was discontinued from the study. A follow-up laboratory assessment on Day 57 showed 
that ALT (24 U/L) and AST (< 5 U/L) were at or below the upper limit of the normal range, 
respectively, and GGT (83 U/L) and alkaline phosphatase (103 U/L) were continuing to decline. 
 
Of the 8 patients with a bilirubin (BILI) value that shifted from normal at baseline to high, none 
also had a ALP, AST, ALT or GGT that also shifted from normal at baseline to high.  Five 
patients shifted AST and ALT from normal at baseline to high during the study, but bilirubin 
remained normal.  One patient discontinued study medication because of liver-related AEs.  There 
were no patients with abnormal liver function tests that fulfilled Hy’s law criteria for drug induced 
liver injury.   
 
Elevations in liver transaminases did not indicate a pattern of severe drug induced liver injury, or 
hepatic failure.  All of the patients who experienced elevations of hepatic transaminases improved 
to near normal after discontinuing study medication or that transaminase values returned to normal 
even though patients continued to take study medication. 
 
Indicators of Renal Function 
Eighty six patients on ADS-5102 had 121 values for BUN that shifted from a normal at baseline to 
a high value at some point during studies 201, 301, 304 or open-label Study 302 (Up to the NDA 
cutoff).  However, no patient had a value that exceeded 2 times the ULN for BUN (Table 50).   
 
Table 50: Number of Patients with a Shift in BUN from Normal at Baseline to High 
By Multiples of the Upper Limit of Normal (ULN) (Controlled Studies 201, 301, 304  
and Open label study 304) 

 BUN ULN 
TRTA 1 1.1 1.2 1.3 1.4 1.6 1.8 2 All 
260 mg ADS-5102 2 0 0 0 0 0 0 0 2 
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 BUN ULN 
TRTA 1 1.1 1.2 1.3 1.4 1.6 1.8 2 All 
340 mg ADS-5102 1 67 22 11 11 1 1 1 115 
420 mg ADS-5102 0 3 0 0 1 0 0 0 4 
Placebo 2 30 4 2 0 0 0 0 38 
All 5 100 26 13 12 1 1 1 159 
 
Eleven patients had 15 values of creatinine that shifted from normal at baseline to high exceeding 
the upper limit of normal at some point during one of the clinical trials (Table 51).  A total of 
3/120 (3%) of patients in the placebo group, and 15/306 (5%) on ADS-5201 had an elevation of 
creatinine that was above the ULN (with normal baseline values).  No patient had a reported post 
baseline creatinine value that exceeded 1.5 times the ULN. 
 
Table 51: Shift From Normal to High for Creatinine 
 

 CREAT ULN 
TRTA 1 1.1 1.2 1.4 1.5 All 
340 mg ADS-5102 3 7 2 2 1 15 
Placebo 0 2 1 0 0 3 
All 3 9 3 2 1 18 

 
Two subjects had study drug interrupted due to decreased creatinine clearance (Subjects PD301-

 and PD302- ) during treatment with ADS-5102 and 1 subject (PD301- ) 
had study drug dose reduced due to decreased GFR. The dose was reduced to adjust for the 
patients decline in GFR.  None of these cases were related to an effect of amantadine on renal 
function.  Patients with amantadine overdose are reported to have developed decreased creatinine 
clearance and elevated BUN and creatinine.  There were no clinical laboratory investigations that 
suggested a clinically significant decline in renal function. 
 
Adverse Events of Special Interest 
 
Impulse Control Disorder  
Patients enrolled in studies 201, 301 and 304, did not report adverse events related to impulse 
control disorder.  In open-label Study 302, 5 patients had reported terms related to impulse control 
disorder: “Impulse control disorder” in 3 patients,  and “obsessive compulsive disorder” and 
“pathological gambling” in one patient each. 
 
Suicidality 
The amantadine label described an increased risk for suicide and suicidal ideation.  The applicant 
reported 5 (0.02%) adverse events consistent with suicidality from studies 201, 301, 304 and open-
label Study 302 (Table 52). 
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Table 52: Adverse Events of Suicidal Ideation or Suicide Attempt in Placebo Controlled 
Studies 201, 301 304 and Open-Label study 302 
 

Subject ID 
Assigned / Actual 
ADS-5102 Dose 

Studya 

 
Age* 
/Sex 

 
Psychiatric History 

Preferred Term 
(Verbatim Where 

Different) 
(Study Day) 

 
Stop Study 
Drug due 
to Event? 

 
340/170 mg 

PD304 

46/F Bipolar disorder, alcohol 
abuse, depression, suicidal 
ideation (undisclosed prior 

to study entry) 

Suicide attempt 
(self-inflicted gunshot 

wound) (53) 

Nob 

 
340/340 mg 

PD304 

59/F Depression Suicidal ideation 
(non-specific suicidal 

thoughts) (8) 

Yesc 

 
260/260 mg 

AM201 

66/M Anxiety, depression Suicidal ideation (10) Yesd 

 
340/170 mg 

PD302 

61/M Anxiety, depression Suicide attempt (78) Yese 

 
340/340 mg 

PD302 

50/M Anxiety, mild depression, 
mild auditory hallucination 

Suicidal ideation 
(passive suicidal 
ideation) (298) 

No 

340/170 mg 
PD302 

  Suicidal ideation 
(suicidal ideation with 
intent for self harm) 

(440) 

Yes 

*Age in years; Sex M=male F=female; BL = Baseline; MMSE = Mini-Mental Status Examination 
a       Linked to subject narrative in the CSR 
b       Subject PD304  stopped study drug 4 days before the suicide attempt 
c       Subject PD304 stopped study drug due to AEs of photophobia, blurred vision, affect liability, and depressed mood, 
in addition to suicidal ideation 
d       Subject AM201 stopped study drug due to AEs of altered mental status and psychotic disorder in addition to suicidal 
ideation 
e       Subject PD301- stopped study drug due to AE of respiratory arrest in addition to suicide attempt 
Source: ISS Listings 2.2, 2.3.3, and 2.6.1 
 

Depression and an increased risk for suicide are reported in patients with PD.  The trial is not large 
enough to compare the risk for suicidality in the ADS-5102 clinical trials program to the general 
population of patients with PD.  A warning for suicidality is included in the ADS-5102 (Gocovir) 
label, which adequately addresses the potential risk. 
 
Electrocardiogram (ECG) and Vital Signs 
Electrocardiograms, orthostatic pulse, and blood pressure measurements were only collected at 
screening visits, to determine study eligibility.  
 
Studies 301 (Table 53) and 304 (Table 55) were the two largest placebo controlled studies that are 
best suited to exploring the effects of ADS-5102 on vital signs.  The results for mean changes in 
pulse, diastolic and  systolic blood pressures followed by patients that had a systolic blood 
pressure below 90 mmHg at any post-baseline study visit.   
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Table 53: Study 301 Mean BP and Pulse by Visit 
 

TRTA 

 340 mg ADS-5102 Placebo 
 AVISIT Week AVISIT Week 

PARAM Base 1 2 4 8 12 18 24 Base 1 2 4 8 12 18 24 
Diastolic 
Blood 
Pressure 
(mmHg) 

74.8 73.7 74.7 73.9 74.5 75.3 76.8 74.1 72.3 70.3 71.5 69.8 68.9 70.5 71.3 69.3 

Pulse Rate 
(beats/min) 

72.5 72.9 71.5 73.4 72.8 72.9 74.5 70.9 72.1 74.2 72.9 73.1 73.05 73.0 73.8 72.6 

Systolic 
Blood 
Pressure 
(mmHg) 

122.6 121.3 120.8 120.6 122.3 123.0 125.7 121.2 122.1 119.2 124.2 123.6 119.52 120.4 123.4 118.3 

 
 
Table 54: Study 301 Outlying Systolic BP Values ≤90 mm Hg Any Visit 
 
Study ACT TRT Visit Parameter Value 
ADSAMTPD301-  Placebo WEEK 24 Systolic Blood Pressure (mmHg) 76.00 

 
In Study 301, the single extreme outlier (systolic BP <90 mmHg) was randomized to placebo 
(Table 54).  There were no significant changes in mean pulse or BP in either group.  
 
In Study 304 (Table 55), there were no significant changes in the mean values for vital sign 
parameters.  Three patients (one patient had two abnormal readings) listed in Table 56 had low 
systolic BP readings suggestive of clinical concerning hypotension; however, all 3 patients were 
on placebo. 
 
Table 55: Study 304 Mean BP and Pulse by Visit 
 

TRTA 
340 mg ADS-5102 Placebo 

AVISIT AVISIT 
PARAMCD Base 1 2 4 8 12 Base 1 2 4 8 12 

DIABP 75.3 74.4 73.8 75.5 76.2 73.3 74.8 74.2 75.2 75.6 74.1 75.9 
PULSE 72.3 71.9 72.4 71.0 72.1 71.6 76.2 77.3 77.2 74.7 76.5 74.4 
SYSBP 121.6 123.8 122.8 122.1 126.3 123.5 121.5 122.0 124.3 124.0 120.4 125.3 

 
Table 56: Study 304 Outlying Systolic BP Values ≤90 mm Hg Any Visit 
 
Study USUBJID ACT TRT Visit Parameter Value 
ADSAMTPD304 Placebo WEEK 12 SYSBP 78.00 

ADSAMTPD304 Placebo WEEK 4 SYSBP 78.00 
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Study USUBJID ACT TRT Visit Parameter Value 
ADSAMTPD304 Placebo WEEK 4 SYSBP 88.00 

ADSAMTPD304 Placebo WEEK 4 SYSBP 90.00 

 
In studies 301 and3 04, all patients with post-baseline systolic BP of 90 mmHg or less occurred in 
patients receiving to placebo none of the patients were treated with the ADS-5102.   
 
Overall, there were no significant changes in mean pulse or BP in either group, in either study.  
There were no safety concerns for changes in vital signs found during the analysis of the clinical 
trials information. 
 
Safety Summary 
 
The clinical trials submitted in the application support the safety of amantadine ER for the new 
proposed indication.  The type of adverse reactions observed in the clinical trials of ADS-5102 are 
very similar to those described in the Symmetrel label.  The frequencies of specific adverse 
reactions in the Symmetrel label are not described with the level of detail included in modern drug 
labels.   
 
Labeling includes recommendations for dosing patients with more than mild renal impairment 
because of the potential for cardiac arrhythmia that have the potential for fatal outcome caused by 
high plasma levels of amantadine.   

9. Advisory Committee Meeting  
The application did not involve a new molecular entity or involve complex safety or efficacy 
issues that would have benefited from an Advisory Committee. 

10. Pediatrics 
The applicant was granted orphan designation of amantadine for the treatment of levodopa-
induced dyskinesia.  The applicant received the orphan designation letter from the Office Orphan 
Product Development on April 9, 2015.  The applicant also submitted an initial Pediatric Study 
Plan (iPSP) when their application for orphan designation was still under review by the Office of 
Orphan Product Development.  The applicant also included a Pediatric Study Plan requesting a 
full waiver in the NDA submission.  The applicant did not need to request a waiver from PREA 
requirement because amantadine HCL was granted orphan designation for the “treatment of 
levodopa-induced dyskinesia” which means the application was exempt from PREA requirements. 
 
On August 9, 2017, the Pediatric Review Committee (PeRC) granted the applicant’s request for a 
full waiver from requirements under the Pediatric Research Equity Act (PREA), based on the 
geographic dispersion and low prevalence of pediatric PD, making pediatric studies of ADS-5102 
in pediatric PD impracticable.  
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Abuse and Dependence (narrow), to ascertain if any abuse-related adverse events appear to be 
more commonly reported in recipients of amantadine. The applicant searched the medical 
literature using Embase for reports of abuse associated with amantadine.  The applicant concluded 
they found no information suggesting amantadine was a drug of abuse. 
 
CSS consulted the FDA’s Office of Surveillance and Epidemiology who also conducted a search 
of the FAERS database and published literature.  OSE found no postmarketing cases of abuse or 
dependence of amantadine. 
 
CSS Recommendation on Scheduling and labeling for Abuse Potential: Scheduling amantadine 
under the Control Substance Act is not recommended. Section 9.0, Abuse and Dependence, is not 
recommended for labeling. (A previous CSS reviewer had agreed with the Applicant’s 
recommendations for Sections 9; these should now be omitted.) 
 

12. Labeling  
Proprietary name  
Following review, the applicant was notified by letter on March 6, 2017, that the proprietary name 
Gocovri is conditionally acceptable. 
 
Labeling/Labels 
Labeling recommendations from DMEPA were included in the edited version of labeling returned 
to the applicant. 
 
In addition, the application contains pharmacokinetic information showing the amantadine IR 
(reference standard) and ADS-5102 meet the FDA’s bioequivalence (relative BA) criteria.  
Therefore, the application would also support the description in labeling of the indications already 
approved for amantadine IR. Although additional support is not needed to support that description, 
the clinical trials conducted by the applicant for the treatment dyskinesia in PD also support the 
effectiveness of ADS-5102 as a treatment for PD, shown by a reduction in “OFF” time. The 
applicant was informed of the possibility to include in labeling the indications already approved 
for amantadine IR, and elected not to include these indications.   
 
Carton and Immediate Container labels (if problems are noted) 
Comments from OPQ and DMEPA regarding the product log, and carton and container labeling 
were sent to the applicant.  At the time of this review, OPQ had no further recommendation 
regarding the package labels. DMEPA recommends (not a requirement) that the applicant changed 
the product logo to change the appearance of the “ ” in Gocovri to no longer resemble the 
symbol for  
 
Patient labeling/Medication guide (if considered or required) 
The applicant patient labeling was reviewed by OPDP and DMPP their comments were 
incorporated into the Division’s review of the Patient Package Insert (PPI). 
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13. Recommendations/Risk Benefit Assessment  
 

Risk/Benefit Assessment 
The risk of treatment with Gocovri is primarily from psychiatric adverse reactions 
(hallucinations), gastrointestinal adverse reactions (constipation and nausea), falls and injury, 
and peripheral edema.  In addition, prescribers need to follow the dosing recommendations for 
patients with more than mild renal impairment because of a greater risk of adverse reactions in 
those patients if the dosage of Gocovri is not reduced. 
 
Benefit for the treatment of dyskinesia in patients with dyskinesia for up to 12 weeks has been 
established in Study 301 and Study 304 by a statistically significant reduction in UDysRS 
scores (a well accepted measure of dyskinesia) from baseline to Week 12. Demonstration of 
efficacy for that duration of treatment is adequate to support the long-term efficacy of Gocovri. 
 
Recommended Regulatory Action  
The applicant has provided adequate information to support an indication for the treatment of 
dyskinesia in patients with Parkinson’s disease receiving levodopa-based therapy with or 
without concomitant dopaminergic medications, based on the clinical studies conducted by the 
applicant. Approval for the indication is recommended. 

 
Recommendation for Postmarketing Risk Evaluation and Management Strategies 

 
None.  

 
Recommendation for other Postmarketing Requirements and Commitments 

 
A REMS is not recommended for Amantadine ER (Gocovri). 

 
Recommended Comments to Applicant 

 
Comments for the applicant were communicated during the review of this application through 
requests for information and during labeling discussions. 
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