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Discussion:
The primary reviewer and supervisor found the nonclinical information adequate 
to support the approval of safinamide for the indication listed above.

Safinamide is an inhibitor of monoamine oxidase B. Although the exact 
mechanism by which safinamide exerts it therapeutic effect is not known, 
increased dopaminergic activity in the brain induced by inhibition of monoamine 
oxidase B is thought to be beneficial in Parkinson’s disease. The Established 
Pharmacologic Class of Monoamine Oxidase Type B Inhibitor is appropriate for 
safinamide.

The carcinogenicity of safinamide was assessed in 2-year rat and mouse studies. 
These studies were found to be acceptable by the executive carcinogenicity 
assessment committee and the committee concluded that there were no drug-
related neoplasms in either species.

Retinal toxicity and cataracts were observed in rats treated with safinamide. 
These effects occurred at exposures below those achieved in humans at the 
maximum recommended dose. The relevance to humans is unknown but cannot 
be excluded. Proposed labeling includes warning about this possible toxicity.

Safinamide alone and in combination with levodopa and carbidopa produced 
adverse developmental effects in animals at doses similar to those used in 
humans. Proposed labeling includes description of these findings.

Conclusions: I agree that this NDA can be approved from a pharm/tox 
perspective for the indication listed above.

1

Reference ID: 3904554



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

PAUL C BROWN
03/18/2016

Reference ID: 3904554



 1 

MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: March 14, 2016 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 207-145 (safinamide, Xadago) 
________________________________________________________________________ 
 
NDA 207-145 was submitted by Newron Pharmaceuticals on May 27, 2014 (received 
May 29, 2014) for safinamide as add-on therapy for treatment of idiopathic Parkinson's 
disease. On August 31, 2015, the sponsor submitted a major amendment, resulting in an 
extension of the user fee goal date. Clinical development was conducted under IND 
63901; a pre-NDA meeting was held with the sponsor on September 16, 2013 (cf. 
PreNDA meeting minutes, October 16, 2013).  
 
The sponsor has conducted a comprehensive battery of nonclinical studies to support 
clinical development of safinamide and the NDA. In addition to the standard nonclinical 
studies to support a chronic indication (including chronic toxicity, reproductive and 
development toxicology, and carcinogenicity studies and genotoxicity assays), the 
sponsor conducted toxicology studies of safinamide in combination with 
levodopa/carbidopa and pramipexole and mechanistic studies to address the retinal and 
developmental toxicities observed in rodent. The nonclinical studies were reviewed by 
Drs. Terry Peters and LuAnn McKinney under IND 63901 and by Dr. LuAnn McKinney 
under the NDA (Pharmacology/Toxicology NDA Review and Evaluation, LuAnn 
McKinney, DVM, DACVP, December 4, 2015). Dr. McKinney’s review should be 
referenced for a detailed evaluation of the nonclinical data. Only selected findings are 
discussed below. 
 
Pharmacology 
 
According to the sponsor, safinamide (S-(+)-2-[4-(3-fluorobenzyl) oxybenzyl] 
aminopropanamide methanesulfonate) exerts pharmacological activity through a "multi-
modal mechanism of action," including MAO-B inhibition, state-dependent blockade of 
voltage gated sodium channels, and "inhibition of excessive release of glutamate."  
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In vitro, safinamide inhibited MAO-B in rat and human brain (IC50’s of 98 and 79 nM, 
respectively) and liver (IC50’s of 79 and 52 nM, respectively). (Safinamide also inhibited 
MAO-A in rat and human brain but at substantially higher IC50's of 584 and 80 µM, 
respectively). MAO-B inhibition was demonstrated to be reversible in rat brain 
mitochondria and platelet-rich human plasma, based on the results of X-ray analysis and 
recovery of MAO-B activity in rat brain mitochondria with repeated washing. Safinamide 
exhibited no in vitro binding to dopamine receptors and low affinity (IC50 > 10 µM) for 
the dopamine or serotonin transporter. In vivo, safinamide increased dopamine levels 
(27-48% at 24 hrs post dose) in the putamen of cynomolgus monkey following 13 weeks 
of dosing at 10 and 20 mg/kg PO and prolonged the duration of anti-PD effects of 
levodopa (by 36-42 min) at 3-30 mg/kg PO in MPTP-lesioned cynomolgus monkey. 
Safinamide had no effect on the magnitude of anti-PD effects of levodopa at doses of 3-
30 mg/kg PO or 0.2-20 mg/kg PO in separate studies in MPTP-lesioned cynomolgus 
monkey. 
 
The sponsor hypothesizes that safinamide has unique therapeutic (e.g., anti-dyskinetic) 
effects in PD patients (compared to approved MAO-B inhibitors for PD, i.e., rasagiline 
and selegiline), mediated primary through blockade of voltage-gated sodium channels 
(VGSC).  Blockade of VGSC by safinamide was observed in vitro in cortical neurons 
from E17 Wistar rat fetuses (IC50 of 33-96 µM), in primary rat cortical neurons (IC50 of 
∼7 µM for the inactivated state), and of recombinant human VGSC (IC50 of 1.69-4.85 µM 
for inactivated state). Safinamide (30 mg/kg IP) also reduced sodium channel activator 
(veratridine) - induced glutamate release in the dorsal hippocampus of rat, assessed in 
vivo using microdialysis; the sponsor estimated a corresponding plasma unbound 
concentration of ∼0.6 µM, which is similar to that in humans at the maximum 
recommended daily dose of 100 mg (i.e., 0.26-0.77 µM). Data from in vivo studies in 
MPTP-lesioned, Parkinsonian, dyskinetic cynomolgus or rhesus monkeys were 
inconsistent. Some studies reported a reduction in levodopa-induced dyskinesia, whereas 
others demonstrated no anti-dyskinetic effects of safinamide.  The sponsor stated that 
design of the studies demonstrating no anti-dyskinetic effects of safinamide “did not 
match” that of the positive studies because of “methodological differences in the 
experimental set up”; however, what those differences were and how they might explain 
the inconsistent results were not clarified.  
 
Overall, the sponsor’s nonclinical data do not clearly support the involvement of non-
dopaminergic mechanisms in its therapeutic effects and suggest that inhibition of MAO-
B is likely the most relevant mechanism for safinamide as adjunctive therapy in patients 
with idiopathic Parkinson’s disease.  
 
PK/ADME 
 
PK studies were conducted in rat (Sprague-Dawley, Wistar) and cynomolgus monkey. 
PK parameters following acute IV and PO doses  are summarized in the following table: 
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SPECIES/ 
STRAIN 

SEX DOSE/ 
ROUTE 

Cmax
# 

(µg/mL) 
Tmax 
(hr) 

AUC(0-∞) 
(µg*hr/mL) 

t1/2 
(hr) 

Cl 
(L/h/kg) 

Vss 
(L/kg) 

F 
(%) 

Rat/ 
Sprague-Dawley 

M 
5 IV 1.76 0.03 1.79 1.7 0.02 4.8 -- 

10 PO 1.65 0.72 3.28 1.3 -- -- 92 

Rat/ 
Wistar 

M 
0.76 IV 

0.31 0.1 0.27 1.3 2.8 3.4 -- 
F 0.36 0.1 0.46 1.7 1.7 2.9 -- 
M 

3 PO 
0.24 0.25 0.5 2 -- -- 43 

F 0.29 0.25 1.29 2.1 -- -- 54 
Monkey/ 

cynomolgus 
M 

5 IV 3.85 0.08 11.5 12.7 0.45 2.4 -- 
10 PO 2.87 1.67 18.6 10.9 -- -- 80 

#C0 for IV dose 
 
Tissue distribution studies were conducted in CD-1 mouse, rat (Sprague-Dawley, Wistar, 
Lister Hooded), and cynomolgus monkey following acute IV (1 mg/kg) and acute and 
repeat oral (1-10 mg/kg) safinamide doses. Distribution of radioactivity into tissues was 
widespread, consistent with Vss values. Distribution and half-life of radioactivity were 
greater in pigmented tissues compared to non-pigmented tissues in rat, suggesting 
binding to melanin. Urine was the major route of elimination in all species.  
 
The in vivo metabolic profile of safinamide following oral administration was assessed in 
CD-1 mouse, rat (Sprague-Dawley, Wistar), and cynomolgus monkey (also dog and 
minipig). Safinamide accounted for 9 and 30% of total plasma radioactivity in monkey 
and human, respectively, and was characterized as a minor component in rat plasma. 
NW-1689 (formed by oxidative N-dealkylation) was a major metabolite in all species, 
accounting for 47, 55, 45, and 30% of total radioactivity in mouse, rat, monkey, and 
human, respectively. NW-1153 (formed by amide hydrolysis) was a minor component in 
all species tested. In humans, NW-1689 AG, an acyl glucuronide, accounted for 16-18% 
of parent and ∼5% of total radioactivity. Although not a major metabolite in humans, acyl 
glucuronides have the potential to induce toxicity; therefore, the safety of NW-1689 AG 
was addressed by the sponsor. 
 
NW-1689-AG:  The sponsor conducted in vitro studies to assess the potential reactivity 
of NW-1689 AG. Acyl glucuronides are unstable in vivo, potentially undergoing 
intramolecular (acyl) arrangement, leading to covalent binding of macromolecules 
(proteins), which can result in immune responses or altered function, depending on the 
target. Published studies have attempted to identify criteria for predicting the reactivity of 
acyl glucuronides. According to Boelsterli (Boelsterli UA Cur Drug Metab 3:439-450, 
2002), the three primary factors determining the reactivity of acyl glucuronides are 
chemical stability (half-life of rearrangement), covalent binding to proteins, and extent of 
tissue exposure. The authors state that some compounds with half-lives in aqueous buffer 
of ≤0.5 hrs “…have been associated with a relatively high extent of drug-protein adducts 
in human tissues as well as a higher risk of causing idiosyncratic drug reactions…,” 
whereas those with longer half-lives (>5 hrs) “…have rarely been incriminated with 
idiosyncratic reactions.”  According to Sawamura et al. (Sawamura R et al. Drug Metab 
Disp 38:1857-1864, 2010), approved drugs categorized as safe or withdrawn for drug-
induced liver injury (DILI) were associated with a half-life of rearrangement in phosphate 
buffer (KPB) of ≥7.2 hrs or ≤3.2 hrs, respectively; however, the authors also stated that 

Reference ID: 3901831



 4 

drugs labeled for DILI couldn’t be distinguished from drugs withdrawn from the market 
because of DILI based on differences in half-life. Benet et al. (Benet LZ et al. Life Sci 
53: PL141-146, 1993) demonstrated a high correlation in vitro between the half-life of 
rearrangement and covalent binding to albumin.  
 
For safinamide, the half-life of rearrangement (acyl migration) in phosphate buffer was 
5.4 hrs, similar to that estimated by QSAR (i.e., 3-5 hrs); binding to HSA was ∼0.3%. 
The sponsor compared these values with those for acyl glucuronides of three marketed 
drugs which are considered to have high, medium, and low reactivity (diclofenac, 
ibuprofen, and valproic acid, respectively). The sponsor concluded that, based on these 
data, NW-1689 AG should be considered “as a medium to low reactive acyl glucuronide 
which may be somewhat more stable than ibuprofen acyl glucuronide.” The sponsor also 
stated that NW-1689 AG should be considered to have low reactivity because of its 
structure, i.e., benzoic acid acyl glucuronide (cf. Wang J et al. Chem Res Toxicol 
17:1206-1216, 2004). However, the half-life and protein binding data suggest only that 
NW-1689 AG may not have high reactivity.   
 
Plasma NW-1689 AG exposure was not quantified in the pivotal toxicity studies. In acute 
and short-term oral PK studies intended to bridge to the pivotal studies, NW-1689 AG 
was determined to be a minor metabolite in mouse, Sprague-Dawley rat, and rabbit. In an 
8-day PK study in Sprague-Dawley rat, plasma levels of NW-1689 + NW-1689 AG were 
slightly lower than plasma NW-1689 levels, consistent with the acute data. In 
cynomolgus monkey, plasma levels were 188 ng/mL (Cmax) and 2660 ng*hr/mL (AUC) 
following a single 10 mg/kg oral dose. Based on these data, plasma NW-1689 AG 
exposures in the 26/39 week toxicity study in monkey are estimated to have been up to 
∼5 times than in humans at the maximum recommended human dose of 100 mg/day. No 
clear evidence of a unique toxicity or of liver toxicity was observed; however, the 
potential for idiosyncratic drug reactions in humans cannot be dismissed based on these 
data. In addition, the minimal circulating levels of NW-1689 AG in rodent and rabbit 
resulted in an inadequate assessment of potential effects of this metabolite on 
reproductive and developmental toxicity and carcinogenicity.   
 
The lack of exposure to NW-1689 AG in the reproductive and developmental toxicity 
studies is not of particular concern, considering the notable developmental toxicity 
(including teratogenicity) observed in the studies of safinamide in rat and rabbit at plasma 
exposure lower than that in humans at clinical doses and with no no-effect dose identified 
for teratogenic effects in either species. Regarding carcinogenic potential, NW-1689 AG 
was negative in the Ames and in vitro micronucleus (Chinese hamster V79 cells) assays 
and published studies identifying a carcinogenic risk associated with acyl glucuronides 
were not found. The primary concern is for idiosyncratic drug reactions resulting from 
formation of acyl glucuronide-protein adducts and subsequent immune stimulation. 
However, a recent review concluded that “The…assumption of generic toxicity…is 
hardly supported by the sparse evidence connecting acyl glucuronide formation with 
either clinical or experimental toxicity” (Regan SL et al. Biopharma Drug Dispos 31:367-
395, 2010). Overall, there seems to be no compelling need for additional nonclinical 
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assessment of NW-1689 AG; arguably, the potential toxicities of greatest concern would 
be difficult, if not impossible, to assess in normal animals. 
 
Toxicology 

The general toxicity of safinamide was tested in CD-1 mouse (4- and 13-week), Sprague-
Dawley rat (acute, 4-week [2 studies], 13-week [2 studies], and 26-week [2 studies]), and 
cynomolgus monkey (4- and 13-week, 39-week, and 26/39-week studies). In these 
studies, safinamide was administered once daily by oral gavage. In addition, safinamide 
was tested in combination with levodopa/carbidopa (LD/CD) or pramipexole in both 
species. 
 
Mouse 
 
Subchronic studies were conducted to support dose-selection for a 2-year carcinogenicity 
study. In the 4-week study, safinamide (0, 50, 100, and 300 mg/kg; a 500 mg/kg group 
received drug for the last 3 weeks of the study) resulted in clinical signs and death at 500 
mg/kg; convulsions, abnormal gait, and reduced motor activity were observed in 1 male 
at 300 mg/kg. Histopathology was not conducted. In the 13-week study, safinamide (100, 
200, 375/250 mg/kg) resulted in clinical signs and death at 375 mg/kg, causing a 
reduction in the HD to 250 mg/kg, which also resulted in clinical signs and death. Liver 
was the primary target organ identified upon histopathological examination; findings 
consisted of centrilobular hepatocellular hypertrophy and fat vacuolation at ≥200 mg/kg 
and coagulative necrosis at 375/250 mg/kg in females. 
 
Rat 
 
Two sets of toxicities studies were conducted; the original studies were repeated because 
sufficiently high doses were not achieved.  In 4-week studies, safinamide was 
administered at doses of 0, 50, 100, and 200 mg/kg or 0, 20, 60, 100, and 500 mg/kg. 
Deaths occurred at 500 mg/kg. Liver (diffuse hepatic vacuolation, fatty changes), lung 
(foamy macrophages), and adrenal gland (cortical cell vacuolation and cortical 
hyperplasia/hypertrophy/degeneration) were the primary target organs. The 20 mg/kg 
dose was identified as the NOAEL.  
 
In the 13-week studies, safinamide was administered at doses of 0, 15, 30, and 80 mg/kg 
or 0, 100, 200, and 300/250 mg/kg. Clinical signs (e.g., abnormal gait, ptosis, hunched 
posture) and death occurred at ≥200 mg/kg; clinical signs were also observed in females 
at ≥100 mg/kg. No histopathology findings were detected in the initial 13-week study. At 
the higher doses in the repeat study, liver (centrilobular hepatocellular hypertrophy), lung 
(vacuolated macrophages), and retina were identified as target organs; bilateral retinal 
degeneration was detected at all doses in males and females (summarized below).  
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FINDING MALES FEMALES 
0 25 50 100 0 25 50 100 

bilateral retinal degeneration 
     minimal 
     slight 
     moderate 
     marked 
     severe 
total 

 
15 
3 
0 
0 
0 

18/50 

 
1 
8 
7 

34 
9 

59/62 

 
2 
5 
2 

31 
21 

61/61 

 
1 
0 
2 

25 
31 

59/60 

 
11 
4 
0 
2 
1 

18/63 

 
1 
1 
6 

34 
16 

58/59 

 
0 
1 
5 

31 
24 

61/61 

 
0 
0 
2 
37 
26 

65/65 
bilateral cataract 
     minimal 
     slight 
     moderate 
     marked 
total 

 
0 
0 
0 
0 

0/50 

 
1 
0 
0 
0 

1/62 

 
3 
1 
0 
1 

5/61 

 
7 

10 
3 
1 

21/60 

 
0 
0 
0 
0 

0/63 

 
0 
0 
0 
0 

0/59 

 
5 
1 
0 
0 

6/61 

 
10 
4 
1 
0 

15/65 
 
In mouse, drug-related retinal degeneration was observed only in the 2-year 
carcinogenicity study (0, 50, 100, and 200 mg/kg); the severity was increased in males at 
the HD and both incidence and severity were increased in females at the MD and HD. 
 
Monkey 
 
Safinamide was tested at doses of 0, 50, 100 and 200 mg/kg (only 2/sex/group) or 0, 20, 
40, 80, and 120 mg/kg in 4-week studies. Doses ≥80 mg/kg resulted in clinical signs 
(including convulsions, dyspnea, and prostration) and death. Microscopic examination 
identified adrenal gland (cortical hyperplasia) and kidney (tubular dilatation, 
inflammation) as target organs. In the 13-week study, safinamide (0, 10, 20, and 50 
mg/kg) resulted in premature sacrifice of one HDF, with morbidity attributed to gastric 
erosions. Gastric erosions were also detected in MD and HD survivors. In the 39-week 
study, no drug-related findings were evident at safinamide doses of 0, 3.2, 8, and 20 
mg/kg. In a repeat chronic study, safinamide was administered at doses of 0, 30, 50, and 
70 mg/kg for 26 (C and HD only) or 39 weeks. The primary toxicity was CNS-related, as 
evidenced by “clonic contractions,” recumbency, hypoactivity, staggering gait, ataxia, 
and loss of balance at the HD; one HDF was found dead on Day 21.The only drug-related 
microscopic finding was pigment deposition in the adrenal gland (zona reticularis).  Dark 
staining of nuclei in the ONL of the retina was later determined to be artifact.  
 
Combination studies: safinamide (0, 20, and 50 mg/kg) was tested in combination with 
LD/CD (initially 40/10 mg/kg BID, reduced to 20/5 mg/kg BID because of intolerability) 
or alone (50 mg/kg); LD/CD was also tested alone (40/10 mg/kg BID → 20/5 mg/kg 
BID). There was no clear evidence of exacerbation of toxicity with the combination after 
13 weeks of dosing. 
 
Safinamide was also tested in combination with pramipexole (0, 10/0.4, 10/2, 50/2 mg/kg 
safinamide/pramipexole); each drug was also tested alone (50 mg/kg safinamide; 3 mg/kg 
pramipexole).  The only drug-related findings were clinical signs (“repeated hectic and 
uncontrolled movement/climbing”), attributed to pramipexole alone. No retinal toxicity 
was detected by routine light microscopy or EM. 
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Special Toxicology Studies 
 
The sponsor conducted additional toxicology studies to assess the toxicity of metabolites 
and impurities and to investigative the mechanism(s) underlying the retinal toxicity 
observed primarily in rat.  
 
Regarding the retinal toxicity, the sponsor conducted studies in Sprague-Dawley and 
Long Evans rat to assess the effects of safinamide on dopamine and related metabolites 
(150 mg/kg), dose- and duration-dependent nature of the lesions, and involvement of 
light exposure, and an in vitro study to assess potential effects on the phagocytic activity 
of retinal pigment epithelial (RPE) cells. These studies documented that safinamide-
induced retinal toxicity was dose- and duration-dependent, affected both non-pigmented 
and pigmented retina, and was exacerbated by (but not dependent on) exposure to high 
intensity light. While the sponsor states that the retinal toxicity in rat was observed in 
toxicity studies of ≥13 weeks in duration, these investigative studies demonstrated the 
appearance of structural lesions after 2-4 daily doses (125 mg/kg). Also, there is no 
indication that tissue sections from the 4-week studies were re-examined after initial 
detection of retinal lesions in the 13-week study; therefore, it is possible that retinal 
lesions were missed. 
 
The data suggest that safinamide is responsible for the retinal toxicity, rather than a 
metabolite. The major circulating metabolite, NW-1689, was detected in non-pigmented, 
but not pigmented, eye. Because retinal toxicity was detected in both rat strains, it is clear 
that NW-1689 is not primarily responsible. It also does not appear that increases in 
dopamine or related metabolite levels in retina or phototoxicity are involved; acute doses 
of safinamide (150 mg/kg) had no effect on drug or metabolite levels and safinamide 
does not absorb in the uv range.  
 
In an in vitro study, safinamide was found to inhibit the phagocytic activity of RPE cells 
but only at concentrations ≥100 µM. The sponsor argues that this effect is unlikely to be 
involved in safinamide-induced retinal lesions because retinal concentrations of 
safinamide were estimated to be ∼8 µM at the lowest dose associated with retinal toxicity 
in rat (15 mg/kg). While the validity of this type of extrapolation to in vivo findings is 
uncertain, the sponsor’s characterization of the process (see below, from Safinamide: An 
Overview of Retinal Toxicity in Preclinical Studies, David E. Prentice, September 2014) 
also suggests that the RPE is not the initial target. 
 

“EM revealed lesions as early as 24 hours after start of treatment. Early alterations 
were found first in the inner segments (ISs) of the PRC [photoreceptor layer] as 
disorientation/degeneration of membranous structures and single vacuolation of 
mitochondria. After 3 days of treatment, first necrotic ISs were observed. 
Destruction of the IS appeared after 7 and 14 days of treatment and led to 
disruption of the IS – outer segment (OS) junction with subsequent destruction of 
the outer segments/disks. The ONL [outer nuclear layer] showed karyopyknosis 
after 7, 14, and 28 days of treatment as a consequence of the severe destruction of 
the PRC. Retinal microgliosis was observed after 7, 14, and 28 days.” 
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Based on the data from the investigative studies, the sponsor concluded that the 
pathogenesis of the retinal lesions remains unknown. 
 
The sponsor did demonstrate that the development of retinal toxicity in rat was detectable 
by ERG and OCT, justifying the use of these methods to monitor clinical trials. 
 
Reproductive and developmental toxicity 
 
The reproductive and developmental toxicity of safinamide was assessed in Sprague-
Dawley rat (fertility and early embryonic, embryofetal development, and pre- and 
postnatal development) and New Zealand White rabbit (embryofetal development). 
Embryofetal development studies were conducted on safinamide alone (given once daily) 
and in combination with levodopa/carbidopa (given BID) in both species.  
 
Effects of safinamide on fertility and early embryonic development were assessed in rat 
at oral doses of 0, 50, 100, and 150 mg/kg. Males were dosed for 28 days prior to mating, 
throughout the mating period, and for 2 weeks after the end of the mating period. 
Females were dosed from 14 days prior to mating, throughout the mating period, and 
through gestation day (GD) 6. In males, analysis of sperm revealed an increase in 
abnormal sperm morphology (headless sperm, reduced hooks, “miscellaneous 
abnormalities”) and a decrease in sperm motility at all but the LD. In females, findings 
consisted of reduced corpora lutea and implantations and an increase in pre-implantation 
loss, resulting in a decrease in live embryos at GD 13. 
 
In the embryofetal development study in rat, safinamide was administered orally at doses 
of 0, 50, 100, and 150 mg/kg on GDs 6-15. Dose selection was based on the results of 
two dose-ranging studies in which no maternal or developmental toxicity was observed at 
doses of 0, 50, 100, and 150 mg/kg); however, higher doses (0, 200, 300, and 400 mg/kg) 
were associated with maternal death (300 and 400 mg/kg) and embryofetal mortality and 
malformations (cleft palate, anasarca) at all doses. In the pivotal study, there was no 
evidence of maternal toxicity; however, developmental toxicity, including decreased fetal 
and litter weight, increase in small fetuses, testicular (ectopic testis) and urinary system 
(enlarged and/or kinked ureters) malformations, and/or delayed ossification were 
observed at all doses. 
 
In the embryofetal development study in rabbit, safinamide was administered orally at 
doses of 0, 25, 50, and 100 mg/kg on GDs 6-18. Dose selection was based on the results 
of two dose-ranging studies in which doses of ≥120 mg/kg exceeded an MTD in does; 
one fetus exhibited cleft palate and forepaw flexure at 100 mg/kg. In the pivotal study, 
convulsions were observed at the MD and HD, although all does survived except for the 
one affected mid-dose animal. No developmental toxicity was observed.  
 
The adverse effects of safinamide alone and in combination with levodopa/carbidopa 
(LD/CD) on embryofetal development were tested in both species. In rat, safinamide was 
tested at oral doses of 0, 25, 50, and 100 mg/kg in combination with LD/CD (40/10 
mg/kg BID) or alone at 100 mg/kg on GDs 8-17; LD/CD (40/10 mg/kg BID) was also 
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tested alone. In a dose-ranging study, a higher dose of safinamide (150 mg/kg) in 
combination with the same dose of LD/CD resulted in weight loss/reduced body weight 
gain in does, decreases in embryofetal growth, and a high incidence of edematous fetuses. 
In the pivotal study, there was no no-effect dose for embryofetal developmental toxicity, 
including reduced fetal weight and increased fetal malformations (e.g., 
absent/rudimentary renal papilla, displaced testes, absent/small thyroid, “anomalous 
confluence of caudal vena cava/left hepatic vein, ” bent scapula, short/bent humerus, bent 
radius/ulna), when safinamide and LD/CD were given in combination. Safinamide and 
LD/CD, each given alone, were also associated with fetal malformations; however, the 
combination resulted in more severe developmental effects.  
 
In the combination embryofetal development study in rabbit, safinamide was tested at 
oral doses of 0, 4, 12, and 40 mg/kg in combination with LD/CD (40/10 mg/kg BID); 
safinamide (40 mg/kg) and LD/CD (40/10 mg/kg BID) were also tested alone. 
Safinamide alone increased the incidence of skeletal variations. LD/CD alone induced 
malformations (membranous ventricular septal defect and dilated single vessel arising 
from heart). The combination produced an increase in embryofetal death, malformations 
(including membranous ventricular septal defect: dilated single vessel arising from heart, 
enlarged/misshapen heart/atrium/ventricle, brachydactyly/snydactyly), and skeletal 
variations at all doses. As in rat, safinamide and LD/CD in combination resulted in more 
severe developmental effects, but in rabbit unique malformations were observed with the 
combination. 
 
The effects of safinamide on pre- and postnatal development were tested in a series of 
studies in rat. In an initial dose-ranging study, safinamide was administered orally at 
doses of 0, 50, 100, and 150 mg/kg from GD 6 through postnatal day (PND) 10. Four of 8 
dams were sacrificed moribund (severe clinical signs) on GD 19/20 and total litter loss 
occurred at all doses (0/8, 1/8, 4/8, and 1/4 C, LD, MD, and HD dams).  As a result, 
dosing was suspended prematurely at the MD and HD. The primary findings in LD pups 
were dark, yellow skin (observed on PNDs 1-13 in 13 pups from 5 litters) and distended 
stomach/abdomen (observed on PNDs 4-16 in 45 pups from 6 litters); neither finding was 
observed by PND 16. Macroscopic findings in LD pups consisted of yellow skin pre-
weaning (15 pups from 5 litters) and yellow or orange skullcap post-weaning (40 pups 
from 6 litters). In a second dose-ranging study, safinamide was administered orally at 
doses of 0, 12.5, 25, and 37.5 mg/kg from GD 6 through PND 20; additional animals 
were dosed with 0 or 50 mg/kg (HD) safinamide and cross-fostered in order to investigate 
the pup findings in the previous study. Findings (# pups/# litters; [PND]; D = premature 
death, TS = terminal sacrifice; 8/group) are summarized in the following table: 
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LIVER FINDINGS MALES FEMALES 
C HD C HD 

intracanalicular/cholangiolar bile 0/10 6/10 0/10 4/10 
bile duct hyperplasia 
     minimal 
     mild 
total 

 
0/10 
0/10 
0/10 

 
1/10 
0/10 
4/10 

 
0/10 
0/10 
0/10 

 
4/11 
2/11 
6/11 

cholangitis 
     minimal 
     mild 
total 

 
0/10 
0/10 
0/10 

 
7/10 
0/10 
7/10 

 
0/10 
0/10 
0/10 

 
5/11 
2/11 
7/11 

periductular granuloma 
     minimal 
     mild 
 total 

 
0/10 
0/10 
0/10 

 
1/10 
0/10 
2/10 

 
0/10 
0/10 
0/10 

 
3/11 
2/11 
5/11 

extramedullary hematopoiesis 
     minimal 
     mild 
     moderate 
total 

 
0/10 
0/10 
10/10 
10/10 

 
2/10 
7/10 
1/10 
10/10 

 
0/10 
0/10 
10/10 
10/10 

 
1/11 
7/11 
3/11 
11/11 

diffuse hepatocellular hypertrophy 
     minimal 
     mild 
     moderate 
total 

 
0/10 
0/10 
0/10 
0/10 

 
1/10 
7/10 
2/10 
10/10 

 
0/10 
0/10 
0/10 
0/10 

 
0/11 
11/11 
0/11 
11/11 

focal/multifocal hepatocellular necrosis 
     minimal 
     mild 
     moderate 
     marked 
total 

 
0/10 
0/10 
0/10 
0/10 
0/10 

 
2/10 
6/10 
2/10 
0/10 
10/10 

 
0/10 
0/10 
0/10 
0/10 
0/10 

 
2/11 
4/11 
3/11 
1/11 
10/11 

thrombosis  
     mild 
     moderate 
total 

 
0/10 
0/10 
0/10 

 
1/10 
0/10 
1/10 

 
0/10 
0/10 
0/10 

 
0/11 
1/11 
1/11 

  
No microscopic findings in liver were detected in the HD pups that survived and were 
selected for examination. 
 
Two additional (investigative) pre- and postnatal development studies were conducted. 
The first, a “mechanistic study,” was conducted concurrent with the pivotal study 
primarily to investigate the orange/yellow discoloration observed in the dose-ranging pre- 
and postnatal studies. Safinamide (0 or 50 mg/kg; 10/group) was administered orally on 
GD 6 to PND 20; dams were sacrificed on PND 21. Offspring were sacrificed on PND 4 
or PND 21. There were no deaths or clinical signs in dams, but as previously observed, 
gestation length was increased (22.5-23 vs 22 days in C). The number of live offspring 
per litter was unaffected; however, there was an increase in postnatal deaths at 50 mg/kg 
(5 pups from 1 C litter vs 74 pups from 10 safinamide litters). Clinical signs observed 
only at 50 mg/kg included orange skin color (90 pups from 10 litters; on PNDs 3-8) and 
distended/swollen abdomen (24 pups from 5 litters). Clinical pathology findings 
consistent with hepatobiliary toxicity were evident in pups on PND 4. 
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dosed only during lactation were sacrificed on PND 21; pups were sacrificed on PND 4, 
14, or 21 for clinical chemistry and microscopic evaluation of liver. Toxicokinetic 
analyses were conducted on the dams, fetuses, and pups. 
 
In dams dosed only during gestation, there were decreases in placental and fetal weights 
but no microscopic changes in fetal liver. In pups of dams dosed only during lactation, 
the only drug-related microscopic findings were a slight drug-related increase in the 
incidence of hepatocellular vacuolation in pups sacrificed on PND 4 and a drug-related 
decrease in hepatocyte glycogen content in pups sacrificed on PND 14 (consistent with 
the decrease in serum glucose observed); no drug-related findings were detected in pups 
sacrificed on PND 21. There was no mention of any skin discoloration. 
 
Plasma exposures in dams were fairly similar during gestation and lactation; mean Cmax 
and AUC(0-8 hr) were 2930-3760 ng/mL and 15506-18525 ng*hr/mL, respectively. In 
fetuses (pooled samples from 2/sex/dam), plasma exposures (mean ± SD) ranged from 
<LLOQ to 23.5 ng/mL (9.80 ± 9.46). In pups (pooled samples from 2/sex/dam), plasma 
exposures ranged from <LLOQ to 15.8 ng/mL (3.60 ± 6.42) on PND 4; on PNDs 14 and 
21, all values were <LLOQ. Therefore, the TK data indicated “negligible” drug exposure 
to fetuses or pups. These exposure data are inconsistent with the toxicities observed and 
argues against exposure via the milk. The only apparent explanation for this 
inconsistency is that the plasma exposure data underestimate fetal or offspring exposure.  
 
Carcinogenicity 
 
The carcinogenic potential of safinamide was tested in lifetime oral (gavage) 
carcinogenicity studies in CD-1 mouse (0, 50, 100, and 200 mg/kg) and Sprague-Dawley 
rat (0, 25, 50, and 100 mg/kg). No drug-related neoplasms were observed in either 
species. The retinal findings observed in these studies are discussed in the Toxicology 
section. 
 
Genetic Toxicology 
 
Safinamide was negative for mutagenicity and clastogenicity in an adequately conducted 
standard battery of genetic toxicology (Ames, in vitro mouse lymphoma tk, and in vivo 
micronucleus in CD-1 mouse) assays. 
 
Conclusions 
 
The sponsor has conducted an extensive nonclinical program for safinamide. The 
toxicities identified included retinal lesions observed primarily in rat and reproductive 
and developmental toxicities observed in rat and rabbit. An additional issue was the 
formation of an acyl glucuronide metabolite and the potential for toxicity. 
 
Retinal toxicity is considered by the sponsor to be rodent-specific because “...of the 
consistent lack of retinal change in several monkey studies including a high-dose chronic 
study, and also the lack of change in ∼2000 subjects in clinical trials.”  The lack of retinal 
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toxicity in monkey is an important consideration; however, studies in rat indicated that 
both pigmented and non-pigmented retinas were adversely affected and the sponsor has 
not provided a mechanistic basis for dismissing the rodent findings. While the sponsor is 
correct in stating that retinal findings were not identified in humans, an expert review of 
the relevant human data concluded that the methodology used by the sponsor was 
inadequate to detect drug-induced changes (cf. Medical Officer’s Consultative Review of 
NDA 207145, Ophthalmology Consult, Wiley A. Chambers, M.D., 10/13/2015). 
Therefore, the retinal findings should be considered potentially relevant to humans and 
should be described in labeling. 
 
Safinamide was teratogenic in rat when administered alone and exacerbated the 
teratogenicity of LD/CD in both rat and rabbit. In rabbit, unique malformations were 
detected when safinamide was administered in combination with LD/CD. In the pre- and 
postnatal development studies of safinamide, orange/yellow discoloration of skull and 
skin was observed in pups exposed to safinamide throughout gestation and lactation and, 
to a substantially lesser extent, to pups exposed only during the lactation period. Data 
from investigative studies demonstrated that the discoloration was caused by 
hyperbilirubinemia, resulting from drug-induced hepatobiliary toxicity (including 
hepatocellular necrosis) in offspring of dams dosed throughout gestation and lactation.  
 
The vulnerable developmental period for drug-induced hepatobiliary toxicity is difficult 
to determine from these data. In fetuses exposed throughout the period of organogenesis 
and sacrificed on GD 20, no microscopic changes in liver were observed. In offspring of 
dams dosed with safinamide throughout gestation and sacrificed on PND 4, clear 
evidence of hepatobiliary toxicity was observed; however, offspring sacrificed on PND 
21 exhibited little or no hepatobiliary toxicity. Offspring exposed to safinamide only 
through the milk and sacrificed on PND 4 exhibited hepatocellular vacuolation but no 
necrosis; no drug-related findings were detected in those sacrificed on PND 21. 
Gestational drug exposure appears to be essential to the development of hepatobiliary 
toxicity, which does not manifest until the early postnatal period. With presumed 
continued drug exposure (amount unknown) via the milk throughout the remainder of the 
lactational period, there is reversibility of the toxicity. To what extent maternal factors 
(e.g., bilirubin clearance) or maturational processes in the fetus and offspring affect the 
development or manifestation of hepatobiliary toxicity is unclear.  
 
The acyl glucuronide metabolite of safinamide (NW-1689 AG), a minor metabolite in 
humans, was present in a chronic toxicity study in cynomolgus monkey at exposures 
estimated to provide an adequate safety margin compared to that in humans at the 
maximum recommended dose. While NW-1689 AG was either not detectable or was 
only a minor metabolite in mouse, rat, and rabbit, no additional nonclinical studies are 
warranted for the reasons previously discussed.   
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Recommendations 
 
The nonclinical data provided by the sponsor are adequate to support approval of 
safinamide for the treatment of Parkinson’s disease, with appropriate labeling. No 
postmarketing requirements are warranted. 
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1 Executive Summary

1.1 Recommendations

1.1.1 Approvability: 

From a pharmacologic/toxicologic perspective, safinamide at 100 mg/day is approvable 
for therapy in Parkinson’s disease 

1.1.2 Additional Non Clinical Recommendations
1) The safety margin for sporadic CNS signs is low (3-fold) and clinical monitoring 

may be warranted.  

2) Adverse effects on fertility, on fetal development, and on neonatal health should 
be taken into consideration when administering safinamide to women of child 
bearing age.

3) Clinical monitoring for adverse retinal changes may be advised when 
pramipexole and safinamide are co-administered. 

1.1.3 Labeling: 

Recommendations will be made in a separate document. 

1.2 Brief Discussion of Nonclinical Findings

Safinamide is a selective, reversible, MAO-B inhibitor that is rapidly absorbed, with high 
bioavailability in the species studied. Exposures tend to increase with dose but are not 
dose-proportional.  Accumulation is marked in rat and to a lesser degree in monkey.  

NW-1689, the major metabolite in human, rat, rabbit and monkey, is present at levels 
greater than the parent drug in human and in the species used in pivotal nonclinical 
studies.  A second major human metabolite (NW-1153) is seen in all species but is 
major only in human. A third major human metabolite, the acyl glucuronide of NW-1689, 
was found only in monkey and rabbit and was a minor metabolite in both species.

At doses exceeding an MTD, adverse CNS signs of tremors, ataxia, and convulsions 
led to death in monkey (39-week toxicity study), rabbit (embryo-fetal development 
study), rat (102-week study), and mouse (102-week study).  The safety margin for 
sporadic seizures ranged from 3-fold the MRHD in mouse to 13-fold in monkey, on a 
mg/m2 basis.  
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Extensive retinal atrophy (outer nuclear layer) was seen in pigmented and non-
pigmented rats.  In a 2-year bioassay in rat, posterior lenticular opacities and cataracts 
were thought to be due to retinal degradation products in the vitreous. The earliest 
change was of separation of the outer nuclear segment from the microvilli of the retinal 
pigmented epithelium leading to altered disc shedding and ultimately death of the entire 
outer nuclear layer.  Pramipexole co-administration exacerbated the effects of 
safinamide on the retina.

Modest elevations in hepatic enzymes were seen in rat and monkey; histologic changes 
(modest lipid accumulation) were limited to rat.  Pulmonary phospholipidosis and 
adrenocortical hyperplasia were also limited to rat.    

Safinamide caused reduced fertility in female rats and caused mild sperm abnormalities 
in male rats.  Malformations in both skeletal and soft tissues were seen at all doses in 
rats administered safinamide throughout the period of organogenesis.  Hepatobiliary 
toxicity, jaundice, and death were seen during the perinatal period in rat pups born to 
dams administered safinamide throughout organogenesis.  When C and HD litters were 
cross-fostered, jaundice was seen in both sets of pups during the perinatal period, 
indicating that the toxicity resulted from exposure both in utero and via milk.

There were no drug-related tumors in two year carcinogenicity studies of safinamide in 
CD-1 (Swiss) mice and Sprague Dawley rats.   

, and the metabolites NW-1153, NW-1689, and NW-1689 AG were neither 
clastogenic nor mutagenic in a standard battery of genotoxicity studies. In a 4-week 
comparative toxicology study, there were no unique toxicities from administration of the 

 of safinamide.  

 2 Drug Information

2.1 Drug
2.1.1 CAS Registry Number: 202825-46-5
2.1.2 Generic Name: Safinamide

2.1.3 Code Name: FCE-26743A; NW-1015; PNU-151774E

2.1.4 Chemical Name: (S)-(+)-2-[4(3-fluorobenzyl) oxybenzyl] aminopropanamide
methanesulfonate (1:1) salt

2.1.5 Molecular Formula/Molecular Weight: C17H19FN202·CH4O3S; 
398.45 salt
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4 Pharmacology

4.1 Primary Pharmacology 

Safinamide is a selective, reversible, non-covalent inhibitor of monoamine oxidase-type-
B (MAO-B). The sponsor finds safinamide to have secondary mechanisms of action: 1) 
a sodium channel blocker and 2) control of glutamate release. 

Study number 9650210: “The interactions of FCE 26743/PNU 151774 [safinamide] 
and other compounds with monoamine oxidases.”  

  

Safinamide was assessed in mitochondrial fractions from rat and human liver and 
human brain, and in human platelet-rich plasma.  The activity of safinamide against 
MAO-A and MAO-B was compared to positive controls for MAO-A inhibition (clorgyline) 
and MAO-B inhibition (l-deprenyl).  

Safinamide selectively inhibited MAO-B in a concentration-dependent manner that 
decreased over time, but did not inhibit MAO-A.  

Sponsor’s table:

Study number 0601002 “Effect of NEW 1015 [safinamide] on monoamine oxidase type 
B: in vitro and ex vivo studies.”  Performed by Newron Pharmaceuticals, Gerenzano 
(Va), Italy.  

Effects on MAO-B were assessed using Wistar rat brain membranes and mitochondria 
and human platelet rich plasma (hPRP) from 10 healthy volunteers, with an MAO-A 
substrate (14C-serotonin) and an MOA-B substrate (14C-phenylethylamine).  Safinamide 
or buffer was added to the proteins 30 minutes prior to substrate (pre-incubation) or 
added immediately with the substrate (without incubation). 

 Binding in rat brain membranes: MAO-B IC50 = 98nM and MAO-A IC50 = 485000 
nM

 Binding in rat brain mitochondria: MAO-B IC50 = 98 nM and MAO-A IC50 = 
584000 nM

Reference ID: 3856294
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MAO-B inhibition in hPRP was not time dependent and inhibition was similar both with 
and without pre-incubation. 

 Pre-incubation IC50 = 9.3nM and without pre-incubation IC50 = 7.5 nM

Reversibility of the enzyme inhibition was assessed in human PRP with and without pre-
incubation and after repeated washings of the rat brain mitochondria that were 
combined with substrate and safinamide. 

 MAO-B inhibition recovered 75% at the second wash and 100% at the third, 
consistent with reversible inhibition. 

In a second arm of the study, male C57Bl mice, weighing 25-27g, were dosed IP with 
20 mg/kg safinamide and killed at post-dose intervals from 0 to 24 hours.  The brains 
were removed, homogenized, and assessed with MAO-B substrate as above. 

 Inhibition of MAO-B was 89% at 1 hr post-dose and reduced to 4% inhibition at 
24 hours post-dose.  

 The sponsor calculated the ED50 for brain MAO-B inhibition at 1 hr post-dose to 
be 0.6 mg/kg IP in mouse.   

Sponsor’s summary table:

Study number 0502001: “Individual tests data report, compound NW-1015 and NW-
1029.” from   

In radioligand binding and cell uptake assays, safinamide (10 mcM) inhibited the 
dopamine transporter (50%) and serotonin 5-HT2A binding sites (62%).  Safinamide 
inhibited dopamine and norepinephrine uptake with IC50s of 8.44 mcM (dopamine) and 
1.99 mcM (norepinephrine).

Study number 0901003: “Effect of NW-1015 [safinamide] on dopamine system in rat 
and monkey: ex vivo study.” Performed at Newron Pharmaceuticals in Gerenzano (Va), 
IT.  This study examined the effects of safinamide on dopamine metabolism in “brain 
regions” of rat, mouse, and monkey. 

Reference ID: 3856294
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Normal male Wistar rats were dosed with safinamide (0, 25, 50 and 75 mg/kg PO) and 
necropsied 1 hr post-dose; whole brain dopamine levels were assessed. 
Oral administration of safinamide had no effect on dopamine levels in normal male rats.  

MPTP (40 mg/kg, SC) was administered twice to C57Bl6 mice.  After 15 days, 
safinamide (20 mg/kg IP) was injected followed by 100 mg/kg IP L-dopa and 12.5 mg/kg 
IP benserazide.  The mice were necropsied 1 hr post-dose; brain dopamine levels were 
determined.    

Co-administration of safinamide with L-dopa and benserazide increased dopamine 
levels significantly above those achieved with L-dopa or benserazide alone.

Sponsor’s figure: Dopamine levels in MPTP-lesioned mice

Study Number ES714002 “ Effects of long-term safinamide treatment on dopamine 
metabolism in motor and non-motor regions of monkey brain.” 

In Study Number 991180 (reviewed at section 6.2.9) Cynomolgus monkeys were dosed 
with safinamide (0, 10, and 20 mg/kg PO) for 13 weeks. Twenty-four hours after the 
final dose, dopamine levels in the putamen and prefrontal cortex were measured. 

Dopamine levels in the putamen increased with dose, by 27% (10 mg/kg/day) and 48% 
(20 mg/kg/day) compared to C.  There was no difference among groups in dopamine 
levels in the nucleus accumbens or in serotonin levels in the hippocampus.  

Sponsor’s figure: Dopamine levels in the putamen after 13 weeks of safinamide 
administration
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In Study Number 21893TCP (reviewed at Section 6.2.10), cynomolgus monkeys were 
dosed with safinamide (0, 3.2, 8, or 20 mg/kg, PO) for 39 weeks; the NOEL was the HD 
in M and F.  Twenty-four hours after the final dose, dopamine levels in samples of the 
putamen and prefrontal cortex were measured. 

Dopamine levels in the putamen were 12% greater than C at the 3.2 mg/kg/day dose 
and increased, with dose, by 23% (8 mg/kg/day) and 33% 20 mg/kg/day).  Dopamine 
levels in the prefrontal cortex were similar to C at 3.2 mg/kg/day and increased, with 
dose, at 8 mg/kg/day (2.8-fold) and 20 mg/kg/day (3.2-fold).  No effect on dopamine 
levels were observed in the nucleus accumbens or in the hippocampus. No differences 
in serotonin or norepinephrine levels were seen among groups.

Sponsor’s figure: Dopamine levels in the putamen after 39 weeks of safinamide 
administration

Reference ID: 3856294







NDA 207145 LuAnn McKinney, DVM, DACVP

14

4.2 Secondary Pharmacology

4.2.1: Sodium channel inhibition

Study 9750001: “Effect of PNY-151774E [safinamide] on sodium, potassium and 
calcium currents in neonatal rat hippocampal primary culture.” Performed at the 

Using a patch-clamp technique on isolated rat embryonic hippocampal cells, safinamide 
was compared to the anti-convulsant compounds phenytoin and lamotrigine.  The study 
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compared the inhibition of cell firing and effects on the sodium, potassium and calcium 
membrane currents. Sodium and calcium currents were the main functional target of 
safinamide in this study.  The inhibition was dose-dependent, and the sponsor 
postulated that the “main mechanism of safinamide is the reduction of sodium 
permeability.”  

Study number 9750003: “Receptor binding profile of PNY-151774 [safinamide] in rat 
brain membranes.” 

The study investigated the in vitro effect of safinamide on sigma, sodium channel, 
excitatory amino acid, GABA, benzodiazepine, and dopamine receptors in Wistar rat 
brain membranes.  Safinamide bound to sigma 1 (IC50 = 0.019 mcM) and less so to 
sigma 2 receptor IC50 = 1.59 mcM), and to the sodium site 2 channel receptor (IC50= 8 
mcM).
 
In a series of experiments conducted under patch-clamp protocols (Study Number 
0606005), when 50% of the sodium channels were inactivated (by holding the 
membrane in a depolarized state), the IC50 at the sodium channel was at 7 mcM.  Under 
resting conditions, the IC50 was 180 mcM. 

Study Number 091112.TSP: “ScreenPatch®Assay: Effects of seven test articles on 
cloned Nav1.x channels expressed in mammalian cells.”  

 

Across the voltage-gated sodium channel subtypes (Nav1.1 - Nav1.8), under 
physiologically relevant stimulation, there was a 5-fold difference in IC50 values between 
resting and repeat-use-inactivated channels (wherein repeated stimulations evoked a 
current depression) and a ~10-fold between resting and fully depolarized channels. The 
sponsor found this to suggest selective depression of abnormal activity of the channels. 

4.2.2: Glutamate release

Study 1210013: “A micro-dialysis study on the effect of safinamide (NW-1015E) on 
veratridine-stimulated glutamate release in dorsal hippocampus of freely moving rats.” 
Newron Pharmacology and Biology laboratory, Gerenzano (Va), Italy 

M Wistar rats, weighing 275-300g, were administered safinamide both IPand via 
microdialysis probes directly into the hippocampus. Veratridine was then infused in the 
dorsal hippocampus to induce extracellular release of glutamate.  Veratridine-induced 
glutamate release was reduced by safinamide direct hippocampal infusion at 300 mcM 
(corresponding to an estimated tissue concentration of about 30 mcM) and IP 
administration at 30 mg/kg. 

Sponsor’s figures:
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Study 0901104-NFS: “Effect of Safinamide methanosulfonate on cloned human Ether-
a-go-go gene related potassium channels expressed in human embryonic kidney cells.” 

 

In this GLP-compliant, QA monitored and reviewed study, a reference standard (E-
4031), a positive control (terfenadine), vehicle (HEPES-buffered saline), and four 
concentrations (3, 10, 30, and 100 mcM) of  safinamide were tested in at least three 
cells, held at steady state for at least 20 seconds prior to application.  

At each concentration safinamide inhibited the hERG potassium current (IC50  = 28.3 
mcM), with a Hill coefficient = 1.1.

60 nM terfenadine (positive C) inhibited the hERG potassium current by 82.4 ± 3.2%.

MSC2191632B: “The effect of MSC2191632B [safinamide] on cardiac action potentials 
in isolated guinea pig papillary muscles.”  

 

Right ventricular papillary muscles from Dunkin-Hartley M guinea pigs were maintained 
in physiologic saline in a flow-chamber.  Concentrations of 3, 10, 30, and 100 mcM of 
safinamide or C (solvent) were each applied for 45 minutes and action potentials 
recorded every 5 minutes after application. 

Safinamide had no effect on the resting membrane potential.  At 3 mcM, safinamide 
shortened the APD90 by 2%; at higher concentrations the APD20, APD50, and APD90 
were shortened (see Sponsor’s Table 3, below). 

Sponsor’s table:

7243-96-080: “Comparative effects of PNY-151774E [safinamide] and 
diphenylhydantoin (DPH) in isolated rabbit myocardium.”  
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Freshly dissected rabbit right cardiac atria, right papillary muscles, and strips of right 
ventricle were placed in perfusate and attached to force displacement transducers.  
Safinamide, vehicle, or DPH were added to the baths at dilutions from 10-8 to 10-4 M (0.1 
to 100 mcM.

At all concentrations, but significantly only at 100 mcM, safinamide increased 
conduction time and prolonged the refractory period.  From 10 to 100 mcM, safinamide 
decreased the force of contraction; however, at lower concentrations (0.1 and 1 mcM) 
safinamide increased the force of contraction in ventricle muscle strips.  

1205009: “In vitro effect of safinamide (NW-1015) and its metabolites (NW1153 and 
NW-1689) on aromatic L-amino acid decarboxylase activity.” Newron Pharmaceuticals, 
20041 Bresso (MI), Italy

The effect of increasing concentrations, up to 600 mcM, of safinamide, NW-1153, or 
NW-1689, on the in vitro L-AADC metabolism of L-dopa to dopamine was assessed in 
homogenates of male Wistar rat liver and brain (striatum). 

Safinamide inhibited rat striatal L-AADC with an IC50 of 573 mcM.  NW-1153 inhibited 
the enzyme with an IC50 of 94 mcM and NW-1689 with an IC50 of 97 mcM. The positive 
C (carbidopa) inhibited L-AADC with an IC50 of 2 mcM.  In rat liver homogenates, the 
IC50 of safinamide and both metabolites was greater than 600 mcM.

0504005: “In vitro effect of safinamide and its metabolites on catechol-o-
methyltransferase (COMT).” Newron Pharmaceuticals, 20091 Bresso (MI), Italy.

NW001, NW002 and NW003 (presumed to be safinamide, NW 1153 and NW 1689) 
were assayed by pre-incubation with porcine liver homogenates.  No inhibition ≥ 50% of 
COMT, the enzyme that catabolizes L-dopa to 3-O-methyl-dopa, was noted at 
concentrations up to 10 mcM.

4.3 Safety Pharmacology

4.3.1 CNS
Study number 9750104: In mice administered 30, 100, 300, or 1000 mg/kg PO, 
safinamide at ≥100 mg/kg caused decreased spontaneous activity, increased passivity, 
loss of righting reflexes, reduced muscle tone and grip strength, ataxia, reduced 
respiratory rates, and dyspnea; at 1000 mg/kg 2/5 mice died. In a separate Rotarod® 
study, mice became ataxic and 50% fell off the device at 625 mg/kg PO.  

Study numbers 9650206 and 9650207: Rats dosed with safinamide (30, 70 or 200 
mg/kg PO) were slightly sedated, with decreased spontaneous activity and abdominal 
muscle tone. In a Digiscan® monitor, safinamide (up to 400 mg/kg PO) had no 
observable effect on spontaneous activity, but at 700 mg/kg PO there was a reduction in 
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motor activity.  At doses up to 400 mg/kg PO, safinamide had no effect on passive 
avoidance in rats.

Study number 11-0016: In rats, the  caused transient 
excitation at 3 and 10 mg/kg PO.  At 30 mg/kg rats were more reactive to touch, and 
exhibited increased activity, mydriasis, and exophthalmos.  
Study number 9750238: Safinamide (75.2 mg/kg) was administered to conscious monkeys 
by continuous IV infusion (41 mg/kg/h).  Although cardiovascular parameters were 
unaffected, between 60 and 90 minutes of infusion there were CNS signs of tremors, 
staggering, loss of balance, and convulsions.  Between 90 and 110 minutes, the animal 
became prostrate and dyspneic and died in respiratory arrest after 110 minutes.

4.3.2 Cardiovascular 

Study Number 7243-97-016: In comparison to diphenylhydantoin and lamotrigine, 
safinamide (10 or 30 mg/kg PO) had no significant effect on heart rate, blood pressure 
or blood oxygen levels in rat.  At 100 mg/kg, safinamide induced a significant reduction 
in heart rate (30 bpm less than C) over three hours.   

Study number 20010479 PCC: At 5 and 15 mg/kg PO safinamide, there was no significant 
change in heart rate, arterial blood pressure or PR, PQ, QRS or QT intervals in dogs. At 50 
mg/kg PO, there was an increase in diastolic blood pressure and decrease in the QT 
interval.   Similar effects were seen with  in a separate study in dog.

Study number 9750238-N826X: Cynomolgus monkeys, under barbiturate anesthesia, were 
dosed with safinamide in combinations of intra-duodenal doses of 120 or 240 mg/kg and/or 
intravenous doses ranging from 75 to 171 mg/kg.  All doses exceeded the MTD and at 
levels above 113 mg/kg IV, resulted in hypotension, decreased ventricular dP/dt, and death. 

In a separate arm of the study, intra-cisternal infusion resulted in cardiovascular 
hypotension at markedly lower plasma levels than seen from ID or IV administration, 
indicating that hypotension stems from a central mechanism.  

4.3.3 Respiratory 

Study number GSP0010RF: At 0, 30, 70, and 200 mg/kg PO in conscious rats, 
safinamide had no effect on respiratory parameters (respiratory rate, tidal volume 
adjusted, minute volume adjusted, inspiration and expiration time, peak inspiratory and 
expiratory flow, pause and enhanced pause).  At 30 mg/kg, the  likewise had 
no effect on respirations in conscious rats. 

4.3.4 Combination studies

Reference ID: 3856294

(b) (4)

(b) (4)

(b) (4)



NDA 207145 LuAnn McKinney, DVM, DACVP

21

Study number 0405001-PR051740: The Levodopa challenge test in Han Wistar rats 
(5/group) assessed the inhibition of entacapone or carbidopa by safinamide. Safinamide 
and carbidopa+L-dopa (CD/LD) were administered with or without the COMT inhibitor, 
entacapone.  Plasma levels of L-dopa, 3-OMD, dopamine, carbidopa, homovanillic acid, 
and dihydroxy-phenylacetic acid were measured at 1, 2, 4, and 6 hours post-dose.  The 
results of safinamide dosing were compared to rats administered selegiline (an MAO-B 
inhibitor) with CD/LD, with or without entacapone, and CD/LD alone. 

There was no difference in L-dopa levels between rats administered CD/LD alone or 
CD/LD and safinamide or selegiline.  Clinical signs of hypotension were seen in rats 
administered selegiline or safinamide alone. 

Study Number 2001-42: At 10 and 20 mg/kg, oral safinamide administered with 10 
mg/kg tyramine did not alter the tyramine effect on blood-pressure, nor did it cause a 
change in heart rate in rats. 

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Pharmacokinetics:

Safinamide was rapidly absorbed orally in all species studied.  In rodents, peak plasma 
levels were generally reached in less than 2 hours and the half-life ranged from 1-2 
hours.  Peak plasma levels were generally reached in 2-3 hours in monkeys and the 
half life was 8-10 hours. Exposure differed between sexes in rodents, being lower in 
female mice than in male mice and higher in female rats than male rats.  Exposure 
(AUC) increased with dose in all species studied; the increase was less than dose 
proportional in mice and more than dose proportional in rats and monkeys. After 
repeated dosing there was no accumulation of safinamide in mice, but there was 
accumulation in rats and monkeys. 

Sponsor’s table: Comparative TK (Single Dose)
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In human, oral availability was high, peak plasma levels were generally reached in 2-3 
hours, the half-life was up to 24 hours, and there was accumulation from multiple 
dosing.

Sponsor’s figure: PK in human after a single dose of 100mg

Sponsor’s table: Safinamide PK in human 50 mg/day and at the MRHD of 100 mg/day
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Absorption:
Absorption of orally administered safinamide is relatively rapid:  in SD rats the Tmax was 
~ 1hr and in monkey the Tmax was 1-2 hr.  Bioavailability (BA) was relatively high after 
oral administration: 92% in rat and 80% in monkey.  Absorption from the GI tract was 
similar to IP administration.  In Wistar rats, the oral BA was 43% in M and 54% in F; 
after IP administration, the BA was 50% in M and 77% in F.  The half-life in rat was up 
to 2 hours after oral administration and less than 2 hours after IP administration. 

Summary table: Absorption and bioavailability among species
Species Tmax (hr) Bioavailability t ½ (hr)
SD Rat PO <1 (M) ~92% (M) 1-2 

Wistar Rat PO 1.5  (M&F) 43%(M), 54% (F) 1-2
Wistar Rat IP ------------- 50% (M) 77% (F) 1.5
Cyno Monkey 1-2 (M) 80% 8-11 
Healthy 
Human
400 mg 

1.1 +/-0.4 95% 22 ± 1

Distribution: 
In whole mouse blood, safinamide is found in blood cells.  In rat, rabbit, and dog whole 
blood, safinamide binds cells and plasma proteins; and in monkey and human whole 
blood, safinamide binds largely to plasma proteins (albumin in human). 

In mouse, rat, rabbit, minipig, dog, monkey and human, the rank-order of in vitro plasma 
protein binding of safinamide and the metabolites was: NW-1689> NW-1689 AG (only in 
monkey and human) >safinamide >NW-1153. 

Sponsor’s summary table: Plasma protein binding, % unbound (fu)
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The volume of distribution was moderate in rat and monkey, although a bit higher in rat 
(3.0-4.8 L/kg) than monkey (2.4 L/kg), indicating distribution into tissues.  The tissue to 
plasma ratio of ~2.0-to-3.0 in kidney, liver, lachrymal gland, spleen, lung, salivary gland, 
adrenals and brown fat in whole body autoradiography studies also indicatesdistribution 
into tissue.  

In whole body radiography studies in rat, 14C safinamide (10 mg/kg) was at highest 
levels in the stomach wall at 0.5 hours and distributed widely (kidney, liver, lachrymal 
gland, spleen, lung, salivary gland, adrenals and brown fat).  Excreted in urine and 
feces, the compound remained in fatty tissues, kidney, liver, lachrymal glands, and large 
intestinal wall after 4 hours.  At 24 and 168 hours the radiolabel was found in lachrymal 
gland, brown and white fat and bone marrow.  Levels in the brain, although low at 1 
hour, were detectable at 4 hours post-dose but were not measurable at 24 and 168 
hours. 

Sponsor’s figures: Concentration in plasma and brain in rats dosed SC.  
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Table: Distribution determined from quantitative whole body autoradiography (Study 
Number DMPK-175-07)
Organ 1 hr (mcg eq/g) 4 hr (mcg eq/g)
Stomach Wall 107 ± 110 12 ± 15
Kidney 30 ± 15 8 ± 3.5
Liver 25 ± 9 9.7 ± 2.5
Lachrymal  G. 21 ± 10

Tissue: Plasma 
~2.0-3.0

17 ± 5 (2x plasm)
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Spleen 18 ± 7 --------
Lung 16 ± 9 -----------
Salivary G 16 ± 6 ----------
Adrenal Gs 15 ± 5 ---------
Brown fat 14 ± 7 8.3 ± 5.1
cerebellum 9.2 ± 4.5 *F: 3.0 ± 0.7 (M:NF)
Cerebrum 9.8 ± 4.5

Tissue: Plasma 
1.2-1.3 *F: 3.6 ± 0.9 (M: NF)

Large Int. 
wall

----------------- 7.6 ± 4.9

*Tissue:Plasma ratio = 0.4

Distribution to the retina in pigmented (Lister hooded) and albino (Wistar) rats was 
measured in a series of studies summarized in the table below. Total safinamide 
concentrations were higher in pigmented retinas compared to non-pigmented; however, 
the levels of safinamide in the aqueous or vitreous were not determined. In both strains 
the predominant circulating metabolite was NW-1689, which was found in non-
pigmented eyes, but not in eyes of pigmented Lister hooded rats.  
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Metabolism:

In vitro metabolism:
In in vitro studies, freshly isolated mouse, rat, cynomolgus monkey and human 
hepatocytes were incubated with 14C labelled safinamide.  The major metabolites in 
mouse, rat, monkey and human were NW-1689 and NW-1153.  In rabbit the major 
metabolites were NW-1153, NW-1689, NW-1199; NW-1689 Acyl Glucuronide was 
found at low level. In the dog, the major metabolite was NW-1153. The rate of 
metabolism [nmoles of 14C-safinamide metabolized/hr/million viable cells] in 
hepatocytes was: Cynomolgus monkey (15.6) >Rat (10.5) > Mouse (7.27) > Human 
(3.83 and 4.6).

In direct inhibition studies, CYP1A1/2 was inhibited by safinamide with an IC50 value of 
47.7 mcM, CYP1A2, CYP2B6, CYP2C19, and CYP2D6 were inhibited with IC50 values 
>100 mcM. Safinamide did not inhibit CYP2C8 activity.  

CYP1A1/2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5 were 
inhibited by safinamide metabolites NW-1153 and NW 1689 at ＞100mcM.  NW-1689 
did not inhibit any of the CYPs nor was there evidence of time-dependent inhibition of 
CYPs by NW-1689.  Direct inhibition by NW-1153 was not found; however, NW-1153 
caused metabolism-dependent (time-dependent and NADPH-dependent) inhibition of 
CYP1A2. The metabolite NW-1689 AG directly inhibited CYP2C8 activity in human liver 
microsomes with an IC50 value of >30 μM.  Neither time-dependent nor metabolism-
dependent inhibition of CYP2C8 was found at up to 30 mcM of NW-1689 AG.

Of the CYP enzymes, only inhibition of CYP3A4/5 (by ketoconazole) blocked the 
depletion of safinamide in human liver microsomes.  In the presence of the MAO-A 
inhibitor clorgyline, the major metabolite NW-1689 was not formed in fresh human 
hepatocytes. No effect on the formation of NW-1689 was seen with the MAO-B inhibitor 
pargyline or the CYP3A4 inhibitor troleandomycin. Cyp metabolism was found to be a 
minor component of the metabolism of safinamide and the formation of the metabolite 
NW-1689 was largely attributed to MAO-A.  

The sponsor identified a major metabolic pathway from safinamide through NW-1153 to 
NW-1689 in rat and human hepatocytes.  Acyl glucuronidation of the carboxylic acid 
moiety of NW-1689 the led to formation of a β-1-O-acyl glucuronide (NW-1689 AG) by 
human liver microsomes (preactivated with alamethicin).  The reaction required UDPGA 
and was proportional to incubation time, and UGT1A1, 1A3, 1A7, 1A9 and 2B15 likely 
glucuronidated NW-1689. 

DMPK 164-07. The half-life of 14C-labelled NW-1689 AG in phosphate buffered aqueous 
solution was 5.4 hr; in 0.5 mM HSA, the half-life was about 48 hr.  The half-lives of AG-
diclofenac and AG-ibuprofen were also markedly prolonged in HSA (2h in HSA vs 0.5 in 
aqueous solution and 11 h in HSA, instead of 3.3 hr, respectively). The sponsor 
suggested the prolonged half- lives could be due to non-covalent protein bonding which 
might reduce the levels free to isomerize. 
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In vivo metabolism and excretion: 

MOUSE
NW-1689 is the major metabolite in mouse and exposure (AUC) to NW-1689 is 2-fold 
greater than to safinamide.  Excretion is largely urinary, and the remainder is excreted 
in feces.
 
In Study Number DMPK 176-07, M and F Crl:CD-1TM (ICR) BR mice were dosed with 
100 mg/kg 14C safinamide PO and euthanized at 0.25, 1, 4, 8, and 24 hr post-dose. 
Urine and feces were sampled over 0-8 hr, 8-24 hr, and at 48 and 72 hr post-dose. 

Unchanged 14C safinamide was ~25% of AUCTR(0-8h),  metabolite NW-1689 was ~50% of 
AUCTR(0-8h) and the metabolite of NW-1199 ( M370-1) was 6% of AUCTR(0-8h).   64% (M) 
and 72% (F) of the dose was excreted in urine and ~35% (M) and 28% (F) in feces. The 
major urinary metabolites were two metabolites of NW-1153 (M370-1 and -2), at ~21% 
to 27% of the dose, and the metabolite NW-1153 at ~7% of dose.  M195 (formed by O-
debenzylation of NW-1153) was the main metabolite in feces, at ~22 to 27% of the 
administered dose.

Sponsor’s figure: 
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RAT
NW-1689 is the major metabolite in rat and exposure (AUC) to NW-1689 after a single 
dose was up to 27-fold greater than to safinamide. NW-1689 accumulated and, over 
time, exposure was up to 60-fold that of the parent compound. Excretion of NW-1689 
was largely urinary and the remainder was excreted in feces.

In SD rats, dosed once with 10 mg PO 14C safinamide, the major metabolite in plasma 
was NW-1689 (~50% of the total dose at 1.5, 4 and 24 hours post-dose). The major 
urinary metabolites were NW-1689 (~3%), and NW-1199 (3%). In fecal extracts, O-
debenzylated NW-1199 accounted for ~21% of the dose.

In a study in M and F Wistar rats that were dosed once with 4 mg/kg safinamide PO, 
exposure to NW-1689 was ~27-fold (M) and 13-fold (F) that of safinamide.  Exposure to 
the NW-1689 glucuronide was 24% (M) and 6% (F) of the parent safinamide AUC.  In a 
repeat-dose study, M Sprague-Dawley rats were given 8 daily oral doses of safinamide 
at 0, 30, 70 and 200 mg/kg/day.  On Study Days 1 and 8, NW-1689 was the main 
circulating metabolite with exposures at least 60-fold higher than safinamide, while 
exposure to NW-1153 was ~10% of the parent. Exposure to the glucuronide was 
negligible.

Sponsor’s figure: 
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MONKEY
In monkey, the main metabolite of safinamide (NW-1689) was conjugated with 
glucuronic acid forming NW-1689 Acyl Glucuronide.  Cleavage of the ether bond formed 
NW-1199 and hydrolytic oxidation formed acid NW-1153, which further underwent O-
debenzylation to the metabolite M195.

F cynomolgus monkeys were administered a single PO dose of 10 mg/kg 14C 
safinamide.  The plasma exposure (AUC(0-∞)) to safinamide was ~29 mcg/mL×h , 
exposure to NW-1689 was 140 mcg/mL×h and exposure to NW-1689 AG was 3.4 
mcg/mL×h.  NW-1689 was a major circulating metabolite with an exposure ~6-fold 
higher than the parent compound. On a molar basis, the NW-1689 AG represented 
about 8% of the parent exposure. 
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Safinamide accounted for about 9% of AUCTR(0-24h).  NW-1689 was the main metabolite, 
at ~45% of the AUCTR(0-24h). NW-1689 AG was found in low quantities (~1% of the 
AUCTR).  NW-1199 and NW-1153 were found in lower amounts, each representing 
equal to or less than 1% of the AUCTR(0-24h).  

Urinary metabolites were NW-1199 at ~11%, the NW-1199 glucuronide M370 at 16%, 
NW-1689 AG at 10%, and NW-1153 at 5% of the administered dose. M195 (formed by 
O-debenzylation of NW-1153) accounted for ~2% of the administered dose in feces.

In a separate GLP-compliant PK study, (RF 2310), 3M and 3 F cynomolgus monkeys 
were administered 0, 10, 30 and 50 mg safinamide PO daily for 2 weeks.  Levels of 
safinamide and three metabolites (NW-1689, NW-1153, and NW-1689 AG) were 
determined on Study Days 1 and 14. Increase in exposure to safinamide from LD to MD 
was greater than dose proportional; the increase in exposure from MD to HD was dose 
proportional.  Accumulation was seen in all dose groups; there was no difference in 
exposure between sexes.

NW-1689 AG ws measured in acidified plasma, and concentrations of NW-1689 Acyl 
Glucuronide(s) were calculated from the differences between the total amount of NW-
1689 in hydrolyzed plasma under alkaline conditions and the amount in a second 
acidified aliquot.

On Study Day 1, the systemic exposure to NW-1689 at the LD and MD was ~4-5-fold 
that of safinamide and the exposure to NW-1689 AG was ~ 4% of total NW-1689 and 
~3-5 fold less than safinamide. Exposure to NW-1153 was ~ 13-20-fold lower than to 
safinamide

The order of exposure was: NW-1689>safinamide>>NW-1689 AG>>NW-1153.  

Sponsor’s table:

(Study RF2310) Metabolite and parent AUCs on Study Day 1 in Cynomolgus monkeys (3/sex/group)
Dose
Mg/kg/day

NW-1153
(mcg*h/mL)

NW-1689
(mcg*h/mL)

NW-1689 AG
(mcg*h/mL)

Safinamide
(mcg*h/mL))

M F M F M F M F
10 0.8 

± 0.47
0.96 
± 0.45

50.0 
± 29.9

62.3 
± 29.7

2.32 
± 1.66

1.40 
± 0.46

11.31
± 6.0

12.79 
± 5.9

30 3.57 
± .065

3.11 
± 0.27

228 
± 54

239 
± 33

5.54 
± 1.48

7.65 
± 3.39

69.52
± 6.2

47.30
± 4.7

50 4.77 
± 0.77

3.76 
± 0.34

310 
± 80

310 
± 82

5.91 
± 1.98

12.3 
± 4.5

96.52
± 14.0

80.04
± 19.6
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Sponsor’s table: 

Sponsor’s figure: 
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Sponsor’s figure: 

5.2 Toxicokinetics: 

Reviewed in Section 6.2.  
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6 General Toxicology

6.1 Single-Dose Toxicity

PNU-151774: Acute oral toxicity study in rats Study No. N833-Q1511

Crl:CD(SD)BR rats (5/sex/group) were administered a single dose of 0, 500, 1000, 
1500, or 2000 mg/kg (20 mL/kg) PO in water and observed for 14 days.  There were 10 
drug-related deaths; 1F at 1000 mg/kg, 2M and 1F at 1500 mg/kg, and 2M and 4F at 
2000 mg/kg were found dead.  At 500 mg/kg, adverse clinical signs were noted from a 
few hours to 5-10 days post-dose: Rats were dyspneic, hypoactive, unsteady, and 
prostrate. Compared to controls, reduced body weight was noted at ≥ 1000 mg/kg/day. 
No macroscopic or histologic findings were assessed. 

6.2 Repeat-Dose Toxicity
MOUSE

6.2.1 13-week mouse study
Study title:  Preliminary toxicity study by oral gavage administration to CD-1 mice 
for 13 weeks

Study no.: ONP002
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:            

 
Date of study initiation: 6 September 2004

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity:    Safinamide, Batch 22003120, 99.6%

Key Study Findings:
 There were 10 deaths at the HD of 375 mg/kg/day (4/45 M, 6/45 F) and therefor 

HD exceeded the MTD.  
 Dosing was halted at HD (375 mg/kg/day) In Study Week 4 (Study 

Day 28) and was resumed at 250 mg/kg in Study Week 5 (Study 
Day 36).

 Clinical signs were largely limited to the HD and consisted of distended 
abdomen, hypoactivity, piloerection, hypothermia, abnormal motility, and 
respiratory distress. At 250 mg/kg/day, clinical signs were similar but less severe 
than at 375 mg/kg/day. 

 Macroscopic signs of “roughened” forestomach, GI tract distention, and hepatic 
pallor were noted: no cause of death was determined from histologic 
examination. 
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 Compared to C, reduced food consumption and body weight gain were seen in 
MDM, MDF, and HDM and reduced body weight gain in HDF. 

 Centrilobular hepatic hypertrophy was observed in all M groups and MDF 
and HDF groups; midzonal lipid vacuoles were noted in HDF.

 The MD of 200 mg/kg/day was tolerated; however, because of body 
weight gain reductions, the sponsor found 100 mg/kg/day to be an 
appropriate HD for the 2-year bioassay.

 Plasma exposure was less than dose-proportional at doses greater than 100 
mg/kg/day.  Exposure in F was greater than in M.

Methods
Doses: 0, 100, 200, 375275 mg/kg/day

Frequency of dosing: Once daily
Route of administration: PO gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: Water

Species/Strain: Mice/Crl: CD-1 (ICR) BR
Number/Sex/Group: 9

Age: 42-49 days
Weight: M: 26.5-35.9 g/ F: 21.3-28.3 g

Satellite groups: 24/sex/C; 36/sex/Dosed group
Deviation from study protocol: Amended protocol: Halted dosing at HD (375 

mg/kg/day) on Study Day 28; resumed at a 
lower dose (250 mg/kg) on Study Day 36.  

Study design, ONP002: Sponsor’s table.

Dose selection was based on results of Study ONP001, entitled “Preliminary toxicity 
study by oral gavage administration to CD-1 mice for 4 weeks.”  In that study, doses of 
50, 100, 300, and 500 mg/kg/day were tested; observations were limited to clinical signs 
and gross exam:  

 HD (500 mg/kg/day) exceeded an MTD (weight loss and death in 3/5 M, 
1/5F)
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 300 mg/kg/day tolerated (NOAEL) (piloerection)
 50 and 100 mg/kg/day apparent NOEL (no observed effects)

Observations and Results:
Observations were recorded before and after dosing, 1-2 hr post-dose and “as late as 
possible in the working day.”

Mortality: 
Observed as above

One LDF, 6/45 HDM, and 6/45 HDF died or were euthanized while moribund. Clinical 
signs consisted of a distended abdomen, hypoactivity, hypothermia, and abnormal 
posture, motility, and respirations. Postmortem findings were limited to depression(s) or 
roughening of the forestomach, a distended GI tract, and hepatic pallor. Deaths in 2 HDM 
(animal numbers 28 and 29 in chart below) proved to be gavage errors at postmortem 
exam; no cause of death was determined for the other deaths. One LDF was euthanized after 
excessive weight loss (8.1 g), distended abdomen, pallor and gasping respirations, and rales. 
Postmortem findings consisted of gaseous distension of the GI tract and moderate congestion of 
the lungs and bronchi.

Sponsor’s table: (mouse number (day of death))

Clinical Signs:  
Observed as above

Piloerection was noted in MDM and MDF.  Adverse signs were largely limited to HD: 
hypoactive, closed eyelids, hunched, pilo-erection, lordosis, “tilted” posture, distended 
abdomen and irregular respiratory rates, salivation, poor righting reflex, and abnormal 
posture.  In Study Week 1, animals recovered within 3 hr of dosing but subsequently 
failed to recover between doses. 

Body Weights: 
Baseline and weekly

Compared to C, reduced food consumption and body weight gain were seen in MDM, 
MDF, and HDM and reduced body weight gain in HDF. 
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Sponsor’s figure:

Organ Weights:
 
Compared to controls, liver weights were increased in a dose-related fashion in LDM, 
MDM, MDF, HDM, and HDF. 

Sponsor’s table: Terminal liver weights
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Gross Pathology:  
Enlarged liver was noted in 1/6 MDM, 2/6 HDM, and 6/6 HDF. “Roughened” 
forestomach epithelium was noted in 1/6 HDF.

Histopathology
Adequate Battery: yes 
Pathology report: yes
Peer Review: no

Histological Findings: No histologic correlate of the “roughened” forestomach epithelium 
was noted.  Centrilobular hepatocellular hypertrophy was noted in 6/9 LDM, 7/9 MDM, 
5/9 MDF, 7/9 HDM, and 8/9 HDF; an increased incidence (5/9) and severity (compared 
to controls) of midzonal lipid vacuolation was seen in HDF. 

Sponsor’s table:

Toxicokinetics: 
Study Day 1 and Study Week 13.

Increases in Cmax and AUC were less than dose-proportional at all dose levels on Study 
Day 1 and Study Week 13; exposure in M was greater than in F. 
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Sponsor’s Tables:

RAT 

Two 4-week studies in rat, one with no recovery period (Study number N596Q1354, Feb 
1995), and one with a 4-week recovery period (Study number N814-q1505, June 1997) 
were submitted but not reviewed in detail for this NDA.  

N596-Q1354: Safinamide (0, 50, 100, and 200 mg/kg) was administered PO to SD rats. 
Clinical signs were limited to reduced food consumption and reduced body weight gain.   
Gross and microscopic changes at the end of dosing were similar to those in the 13 and 
26-week studies in rats. 
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N814-q1505: 0, 20, 60, 100, and 500 mg/day safinamide was administered PO to SD 
rats.  The HD of 500 mg/kg/day proved fatal, due to “a decrease in spontaneous activity 
leading to difficulties in food intake with subsequent deterioration of general condition.” 
Gross and microscopic changes in surviving animals at the end of dosing and after 
recovery were similar to those in the 13 and 26-week studies in rats. 

6.2.2 13-week rat study
Study title:  NW1015 - 13 week oral toxicity study in rats followed by a 4-week 
recovery period

Study no.: 7552-RF3230
Study report location: eCTD 4 2 3 2

Conducting laboratory and location:

Date of study initiation: DEC 13, 1999
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide (NW1015), (B)5158-PMH-

169-N2, 75.68% free base (as salt), 
99.74% pure.

Key Study Findings:
 Retinal atrophy (loss of outer nuclear layer) in all groups except LDM. 
 Clinical Chemistry changes:

o Increased urea in HDM and HDF
o Increased creatinine, decreased glucose in HDM  
o Increased triglycerides in HDF

 Increased liver weights in MDM, HDM. and HDF; increased kidney and adrenal 
weights in HDF 
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Methods
Doses: 0, 15, 30, 80 mg/kg

Frequency of dosing: Once daily
Route of administration: PO Gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: Distilled water

Species/Strain: Hsd:Sprague Dawley Rat
Number/Sex/Group: 12 (main study) (C and HD - additional 5/sex - 4 

week recovery)
Age: 27-29 Days

Weight: up to 13 g in either sex.
Satellite groups: 8/sex/group TK

Deviation from study protocol: None cited in the original study report.  The 
study report was amended to include a re-
evaluation of the histopathology.  

Sponsor’s table: Allocation to groups (main study).

Sponsor’s table: TK groups.

Observations and Results: 

Mortality:  
Beginning and end of each day. 
2 HDM were found dead on Study Days 16 and 89. The cause of death was gavage 
error.

Clinical Signs: 
Daily, pre-, immediately and 1-2 hours post-dose.  
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No clinical signs were attributed to test article.

Body Weights:  
Baseline and weekly. 
No differences among groups were reported.

Food Consumption: 
Weekly. 
No differences among groups were reported.

Ophthalmoscopy: 
Pre-dose and Study Week 12.  Ophthalmoscope and slit lamp. 
No drug-related changes were observed.

Hematology: 
Study Weeks 6, 13, and 17.

No differences among groups were reported.

Corticosterone:
Study Weeks 6, 13, and 17.
No differences among groups were reported.

Clinical Chemistry:  
Study Weeks 6, 13, and 17.

Study Weeks 6 and 13:  Increased serum urea in HDM and F; increased creatinine and 
decreased glucose in HDM.  Increased ALP, cholesterol, triglycerides, and decreased 
bilirubin in HDF. 
 
Study Week 13: increased glucose and serum urea in MDM. 

After recovery (Study Week 17): Urea increased in HDM and triglycerides in HDF. 

Urinalysis:  
Study Weeks 6, 13, and 17.

No differences among groups were reported.

Gross Pathology:  
No macroscopic changes were attributed to test article.

Organ Weights:  
Liver weights were increased in MDM, HDM, and HDF. Kidney and adrenal weights 
were increased in HDF. 
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Toxicokinetics:

The Tmax was ~ 1 hr.  The Cmax increased proportional to dose and plasma levels were 
higher in F on Study Day 1; by Study Day 88, there was no clear differences between 
sexes. The AUC(0-12 hr) increased proportional to dose on Study Day 1, but the AUC(0-24 

hr) increase on Study Day 88 was greater than dose proportional.  Slight accumulation 
(accumulation factor<3.5) was evident in both Cmax and AUC 

Sponsor’s table: 

Reference ID: 3856294



NDA 207145 LuAnn McKinney, DVM, DACVP

48

6.2.3 26-week rat
Study title:  Safinamide (NW1015) 26-week oral toxicity study in rats followed by 
an 8-week recovery period 

Study no.: 8724/T/390/2002
Study report location: 4.2.3.2 eCTD

Conducting laboratory and location:

Date of study initiation: Jan 10, 2002
GLP compliance: Yes 

QA statement: Yes
Drug, lot #, and % purity: Safinamide, Batch (B)5158-PMH-169-N2, 

99.74%

Key Study Findings
 Clinical chemistry changes: 

o Slightly increased circulating triglycerides and urea were seen in HDF 
(Study Weeks 13 and 26)

o Slightly increased plasma creatinine were seen in in HDF (Study Week 
13) and HDM (Study Week 26)

 Absolute and relative kidney weights were mildly increased in HDF at 26 weeks; 
there were no histologic correlates. 

 A re-evaluation of the histopathology revealed retinal atrophy (loss of outer 
nuclear layer) in HDM and HDF at terminal sacrifice and after recovery.  

 After re-evaluation, the NOAEL was the MD.
 In order to better characterize drug effects, the study was repeated at higher 

doses (see 6.2.4)

Methods
Doses: 0, 5, 15, 45 mg/kg/day

Frequency of dosing: Once daily
Route of administration: PO gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: Distilled water

Species/Strain: Hsd:SD rats
Number/Sex/Group: Main study: 15; Recovery: 5 C and HD

Age: 6 weeks
Weight: Study Day 1- M: group means = 187 g; F: group 

means = 153 g. Differences of “≤ 10 g per sex.”
Satellite groups: TK: 8/sex/group. Group housed (4 of the same 

sex/cage)
Unique study design: Main study also group housed (2-3 of the same 

sex/cage)
Deviation from study protocol: Deviations were minor, with no effect on results
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Sponsor’s tables: Study design.

Observations and Results: 
Observed immediately pre- and post-dose and 1-2 hr post-dose.

Mortality: 
One HDF, 1 LDM, and 1 CF found dead (sponsor considered deaths not to be drug- 
related); 1 HDM and 1 MDF died during blood sampling. 

Clinical Signs: 
Weekly exam.
Convulsions, hunched posture, and “ungroomed” appearance were noted sporadically 
in HDM and HDF. No abnormal behavior was observed during the scheduled weekly 
exams. 

Body Weights: 
Baseline, weekly
No differences among groups.

Food Consumption: 
Weekly consumption per cage; individual consumption calculated. 
Compared to C, increased food consumption was occasionally observed in the dosed 
groups.   
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Histologic slides of adrenals, eyes, liver, and lung of C and HD were re-evaluated; eyes 
from LD and MD were also evaluated

 Bilateral atrophy of the outer nuclear layer (ONL) of the retina, consisting of loss 
down to 2-3 cells in thickness, was observed in terminal necropsy specimens 
from 14/14 HDF and 6/15 HDM.  In contrast, ONL in C consisted of 10-11 cells.

 No abnormalities were noted in eyes at the LD or MD.
 The ONL was atrophic in 5/5 HDF and 2/5 HDM after recovery.
 No other histologic abnormalities were reported. 

Toxicokinetics:  
Blood samples from tail vein at 0, 1, 2, 6, 12, and 24 hours post-dose on Study Day 1, 
and in Study Weeks 13 and 26.

Exposure was slightly greater than dose-proportional at the HD and accumulation was 
observed at all dose levels.  

Sponsor’s tables.
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6.2.4 26-week rat
Study title:  26-week oral toxicity study in rats followed by 6 weeks of recovery

Study no.: RE6230
Study report location:

Conducting laboratory and location:

Date of study initiation: M: Aug 16, 2007; F: Aug 23 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:   Safinamide, Batch 0000065714, 99.7% 

and 0000109997, 99%
Key Study Findings:

 Retinal thinning (atrophy of the outer nuclear layer) was noted at ophthalmologic 
exam in all dosed animals and was present after recovery.

 Piloerection, hair loss, salivation, and hypoactivity were observed at all doses; 
“vacuous” chewing was observed in MDF and HDF prior to and after dosing.

 Centrilobular hepatocellular hypertrophy and adrenal hypertrophy (zona 
fasciculata) were observed at all doses in M and in MDF and HDF.

 Phospholipidosis (foamy pulmonary alveolar macrophages, confirmed by 
electron microscopy) was seen in both sexes at all doses at terminal sacrifice 
and in MD and HD animals (both sexes) after recovery. 

 No NOAEL was identified. 
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Methods
Doses: 0, 60, 120, 180 mg/kg/day

Frequency of dosing: Once daily
Route of administration: PO gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: Deionized water

Species/Strain: Crl:(CD)Sprague Dawley rats
Number/Sex/Group: 12 main study; 6 recovery

Age: 6 weeks
Weight: M: 180-197 g; F: 151-175 g 

Satellite groups: (TK) C: 9/sex/group; Dosed: 15/sex/group 
Special evaluation: Lung samples taken for electron microscopy for 

study RF3950
Deviation from study protocol: Minor: no effect on results. Coagulation not 

evaluated in F in Study Weeks 7 and 13. 

Sponsor’s table: Study design.

Observations and Results
Sponsor’s table.

Mortality:  
Sponsor’s table: animals found dead.
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Sponsor attributed death to gavage error “that might be occurred [sic] at early phases of 
the study…when administration was difficult.”

Clinical Signs:  
Sponsor’s table. 

Body Weights:  
Body weight was reduced, compared to C, in HDM and HDF.  After recovery, body 
weight in HDM remained less than CM; however, HDF were similar to CF.  

Sponsor’s table: Percent difference from controls in body weight.
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Food Consumption: 
There were no differences among groups.

Ophthalmoscopy: 
Baseline, Study Days 47, 89, 176 and 223 (Study Weeks 7, 13, 26 and 32): Indirect 
ophthalmoscopy after induction of mydriasis.

Changes were first seen at Study Week 26.  Fundic vessels were prominent in 2/18 
MDM, 12/16 HDM, 2/18 LDF, 13/17 MDF, and 16/16 HDF.   Similar changes were seen 
after recovery in 2/6 LDM, 5/6 MDM, 1/6 LDF, 6/6 MDF, and all HD animals. This 
observation correlated with the histologic finding of retinal atrophy. 

Hematology: 
Study Weeks 7, 13, 26 and 32.
There was a slight absolute neutrophilia in MDF and HDF at the end of dosing.  There 
were no differences among the groups after recovery.

Coagulation: 
M: Study Weeks 7, 13, 26, and 32; F: Study Weeks 26 and 32.
There were no differences among groups in PT or APTT.

Clinical Chemistry: 
Study Weeks 7, 13, 26 and 32.
Changes in clinical chemistry parameters were slight, consisting of a dose-related 
increase in BUN and creatinine in M and F, and increased albumin and decreased 
globulin, with subsequent increase in A:G ratios in all dosed groups.  A time/dose-
related slight decrease in serum calcium was present in M of all dosed groups, MDF, 
and HDF.  Calcium remained decreased in all M dosed groups and HDF after recovery. 

Sponsor’s table: Clinical chemistry.
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Urinalysis:  
Study Weeks 7, 13, 26 and 32
Urinalysis changes were seen only at Study Week 28, and consisted of a slight increase 
in urobilinogen in MDF and HDF.

Gross Pathology:  
Macroscopic changes were limited to enlarged adrenal glands in HDF.

Organ Weights: 
Increased absolute and relative (to body weight) liver weights were noted in M and F of 
all dosed groups. Absolute and relative adrenal weights were noted in HDM, MDF, and 
HDF.  After recovery, organ weight differences were limited to increased relative liver 
weight in all F dosed groups. 

Histopathology
Adequate Battery: yes 
Pathology report:  No.  The pathologist signed an integrated report
Peer Review: No

Histological Findings: 
Retinal atrophy was noted in all dosed animals.  Hepatocellular midzonal hypertrophy 
was noted in most LDM, all MDM, 3/11 MDF, and all HD animals at Study Week 26.  
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The hypertrophy was not observed after recovery.  Foamy alveolar macrophages 
(compatible with phospholipidosis - see Study RF3950 below) were observed in all 
dosed groups at 26 weeks and after recovery. Minimal to moderate hypertrophy of the 
adrenal zona fasciculata were noted in MDM, HDM, and HDF at 26 weeks; there were 
no differences from C after recovery.  

Sponsor’s tables: Histologic findings in M and F

Toxicokinetics:
Exposure to safinamide increased with dose but was slightly less than dose proportional 
after repeat doses.  The Tmax was ~1 hour but was variable (up to 2, 4, or 8 hours post-
dose); safinamide was detectable up to 24 hours post-dose. Moderate accumulation 
was observed in all M groups and in LDF.  Metabolite NW-1689 generally reached Cmax 
at ~2-4 hours, occasionally at 8 hours post-dose, and was detectable up to 24 hours 
post-dose.  The Cmax and the AUC(0-24 hr) of NW-1689 increased with dose and were 
roughly dose-proportional; slight accumulation was seen in all dosed groups.

Sponsor’s table: 
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Sponsor’s table: 
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Electron microscopy: 
Study number RF3950: Safinamide: Transmission Electron Microscopy (TEM) of 
selected lung samples from study RE6230.
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Instituto di Ricerche Biomediche
Antoine Marxer – RBM S.p.A, Via Ribves, 1
10010 - Coleretto Giacosa (TO) Italy.

Ten 3-mm3 samples of formalin fixed lung from each of 3 HDF were secondarily fixed in 
5% gluteraldehyde, post-fixed in Osmium tetra-oxide, and epoxy-embedded.  Thick 
sections (0.5-1 mcm) were stained with 1% toluidine blue and examined.  Selected 
areas were routinely processed to ultrathin sections (70-90 mcm) and examined by 
TEM. 

Observations of “membranous lamellar inclusions or concentric multi-lamellar bodies, 
myeloid bodies, in the cytoplasm of alveolar macrophages of the lungs” were reported.  
The sponsor concluded these are “indicative features of phospholipidosis.” Supportive 
electron micrographs were appended to the study report.

6.2.5 4 week rat combination study of Safinamide with Carbidopa/Levodopa

Study title:  Safinamide in Combination with Levodopa/Carbidopa: Toxicity Study 
by Oral Gavage Administration to CD rats for 13 Weeks followed by a 4 Week 
Recovery period

Study no.: SOI/0053
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:

Date of study initiation: JAN 14, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, #0000075890, 99.96%

Carbidopa, #0127/BG/02, 100%
Levodopa, #0419BF/03, 99.31%

Key Study Findings:
 Dose-related severity and incidence of retinal degeneration (outer nuclear layer) 

were seen in all safinamide-dosed groups.
 Administration of 125 mg/kg/day of safinamide and 20/80 CD/LD led to 

piloerection, inactivity, and recumbency. High doses of safinamide, with and 
without CD/LD, led to “chin rubbing” and excess salivation; these signs were 
exacerbated by CD/LD. 

 Compared to controls, M and F dosed with safinamide tended to have decreased 
body weight gains and those dosed with CD/LD tended to have increased body 
weight gains. At 125 mg/kg/day safinamide with CD/LD, body weight gains were 
less than those from that dose of safinamide alone, but greater than C. 

 Slight increases in ALT and AST were associated with high doses of safinamide, 
with and without CD/LD.
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 Centrilobular hepatocellular hypertrophy and thyroid follicular cell hypertrophy 
were associated with 125 mg/kg/day safinamide, with and without CD/LD.

 Pulmonary phospholipidosis was seen at all dose levels of safinamide, with and 
without CD-LD; the incidence increased after recovery. 

 Hypertrophy of the zona fascicularis of the adrenal gland was seen in F 
administered 125 mg/kg/day safinamide, with and without CD-LD; partial 
resolution was observed after recovery.

Methods
Doses: mg/kg/day Safinamide+Carbidopa/Levodopa: 0+0/0 (C); 

25+20/80; 75+20/80; 125+20/80; 125+0/0; 
0+20/80 (mg/kg/day safinamide+mg/kg/day 
CD/LD).

Frequency of dosing: Safinamide once daily; 
Carbidopa/Levodopa (CD/LD) - 10/40 mg/kg 
BID; continued through Study Week 17 (end of 
recovery)

Route of administration: PO Gavage
Dose volume: 5 mL/kg/dose

Formulation/Vehicle: 0.5% methylcellulose (aqueous)
Species/Strain: Crl:CD (SD)IGS BR Rat

Number/Sex/Group: 10 + 5 recovery
Age: 35-42 days

Weight: M:169-219 g; F:123-166 g.
Satellite groups: TK: 3/sex C; 9/sex/group dosed

Unique study design: TK: Safinamide and metabolites, NW-1689 and 
NW-1153.

Deviation from study protocol: Minor: No effect on results.

Sponsor’s table: Experimental design - main study. 
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Sponsor’s table: Experimental design - recovery. 

Observations and Results:
Pre-dose, after dosing, and 1-2 hours post-dose.  Physical exams were performed at 
baseline and weekly thereafter.

Mortality:  
One M in the HD safinamide group was euthanized in poor clinical condition on Study 
Day 7.  The cause of the morbidity was determined to be spontaneous hydrocephalus. 
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One M in the CD/LD group, noted to be hypoactive from Study Day 6, was found dead 
on Study Day 17; postmortem exam revealed pulmonary congestion, but the cause of 
death and relationship to drug was not determined. One TK MD F in the 
safinamide+CD/LD group was found dead on Study Day 6.  The cause of death was 
dosing error. 
 
Clinical Signs:  
With or without safinamide, administration of CD/LD led to piloerection, inactivity, and 
recumbency (with “limbs stretched out”); animals dosed at HD safinamide showed 
similar clinical signs.  Safinamide administration, with or without CD/LD, consistently led 
to “chin rubbing” for the first 1-2 hours post dose and was also associated with excess 
salivation, most noted in M and F administered HD safinamide+CD/LD.

Body Weights:  
Baseline, Study Day 1, weekly and at necropsy.
There was a slight (8-12% of C) reduction in body weight gain in M administered HD 
safinamide with and without CD/LD.  There was a slight (7%) increase in body weight 
gain in F administered CD/LD; a slight (6%) decrease in F administered HD safinamide 
alone and in F (4%) administered safinamide+CD/LD. Decreases were not seen in 
recovery groups; however, F administered CD/LD continued to show increased body 
weight gains when compared to controls.  

Sponsor’s figure: Body weight.
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Food Consumption: 
Weekly cage consumption by weight and average individual consumption calculated.
There were no differences among groups.

Ophthalmoscopy: 
Baseline, Study Weeks 5, 12, and 17.
In Study Weeks 12 and 17, retinal hyper-reflectivity was noted in 2 F in the HD 
safinamide+CD/LD group. 

Hematology/Coagulation:
Study Weeks 6, 13 and 17. Standard battery / PT, APTT.
In Study Week 6, reduced reticulocytes and increased HCT and HGB were observed in 
M administered HD safinamide with and without CD/LD, and reduced reticulocytes and 
increased MCHC in F administered HD safinamide alone. Reduced eosinophil and 
monocyte counts were noted in F at MD and HD safinamide+CD/LD.  Platelets were 
reduced and PT was slightly increased at all doses in M and F, compared to C. By 
Study Week 13, the effects of safinamide+CD/LD on reticulocytes in M, eosinophil 
counts in F, and platelets in M and F were slightly greater than in either sex 
administered HD safinamide alone or CD/LD alone. No differences were noted between 
groups by Study Week 17.

Clinical Chemistry:  
Study Weeks 6, 13 and 17, standard battery.
At Study Weeks 6 and 13, ALT was increased in HDM and HDF administered 
safinamide alone; AST was increased in M administered HD safinamide alone and in F 
administered HD safinamide+CD/LD.  Blood urea was increased in M and F 
administered MD or HD safinamide+CD/LD and administered HD safinamide alone.  
Creatinine was increased in M administered HD safinamide+CD/LD.  Cholesterol was 
decreased in M and F administered safinamide at LD, MD, and HD safinamide+CD/LD 
or HD safinamide alone.

Sponsor’s table: key clinical chemistry values for M groups. 
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* p<0.05 – Group 6 compared to Groups 2, 3, 4 and recovery Group 6 compared to Group 4; ** p<0.01 – Group 6 compared to 
Groups 2, 3, 4 and recovery Group 6 compared to Group 4; # p<0.05 – Group 4 compared to Group 5; ## p<0.01 – Group 4 
compared to Group 5; $ p<0.05 – Group 1 compared to Groups 2, 3, 4, 5 and 6 and recovery Group 1compared to Group 4; $$ 
p<0.01 – Group 1 compared to Groups 2, 3, 4, 5 and 6 and recovery Group 1 compared to Group 4

Sponsor’s table: key clinical chemistry values for F groups. 

* p<0.05 – Group 6 compared to Groups 2, 3, 4 and recovery Group 6 compared to Group 4; ** p<0.01 – Group 6 compared to 
Groups 2, 3, 4 and recovery Group 6 compared to Group 4; # p<0.05 – Group 4 compared to Group 5; ## p<0.01 – Group 4 
compared to Group 5; $ p<0.05 – Group 1 compared to Groups 2, 3, 4, 5 and 6 and recovery Group 1compared to Group 4; $$ 
p<0.01 – Group 1 compared to Groups 2, 3, 4, 5 and 6 and recovery Group 1 compared to Group 4. 
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Urinalysis:  
Study Weeks 6, 13, and 17 (Overnight in metabolism cage- standard battery)
At Study Week 13, there were lower urine volumes and higher specific gravity in M and 
F administered CD/LD alone, compared to C. 

Organ Weights: 
Mean absolute and relative adrenal, kidney, and liver weights were greater than C in F 
dosed with MD and HD safinamide both with and without CD/LD;  mean and absolute 
liver weights were greater than C in M at the same doses.  After recovery, mean group 
adrenal weights in F dosed with HD safinamide+CD/LD remained greater than CF and 
of F treated with CD/LD alone. 
 
Gross Pathology:  
Grossly enlarged adrenal glands were noted in in F at MD and HD safinamide both with 
and without CD/LD.  Areas of pallor were noted in the lungs of 5/10 LDF, 3/10 MDM, 
7/10 MDF, 4/10 HDM, and all HDF given safinamide+CD/LD, 4/9 MHD and 9/10 HDF 
given safinamide alone, and 7/10 M and 5/10 F given CD/LD alone. Similar 
observations were made in dosed animals after recovery. 

Histopathology
Adequate Battery: Yes. 

All tissues for C, HD safinamide+ CD/LD, HD safinamide alone, 
CD/LD alone, and all tissues with observed changes in all groups.

Pathology report: Yes
Peer Review: Not reported

Histological Findings: 

Atrophy of the retinal outer nuclear layer (ONL) was seen at all dose levels of 
safinamide, with and without CD-LD.  The change persisted after recovery. 

Areas of pallor in lungs, histologically found to be intra-alveolar foamy macrophages, 
were seen at all dose levels of safinamide, with and without CD-LD; there was an 
increase in the incidence of the foamy macrophages after recovery.  The change was 
compatible with phospholipidosis (as in Study No RF3590).  

Hypertrophy of the zona fascicularis of the adrenal gland was seen at HD safinamide 
with and without CD-LD; the sponsor reported partial resolution after recovery. 

Sponsor’s table: Histopathology
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Centrilobular hepatic hypertrophy and thyroid gland follicular cell hypertrophy were seen 
in groups administered HD safinamide with and without CD/LD.

Sponsor’s table: Histopathology

Toxicokinetics:
Samples taken at Study Day 1 and in Study Week 13, at 1, 2, 4, 5, 7, and 24 hours after 
dose.

Co-administration of CD/LD did not have a significant effect on Cmax and AUC(0-24) for 
safinamide or the metabolite NW1689 at 125 mg/kg/day of safinamide in either M or F.  
Likewise, safinamide co-administration did not have a significant effect on exposure to 
LD.  Co-administration of 125 mg/kg/day did, however, result in a slight decrease in the 
exposure to CD. 

On Study Day 1, exposures to safinamide and to NW-1689 were approximately dose-
proportional.  In Study Week 13, however, exposure to safinamide was greater than 
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dose-proportional and exposure to the metabolite NW-1689 was less than dose-
proportional, suggesting saturation of the N-dealkylation metabolism of parent 
safinamide.  

Results: Sponsor’s tables.

6.2.6 13 week rat study of safinamide in combination with pramipexole (PPX) in 
pigmented and non-pigmented rats.
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Study title:  Safinamide and/or Pramipexole: Toxicity Study by Oral Gavage 
Administration to Female Albino (CD) Rats and Female Pigmented (Long Evans) 
Rats for 13 Weeks

Study no.: SOI/0054
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:

Date of study initiation: May 29, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000075890, 99%

Pramipexole, 2007094, 99.4%
Pramipexole, 20080615, 99.3%

Key Study Findings:
Albino (SD) rats were more susceptible to retinal atrophy:

 Retinal atrophy (outer nuclear layer) was seen in albino rats dosed with 50 
mg/kg/day safinamide alone and was increased in severity in rats administered 
safinamide in combination with PPX.

 Retinal atrophy (outer nuclear layer) was seen in pigmented rats when 50 
mg/kg/day safinamide was administered in combination with 25 mg/kg/day PPX. 

 NOAEL (by light microscopy) for retinal atrophy was:
 15 mg/kg/day safinamide in combination with 25 mg/kg/day pramipexole (PPX) 

for both strains of rat 
o AUC24 at Week 13: (13200 ng.h/mL (safinamide) and 13000 ng.h/mL 

(PPX) n albino rats
o AUC24 at Week 13: 15100 ng.h/mL (safinamide) and 10100 ng.h/mL 

(PPX) in pigmented rats; 
 NOAEL 15 mg/kg/day safinamide alone in albino rats

o AUC24 at Week 13: 11400 ng.h/mL (safinamide) 
 NOAEL 50 mg/kg/day safinamide alone in pigmented rats 

o AUC24 at Week 13: 55500 ng.h/mL (safinamide)
 PPX-associated reduced body weight gain was greater when in combination with 

HD safinamide.
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Methods
Doses: 0 (C); 5/25, 15/25, 50/25 mg/kg safinamide/PPX; 

25, 50 mg/kg/day safinamide; 25 mg/kg/day 
PPX.

Frequency of dosing: Daily
Route of administration: Oral gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5% methylcellulose and water

Species/Strain: Rat: Crl:CD(SD), IGS BR and Long Evans (LE) 
rat

Number/Sex/Group: Study limited to F rats. See table below.
CD(SD): 18C, 30/dose group. 
LE: 24 C, 36/dose group.

Age: CD(SD): 54 days; LE: 55 days
Weight: CD(SD): 177-269 g; LE: 164-279 g.

Satellite groups: TK/PK
Unique study design: Interim sacrifice at 5 weeks; Electron Microscopy 

samples at 5 and 13 weeks
Deviation from study protocol: Minor, with no effect on final conclusions.

Sponsor’s table: Study design.
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Observations and Results:

Mortality: 
No deaths were attributed to test article.  One death (LD safinamide+PPX) was 

attributed to gavage error.
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Clinical Signs:  
Although rare in LD safinamide alone, animals in all treated groups (safinamide 

and/or PPX) evidenced salivation (Study Weeks 1, 2, 3) and chin rubbing (Study Weeks 
1, 2) immediately post-dose. 

Body Weights:
Body weight gains were lower than C in groups administered PPX, alone or in 

combination with safinamide.  Reduced body weight gains in LE rats were limited to the 
first 4 study weeks, and those in SD rats remained lower than C for the duration of 
dosing.  HD safinamide+PPX had the greatest negative effect on body weight gains.

Sponsor’s figure: 

Sponsor’s figure:
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Food Consumption: 
Compared to C, food consumption was decreased in animals administered PPX either 
alone or in combination with safinamide in Study Week 1.  In Study Weeks 4 and 12, 
water consumption was increased in the same groups.  

Ophthalmoscopy: 
No test article effect was observed.

Organ Weights: 
Increased ovarian weights (relative and absolute) and decreased relative thymic 
weights were noted in both strains administered PPX alone or in combination with 
safinamide at both the Week 5 and Week 13 necropsies.  

In SD rats treated with PPX alone or in combination with HD safinamide, the relative 
adrenal weights and relative lung weights were increased at Study Week 5.  At Study 
Week 13, the absolute adrenal weights and relative lung weights were increased in both 
SD and LE rats in those groups. 

At 13 weeks, absolute ovarian weights were increased (up to 4-fold C) in both strains 
treated with PPX alone or in combination with safinamide.

Reduced absolute thyroid/parathyroid weights were noted in SD rats administered HD 
safinamide+PPX.  Increased absolute thyroid/parathyroid weights were noted in LE rats 
administered HD safinamide alone.
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Gross Pathology:  
Both strains had enlarged adrenal glands in groups treated with PPX alone or in 
combination with all dose levels of safinamide.

Pulmonary pallor was seen in LE rats treated with PPX alone or safinamide alone, in 
both strains in all combination groups, and in both SD rat groups treated with 
safinamide alone. 

Enlarged ovaries were observed in both strains treated at all dose levels of 
safinamide+PPX and treated with PPX alone.

Histopathology
Adequate Battery: Yes 
Pathology report: Yes
Peer Review: No

Histological Findings:
Adrenocortical hypertrophy was greatest in SD rats dosed with PPX alone or in 
combination and was also observed in LE rats in the HD safinamide+PPX group, with 
similar severity and incidence at Study Weeks 5 and 14. 

Increased size and numbers of corpora lutea were seen in both strains administered 
PPX alone or in combination with safinamide, at Study Weeks 5 and 14. 

Intra-alveolar macrophages were seen in lungs of the majority of SD rats administered 
HD safinamide+PPX at Study Week 5; by Study Week 14, a similar increase was seen 
in MD safinamide+PPX and HD safinamide+PPX groups.  No differences among groups 
were seen in lungs of LE rats. 

At 5 weeks, a slight reduction in the retinal outer nuclear layer was observed in SD rats 
treated with HD safinamide alone and in LE and SD rats treated with HD 
safinamide+PPX. The changes progressed over time to severe atrophy in SD rats 
administered HD safinamide, with greatest reduction and some loss in the 
photoreceptor layer in SD rats treated with HD safinamide+PPX.  

At 14 weeks, reduction in the outer nuclear layer of LE rats administered HD 
safinamide+PPX was slightly greater than at 5 weeks; retinas of LE rats treated with HD 
safinamide alone were not found to be different from those of controls.   

Sponsor’s tables: Light microscopy. 
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Electron Microscopy (TEM).

GLP-compliant transmission electron microscopy was performed at the  
  A 
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signed and dated electron microscopy pathology report, with QA statements, was 
submitted.

Three sections of the ventral retina from the right eye (OD) from 5 LE rats and 3 SD rats 
from each dose group were fixed in gluteraldehyde-paraformaldehyde, post-fixed in 
OsO4, and embedded in epoxy resin.  Methylene-blue-fuchsin stained semi-thin 
sections were assessed and selected areas processed to ultrathin sections. 

5- and 13-week specimens from C, all three safinamide+PPX dose groups, and both 
safinamide-alone groups (3 SD rats/group) were examined by EM.  Only 5-week 
specimens were examined from the SD rats treated with PPX alone.
 
In the absence of clear light-microscopic changes at Study Week 5, only 14-week 
specimens from 5 LE rats were examined by EM.  Specimens were from C, all three 
safinamide+PPX dose groups, and both safinamide-alone groups; no specimens were 
examined from LE rats treated with PPX alone. 

SD rats:  

At Study Week 5, changes were limited to rats treated with HD safinamide+PPX and HD 
safinamide alone.  By light microscopy, compared to C, there were reduced numbers of 
nuclei and nuclear pyknosis in the outer nuclear layer and atrophy and reduction to 
single cell-layers in the photoreceptor layer.  By electron microscopy, there was 
disintegration, disorientation, and vacuolar degeneration of the outer segment discs, 
necrosis of the inner segments, and microglia in the photoreceptor layer.  

At Study Week 14, changes were seen by EM in rats treated with MD and HD 
safinamide+PPX and with both doses of safinamide alone.  The degenerative changes 
seen at 5 weeks had progressed to diffuse atrophy of the photoreceptor and outer 
nuclear layers with vacuolar degeneration of the rod photoreceptor layer, with microglial 
activation, and Mueller cell processes proliferation (early retinal scar formation).

LE rats:
 
At Study Week 14, changes in LE rats were most notable in the HD safinamide+PPX 
group.  By light microscopy, compared to C, there was a greater incidence of reduced 
numbers of nuclei in the outer nuclear layer, and atrophy of the photoreceptor layer was 
seen in 1/5 examined semi-thin sections.   By electron microscopy, isolated foci of 
disintegration and disorientation of the outer segment discs, and degeneration and 
individual cell death in the inner segment were observed.  The changes were 
interpreted as “slight” atrophy of the photoreceptor and outer nuclear layer.  

NOTE: 
Cage light levels were below 40 lux for the majority of the study and mean light intensity 
was similar across all groups.  The sponsor found it unlikely that light levels affected the 
incidence or distribution of retinal changes.
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Toxicokinetics: 
Plasma levels of safinamide and metabolites, NW-1153 and NW-1199, were quantitated 
in SD and LE rats. 

In SD rats, the Cmax of safinamide and metabolites increased with dose in a dose-
proportional manner and AUC(0-24hr) increased with dose in a generally dose-
proportional manner.  On Study Day 1, exposure to safinamide and metabolites in 
groups administered safinamide+PPX was less than exposure in groups administered 
safinamide alone.   This difference was not observed in subsequent weeks.  

In LE rats, exposure to safinamide (Cmax and AUC(0-24hr)) was greater (up to 2-fold) than 
in SD rats. There were no differences between strains when safinamide was co-
administered with PPX.  Accumulation of safinamide was noted in Study Weeks 5 and 
13 at all dose levels of safinamide; accumulation was greater when safinamide was co-
administered with PPX. 

Sponsor’s tables: Safinamide TK

 
MONKEY

6.2.7 Dose-range study in Monkey of combined safinamide and pramipexole
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Study title:  Dose range-finding study in Cynomolgus monkeys treated by oral 
route

Study no.: RE8410 - IMP28941
Study report location: 4 2 3 2

Conducting laboratory and location:

Date of study initiation: APR 22, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, lot 000010997; % not 

reported
Pramipexole (PPX), lot 080328; % not 
reported

Key Study Findings:

 The MTD was 75 mg/kg/day safinamide+3 mg/kg/day PPX.  
 Toxicity consisted of clinical signs of staggering and incoordination and increased 

ALT (2-fold) in F. 
 No dose-related changes were observed in any of the other groups. 

Methods
Doses: See table below.

Frequency of dosing: Once daily
Route of administration: Oral

Dose volume: 2 mL/kg
Formulation/Vehicle: SAF: Water. PPX: 0.5% Methylcellulose

Species/Strain: NHP: Macaca fascicularis (cynomolgus monkey)
Number/Sex/Group: 1 (single dose), 2 (multiple doses)

Age: 3.5-5 years
Weight: 3.65-7.6 kg (M); 2.66-2.87 kg (F)

Satellite groups: No
Unique study design: Single and multiple ascending doses with 2 days 

washout after single doses, 20 day washout 
between multiple dose increases.

Deviation from study protocol: Minor: no impact on study results

Sponsor’s table: Study design - Dose

Reference ID: 3856294

(b) (4)



NDA 207145 LuAnn McKinney, DVM, DACVP

79

Sponsor’s table: Study design - duration of dosing 
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Observations and Results:
Mortality:  
No deaths were reported.

Clinical Signs:  
Staggering and incoordination was observed on Days 1-3 (M) and Days 3-6 (F) in 
animals administered 75 mg/kg/day safinamide+3 mg/kg PPX.

Body Weights:  
No differences among groups were reported.

Food Consumption: 
No differences among groups were reported.

ECG: 
Under anesthetic restraint
No change from baseline was reported in any dose group.

Hematology: 
No differences were reported among groups. 

Clinical Chemistry:  
There was a 2-fold increase in ALT in F groups dosed with 75 mg/kg/day safinamide+3 
mg/kg/day PPX, 

Urinalysis:  
No differences among groups were reported.

Gross Pathology:  
No drug-related effects were reported.

Organ Weights: 
No differences among groups were reported.

Histopathology
Adequate Battery: Yes
Pathology report: No.
Peer Review: No

Histological Findings: 
No drug-related effects were reported.
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6.2.8 4 week primate 
The following is a summary of the 4-week studies from the JUN 7, 2007, 
Pharmacology/Toxicology review by Dr. T. Peters.

Monkeys: Two 4-week (#9550237 and #9750107) and one 13-week (#991180) oral 
studies had been conducted and reviewed previously. 

In a 4-week study (#9550237) in Cynomolgus monkeys, at doses of 0, 50, 100 and 200 
mg/kg of the 4-week studies, 1/4 MD and 4/4 HD animals died. Clinical signs of 
staggering, hypoactivity and sporadic convulsions were observed and the sponsor 
found CNS toxicity to be the cause of death.
  
In a second 4-week study (#9750107) in cynomolgus monkeys, at doses of 0, 20, 40, 
80, 120 mg/kg/day, 1/10 animals died at 80 mg/kg/d and 3/10 at 120 mg/kg/d. The 
sponsor again found the cause of death to be CNS toxicity.  

In the 13-week study (doses: 0, 10, 20, 50 mg/kg/d), there were 2 non-drug-related 
deaths at 50 mg/kg/d. No CNS signs were reported. Gastric erosions were found at 20 
and 50 mg/kg/day. 

The doses for the 26/39 week study (6.2.10) were based on the results of these studies 
and were based on the anticipated exposure at the low dose that was expected to be 
equal/similar to the human exposures at the highest proposed clinical dose.

6.2.9 13-week primate

Study title:  13-week oral toxicity study in monkeys followed by a 6-week 
recovery period.

Study no.: 991180
Study report location: 4.2.3.2

Conducting laboratory and location:

Date of study initiation: JAN 27, 2000 (M); FEB 2, 2000 (F)
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide (NW 1015), (B)5158-PMH-

169-N2, 100.4% (75.68% free base).

Key Study Findings:
 Clinical signs of salivation, vomiting, and weight loss were seen in the HD group. 
 One HDF was euthanized for prolonged inappetance and weight loss.
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 Gastric erosions were observed in 1/4 MDM, 1/4 MDF, 1/6 HDM, and in the 
euthanized HDF. 

 The HD exceeded the MTD; toxicity was characterized by inanition, vomiting, 
salivation, staggering, and incoordination in M and F.

o Cmax: M: 11397; F: 13373 ng/mL
o AUC(0-24hr): M: 127431; F: 137833 ng*h/mL

 The NOAEL was identified as 20 mg/kg/day 
o Cmax: M: 7250; F: 5813 ng/mL
o AUC(0-24hr): M: 41010; F: 39558 ng*hr/mL

Methods
Doses: 0, 10, 20, 50 mg/kg/day

Frequency of dosing: Once daily 
Route of administration: Oral gavage

Dose volume: 2 mL/kg
Formulation/Vehicle: Water for injection

Species/Strain: Macaca fascicularis (Cynomolgus monkey)
Number/Sex/Group: LD and MD: 4; C and HD: 6 

Age: 2-3 years
Weight: 1.85-4.16 kg (M); 2.01-2.83 kg (F)

Satellite groups: No
Deviation from study protocol: None were reported

Observations and Results:
Mortality:  
1 HDM died due to gavage error (Day 76).  

1 HDF was euthanized on Study Day 54 due to prolonged decreased food consumption 
(beginning Study Week 2) and weight loss.  Postmortem examination revealed gastric 
mucosal erosions with secondary atrophy of the thymus, lymph nodes, exocrine 
pancreas, salivary glands, and jejunal and ileal villi.  

Clinical Signs:  
The primary clinical signs, salivation and vomiting, were observed in HDM and HDF 
throughout most of the dosing period.   

In Study Week 2, CNS signs of staggering and head shaking were noted immediately 
post-11th dose in 1 HDM that later died after a gavage error.

Body Weights:  
A slight reduction (trend) in body weight was seen in all dosed groups in Study Weeks 
1-4.

Food Consumption: 
No test article effect was reported.
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Ophthalmoscopy:
No test article effect was reported.

Hematology: 
No test article effect was reported.

Clinical Chemistry:  
Mean serum ALT tended to increase with dose, with the greatest increase in HDF (up to 
2-fold in 2/5 HDF compared to the CF group). A slight decrease in mean serum 
cholesterol in HDM and HDF was noted at the end of the dosing period.  No test article 
effects were noted after recovery.

Urinalysis:
No test article effect was reported.

Gross Pathology:  
Gastric erosions were seen in 1/4 MDM, 1/4 MDF, and 1/6 HDM.

Organ Weights: 
Adrenal weights tended to be increased at the MD and HD in both sexes, compared to 
C; the trend was still present after recovery. 

Histopathology:
Adequate Battery: Yes 
Pathology report: No
Peer Review: Peer Review (PR) was performed; PR-report was not 
submitted

Histological Findings: 
Histology confirmed the gastric erosions/ulcers noted at necropsy; no histologic 
correlates of increased adrenal weights were observed. 

Toxicokinetics:
Samples were collected from 4/sex/group: Study Day 1: pre-dose, 1, 2, 4, 7, and 24 hr 
post-dose. Study Weeks 6/7 and after final dose in Study Week 13/14: 1, 2, 4, 7, and 24 
hr post-dose and 30, 48 and 72 hr post-dose in HD recovery animals. 

Exposure to safinamide (Cmax and AUC(0-24hr)) increased with dose in a dose-
proportional manner, with little to no accumulation.  Cmax tended to be slightly higher in 
F; however, overall plasma exposures were similar between the sexes. 

Sponsor’s table: TK parameters of safinamide at 10 mg/kg/day
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Sponsor’s table: TK parameters of safinamide at 20 mg/kg/day

Sponsor’s table: TK parameters of safinamide at 50 mg/kg/day

6.2.10 9-week primate

1) Study Number 21893TCP, “39-week toxicity study by oral route (Gavage) in 
cynomolgus monkeys followed by an 8-week treatment-free period”, conducted at 
CIT, BP 563- 27005- Evereux, France.  

4/sex C and 8/sex LD, MD, and HD 23-29 month-old cynomolgus monkeys were dosed 
PO daily at 3.2, 8, and 20 mg/kg/day for 39 weeks; 2/sex C and HD were held for an 
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additional 8 weeks prior to necropsy.  There were no clinical, hematologic, clinical 
chemistry, macroscopic of microscopic differences among groups and the NOEL was at 
the HD.  

The following is a summary of a second 39-week study from the JUN 7, 2007 
Pharmacology/Toxicology review by Dr. T. Peters, DVM.

2) Study Number 30939 TCP: “39-week chronic toxicity study in cynomolgus 
monkeys.”

24 month old M and F cynomolgus monkeys were administered safinamide at 0, 30, 50, 
or 70 mg/kg/day, in water vehicle by oral gavage at 5 mL/kg for 39 weeks. The groups 
consisted of 10/sex C and HD, 4/sex LD and MD.  4/sex C and HD were sacrificed at 26 
weeks and 2/sex C and HD were sacrificed after 8 weeks of recovery (Study Week 47). 

Doses were based on previously reviewed 4- and 13-week studies. 

 A memo from nonclinical reviewer Dr. P. Roney concluded that in two 4-week 
studies, convulsions, tremors and deaths, in the absence of histopathologic 
changes, occurred at 80 and 100 mg/kg/day and, in a 13 week study, the NOAEL 
was at 50 mg/kg/day.

 In the review JUN 7, 2007, Dr. T. Peters noted that in two 4-week studies in 
cynomolgus monkeys, CNS signs of staggering, dysmetria, hypoactivity and 
convulsions were noted and 1/10 animals died at 80 mg/kg/day, 1/4 monkeys 
died at 100 mg/kg/day, 3/10 died at 129 mg/kg/day, and 4/4 died at 200 
mg/kg/day.  In the 13-week study, (0, 10, 20, and 50 mg/kg/day) no CNS signs 
were reported, no deaths were attributed to safinamide, and pathologic changes 
were limited to gastric erosions at 20 and 50 mg/kg/day. 

The doses for the 26/39 week study were based on the results of these studies and 
were based on the anticipated exposure at the low dose that was expected to be equal 
and/or similar to the human exposures at the highest proposed clinical dose.

At the HD, clonic contractions, and tremors occurred variably at the HD and ataxia, loss 
of balance, and staggering were seen in all HDM and HDF and in one MDM.  One HDF 
died from “CNS toxicity” (sponsor).  Vomiting was noted in the MD and in most of the 
HD; soft stools/diarrhea were also noted in HD.  

Clinical pathology samples were taken at baseline and in Study Weeks 12, 25, 38, and 
47.  ALT was increased (<3-fold C) in HD groups.  Reduced ALB, total protein and Ca++ 
were attributed to increased emesis. 

PK samples were taken at Study Day 1 (treated groups) and Study Day 3 (C) and in 
Study Weeks 12 and 25.  Exposure increased with dose in a less than proportional 
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manner.  Cmax and AUC(0-T) increased from Study Day 1 though Study Day 85, but 
levelled off through Study Day 177.  

Histopathologic finding of pyknotic nuclei in the outer nuclear layer of the retina were 
found in 1/4 CM, 2/4 HDM, 1/4 CF, and 1/4 HDF at the 26-week interim necropsy. 
Similar findings were reported in 2/4 HDM and 1/4 MDF at the 39-week necropsy. 

The NOAEL was determined to be 30mg/kg/day, based on vomiting, ataxia, soft 
stools/diarrhea and hypotonia at MD and HD and convulsions and clonic contractions at 
the HD. 

Sponsor’s table, taken from Dr. Peters’ review: safinamide TK parameters

6.2.11 Combination 13-week monkey study of safinamide and CD/LD
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Study title:  Safinamide in combination with levodopa/carbidopa: Toxicity study by 
oral gavage administration to cynomolgus monkeys for 13 weeks followed by a 4 
week recovery period.

Study no.: SOI/0052
Study report location:

Conducting laboratory and location:

Date of study initiation: OCT 18, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000075890,99.96%; 

Levodopa (LD), 0419BG/03, 99.1%
Carbidopa (CD), 0127BG/02, 100%

Key Study Findings:
 Exposure to safinamide and NW-1153 was lower in M and F HD 

Safinamide+CD/LD than HD safinamide alone; exposure to NW-1689 was similar 
in both groups.  

 Exposure to CD/LD was greater when co-administered with safinamide. 
o 20/80mg/kg/day CD/LD, alone or in combination with safinamide, 

exceeded the MTD (stereotypy, hyperactivity, involuntary movements, 
weight loss).  Clinical signs resolved and weight gains improved after 
reduction to 10/40 mg/kg/day CD/LD.

 Inappetance and reduced body weights were greater in combination groups than 
in groups administered either safinamide or CD/LD alone. 

 Bradycardia and increased QT and QTcM intervals were noted in HDF 
administered safinamide alone.

 Histopathologic findings were limited to reduced vacuolation in adrenocortical 
cells. 
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Methods
Doses: See tables below.  CD/LD at fixed BID doses, 

safinamide at 20 or 50 mg/kg/day.
Frequency of dosing: CD/LD: BID; safinamide once daily (with CD/LD)

Route of administration: Oral gavage
Dose volume: 5 mL/kg (titration) 2.5 mL/kg thereafter

Formulation/Vehicle: water
Species/Strain: Macaca fascicularis (Vietnamese cynomolgus 

monkeys )
Number/Sex/Group: 3/sex C, safinamide alone, and LD 

safinamide+CD/LD.   
5/sex CD/LD alone and HD safinamide+CD/LD.

Age: 29-32 months
Weight: 2.17-3.14 kg (M) / 2.08-2.68 kg (F)

Unique study design: Animals were same-sex pair- or trio-housed. 
Prior to BID CD/LD ± safinamide: CD/LD group 
was titrated at 10/40 mg/kg (BID) for one week, 
and for two weeks in groups dosed in 
combination with safinamide. 

Deviation from study protocol: Minor, no effect on study outcome.

Dose Selection: Doses were based on a preliminary 4-week CD/LD combination study 
(#SO10022) in cynomolgus monkeys (2/sex/group at 20/80mg/kg/day CD/LD with and 
without 50 mg/kg/day safinamide).  A slight loss in body weight and reduced food 
consumption were noted in animals dosed with the combination 20/80 mg/kg/day 
CD/LD and 50 mg/kg/day SAF. 

 Based on clinical signs, food consumption, and body weight effects, the CD/LD 
dose was reduced from 10/40 mg/kg BID to 5/20 mg/kg BID on Study Day 9 
(CD/LD alone) and Study Day 15 (safinamide+CD/LD).

Study design: Sponsor’s table.
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Recovery design: Sponsor’s table.
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Observations:
Daily, pre-dose, post-dose, 1-2 hours post all dosing, and at COB.

Mortality:  
None

Clinical Signs: 
Animals administered 20/80 mg/kg/day CD/LD (divided BID) with and without 
safinamide were observed pulling at their skin, sucking fingers, chewing cage bars, 
eating sawdust, face-rubbing, to have involuntary movements, and had sunken eyes.  
One M self-mutilated (right hand).  These clinical signs were not observed after 
reduction of CD/LD dose to 10/40 mg/kg/day (divided BID). Dark-stained urine was 
noted in all CD/LD treated groups.

Animals administered safinamide, with and without CD/LD, salivated upon dosing. One 
M at 50 mg/kg/day safinamide alone became transiently hypoactive.

Body Weights: 
Weekly 
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Control animals gained weight throughout the study. Body weights of animals dosed 
with CD/LD alone were similar to C. Body weights in animals dosed with safinamide 
with and without CD/LD were reduced, most notably in HD safinamide+CD/LD. Body 
weight gains in the HD safinamide+CD/LD group were 37% (M) and 64% (F) of C.  
Body weight gain in M dosed with safinamide alone was 39% of CM.  Body weight gains 
increased in recovery. 

Food Consumption: 
Initially, food consumption was reduced in most dosed groups, and the greatest 
reduction in food consumption was in the HD safinamide+CD/LD group.  Food 
consumption increased with time and in recovery was similar to C. 

Ophthalmoscopy: 
Baseline, Study Weeks 5, 12, 17: Mydriatic, no chemical restraint, direct 
ophthalmoscope.

No drug-related effects were reported.

Electrocardiography:
Baseline, 2 and 24 hr post-dose in Study Weeks 5, 12, and 17.

Reduced mean heart rate and sinus bradycardia were seen at all time points in 3/3 M in 
the HD safinamide alone group and the in 3/5 M in the HD safinamide+CD/LD group.  
Heart rates in these groups did not differ from baseline after recovery.    

Fasting blood sampling times: 
Baseline, Study Weeks 6, 13, 17 

Hematology: 
0.5 mL (morphology screened by Advia 120 ® analyzer)
  
No drug related effects were observed.

Coagulation:  
PT, APTT. 

No drug-related effects were observed.

Clinical Chemistry: 
1.0 mL. sample – standard battery
2.0
No drug-related effects were observed.

Urinalysis:  
Over-night in metabolism cage: Baseline, Study weeks 6, 13, 17.
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All CD/LD dosed animals had pale-to-medium brown urine.

Toxicokinetics:
TK samples- Study Day 1, and Study Weeks 4 and 13: pre-dose, and 1,2,4,8, and 24 hr 
post dose.

Exposure to safinamide was generally lower when co-administered with CD/LD.

Sponsor’s table: Safinamide TK

NW-1153: In M, Cmax and AUC(0-24hr) values of metabolite NW-1153 following dosing of 
HD safinamide with or without CD/LD were generally lower (up to 43%) when 
safinamide was administered with CD/LD. In M, the Cmax of NW-1153 increased with 
dose in a less than proportional manner.

In F, the Cmax and AUC(0-24hr) of NW-1153 were generally similar to M and no significant 
sex-related differences were noted. 

Gross Pathology:  
Yellow adrenal glands were noted at the 13-week necropsy as below (sponsor’s table):
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Yellow adrenals were noted after recovery as below (sponsor’s table):

Organ Weights: 
No drug-related effects were observed.

Histopathology:
Adequate Battery Yes, including brain (cerebellum, cerebrum, midbrain, medulla) 
and spinal cord (cervical, thoracic, and lumbar)
Pathology report:  Yes

Peer Review: Yes

Histological Findings: 
No dose-related effects were observed. There was a slight decrease in the normal 
vacuolation of the adrenal cortical cells, but the change did not consistently correlate 
with the yellow color noted at necropsy.  

Homogeneity: 
Reported to be within the applied limits of +10%/-15%
 

6.2.12  13-week primate combination study of safinamide and pramipexole
 
Study title:  Safinamide: 13-week oral administration toxicity study in the 
cynomolgus monkey in combination with pramipexole.

Study no.: 22972
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:

Date of study initiation: MAY 30, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000109997, 99% (100% 

)
PPX, 080328, 99.4%

Key Study Findings:
 Sporadic emesis, restlessness, and hyperactivity, sometimes leading to facial 

trauma, occurred in animals dosed with pramipexole (PPX).
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 Safinamide in combination with PPX had no effect on the adverse clinical signs 
observed in animals dosed with PPX alone.  

o Co-administration of the HDs of safinamide and PPX resulted in reduced 
body weights and body weight gains compared to C. 

 When given in combination, neither compound affected the TK of the other.
o Exposure to safinamide and metabolites was similar in M and F: NW-1689 

> safinamide> NW-1153 >NW-1199.  
 Animals dosed with safinamide had clinical signs of salivation, immediately pre-

dose and post-dose, suggestive of poor palatability.  

Methods
Doses: See below: Safinamide at 0, 10, 50 mg/kg/day in 

combination with PPX at 0, 0.4, and 2 mg/kg/day
Frequency of dosing: Once daily

Route of administration: Oral (gastric) gavage
Dose volume: 5 mL/kg

Formulation/Vehicle: Safinamide in water; PPX in methylcellulose
Species/Strain: Macaca fascicularis (Cynomoglus monkeys from 

PRChina.)
Number/Sex/Group: See below: 5/sex - C, safinamide, PPX, 50mg 

safinamide+ 2 mgPPX; 3/sex - 10 mg safinamide 
+0.4 mg/kg PPX and  3/sex - 10 mg safinamide+ 
2 mg/kg PPX

Age: 4.4-5.7 yr (M); 4.9-6.4 yr (F)
Weight: 3.5-6.0 kg (M); 2.6-4.1 kg (F)

Unique study design: Animals were individually housed; video records 
collected (Study Day 73) for 1 CM, 2 M in LD 
combination, 1 M and 1 F in HD combination. 
Toxicogenomic samples: lung, liver, and spleen 
from all animals.  TEM of retina (OD) of all 
animals in study

Deviation from study protocol: Treated for 14 weeks: no impact on study 
results.

Dose selection: 
Safinamide doses were selected based on plasma AUC exposure; at the HD of 50 
mg/kg/day, the AUC was expected to be 8 times the clinical exposure at the MRHD.  
The PPX dose was selected based on body surface area comparisons; at the HD of 2 
mg/kg/day the dose is expected be 8.4 times the equivalent clinical dose at the MRHD 
on a mg/m2 basis (Mirapex® label).

Study design - Sponsor’s table:
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Observations and Results:

Mortality:  
1 M in the HD safinamide+HD PPX group and 1 F dosed with HD PPX alone were 
found dead.  Immobility was noted in both animals prior to death; post mortem findings 
in lungs and thorax of both animals were compatible with damage caused by previous 
gavage error.

Clinical Signs:
PPX treated animals, with or without safinamide, exhibited emesis, restlessness, and 
uncontrolled movements, sometimes resulting in facial injury, within 6 hours post-dose 
and lasting up to 24 hours.  Signs resolved within first day of recovery.

Sponsor’s table: PPX associated clinical signs 
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Salivation, beginning immediately pre-dose, was noted in 5/5 M treated with HD 
safinamide alone.  In the same group, 4/5 vomited once during dosing. 

Body Weights:  
Reduced body weight and body weight gain, compared to C, were noted in M and F 
treated with HD safinamide alone; at necropsy (Study Week 14) mean body weights 
were reduced by 10% (M) and 18% (F) compared to C.  

In M and F treated with HD safinamide+HD PPX, body weight and body weight gain 
were also reduced compared to C; at necropsy body weight was reduced by 11% (M) 
and 22% (F) compared to C. 

Mean body weight and body weight gain increased during recovery in all M and F 
administered HD safinamide (alone or in combination).   

Food Consumption: 
No drug-related effects were reported. 

Electrocardiography:
No drug-related effects on ECG, blood pressure, or respiratory rate were reported.
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Ophthalmoscopy and auditory stimulus: 
Baseline and monthly thereafter; mydriatic followed by exam with a direct hand-held 
ophthalmoscope.  “Simple noise test” for auditory evaluation- Study Weeks 6, 13, and 
26. 
No drug-related effects were observed. 

Menstrual cycle:
4 F failed to cycle for the duration of the dosing period: one C, one treated with HD 
safinamide+HD PPX, one HD PPX alone, and one HD safinamide alone.  The CF and 
the PPX F were in the recovery groups, and both remained non-cycling.

Hematology (and TT, PT and PTT): 
No drug-related effects were observed. 

Clinical Chemistry:  
No drug-related effects were reported. 

Urinalysis:  
No drug-related effects were reported. 

Organ Weights: 
No drug-related effects were reported. 

Gross Pathology:  
No drug-related effects were reported. 

Histopathology
Adequate Battery: Yes 
Pathology report: Yes
Peer Review: Yes

Histological Findings
No drug-related effects were observed. 
Multifocal degeneration of the sensory (slight) and non-sensory (moderate) retina was 
observed by light microscopy in the left eye from one F administered LD safinamide+LD 
PPX, and the sponsor provided a detailed electron microscopic evaluation of the right 
eye.

Electron Microscopy:
Samples were taken from the lower half of the retina of the right eye from all animals, 
fixed in Karnovsky’s fluid, post-fixed in OsO4, dehydrated, and epoxy-embedded. 
Supportive electron micrographs were submitted in the study report. 

No drug-related effects were reported. The visual-cell nuclear morphology of C, HD 
safinamide alone, HD PPX alone, and HD safinamide+HD PPX were indistinguishable.   
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The sensory retina and the retinal pigmented epithelium (RPE) of the F with light 
microscopic changes were also found to have degenerative changes in two of the three 
samples of the right eye examined by electron microscopy.  The outer nuclear layer was 
markedly degenerated and atrophic, and the inner nuclear layer abutted the RPE.  The 
RPE was alternately shrunken and atrophic or hypertrophic and contained lipofuscin 
and large phagosomes.  

Toxicokinetics: 
TK sampled on Study Days 1, 15, and 91 at pre-dose and 0.5, 1, 2, 4, 6, 8, and 24 hr 
post-dose

Safinamide: 
Safinamide TK varied with dose levels but was similar with and without PPX.  The Tmax 
was 1-4 hr at LD safinamide and 2-6 hr at HD safinamide with and without PPX. At the 
LD safinamide with PPX, Cmax and AUC(0-24)  increased with dose and showed little 
accumulation over the three sampling times.  At the HD, with or without PPX, exposure 
was greater than dose-proportional and accumulated over time in both M and F. 

Safinamide Metabolites: NW-1153, NW-1689, and NW-1199.
The Tmax was similar for NW-1153 and NW-1199 (1-2 and 1-4 hr, respectively) at LD 
safinamide and 2-4 hours at HD safinamide. The Tmax of NW-1689 was variable at 
2-6 hours at LD safinamide and reached 6-8 hours at HD safinamide alone or in 
combination with PPX.

The Cmax and AUC(0-24hr) of the metabolites increased with dose.  AUC(0-24hr) values of 
NW-1153 increased in a greater than dose proportional manner and of NW-1199 in a 
less than dose proportional manner.  NW-1689 increased in a dose proportional 
manner.   

Exposure to safinamide and metabolites was similar in M and F: NW-1689 > safinamide 
> NW-1153 >NW-1199.  

At LD safinamide, exposure to NW-1689 was 70-90 fold exposure to NW-1153; at HD 
safinamide, with or without PPX, exposure to NW-1689 was 50-70 fold the exposure to 
NW-1153, indicating an increase in exposure to NW-1153 with an increased dose of 
safinamide.  At LD safinamide, exposure to NW-1689 was 40-80 fold the exposure to 
NW-1199 and at HD safinamide, with and without PPX, exposure to NW-1689 was 75-
100 fold the exposure to NW-1199. 

In both M and F, there was accumulation of NW-1689 on Study Day 15 at HD 
Safinamide with or without PPX and on Study Day 91 in both LD and HD Safinamide 
groups. Accumulation of NW-1153 on Study Days 15 and 91 followed the same trend of 
NW-1689.   No significant accumulation was observed for NW-1199.

Pramipexole:  
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The TK of PPX was similar in M and F at all dose levels.  
The Tmax was 1 or 2 hr in both LD with safinamide and HD with and without safinamide. 
Exposure (AUC(0-24hr) and Cmax) increased in an approximately dose-proportional 
manner. PPX did not accumulate over time and co-administration with safinamide did 
not affect kinetics of PPX.  The AUC(0-24hr) for PPX was similar, with or without 
safinamide. 

Sponsor’s table: TK of PPX

Homogeneity: 
No deviations were reported from nominal concentrations of either drug.
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7 Genetic Toxicology

7.1 S-safinamide In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title:  Gene mutation test in bacteria
Study no.: N704-Q1448

Study report location: eCTD 4 2 3 3 1
Conducting laboratory and location:

Date of study initiation: SEP 1, 1995
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: FCE26743A, SG 10859/47, 75.2% free 

base
Key Study Findings

 There was no evidence of mutagenicity in any of the strains with or without 
Aroclor 1254-induced CD Sprague Dawley rat liver S-9.

Methods
Strains: S. typhimurium: TA 98, TA 100, TA 1537, 

TA 1535. E. Coli WP2 uvrA
 Concentrations in definitive study: 156.25, 312.5, 625, 1250, 2500, mcg/plate

Basis of concentration selection: Cytotoxicity at 5000 mcg/plate
Negative control: Deionized water
Positive control: 2- nitrofluorene, 9-aminoacridine, 2-

aminoanthracene, Benzo (α)pyrene, 
Sodium azide, Methyl methanesulfonate

Formulation/Vehicle: In water at 25 mg/mL
Incubation & sampling time: 48 hr 

Study Validity
Study is valid

Results
 By the plate incorporation method, no increase in revertant colonies was seen 

with or without Aroclor 1254-induced CD Sprague Dawley rat liver S-9.

7.2  In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
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Study title:  MSC2364700B. Bacterial mutagenicity assay Salmonella 
typhimurium and Escherichia coli.

Study no.: TI7900
Study report location: eCTD 4 2 3 7 6

Conducting laboratory and location:

Date of study initiation: JAN 26, 2011
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:  methansulfonate, 

1/JDK/080.01, 99.7%
Key Study Findings

 There was no evidence of mutagenicity in any of the strains with or without 
Aroclor 1254-induced Wistar Unilever rat liver S-9.

Methods
Strains: S.typhimurium: TA98, TA 100, TA 102, TA 

1535, TA 1537.  E.coli: WP2 uvrA.
 Concentrations in definitive study: 158, 500, 889, 1580, 2810 mcg/plate

Basis of concentration selection: Initial toxicity-mutation assay (5.0, 15.8,. 
50.0, 158, 500, 1580, 5000 mcg/plate)

Negative control: Solvent: ultra-pure water
Positive control: See table below (2-Aminoanthracene and 

benzo[a]pyrene in the presence of S-9, the 
others in absence of S9).

Formulation/Vehicle: Water
Incubation & sampling time: 37C, 48-72 hr

Positive control test materials: sponsor’s table

Study Validity: 
Study is valid.
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Results  
 By pre-incubation assay, no increase in revertant colonies was seen with or 

without Aroclor 1254-induced Wistar Unilever rat liver S9. 
 Cytotoxicity was seen at 2810 mcg/plate.
 Precipitation was seen at 1580 mcg/plate. 

7.3 Metabolite In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Study title:  NW-1153, NW-1689 Reverse mutation in Salmonella typhimurium.

Study no.: 42660
Study report location: eCTD 4 2 3 7 5

Conducting laboratory and location:

Date of study initiation: APR 11, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:   NW-1153, 1681404, 98.6%

NW-1689, 1681001, 99.3%

Key Study Findings
 There was no evidence of mutagenicity in any of the strains tested with or without 

phenobarbital+betanaphthoflavene-induced Sprague-Dawley rat liver S-9.

Methods
Strains: TA 98, TA 100, TA 102, TA 1535, TA 1537

 Concentrations in definitive study: Variable with strain: See table below:
Basis of concentration selection: Precipitation (NW-1153 at 50 mg/mL)and 

Toxicity (NW-1689) at 5000mcg/mL (TA 
1537) and 2500 mcgg/mL: TA 100 and 102

Negative control: DMSO, water
Positive control: Sodium azide, 9-Aminoacridine, 2-

Nitrofluorene, 2-Aminioanthracene, 
Cumene hydroperoxide

Formulation/Vehicle: NW-1153: NaOH and water
NW-1689: DMSO and water

Incubation & sampling time: 37C for 72 hr 

Concentrations: Sponsor’s table 
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Study Validity
Study is valid.

Results
 By pre-incubation assay, no increase in revertant colonies was seen with or 

without phenobarbital+betanaphthoflavene-induced Sprague-Dawley rat liver S9. 
 NW-1153: Cytotoxicity was seen at 1250 mcg/mL for all tester strains.
 NW-1689: Cytotoxicity was seen at 5000 mcg/mL for all tester strains and as low 

as 625 mcg/mL (TA100).  
 Precipitation (Plate incorporation method) at 5000 mcg/mL for NW-1153 only. 

7.4 Acylglucuronide metabolite In Vitro Reverse Mutation Assay in Bacterial Cells 
(Ames)
Study title:  MSC2357341A- Bacterial mutagenicity assay, Salmonella 
typhimurium and Escherichia coli.

Study no.: TI 17788
Study report location: 4 2 3 7 5

Conducting laboratory and location:

Date of study initiation: SEP 06, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: NW-1689 acylglucuronide, 10207A, 

99.0%
Key Study Findings

 There was no evidence of mutagenicity in any of the strains with or without 
Aroclor-1254-induced Wistar Unilever rat liver S9.
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Methods
Strains: S.typhimurium:  TA 98, TA 100, TA 102, TA 

1535, TA 1537. E.Coli  WP2 uvrA
 Concentrations in definitive study: 500, 889, 1580, 2810, 5000 mcg/plate

Basis of concentration selection: Toxicity (minimal) at HD
Negative control: DMSO
Positive control: See table below

Formulation/Vehicle: DMSO – limited to 10mcL/plate
Incubation & sampling time: 37 C, 48-72 hr

Positive Controls: Sponsor’s Table

Study Validity
Study is valid.

Results
 By the plate-incorporation method, no increase in revertant colonies was seen 

with or without Aroclor-1254-induced Wistar Unilever rat liver S9. 
 Positive and negative controls with and without S9 were within ranges of the 

historical controls.
 No precipitation at any concentration.
 No toxicity at any concentration.

7.5 Safinamide In Vitro Chromosomal Damage Assays in Mammalian 
Cells
Study title:  NW1015 Mutation in L5178Y tk+/- mouse lymphoma cells (fluctuation 
method)

Study no.: 8701
Study report location: eCTD 4.2.3.3.1

Conducting laboratory and location:

Date of study initiation: AUG 28, 2001
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, B 5158-PMH-169-N2, 75.7% 

free base
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Key Study Findings
 No increase in frequency of mutation was seen at any concentration, with or 

without phenobarbital + betanaphthoflavone-induced Sprague-Dawley rat liver 
S9. 

 Assay 1: Marked reduction in survival (None 11% of C) at 300, 225, and 150 
mcg/mL, with and without S9.

 Assay 2:  Survival of 20% of C at 30 mcg/mL, in absence of S9 and no survival at 
100 mcg/mL with S9

Methods
Cell line: mouse lymphoma L5178Y tk+/-

 Concentrations in definitive study: See table below.
Basis of concentration selection: Precipitation and cytotoxicity

Negative control: DMSO
Positive control: Without S9: Methylmethanesulphonate 

With S9: benzo(a)pyrene
Formulation/Vehicle: DMSO

Incubation & sampling time: 3 hrs. without S9; 24 hours with S9; 
incubated at 37C for 12-13 days.

Sponsor’s table: Safinamide concentrations

Study Validity
Study is valid.

Results:
 By the fluctuation method, safinamide did not increase the mutant frequency in 

mouse lymphoma L5178Y cells with or without phenobarbital + 
betanaphthoflavone-induced Sprague-Dawley rat liver S9. 
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7.6 Safinamide In Vivo Clastogenicity Assay in Rodent (Micronucleus 
Assay)
Study title:  NW 1015 Micronucleus test

Study no.: 8768
Study report location: eCTD 4 2 3 3 1

Conducting laboratory and location:

Date of study initiation: SEP 21, 2001
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, B5158-PMH-169-N2, 99.7%

Key Study Findings

Study 1: 4/18 HDM and 4/18 HDF found dead.  2 HDM backup and 4 HDF were 
substituted.

At 24 hours and 48, there was no increase over C of micronuclei in F.
At 24 hours there was no increase over C of micronuclei in M.
At 48 hours, there was a significant increase over C in HDM (N= 5). 

Study 2: 8/10 HDF and all backup-HDF were found dead.  F not evaluated.
   5/10 HDM were found dead and 3 backup HDM were substituted.
   At 48 hours, there was no significant increase over C in HDM (N=8).

Methods
Doses in definitive study: Study 1: 0, 250, 500, 1000 mg/kg

Study 2: 0, 1000 mg/kg
Frequency of dosing: Once

Route of administration: Oral gavage
Dose volume: 10 mL/kg

Formulation/Vehicle: Water
Species/Strain: Hsd:ICR CD-1 mice

Number/Sex/Group: Study 1: 5/sex C and HD; 10/sex LD and MD, 
Study 2: 10/sex

Backup animals: Study 1: HD 5/sex/ Study 2: 10/sex
Basis of dose selection: 80% of LD50 in a preliminary trial  in 2/sex at 

500, 1000, 2000 mg/kg
Negative control: Water for injection
Positive control: Mitomycin
Sampling time: Study 1: 24 (5/sex) and 48 hours (5/sex C and 

HD)
Study 2: 48 hours

Study Validity
Study is valid.
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Results
At 24 and 48 hours, no significant incidence of micronuclei, compared to controls, was 
seen in bone marrow erythrocytes in M and F mice administered Safinamide at ≤1000 
mg/kg. 

7.7 In Vitro Clastogenicity Assay in mammalian cells (Micronucleus 
Assay)
Study title:  MSC2364700B. In vitro micronucleus test in V70 Chinese hamster 
cells.

Study no.: T17938
Study report location: 4.2.3.7.6

Conducting laboratory and location:

Date of study initiation: MAR 28, 2011
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:  Methanesulfonate, 

10/JDK/080.01, 99.7%
Key Study Findings

 No increase in mutation/micronucleus frequency was seen with or without Aroclor 
1254-induced Wistar Unilever rat liver S9.

 The test article precipitated at 500 mcg/mL
 Cytotoxicity without S9 was evident at ≥ 50 mcg/mL (24 hr.) and 400 mcg/mL (3 

hr.) and evident at 158 mcg/mL and 300 mcg/mL with S9.

Methods
Cell source: Stock frozen V79 Chinese hamster cells

Culture conditions: 37C in 4-5% CO2
Formulation/Vehicle: Water

Exposure times: Without S9: 3 and 24 hours.
With S9: 3 hours

Concentrations without S9: 24 hr: 0.5, 1.58, 5.00, 15.8, 50,158, 500, 1580 
mcg/mL
3 hr: 10, 20, 30, 40, 50, 100, 150, 200, 300, 400, 
500 mcg/mL

          Concentrations with S9: 3 hr: 0.5, 1.58, 5.0, 15.8, 50, 158, 500, 1580 
mcg/mL and 0, 100, 200, 300, 400, 500 mcg/mL

           Basis of concentration: Cytotoxicity and solubility
Negative control: Vehicle
Positive control: Without S9: 24 hr: Griseofulvin at 7.5 and 9.0 

mcg/mL, 3 hr: MMC 0.1 and 0.316 mcg/mL
With S9: DMBA 1.5 and 2.0 mcg/mL

Study validity:
Study is valid.
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Results:
 By pre-incubation cell culture, no increase in mutation/micronucleus frequency 

was seen with or without Aroclor 1254-induced Wistar Unilever rat liver S9.

7.8 In Vitro DNA Repair in rat hepatocyte cultures
Study title:  FCE 26743A: DNA repair test in rat hepatocyte primary cultures.

Study no.: N709-Q1452
Study report location: eCTD 4.2.3.3.1

Conducting laboratory and location:

Date of study initiation: OCT 2, 1995
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, SG10859/47, 75.2% free 

base
Key Study Findings
 There was slight precipitation at 500 mcg/mL.
 There was marked cytotoxicity at 100 and 500 mcg/mL and slight cytotoxicity at 50 

mcg/mL, the highest concentration that could be evaluated. 
 No increase in nuclear grain counts, compared to C, was detected.

Methods
Cell line: Freshly harvested hepatocytes from male 

F-344 rats
 Concentrations in definitive study: 0.1,0.5,1.0,5.0,10 mg/mL 

Basis of concentration selection: Precipitation
Negative control: Water
Positive control: 2-aminofluorene in DMSO

Formulation/Vehicle: 10 mcL/mL TA and 10 mcCuries/mL 
tritiated thymidine

Incubation & sampling time: 20 hr at 37C in 5% CO2

Study Validity
Study is valid

Result
 By nuclear grain-counting autoradiography, safinamide, at up to 50 mcg/mL, did 

not induce DNA repair in tritiated primary cultures of rat hepatocytes. 
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8             Carcinogenicity

Mouse
Study title:  Carcinogenicity study by oral gavage administration to CD-1 mice for 
104 weeks

Study no.: ONP 004
Study report location: eCTD 4 2 3 4 1

Conducting laboratory and location:

Date of study initiation: 10/31/2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, Batch 00000072569, 101%

CAC concurrence: Yes

Key Study Findings

 There were no significant tumor-related findings.  
 There were no drug-related deaths.
 There was a clear dose-related reduction in body weight gain in both sexes. 
 Retinal degeneration and sciatic nerve axonal degeneration, seen in all groups, 

increased in incidence and severity with dose.  
 Other non-neoplastic findings are largely changes seen in aged mice that were 

exacerbated by dose.  

Adequacy of Carcinogenicity Study

Exposure to drug in HD) exceeded clinical exposure at the MRHD.  There were sub-
optimal, but adequate (16) HDM at terminal sacrifice; 29 survived to 78 weeks of drug 
administration.  

Appropriateness of Test Models
The mouse was an appropriate model to study the neoplastic potential of the test article; 
however, a major human metabolite NW-1689 AG was not detected in mouse after 
administration of safinamide.  

Evaluation of Tumor Findings

All tumors recorded are those routinely seen in aged CD-1 mice. There were no 
neoplasms associated with administration of the test-article.  
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Methods
Doses: 0, 50, 100, 200 mg/kg/day

Frequency of dosing: Once daily
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: Water

Basis of dose selection: AUC and body weight gain
Species/Strain: Crl: CD-1 (ICR) BR mice

Number/Sex/Group: 60
Age: 34-41 days

Animal housing: 3 each, of single sex, per cage
Paradigm for dietary restriction: None

Dual control employed: None.  Ad lib standard diet.
Interim sacrifice: Satellites- Study Week 52 –limited to 

macroscopic exam
Satellite groups: 12/sex

Deviation from study protocol: Minor, no impact on final results

Study Design: Sponsor’s table

Observations and Results

Mortality:

The mortality in HDM, seen mostly during the first 52 weeks, was greater than in CM. 

Sponsor’s table: Morality
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Sponsor’s figures: Mortality M and F
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Clinical Signs:

Single incidences of convulsions were observed in 2/60 HDM and 2/60 HDF from Study 
Week 10 through Study Week 102.
Respiratory rales in HDM and HDF and thinner bodies in HDF were considered to be 
exacerbations of age-related changes.

Body Weights:

Weekly for 16 weeks, every four weeks thereafter. 

From Study Week 12, body weights in HDM and MDF and HDF were less than CM and 
CF, respectively. Through the end of the study, body weight in HDF remained 
significantly less than CF.

Sponsor’s table: Body weights
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Food Consumption:

Weekly for 16 weeks, every four weeks thereafter.

Food consumption in HDF was lower from Study Weeks 1-52 (0.9X) and 104 (0.89X), 
than CF. 

Hematology

No differences among groups.

Organ weights:
Paired organs weighed together.
Study week 52: Mean body-weight adjusted heart and liver weights were greater in M of 
all dose groups, compared to CM.   Mean body-weight adjusted liver weights were 
greater in HDF than CF.  

Study Week 104/5: no organs were weighed.

Sponsor’s tables: Mean body-weight-adjusted organ weights
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Gross Pathology:

Decedent necropsy: distended GI tracts and areas of pallor in the lungs were noted in 
HDF.
TK satellite necropsy: (Study Week 52): Spleens and livers were enlarged in HDM, 
compared to CM. Ovarian cysts were noted in all groups of dosed F (1/6 in each group); 
none were observed in CF. 
Terminal necropsy: (Study Weeks 104/105): Areas of hepatic pallor were noted in all 
dosed F and pale areas in lung were observed in HDF.  
Histopathology

Adequate battery: terminal necropsy only. 
            Peer Review: Yes

Neoplastic findings:
There was a significant (p<0.05) increase in fibrosarcoma in the skin in LDM; however, 
no significant trend was found.

From CDER Biostatistical Review: 
Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship and/or Pairwise 

Comparisons of Treated Groups and Control in Mice

                                                                                ______________P_Value_______________

Sex      Organ Name       Tumor Name                 Cont   Low     Med   High  Dose Resp  C vs. L   C vs. M   C vs. H

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

Male     Skin             Malignant Fibrosarcoma       1     8       6      2     0.4648   0.0231     0.0797    0.3920

“Based on the criteria of adjustment for multiple testing discussed above, the incidence of the 
above or any other observed tumor types was not considered to have statistically significant dose 
response relationship or increased incidence in any of the treated groups compared to their 
respective control in either sex of mice.”

Non-neoplastic findings:

Reference ID: 3856294



NDA 207145 LuAnn McKinney, DVM, DACVP

120

Retinal degeneration was seen in all groups, with increased incidence and severity in 
MDF, HDM and HDF.

Sponsor’s table:

Axonal degeneration (sciatic nerve): Increased severity with dose. 

Sponsor’s table:

Pulmonary changes: Moderate or slight increases in intra-alveolar macrophages in HDF 
correlated with areas of pallor noted at necropsy. 

Sponsor’s table:
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Macrovesicular hepatocellular vacuolation (lipid) was increased in MDF and HDF.  

Sponsor’s table:

Other changes noted were a dose-related increase in severity of lymphocytic 
inflammation of the urinary bladder in M and F, of inflammation in the preputial glands of 
M, of uterine cervical fibroplasia, and of squamous hyperplasia of the cervix and vagina 
in F.  Sub-capsular foci of hyperplasia were noted with increased severity with dose in 
F.  Minor increases in inflammatory and degenerate changes were noted in mesenteric 
lymph nodes, spleen, and lacrimal glands in both sexes.   
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Toxicokinetics:

Measurements were limited to plasma concentrations at 1 or 24 hr post-dose.  At 1 and 
24 hr post-dose, concentrations of safinamide and both metabolites increased with dose 
in a non-proportional manner in Study Weeks 13 and 52. Values were similar in M and 
F, although values at 24 hours post-dose tended to be higher in HDF than in HDM.

Safinamide 
After 13 weeks of daily dosing, plasma concentrations at 1 hour post-dose increased 
with dose in a non-proportional manner.  At 24 hours post-dose, the plasma 
concentrations tended to be dose-proportional. 

Sponsor’s table: safinamide plasma concentrations at 1(C1) and 24(C24) hours 

NW-1153
The 1-hr post-dose plasma concentrations increased in a less-than dose proportional 
manner.  The 1-hr and 24 hr post-dose concentration in F ranged from 0.4-times lower 
than M at 1 hr to 2.5-times greater than M at 24 hr. 

Sponsor’s table:

NW-1689
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The plasma concentration at 1-hr and 24 hr post-dose increased with dose.  At 1 hr, 
concentrations were less than dose-proportional in M and approximately dose 
proportional in F.    At 24 hr, values were greater than dose-proportional (both sexes). 
The 1hr and 24 hr post-dose concentration in F were variable and ranged from 0.5 
times lower to 2.2 times higher than in M.

Sponsor’s table:

NW1689-AcylGlucuronide: This metabolite (major in human) is not assessed in this 
study and the sponsor found that it is not detected in rodents.

Stability and Homogeneity:
Samples were assayed in Study Weeks 1, 13, 27, 39, 52, 65, 78, 91, and 103.  
The test article was homogenous in the water vehicle and stable at ambient 
temperature for 15 days. The mean concentrations of test article were between +3.0% 
and -4.3% of the nominal concentrations and were acceptable.

RAT
Study title:  Carcinogenicity study by oral gavage administration to CD rats for 
104 weeks.

Study no.: ONP005
Study report location: eCTD 4.2.3.4.1

Conducting laboratory and location:

Date of study initiation: 11/14/2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, Batch 0000072569,101%

CAC concurrence: Yes: 10/06/2005
Key Study Findings;

 By trend and pairwise comparison, there were no significant drug-related tumors. 
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 Number of survivors to terminal necropsy: CM/F: 28/19; LDM/F:23/15; 
MDM/F:30/21; HDM/F: 38/22

 Reduced body weight gain in HDM and HDF, hunched, piloerection, thin, rales, 
dental malocclusion, and hair loss. MDF: Hair loss

 Atrophy of the retinal outer nuclear layer was seen in all dosed animals and 
cataracts and/or lenticular opacities were seen at final necropsy in MDM and 
HDM and in F at all doses.

Adequacy of Carcinogenicity Study
Exposure to drug at the HD exceeded clinical exposures at the MRHD, length of drug 
administration was adequate, and macro- and microscopic assessments were 
adequate. 

Appropriateness of Test Models

The rat is an appropriate model to study the neoplastic potential of the test article and 
two of three major human metabolites. However, the major human acyl glucuronide 
metabolite is measured in only trace amounts in rat. 

Evaluation of Tumor Findings

There was no test-article associated tumor trend in any tissue. A pair-wise comparison 
found a significant difference in the incidence of thyroid C-cell (medullary cell) 
carcinoma between CM and LDM. 

Methods
Doses: 0, 25, 50, 100 mg/kg/day

Frequency of dosing: Once daily
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: Water

Basis of dose selection: The CDER ExeCAC recommended these 
doses, based on mortality at higher doses and 
inadequate exposure margins at lower doses.

Species/Strain: Crl:CD (SD) IGS BR rats
Number/Sex/Group: 65

Age: 35-42 days
Animal housing: 5 (single sex) per cage-Main study. (3 per 

cage-Satellite)
Paradigm for dietary restriction: Ad lib standard diet. 

Dual control employed: No
Interim sacrifice: Satellite 09/06/2006 (Study Week 42)
Satellite groups: 6/sex/group

Deviation from study protocol: Minor, no impact on study results.
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Experimental Design
Sponsor’s table:

Observations and Results

Mortality: 
No differences among groups or between sexes were reported. 
Survivors to termination:  M at Study Week 104/F at Study Week 102  

CM/F: 28/19; LDM/F: 23/15; MDM/F: 30/21; HDM/F: 38/22

Sponsor’s table: deaths in main study animals, % mortality per group, and % survival 
per group

From the FDA Statistical review:

 enough rats were administered the high dose for a sufficient amount of time. 

Percentage of Survival in the High Dose Group at the End of Weeks 52, 78, and 91 in Rats

                      _____Percentage of survival_____
                      End of 52    End of 78    End of 91                                           
weeks                                 weeks             weeks 
      Male             97%            85%             69% 
     Female          95%            72%             49%
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Sponsor’s figures: Mortality (M and F)
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Clinical Signs:
Most clinical signs were limited to the HD (both sexes).  Clinical signs included hunched 
posture, piloerection, thin, pulmonary rales, dental malocclusion, and hair loss.  Hair 
loss was also noted in MDF.  Convulsions were observed in 6/65 HDM and 6/65 HDF. 
Sporadic instances of “dull eyes” were observed in HDF. Transient salivation and chin-
rubbing were observed post-dose in both sexes at the MD and HD. (The sponsor 
attributed these to poor palatability of the test article.)  Ungroomed hair coat was noted 
in all dosed groups.

Body Weights:
Weights were recorded weekly for 16 weeks and subsequently every 4 weeks. 
HDM and HDF had reduced body weights throughout the study and significantly lower 
terminal body weights. 

From CDER Statistical review:

 relative to the control the male rats in high dose group had more than 34% and the female 
rats had more than 27% decrements in their body weight gains

Percent Difference in Mean body Weight Gain from Controls in Rats

Male Female
Low Medium High Low Medium High
-5.41 -7.21 -34.05 24.76 -9.21 -27.94

Sponsor’s figure: Body weights
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Food Consumption:
Weekly for 16 weeks and subsequently once every 4 weeks. 
There were no drug-related effects on food consumption.

Ophthalmology: 
(0.5% tropicamide and Binocular indirect ophthalmoscopy). In Study Week 52, C and 
HD (20/sex/group) were examined. In Study Week 54, LD and MD      (20/sex/group), C 
and HD (5/sex/grp of those examined in Study Week 52) were examined.  In Study 
Week 100, all surviving animals were examined

In Study Week 52, “grey” optic nerve heads were observed in 13/20 HDM and 16/20 
HDF.  In Study Week 54, retinal atrophy noted in 1/20 LDM and reduced retinal blood 
vessel size and grey optic discs were observed in 11/20 LDF, 5/20 MDM and 11/20 
MDF. 

Study Week 100: In MDM, HDM, and HDF, there was an increased incidence of 
capsular and sub-capsular lenticular opacities (observable with ophthalmoscope) and 
cataracts (observed without need of ophthalmoscope).  The opacities obscured the 
retinas and precluded retinal examination.

Sponsor’s table: Ophthalmologic findings, Study Week 100
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Hematology/Clinical Chemistry:
At the interim (42-week) and terminal (102 and 104-week) necropsies, increased 
plasma urea was recorded in both M and F at MD and HD. 
A dose-proportional decrease in cholesterol was recorded in all M groups, and in MDF 
and HDF. 
Urine protein increased (≥2.0g/L) in 8/21 HDF and urine pH tended to increase with 
dose in MDF and HDF.
In Study Week 42, no differences were seen among the dosed groups in levels of 
ACTH, Corticosterone, LH, or FSH in M or F.  Compared to CM, ACTH was slightly 
decreased in all dosed M.  

Organ weights: 
Interim (42 week) only.
Organ weight changes were limited to F.  A dose-related increase in adrenal weights 
was noted in F at all doses. Lung+bronchi weights were increased in HDF and body 
weight-adjusted liver weights were increased in MDF and HDF.

Gross Pathology:
Study Week 42: enlarged adrenals were observed in MDF and HDF. Pale areas in 
lungs and hair loss were observed in HDF.

Study Week 100: A dose-related adrenal enlargement was seen in F at all doses.  Pale 
areas in lungs were noted in HDM and HDF, and hair loss was noted in MDM, HDM, 
and HDF.

Sponsor’s table: Enlarged adrenals

Sponsor’s table: Pale areas in lungs
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Sponsor’s table: Hair loss 

Histopathology:

Decedents:
There was no difference in survival among groups.  Pituitary gland tumors were the 
most common cause of death in M and F.  

Neoplastic findings:
Medullary cell (C-cell) tumors:

From CDER Statistical Review:
The pairwise comparison between male rat low dose group and their control showed statistically 
significant increased incidence of thyroid glands C-Cell carcinoma in male rats.  

Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise 
Comparisons of Treated Groups and Control in Rats

                                                                                ______________P_Value_______________

Sex      Organ Name       Tumor Name                 Cont   Low     Med   High  Dose Resp  C vs. L   C vs. M   C vs. H

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

Male     Thyroid Glands   C-Cell Carcinoma              0     6       4      0    0.7601   0.0101*    0.0563     .

                                           

Female   Adrenal Cortex   Cortical Carcinoma            0     1       0      3    0.0386   0.5000     .          0.1341

         Uterus           Endometrial Adenocarcinoma    3     4       4      9    0.0407   0.5000     0.5270     0.0884

Sponsor’s table: Thyroid C-cell neoplasia
M:
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F: 
  

Non Neoplastic:
Interim sacrifice: Week 42: 

Eyes: a dose-related bilateral retinal degeneration was seen in M and F in all dose 
groups; effect was greater in F than M. 

Adrenal glands: minimal to moderate diffuse hypertrophy of the zona 
fasciculata/reticularis and slightly greater incidence and severity of cortical cystic 
degeneration was seen in MDF and HDF. 

Liver: minimal or slight hypertrophy of centrilobular hepatocytes in HDM and HDF. 

Lungs: a greater incidence and severity of foci of alveolar macrophages in MDF and 
HDF. 

Thymus: minimal or slight lymphocyte depletion was seen in MDF and HDF. 

Thyroid glands: increased incidence and severity of diffuse follicular epithelial 
hypertrophy was noted in MDF and HDF. 

Terminal Necropsy: 

Retinal degeneration: There was an increased incidence of atrophy of the retinal outer 
nuclear layer in all dosed groups and severity increased with dose.
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Sponsor’s table: Retinal degeneration- All animals 

Cataractous change was seen in increased incidence and severity with dose in M and 
F. 

Sponsor’s table:

Diffuse hypertrophy of adrenal gland zona fasciculata and reticularis was increased in 
HDM and HDF.  In HDF there was increased focal cortical hyperplasia and focal cortical 
vacuolation. 

Sponsor’s table:
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Chronic progressive nephropathy increased in incidence and severity in HDF compared 
to CF.  The incidence in HDM was less than CM and the severity less than LDM.  

Sponsor’s table:

Centrilobular hepatocellular hypertrophy: Greater incidence and severity (minimal to 
moderate) was observed in both sexes at MD and HD.

Pulmonary phospholipidosis: 
The incidence and severity of foci of alveolar macrophages consistent with 
phospholipidosis increased in both sexes at the HD. The severity increased with dose 
and, correlating with areas of pallor, was greater than C, in both sexes at the MD and 
HD.

Sponsor’s table: 
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Sciatic nerve degeneration:
The incidence and severity of axonal degeneration was increased in HDM and HDF, 
compared to CM and CF. 

Sponsor’s Table: 

Peer Review 
A pathology peer review was performed by  

a consulting pathologist.  

The review concluded: 
“…that the pathological evaluation of animals in  is 
complete, consistent between animals, and the pathology report represents the 
consensus of the primary and peer review pathologists.”

The peer review certificate was not submitted and was retained in the laboratory 
archives at 

Toxicokinetics: 
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Systemic exposure of rats to safinamide and two major metabolites (NW-1153 and
NW-1689) was dose-independent, less than dose proportional, and there was no 
appreciable accumulation from Weeks 13 to 42. Exposure to safinamide was generally 
greater in F than M. 

Safinamide:  The Tmax was 1 hr in all groups. The AUC(0-24) increased with dose in a 
generally dose-proportional manner; the plasma concentration increased with dose in a 
less than proportional manner. Exposure was 1.1- to 2.3-fold higher in F than in M.

Sponsor’s table:

.

NW1153 (metabolite): The Tmax was 1 hour in all groups. The plasma AUC(0-24 
increased with dose in a greater than proportional manner and plasma concentrations 
increased in a less-than proportional manner. Exposure was 2- to 3-fold higher in F than 
in M at Study Week 13 and 42. 

Sponsor’s table:

The ratios of NW1153 to safinamide were relatively low, but tended to be higher in 
females than in males. 

Sponsor’s table:

NW-1689 (metabolite): The Tmax was variable: generally between 1-8 hours post dose  
or as long as 24 hours. The plasma AUC(0-24hr) increased with dose in a greater than 
proportional manner in Study Week 13 and less than proportional manner by Study 
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Week 42. Exposure was higher in F than in M, most notably at Study Week 13. Plasma 
concentrations were generally dose proportional except for F at Study Week 42 when 
the increases were less than dose proportional. 

Sponsor’s table:

The ratios of NW-1689 to safinamide were large, and were generally similar in males 
and females.

Sponsor’s table:

 

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
Study title:  Oral (Gavage) fertility and early embryonic development study in the 
rat.

Study no.:
Study report location: eCTD 4.2.3.5.1

Conducting laboratory and location:

Date of study initiation: APR 17, 2003
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide,  22003120, 100.4%
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Key Study Findings
 There was no effect on male fertility. 
 There were effects on group mean altered sperm morphology in HDM, (headless, 

reduced hook) reflecting either increased fragility or altered epididymal 
maturation.

o The numbers were within historic controls for the laboratory.
 There was a dose-related reduction in mean body weight and mean body weight 

gains in M in all three dose groups.
 During gestation, reduced mean body weight gains were reported in all treated F 

groups and, at terminal necropsy, mean absolute body weights were reduced in 
all F groups, significantly so in HDF.

 The total number of implantations was reduced slightly in all dosed groups, 
significantly in the HDF compared to C. Contributing to the decrease were:

o 1) Reduced mean numbers of corpora lutea in HDF compared to C.
o 2) Increased mean implantation losses with increased dose and notable 

pre-implantation loss in 3/25 MDF and 4/25 HDF.  
 The NOAEL in M was 150 mg/kg/day (NOEL: 50 mg/kg/day).
 The NOAEL in F was 100 mg/kg/day (NOEL: 50 mg/kg/day).

Methods
Doses: 0, 50, 100, 150 mg/kg/day

Frequency of dosing: Once daily
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: Water

Species/Strain: Rat: Crl:CD (Sprague Dawley) IGS BR VAF 
PLUS 

Number/Sex/Group: 25
Study design: M were dosed 28 days prior to,  through, and 14 

days after pairing.  F were dosed 14 days prior 
to and during pairing, (10 days to mate + 10 
day-second pairing, if the first pairing was 
unsuccessful) through Gestation Day (GD) 6, 
and necropsied on GD13.

Deviation from study protocol: Minor, with no effect on study outcome. 

Observations and Results

Mortality:
One HDM was euthanized on Study Day 27 because of trauma to the right hind limb.

Clinical Signs:
Post-dose salivation, attributed to palatability, was seen throughout in LDM, MDM, 
HDM, and in HDF from GD 0-13 and in MDF from GD 5-13.
Dorsal body hair loss was observed in HDF. 
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Body Weight:
Compared to C, mean body weight and body weight gain was reduced in M dose 
groups for the duration of the study.  During gestation, compared to C, mean body 
weight gains were reduced in all F dose groups, and HDF mean body weight was 
reduced at necropsy on GD 13.

Sponsor’s figure: M body weight

Sponsor’s figure: F body weight

Sponsor’s figure: F body weight
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Food Consumption:
Reduced group mean food consumption was observed in HDM in Study Week 1 (pre-
mating). There was a slight reduction in mean food consumption in HDF in Study Week 
1 (pre-mating) and food consumption was significantly reduced in HDF from GD 0-7.

Sponsor’s table: F food consumption

Necropsy:
Although the mean body weight was reduced in MDM and HDM, there was no reduction 
in mean testicular weight and the mean testicular weight relative to body weight was 
increased. 

No drug-related macroscopic changes were observed in any group.

Fertility Parameters: 
There were no reported test article effects on copulation.  Successful mating was 
achieved within one estrus cycle; however, a trend to increased days to mate was noted 
in HDF.
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Fertility Parameters – Female:
No test article effect on estrus cycles was reported. The mean number of corpora lutea 
was reduced in HDF (15.5 CL) compared to C (16.8 CL). 

Although the group means were within historic controls, mean numbers of implantation 
losses increased with dose: LD 8.7%, MD 10.1%, and HD 10.0% compared to 3.3 % in 
C. There was notable pre-implantation loss in 3/25 MDF and 4/25 HDF.  

A 43% post-implantation loss in 1/25 MDF, treated from pre-pairing through necropsy 
on GD14, was 2-fold greater than other MDF. The number of live embryos, however, fell 
within the group averages.

Implantations, including the total of early resorptions and dead and live embryos, were 
reduced slightly in all dosed groups, and a significant reduction was seen in HDF (14.1) 
compared to C (16.2). 

There was no significant difference in pregnancy among groups (25/25 pregnant CF 
and LDF and 24/25 pregnant MDF and HDF). However, the mean number of total live 
embryos trended downward with increased dose, as did the mean number of live 
embryos per female.  This reflects the dose-related reduced numbers of corpora lutea, 
increased pre-implantation losses and decreased total implantations. 

Sponsor’s table: Female fertility parameters
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Fertility Parameters – Male:
There were increased morphologic abnormalities in MDM and HDM.  Compared to C, 
the mean number of headless sperm, sperm with reduced hook, and “miscellaneous” 
abnormalities increased in the HDM group. Compared to C, the mean numbers of 
sperm with reduced hook increased with dose and significantly so at the MD and HD. 
The sponsor found the incidences to be within historic control data.  The straight line 
velocity was found to be within the sponsor’s historic control data; however, compared 
to CM, mean spermatic motility (VAP and VSL) was reduced in MDM and HDM. 

Sponsor’s table: Sperm morphology.
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9.2 Embryo-Fetal Development

9.2.1 Rat:
The sponsor submitted 2 dose-ranging studies in rat.  The first, (Study Number 
9380EXT, “Preliminary oral embryo-foetal development study in rats.”), was performed 
at the  and was GLP compliant. 
Eight pregnant SD rats per group were dosed PO from Gestation Day (GD) 6-15 at 0, 
200, 300, 400 mg/kg/day and held until necropsy and postmortem exam on GD 20.  The 
sponsor reported mortality and marked maternal toxicity in MD and HD dams (3MD and 
4HD found dead, 2 HD euthanized).  Decreased body weight, post-dose pronation, 
incoordination, hypoactivity, respiratory distress, and occasional loss of consciousness 
were observed clinically.  At post mortem, there was 1 complete resorption at HD, and 
cleft palate in fetuses in all treated groups: 8.1% of LD in 3/8 litters, 63.3% MD in 5/5 
litters, and 100% HD in the only litter.  Small fetuses were found in all treated groups, 
anasarca was seen in the MD and HD, and mal-rotation of hind limbs was seen in a 
single fetus from the MD.   Maternal toxicity precluded dose selection for the pivotal 
study.

The second, (Study Number 12210EXT “Second preliminary oral embryo-fetal 
development study in rats.”) was performed at  

and was GLP compliant.  Eight pregnant SD rats/group were dosed PO 
from GD 6-15 at 0, 50, 100, 150 mg/kg/day and held until necropsy and postmortem 
exam on GD 20. No mortality was reported, maternal toxicity, (one complete resorption 
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and lower terminal mean body weights) was seen in HD, and one small fetus was 
recorded in MD.  Uterine weights, litter sizes, and sex ratios did not differ among groups 
and no fetal abnormalities were observed.  The doses were considered appropriate for 
the pivotal study (Number 9382). 

Study title: Safinamide (NW-1015) oral Embryo-Foetal development study in rats 
with toxicokinetics. 

Study no: 9382
Study report location: eCTD 4.2.3.5.2

Conducting laboratory and location:

Date of study initiation: JAN 28, 2003
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, (B)5158-PMH-169-N2, 

75.68% free base
Key Study Findings

 No drug-related maternal toxicity was recorded.
 Mean gravid uterine weight was decreased by ~18% at the HD.
 Mean litter weights were significantly decreased in the MD (11%) and in HD 

(20%).  
 Mean fetal weights were significantly decreased in the MD (14%) and in the HD 

(8%).  
 Dose-related increases in soft tissue malformations, variations, and anomalies 

were largely found in kidney, ureters, and testes in all dosed groups.
 Skeletal observations were limited to delayed ossification of sternebrae.

Methods
Doses: 0, 50, 100, 150 mg/kg/day

Frequency of dosing: Once daily
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: Water

Species/Strain: Hsd:Sprague Dawley rat
Number/Sex/Group: 24 F 

Satellite groups: 6/group
Study design: See below: Dosed From GD 6-15; Sacrificed on 

GD 20.
Deviation from study protocol: None reported in detail.  The sponsor stated 

they were minor and had little effect on the 
integrity of the study. 

Sponsor’s table: Study design
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Observations and Results

Mortality:
No death or euthanasia was reported.

Clinical Signs:
No relevant clinical signs were reported. 

Body Weight:
Body weight gain from baseline on GD-1 was significantly decreased in the MD and HD 
from GD 6-9 and from GD 12-15. The decrease at GD 15 was 15% at the LD, 30% at 
the MD, and 20% at the HD. Body weight gain was reduced at the end of the drug-free 
period by 15% in the HD.  

There was a trend of decreased mean body weights in the MD and HD on GD 15 and a 
significant decrease in MD at terminal sacrifice on GD 20.  

Sponsor’s table: Body weight gain
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Sponsor’s table: Body weight

Food Consumption:
No drug-related effects were reported.  

Toxicokinetics: 
Measured on GD 6 and GD 15 at 0.5, 1, 2, 4, 8, and 24 hours post-dose. 
The Tmax increased with dose on both GD 6 and GD 15. The Cmax increased in 
proportion to dose and increased over time by a bit less than 2-fold; the AUC(0-24hr) 
increased in a greater than dose-proportional manner and increased over time by ~3-
fold at LD and ~2-fold at the MD and HD.   
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Stability and Homogeneity:
Stability: The safinamide mixture, in water vehicle, was found to be stable for 24 hours 
at room temperature. 
Homogeneity: The sponsor reported the concentrations to be within acceptable limits.

Necropsy:
 No macroscopic changes in dams were attributed to test article.
 Not pregnant: 3C, 1LD, 2MD, 4HD.
 Total resorptions: 1C, 1HD.
 Pregnant F (live fetuses): C-21 (137); LD 22 (140); MD 22 (132) HD 19 (105). 
 Unilateral implantation: 1HD
 Group mean gravid uterine weight was decreased (~18%) in HD, compared to C.

Cesarean Section Data:  
Compared to C, litter weights were significantly decreased by 11% in the MD and by 
20% in the HD. Mean fetal weights were significantly decreased by 5% in the MD and 
by 8% in the HD.  There were no statistical differences among groups in the numbers of 
corpora lutea, implantations, intra-uterine deaths, sex ratios, numbers of viable young, 
or implantation losses. 
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Offspring:
Small fetuses: 1 in C, 3 in MD, 5 in HD.  
Compared to controls, test-article associated soft tissue malformations, variations and 
anomalies were largely found in kidney (anomalous pelvic dilatation or hydronephrosis, 
kinked and enlarged ureters) and testes (ectopia).  Generalized edema and associated 
abnormal forelimbs were seen in LD and MD but not in HD or C. 

Soft tissue changes: 
Finding % Fetuses affected %  Litters affected 

C LD MD HD C LD MD HD
No abnormalities 73.7 53. 43.2 31.4 100 90.9 81.8 78.9
Ectopic Testes 8.8 20 26.5 39 42.9 86.4 77.3 84.2
Enlarged Ureters 5.8 12 19.7 33 33 50 41 63.2
Kinked Ureters 2.9 7.1 3.8 15.2 19 27 22.7 47.4
Hydronephrosis 0.7 0 3.8 6.7 4.8

%
0 9.1 15.8

Edema (generalized) 0 5.0
%

7.6
%

0 0 13.6 22.7 0

Abnormal Forelimbs 0 8.6
%

3.8
%

0 0 27 18.2 0

Observations of retarded skeletal development (incomplete or absent ossification of the 
6th sternebrae and asymmetric ossification in sternebrae) were observed in HD and the 
incidence was reported to be outside that of historic controls.

9.2.2 Rat Embryo fetal combination study – Carbidopa/Levodopa (CD/LD) and 
safinamide. 
The sponsor submitted a dose-ranging non-GLP study (Number SOI/0020 “Safinamide 
and Levodopa/Carbidopa preliminary embryo-fetal toxicity study in CD rats by oral 
gavage administration”.) Six pregnant SD rats/group were dosed PO from GD 8-17 with 
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20/80 mg/kg/day CD/LD (divided BID) plus once daily 50, 100, or 150 mg/kg/day 
safinamide PO and held until necropsy on GD 20.  No maternal mortality was reported. 
Clinical signs were limited to an initial body weight loss and subsequent reduced body 
weight gain from GD 9-18, and “large and pale” feces in the HD safinamide group from 
GD 14 onwards.  Post-dose signs of piloerection, salivation and chin rubbing were seen 
in all dosed groups, with greatest incidence at HD safinamide.  Numbers of corpora 
lutea, implantations, resorptions, numbers of live young and M:F ratios were similar 
among all groups.  Edema of the neck, abdomen, thorax, or whole body was observed 
in fetuses of 5/6 litters in the HD safinamide group. Mean litter weights and individual 
fetal weights were reduced in the MD and HD safinamide groups.  The doses were 
considered to be appropriate for the pivotal study (Number SOI/0057).  

Study title:  Safinamide and Levodopa/Carbidopa embryo-fetal toxicity study in 
the CD rat by oral gavage administration. 

Study no: SOI/0057
Study report location: eCTD 4 2 3 5 2

Conducting laboratory and location:

Date of study initiation: DEC 12, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000075890, 99.96%

Levodopa, 0419BG/02, Not stated
Carbidopa, 0127BG/02, Not stated*

*In study number SOI/0052 (6.2.11 of this review) the purity of lot 0127BG/02 was 
reported to be 100% 

Key Study Findings
 From GD 8-12, maternal body weight gains were significantly lower at the 

safinamide HD with or without CD/LD. 
 Major abnormalities (bent scapulae and abnormal long bones) were seen at all 

doses of safinamide both alone and in combination with CD/LD and CD/LD 
alone.

o When safinamide was administered in combination with CD/LD, the 
incidence of both abnormalities increased with increasing doses of 
safinamide. 

o The incidence of major abnormalities at the MD and HD safinamide in 
combination with CD/LD was greater than at either HD safinamide or 
CD/LD alone.

 At the HD safinamide with or without CD/LD, there was an increase in the 
incidence of minor abnormalities in 5 organ systems.  

o Absence or hypoplasia of renal papillae, dilated pelvises and ureters 
o Confluence of the vena cava and hepatic veins 
o ectopic testes
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o abnormal ossification of vertebrae, metatarsal/metacarpal bones, 
sternebrae, and ribs.  

 At the safinamide MD combined with CD/LD, minor abnormalities were limited to 
the renal papillae and ribs; at the safinamide LD in combination, changes were 
limited to ribs. 

 Combined administration of safinamide with CD/LD reduced systemic exposure 
to both CD and LD. 

 Co-administration of CD/LD with HD Safinamide resulted in a slightly lower 
systemic exposure to safinamide and to NW-1689 than at HD safinamide alone. 

o There was accumulation of safinamide and NW-1689, but no 
accumulation of either CD or LD.

 Exposure of pregnant female rats to safinamide increased with dose in a greater 
than proportional manner.  Exposure to NW-1689 increased in a dose 
proportional manner. 

 The maternal NOAEL was 50 mg/kg/day safinamide in combination with 20/80 
mg/kg/day CD/LD. 

 An embryo-fetal NOAEL was not established and would be less than 25 
mg/kg/day safinamide in combination with 20/80 mg/kg/day CD/LD. 

Methods
Doses mg/kg/day: 20/80 CD/LD (divided BID) + 0, 25, 50, or 100 

safinamide or 100 safinamide in vehicle + 
second dose of the CD/LD vehicle

Frequency of dosing: Daily from GD 8-17, none until necropsy on GD 
20.

Dose volume: 5 mL/kg
Route of administration: PO Gavage

Formulation/Vehicle: Safinamide - water; CD/LD - 0.5% 
methylcellulose.

Species/Strain: Crl:CD (SD) IGS BR rat
Number/Sex/Group: 20

Satellite groups: None
Study design: See below

Unique design: In order to eliminate pregnancy disruption 
secondary to the effect of the dopamine agonist 
(LD) on prolactin, dosing was not initiated until 
GD 8. 

Deviation from study protocol: Minor, with no effect on study outcome.

Sponsor’s table: Study design
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Sponsor’s table: Dosing regimen

Observations and Results

Mortality:
No deaths were reported.

Clinical Signs:
Physical exam: GD 0, 5, 12, 18 and 20

Salivation and chin rubbing, seen in all safinamide dose groups, was attributed to poor 
palatability. 

Body Weight:
GD 3, 6, 8-18, 20

From GD 8-12 body weight gains were significantly lower in HD safinamide with CD/LD 
(30% less than C) and without (34% less than C). The mean body weight gain during 
dosing (from GD 8-16) was 16% less than C in the MD and was 15% less than C at the 
HD.  Mean body weights varied less than 4% among all groups.
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Food Consumption:
Every 2 days.

Slightly reduced food consumption was reported throughout dosing with HD safinamide, 
with and without CD/LD.  In recovery, food consumption in those groups was slightly 
greater than C. 

Toxicokinetics:
GD 8 and 17, at 0, 1, 2, 4, 8, and 24 hours post-dose

Co-administration of CD/ LD with HD safinamide resulted in a slightly lower systemic 
exposure to safinamide than HD safinamide alone. Exposure of pregnant female rats to 
safinamide increased with dose in a greater than proportional manner.   By GD 17, 
there was accumulation (<2-fold) of safinamide, notably in the combination doses.

Sponsor’s table: Safinamide TK

Co-administration of CD/LD with HD safinamide resulted in a slightly lower systemic 
exposure to NW-1689 than with HD safinamide alone.  Exposure to NW-1689 increased 
in a dose proportional manner and, by GD 17, there was ~ 2-fold accumulation of NW-
1689.

Sponsor’s table: Metabolite NW-1689 TK

Combined administration of safinamide with CD/LD reduced systemic exposure to both 
CD and LD. 
 
Sponsor’s table: Levodopa TK
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Sponsor’s table: Carbidopa TK

Necropsy:
No drug-related macroscopic changes were observed in the dams. All treated females 
were pregnant with live fetuses; one C was not pregnant. 

Cesarean Section Data: 
There were no differences among groups in numbers of corpora lutea, implantations, 
early, late, or total resorptions, male, female or total of live young.  Sex ratios and pre- 
and post-implantation losses were also similar to controls. 

Sponsor’s table: Cesarean data
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Fetuses:
All treated groups had greater numbers of major skeletal malformations than C. Dosing 
with either safinamide alone or CD/LD alone resulted in an increased incidence of bent 
scapulae and of abnormal long bones.  In the combination dose groups, LD safinamide 
administration resulted in similar incidences to either CD/LD alone or to HD safinamide 
alone.  When safinamide was administered in combination with CD/LD, both 
abnormalities increased with increasing doses of safinamide.  In fetuses exposed to HD 
safinamide in combination with CD/LD, the incidence was ~ 3-fold the incidence of 
those exposed to HD safinamide alone.

Total numbers of minor skeletal abnormalities were also increased in treated groups, 
largely due to medially thickened/kinked ribs and 13/14 or 14/14 supernumerary ribs.   
The sponsor found the incidence of the minor skeletal abnormalities to be within the 
range of the historic controls for the laboratory. 

The incidence of soft tissue minor abnormalities of dilated renal pelvises, dilated 
ureters, and missing renal papillae was greater than C at the MD safinamide with 
CD/LD, was markedly increased in HD safinamide alone, and was greatest in the HD 
safinamide in combination with CD/LD. 

The incidence of ectopic testes was increased ~2-fold compared to C in the LD and MD 
safinamide combination with CD/LD groups, 3-fold compared to C in the groups treated 
with HD safinamide alone, and 6-fold compared to C in the HD safinamide combination 
with CD/LD group.

Sponsor’s table: Major abnormalities 
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Sponsor’s table: Minor skeletal abnormalities and variants 

Sponsor’s table: Minor soft tissue abnormalities and variants 
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9.2.3 Rabbit Embryo-fetal studies

The sponsor submitted 2 dose-ranging studies in rabbits.  The first was an ascending 
dose study in F rabbits (Study Number 9548EXT, “Safinamide (NW1015) Screening 
Study in Rabbits”). Non-pregnant F NZW rabbits, 3/group, were dosed PO (5 mL/kg) for 
three days at 15 mg/kg/day, 3 days at 30 mg/kg/day, 3 days at  90 mg/kg/day and were 
dosed once at 270 mg/kg, with no washout periods between dose escalation.  At 270 
mg/kg all three F became moribund and were euthanized.  Clinical signs of respiratory 
distress and hypoactivity, convulsions, lachrymation, mydriasis, and tachycardia were 
noted prior to euthanasia and necropsy.  No macroscopic changes were observed.  
Three additional animals were dosed at 180 mg/kg/day for three days.  Within 2 hours 
post-dose at 180 mg/kg/day, the animals became inappetent, were hypoactive with 
pronation and respiratory distress and, over time, produced no feces.  

The second dose-ranging study was in pregnant rabbits (Study Number 9381EXT, 
“Preliminary oral embryo-foetal development study in rabbits”). Pregnant NZW rabbits, 
8/group, were dosed PO (5 mL/kg) from GD 6-18 at 0, 25, 50, 100 mg/kg/day and held 
until necropsy and postmortem exam at GD 29. Due to limited morbidity at the HD 
(primarily reduced food intake and soft and/or reduced feces), a second C group and a 
second HD (120 mg/kg/day) were dosed PO from GD 6-18 and held until necropsy and 
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postmortem exam on GD 29.  The sponsor reported clinical signs of hypoactivity, 
decreased reaction to stimuli, and pronation that resolved within 2 hours post-dose in 
both HD groups.  At 120 mg/kg/day, head tilt, ataxia, tachycardia, and convulsions were 
observed for at least two hours post-dose.  1LD (GD 28), 1MD (GD 19), one in each HD 
(100 mg/kg/day on GD 9, 120 mg/kg/day on GD 20) were euthanized or found dead.  
Macroscopic changes were not considered to be drug-related.  Decreased food 
consumption and decreased body weight, body weight gain, and gravid uterus weight 
were seen in both HD groups.  At terminal necropsy, no macroscopic changes were 
attributed to test article.  One fetus from a 100mg/kg HD had a cleft palate and a 
forepaw flexure.   The sponsor found 100 mg/kg/day to be an appropriate HD. 

Study title:  Safinamide (NW 1015) oral embryo-foetal development study in 
rabbits with toxicokinetics

Study no: 19030
Study report location: 4.2.5.3.2

Conducting laboratory and location:

Date of study initiation: MAY 12, 2003
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, (B)5158-PMH-169-N2, 

75.68% free base
Key Study Findings

 Safinamide was not found to be teratogenic under the conditions of this study.
 The maternal NOAEL was at the MD.  Toxicity at the HD was characterized by 

convulsions, reduced body weight gain, and reduced food consumption. 
o Convulsions and death in one F at MD was attributed to gavage error.   

 Abnormalities and Variations were attributed to maternal toxicity and the fetal 
NOAEL was at the HD

o Maternal TK: Cmax 14.97 mcg/mL; AUC(0-24hr) 142.13 mcg*h/mL.
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Methods
Doses: 0, 25, 50 mg/kg/day

Frequency of dosing: Once daily GD6-GD18; None GD19-GD29.
Dose volume: 5 mL/kg

Route of administration: PO gavage
Formulation/Vehicle: 5.0, 10.0, 20.0 mg/mL in water.

Species/Strain: New Zealand White rabbit
Number/Sex/Group: 20 “mated” F/group

Satellite groups: 3 “mated” F/group
Study design: See below.

Special design: Each F was injected IV with 50 I.U Luteinizing 
Hormone after mating; mating day was 
designated as Gestation Day (GD) 0

Deviation from study protocol: Minor with no effect on study outcome

Study design: Sponsor’s table of main groups

Study design: Sponsor’s table of satellite (TK) groups.

Observations and Results
Mortality: 
Two C (GD 12 and GD16), one MD (GD 14) were found dead; death was attributed to 
dosing error. The MDF had convulsed prior to death and macroscopic findings of 
abnormal thoracic contents supported dosing error as the cause of death.  One MD 
aborted on GD 23 and was euthanized.

Clinical Signs:
Reduced feces, tachycardia, hypo-activity, ataxia, tachypnea, and “cold to touch” were 
noted from 30 min to 1 hr post-dose at the HD. Convulsions were noted in 1 MDF (as 
above) prior to death and, on GD 6 and GD 18, in 4 HDF with subsequent recovery. 
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Body Weight:
A dose-related trend of reduced body weight was noted at the HD.  Mean body weight 
gain at the HD was markedly reduced GD 6-9 and increased GD 18-21. Compared to 
controls, the overall HD body weight gain was reduced by 19% at GD 29.

Food Consumption:
Reduced mean food consumption was noted in the MD on GD 9 and in the HD on GD 
9-18.

Toxicokinetics: 
GD 6 and 18 at 0, 0.5, 1, 2, 4, 8, and 24 hours post-dose

On GD 6, the Tmax  was 0.5 hours in LD and 1 hour at MD and HD.  On GD18, the Tmax 
in all groups was 1 hour.  The Cmax was relatively dose-proportional in all dose groups; 
the AUC(0-24hr) was slightly greater than dose proportional at the MD and HD. 

Sponsor’s table: Maternal TK
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Necropsy:
No differences in macroscopic changes were found among the groups.
A dose-related trend of reduced mean gravid uterine weight was seen in all treated 
groups. No drug-related differences were reported in the number of pregnancies or total 
resorptions.

Cesarean Section Data: 
There were no differences among groups in implantation losses, mean fetal weight, sex 
ratios, uterine deaths, or number of viable young.  
There was a dose-related trend of decreased average litter weights. 

Offspring: 
The mean percentage of fetuses with no external abnormalities was similar among 
groups. 

o C (156/167 or 93%); LD (145/163 or 89%); MD (151/159 or 95%); and HD 
(157/164 or 96%).

The mean percentage and number of small fetuses was similar among groups.  
o C (4/167or 2.4%), LD (15/163 or 9%), MD (7/159 or 4.4%), and HD (5/164 or 

3%).  
The number of external and internal malformations was similar among groups.   

 Rotated forelimbs: 1MD and 1HD fetuses; cleft palate: 3 C, 1 LD, and 1 MD 
fetuses; shortened innominate artery: 3 C, 1 LD, and 2 HD fetuses; and a short 
bent tail: 1C fetus. 

Skeletal examinations were limited to HD and C. 
Fetuses with no skeletal abnormalities were slightly more frequent in C (23/167 or 13%), 
than HD (17/164 or 10.4%).
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One malformation, a bifurcated 6th sternebrae, was seen in both 1 C (0.6%) and 1 HD 
(0.6%) fetus.  The sponsor attributed the following variations and abnormalities to 
maternal toxicity at the HD: 3 ribs - C (44 or 26%), HD (73 or 45%); and bilateral pelvic 
insertion to the 2nd sacral vertebrae - C (37or 22%), HD (68 or 41%). 

9.2.4 Rabbit Embryo-fetal study of safinamide in combination with CD/LD
The sponsor submitted 2 dose-ranging studies in F rabbits.  The first (Study Number 
SO10025 “Safinamide and levodopa/carbidopa pilot study in the rabbit by oral gave 
administration.”) was in non-pregnant F rabbits.  Adult non-pregnant F New Zealand 
White rabbits were administered 20/80 mg/kg/day of CD/LD alone for 14 days (3 
rabbits), or in combination with 100 mg/kg/day safinamide for 14 days (6 rabbits), or in 
combination with 200 mg/kg/day safinamide (3 rabbits, which were euthanized after the 
first dose on Study Day 1).  In the LD safinamide+CD/LD dose group, one rabbit was 
euthanized on Study Day 7.  Post-dose, the survivors had unsteady gaits, reduced 
water intake, and reduced body weight gain.  Post-mortem evaluation was limited to 
gross examination and no macroscopic changes were observed. 

The second (Study Number SO10045 “Safinamide and levodopa/carbidopa: Preliminary 
Embryo-fetal toxicity study by oral gavage administration to rabbits.”) was in pregnant 
rabbits.  From GD 6-19, pregnant New Zealand White rabbits (6 per group) were 
administered methylcellulose, or 20/80 mg/kg/day (divided BID) of CD/LD alone, or 80 
mg/kg/day safinamide alone, or CD/LD in combination with 20, 40 or 80 mg/kg/day 
safinamide.  Rabbits were euthanized on GD 29. Reduced body weights and reduced 
food consumption (GD 6-13), and reduced body weight gain (GD 20-26) were noted in 
all combination safinamide+CD/LD groups.  MD and HD safinamide in combination with 
CD/LD resulted in increased resorptions and a slight reduction in litter size. All doses of 
safinamide in combination with CD/LD resulted in fetal cardiovascular abnormalities 
and, at the HD in combination, fetuses with unexpanded or small lungs.  Safinamide 
alone had no effect on fetal morphology.  One fetus with cardiovascular defects was 
found in the group treated with CD/LD alone.  The sponsor found 40 mg/kg/day 
safinamide to be the suitable HD for the pivotal study (SOI/0046). 

Study title:  Safinamide and levodopa/carbidopa: Embryo-fetal toxicity study in 
the rabbit by oral gavage administration.

Study no: SOI/0046
Study report location: eCTD 4.2.3.5.2

Conducting laboratory and location:

Date of study initiation: DEC 20, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000075890, 99.96%

Carbidopa, 0127BG/02, Not reported*
Levodopa, 0419BG/03, Not reported
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*In study number SOI/0052 (6.2.11 of this review) the purity of lot 0127BG/02 was 
reported to be 100% 

Key Study Findings:
 There was an increased incidence of three or more deaths per litter in all dosed 

groups. 
 The mean number of embryo-fetal deaths per litter was higher in combination 

dosed groups. Post-implantation losses were increased compared to C in CD/LD 
alone and significantly increased in the safinamide+CD/LD groups.  

 Major cardiac abnormalities were seen in fetuses exposed to CD/LD alone and 
increased with safinamide dose in the combination groups. 

 Brachydactyly/syndactyly was increased in fetuses exposed to HD safinamide 
alone. 

 Minor abnormalities of fusion/bridging of the interparietal-to-parietal bones and 
bridging and ossification of sternebrae were increased, compared to C and to 
historic C, in all dosed groups. 

 There was no fetal NOAEL for combined administration of safinamide+CD/LD.
 The maternal NOAEL was 40 mg/kg/day safinamide+20/80 mg/kg/day CD/LD.  

Methods
Doses: C (vehicle only); 0 mg/kg/day safinamide+20/80 

mg/kg/day CD/LD;  4, 12, or 40 mg/kg/day 
safinamide+20/80 mg/kg/day CD/LD; 40 
mg/kg/day safinamide+0 (vehicle) CD/LD

Frequency of dosing: CD/LD divided BID; safinamide once daily.
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: Safinamide in water; CD/LD in methylcellulose

Species/Strain: New Zealand White rabbit
Number/Sex/Group: 22/group

Satellite groups: None
Study design: See table below: Dosed from GD 6-19, 

Necropsy on GD 29.
Deviations from study 

protocol:
Minor, did not effect on study results.

Sponsor’s table: Dose groups

Reference ID: 3856294



NDA 207145 LuAnn McKinney, DVM, DACVP

162

Sponsor’s table: Study design

Observations and Results

Mortality:
Three F aborted and were euthanized.  1 C aborted and was euthanized on GD 28, and 
was found to have 4 dead fetuses in utero, 2 aborted implantations and 9 live young.  1 
LD safinamide+CD/LD aborted and was euthanized on GD 19 and was found to have 
11 early resorption implantation sites. One HD safinamide+CD/LD aborted and was 
euthanized on GD 26, and was found to have 5 early resorptions and 5 late resorptions 
(aborted) for a total of 10 implantation sites in utero.  

Clinical Signs:
Animals treated with CD/LD with or without safinamide showed occasional post-dose 
repetitive head swaying.   

Body Weight:
Baseline, GD 0, GD 3, 6-20, 23, 26, 29.

Dosing with CD/LD alone had little impact on body weight gain or on absolute body 
weight, compared to C.  Groups dosed with safinamide, with or without CD/LD, had an 
initial mean body weight loss during GD 6-8.  Thereafter, body weight gain in LD and 
MD safinamide+CD/LD groups and in the HD safinamide alone group were similar to C.  
However, the overall gain in safinamide-treated groups, with or without CD/LD, 
remained less than C.   
Mean body weight gain in animals treated with HD safinamide+CD/LD was negative 
until GD 10, and total gain through the end of dosing was significantly less than C. At 
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the end of dosing, the mean body weight gain was lower than C from GD 20-23 from 
GD 23-29.

Sponsor’s figure: Body weight changes – safinamide+CD/LD groups

Food Consumption:
Recorded daily.

Although there was no difference from C in mean food consumption in the group dosed 
with CD/LD alone during dosing, the group consumed less food than C in the drug-free 
GD 21-24 and significantly less on GD 22 and 24.  
The group dosed with HD safinamide alone consumed less food than C during GD 6-8; 
thereafter there was no difference from C group. 
The mean food consumption of animals admionistered all doses of safinamide in 
combination with CD/LD was slightly less than C from GD 6-10, and significantly so 
from GD 6-9 and GD 7-11. Those dosed with HD safinamide+CD/LD consumed 
significantly less food than C after cessation of dosing (GD 24 and 25). 

Toxicokinetics: 
Safinamide, CD, LD and metabolites NW-1153 and NW-1689
Sampled on Study Days 6 and 19 at pre-dose and 1, 2, 3, 4, 5, 6, 8, and 24 hours post-
dose.  3 individuals bled per time point.

Safinamide:  Systemic exposure, based on Cmax and AUC(0-24hr) increased with dose 
and time in a greater than dose-proportional manner.  On GD 19, the AUC(0-24hr) from 
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the HD safinamide+CD/LD group was significantly greater than the group treated with 
HD safinamide alone. 

Sponsor’s table: TK of safinamide

NW-1689:  The exposure (Cmax and AUC(0-24hr)) was greater (by 13-55%) after dosing 
with HD safinamide alone than from HD safinamide+CD/LD.  In the combination groups, 
Cmax increased with safinamide dose in a proportional manner.  On GD 6 the AUC(0-24hr) 
of combination doses increased in a manner proportional to the safinamide dose but, by 
GD 19 the increase was greater than dose-proportional. Some accumulation (based on 
AUC(0-24hr)) occurred over time when HD safinamide was administered in combination 
with CD/LD, but none was seen when HD safinamide was administered alone.  

Sponsor’s table: TK of NW-1689

NW-1153: The AUC(0-24hr) values were significantly higher after administration of HD 
safinamide+CD/LD compared to HD safinamide alone.  After administration of HD 
safinamide+CD/LD, the Cmax of NW-1153 tended to be lower than from HD safinamide 
alone, but not significantly so.  Both Cmax and AUC(0-24hr) increased with safinamide dose 
in a greater than dose-proportional manner; the AUC(0-24hr) increase was significant 
when HD safinamide was administered with CD/LD.

Sponsor’s table: TK of NW-1153
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Stability and Homogeneity:
The sponsor found the formulations to be accurate.  The mean concentrations were 
within +10% to -15% of intended.  

Necropsy:
There were no drug effects noted in the dams during gross exam at necropsy. 

Cesarean Section Data: 
Compared to C, dosing with CD/LD alone or safinamide alone resulted in no differences 
in embryo or fetal survival, mean implantation numbers, resorptions, numbers of live 
young, pre- and post-implantation loss, or M:F ratios.  
Two F, 1 treated with MD safinamide+CD/LD and 1 treated with HD safinamide+CD/LD, 
were not pregnant.  One each from the same groups had total resorptions of very small 
litters (MD= litter of 1, HD= litter of 2).
There was an increased mean number of embryo-fetal resorptions/litter and increased 
post-implantation losses in all three combination dose groups. The greatest mean post-
implantation loss was seen at the HD safinamide+CD/LD; there was no difference 
between post implantation losses between the LD and MD safinamide+CD/LD.  

Sponsor’s table: Litter data

Codes placed above adjusted means indicate that the comparisons were based on adjusted means. * p<0.05 - Group 1 compared 
to Groups 3, 4, 5 and 6;  ** p<0.01 - Group 1  compared to Groups 3, 4, 5 and 6; # p<0.05 - Group 5 compared to Group 6; ## 
p<0.01 - Group 5 compared to Group 6; $ p<0.05 - Group 2 compared to Groups 3, 4 and 5; $$ p<0.01 - Group 2 compared to 
Groups 3, 4 and 5.

Placental, litter, and fetal weights did not differ among safinamide alone, CD/LD alone, 
or C groups.  Average placental weights did not differ among all the groups.  Total litter 
weights, compared to C, were reduced in the combination dose-groups, reflecting the 
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reduction in litter size from post-implantation losses and similar fetal weights between 
the two groups. 

Sponsor’s table: Placental, Fetal data

Codes placed above adjusted means indicate that the comparisons were based on adjusted means. * p<0.05 - Group 1 compared 
to Groups 3, 4, 5 and 6;  ** p<0.01 - Group 1  compared to Groups 3, 4, 5 and 6; # p<0.05 - Group 5 compared to Group 6; ## 
p<0.01 - Group 5 compared to Group 6; $ p<0.05 - Group 2 compared to Groups 3, 4 and 5; $$ p<0.01 - Group 2 compared to 
Groups 3, 4 and 5.

Offspring:  
Major cardiac malformations of a membranous ventricular-septal defect and of a dilated 
single vessel arising from the heart were increased, compared to C, in fetuses exposed 
to CD/LD alone and CD/LD in combination with all three doses of safinamide.  An 
increase in enlarged/misshapen heart-atrium-ventricle was seen in all three combination 
dose-groups.  Brachydactyly/syndactyly was increased in fetuses exposed to HD 
safinamide alone. 

Sponsor’s table: Major abnormalities
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When compared to concurrent and laboratory historic C data, minor abnormalities of 
interparietal-to-parietal partial fusion/ossification bridging and ossification bridge/partial 
fusion to complete fusion of sternebrae were increased in all dose groups.  Incomplete 
ossification of cervical vertebrae and ossification of the omosternum were also 
increased in fetuses exposed to CD/LD alone. 

9.3 Prenatal and Postnatal Development

Study title:  Safinamide: Pre- and post-natal development study in the CD rat by 
oral gavage administration 

Study no: SOI/0059
Study report location: eCDT 4.2.3.5.3

Conducting laboratory and location:

Date of study initiation: JAN 24, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Safinamide, 0000075890, 99.96%

Key Study Findings
 The NOAEL for pre- and post natal development (F1) was the MD (12.5 mg free 

base/kg/day). 
o increased mortality (~ 2-fold C) in the first four days of life in the HD litters. 
o Although they resolve and were not fatal after 4 days of age, the 

hepatobiliary lesions and systemic jaundice contribute to fetal death and 
adverse. 
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 After weaning, there were no differences from C in reflexes, movement, learning, 
memory, or reproductive performance.

o At weaning, residual pigmentation was observed in the skulls of HD F1 
 The maternal NOAEL was at the HD (37.5 mg/kg/day)

o 15-day Cmax: 3010 ng/mL; AUC(0-8): 15,500ng.h/mL 
o Exposure to metabolite NW-1689 was ~10-fold safinamide
o Exposure to metabolite NW-1153 was ~25% of safinamide

Methods
Doses: 0, 4, 12.5, 37.5 mg/kg/day

Frequency of dosing: Daily to dams from gestation day (GD) 6 to 
lactation day (LD) 20

Dose volume: 10 mL/kg
Route of administration: Oral gavage

Formulation/Vehicle: Water for injection
Species/Strain: Rat, Crl:CD (SD)

Number/Sex/Group: F0: 22;   F1: 14 day   F1: 20/sex
Satellite groups: No: retro-orbital sinus samples for TK

Study design: See figure below
Deviation from study protocol: Testes only were saved from one 21-day M F1 

cull; QA was not present during the terminal 
necropsy of F1 males. 
These are minor, with no effect on the integrity 
of the study. 

Sponsor’s figure: Study design

On LD 4, F1 litters were culled to 10 per litter and, where possible, 5/sex in each litter. 
On LD21, F1 were weaned and culled to 20/sex/group (as below). 
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Sponsor’s tables: study design F0 and F1

F1 dams were necropsied on GD 14 and fertility and litter data recorded.  F1 M were 
euthanized after the majority of the F, at ~ 88 days of age. 

At 9 weeks of age, the F1 M and F within the same dose groups were paired for up to 
21 days.  If there was no evidence of mating at 14 days, the paired M was replaced by a 
“proven” M.  The sponsor reported that care was taken to avoid pairing littermates.

F0 Dams.
Toxicokinetics: 
Sampled on GD 6 and GD 15 at 1, 2, 4, and 8 hours post-dose. Pooled Retro-orbital 
sinus samples of 2F/sampling time were analyzed for Safinamide, NW-1153 and NW-
1689.

Safinamide: The Tmax was ~ 1 hour post-dose and ranged from 1-2 hours in higher 
dose levels. Exposure increased with dose and time indicating accumulation at the MD 
and HD. Cmax tended to be dose proportional; however the AUC(0-8hr) was greater than 
proportional on GD 6 and greater than 2-fold dose proportional on GD 15.  

Sponsor’s table: Safinamide TK 
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NW-1153: The Tmax , similar to parent safinamide, was ~1 hour and ranging up to 2 
hours.  The Cmax was roughly dose-proportional; however, the AUC(0-8hr) was greater 
than dose-proportional on GD 6 and almost 2-fold dose proportional on GD 15. 
Exposure increased with dose and time, and there was modest (ratio of 1.5) 
accumulation at the MD and HD.  The ratio of the exposure (AUC(0-8hr)) of safinamide to 
exposure (AUC(0-8hr)) of NW-1153 was low. 

Sponsor’s table:  NW-1153 TK

Sponsor’s table: Metabolite ratio of NW-1153 to safinamide

NW-1689: The Tmax was generally 4 hours and ranged from 2-8 hours post-dose.  Both 
the Cmax and the AUC(0-8hr) increased proportional to dose at both GD 6 and 15.  There 
was some increase in both values over time indicating modest accumulation.  The 
metabolite ratio (AUC(0-8hr) of NW1689 relative to the AUC(0-8hr) of safinamide) was high, 
and highest at LD>MD>HD. 
 
Sponsor’s table: NW-1689 TK

Sponsor’s table: Metabolite ratio of NW-1689 to safinamide
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Mortality:  
No deaths were reported. 

Clinical Signs: Post-dose salivation was observed on single occasions in 1 HDF and 
2 LDF.     

Body Weights:  
There were no differences among groups during gestation. In LD 1-4, body weight gain 
in dosed groups tended to be lower than C; thereafter, the rates of gain were similar. 

Sponsor’s figure: Body weight

Food Consumption:  
During LD 1-6, mean food consumption of HDF was slightly less than C and during LD 
11-13 was significantly less than C. 

Gestation length, parturition and gestation index:  
Gestation length increased, by 0.5 to 1 day, with dose. More HDF had 23-day gestation 
lengths and fewer had 22-day gestations than did CF. More MDF had 22.5 days 
gestation and fewer 22-day gestation lengths than C; the 2 groups had similar 
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incidences of 23-day gestations. There were no differences in gestation lengths 
between LDF and CF groups.  

Gross Pathology:  
Necropsy on Lactation Day 21. No drug-related effects were reported. 

Sponsor’s table: Necropsy observations, F0 dams

F1 Litters: 

Litter data:
Except for one LDF, all F0 were pregnant and delivered live litters.  On LD 1, there was 
no drug-related effect on the mean number of implantations, total litter size, number of 
live pups in each litter, or in the M:F ratio.
From LD 1-4, 30 F1 pups from 14 HD litters were found dead, missing, and presumed 
cannibalized, or were euthanized; 12 F1 pups from 8 C litters had died.  At LD 4, the HD 
litter size tended to be lower than in C.

Sponsor’s table: total deaths
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After the cull, and from LD 4-21, there were no reported differences in litter size, sex 
ratios, or survival among groups.

F1 Clinical signs: 
From LD 2-8, swollen or distended abdomens were seen in 59 F1 pups from 7 HD 
litters, orange skin seen in 80 pups from 11 HD litters, and 18 pups from one HD litter 
were found cold to the touch. 
 

F1 Body Weight:
M weighed 2 times per week; F weighed 2 times per week until mating and on GD 
0,3,4,10 and 14. 

Birth weights were similar among the groups. Pups from HD litters had a slightly lower 
body weight gain from LD 4-14, but subsequently there were no reported differences 
among the groups.

F1 Pre-Weaning exam:
Surface righting reflexes (assessed from LD 2) and air righting reflexes (assessed from 
LD21) were achieved at the same age in all groups; all pups in each group had pupillary 
reflexes and normal startle responses (to a sharp noise) on LD 20.

F1 Gross necropsy findings in pups found dead: 
Premature decedents in the HD group had a thin build, empty stomachs, distended 
abdomens and GI tracts, and orange discoloration of the skin and musculature. 
 

F1 Gross necropsy findings in pups culled on LD 21:
F1 culls were necropsied on LD 21 and tissues from 1M and 1F per litter were 
harvested. The remainders were examined grossly and histologically for renal or 
testicular abnormalities and/or discolored tissues.  

On LD 21, orange discoloration, limited to the skull, was observed in HD pups. No drug-
related changes were reported from the scheduled or unscheduled necropsies of pups 
from LD and MD litters. 

F1 Histologic findings in pups found dead:
Hepatic changes, seen in all but one F in the premature decedents from the HD litters,  
consisted of hepatocellular hypertrophy and focal or multifocal hepatocellular necrosis. 
In 7/10M and 7/11F, minimal or mild cholangitis, characterized by peribiliary 
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inflammation, some intraluminal inflammatory cells, sloughed epithelial cells, and 
epithelial hypertrophy, was observed. Bile duct hyperplasia (4/10M and 6/11F), bile 
plugs (6/10M and 4/11 F), and, less commonly, periductular granulomata were also 
seen in the HD litter decedents.  Compared to C, pups from treated dams had reduced 
peri-hepatic and sub-cutaneous fat and reduced extramedullary hematopoiesis. 

F1 Histologic findings in pups culled on LD 21:
There were no hepatic changes and no histologic differences from controls noted in 
surviving pups that were necropsied, as culls, on LD 21. 

F1 Assessments:

Motor activity:  
At 22 days of age, ambulatory (low infrared beam breaks) and rearing (high 
infrared beam breaks) activity was measured in randomly selected F1 for one 
hour in testing cages. 

No drug-related effect in M or F was reported.

Sponsor’s figure: Motor activity in M

Sponsor’s figure: Motor activity in F
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Accelerating Rotarod:  
At 26 or 27 days of age, randomly selected F1 animals were assessed for 
endurance as the rod accelerated from idle to 40 rpm over 5 minutes and rats 
either fell off or stayed on for up to 5 minutes.  If rats fell off, the test was 
repeated 3 successive times.  

No drug-related effect was reported. 

Sponsor’s table: Rotarod, group mean times
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Morris Water Maze: 
At 30-32 days of age, rats were tested 3 times daily for 4 days. A 90 cm 
diameter, 30 cm deep circular pool, had visual cues on the walls and outside the 
pool and a submerged 6-cm square platform at a fixed point. Rats were allowed 
90 seconds to find the platform from random starting points and were allowed to 
remain on the platform for 30 seconds. 

All groups evidenced learning and memory with improved performance over the 4-day 
testing period.  M from the LD litters were more successful (slightly lower group mean 
swimming times, fewer sector entries and fewer failed trials) than M from C litters. In the 
absence of any dose-related trend, this was attributed to natural variation. 

Sponsor’s figure: Morris maze performance in M and F

F1 Sexual maturation:
M were examined daily from 38 days of age until balano-preputial separation and 
were then weighed.  F were examined daily from 28 days of age until vaginal 
opening and were then weighed.

No drug-related effects were reported.

Sponsor’s table: Age and weight of sexual maturation
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F1 Clinical Signs: 
No deaths or drug-related clinical signs were reported. 

F1 Body Weight:
There were no differences among M groups in body weight gain or absolute body 
weight from 1 through 60 days of age.
There were no differences among F groups in body weight gain or absolute body weight 
from 1 day of age, before pairing, and through early gestation (at 60 days of age).  

F1 Pre-coital interval: 
M and F pairs were co-housed from ~ nine weeks of age for up to 21 days. The 
time between initial pairing of a F with a M and evidence of mating was recorded. 

Compared to C, no differences in pre-coital intervals were reported. 

F1 Mating and fertility:
No drug-related effect was reported. With the exception of 1 LDF, all F1 mated 
successfully and all F were pregnant by Day 14 after pairing. 
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F1 GD 14 Litter data:
Numbers of corpora lutea, implantations, live embryos, resorptions and pre- and post-
implantation losses did not differ among groups.  

Sponsor’s table: GD 14 litter data

F1 Gross necropsy findings:
No drug-related differences among groups were reported.

F1 Histopathology findings:
Special attention was paid to ureters, kidneys, and testes and no drug-related effects 
were reported. 

9.3.1 Additional pre-and post-natal studies in rat.
The sponsor submitted two abbreviated pre-and post-natal studies in rat. Study number  
SOI/0021 (“Preliminary pre- and post-natal development study by oral gavage 
administration to CD rats”) was a dose-ranging study conducted by  

 The study was GLP 
compliant and the report included a quality assurance statement. 

This exploratory study assessed effect of doses 0, 12.5, 25, 37.5, or 50 mg/kg/day 
safinamide PO on the dams and offspring of 8 dams per group (exception: 16C and 16 
HD) dosed in 10 mL/kg from GD 6 through LD 20.  A second objective was to explore 
the orange skin-color noted in previous studies and, on LD 1, 8 C litters were cross-
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fostered with 8 HD dams and 8 HD litters were cross-fostered with the reciprocal C 
dams.  To study the comparative TK in dams, an additional 8 unmated F were dosed at 
the HD for 14 days.  Litters were culled to 10 pups/litter at LD 4 and, when possible, 
blood was taken from 2M and 2F culls per litter, and surviving pups were necropsied on 
LD 21. 

Clinical signs in the dosed dams, of salivation and modest weight loss, duplicated those 
observed in the pivotal study (Study SOI/0059). A slight reduction in food consumption 
was observed in the dosed groups. Cross-fostering had no effect on maternal body 
weight change; however, C dams rearing HD litters had reduced food consumption 
during LD 4-10. 

At parturition, 2-4 dead pups were found in 7/24 HD litters compared to 1/16 C litters. A 
dose-related slightly longer gestation length, a reduction in pup body weight, and 
increased numbers of pups that were cold to the touch were characteristic of the HD 
and less so of the group dosed at 37.5 mg/kg/day. 

The numbers of live pups on GD 1 were:
 C: 218 pups (113 were cross fostered); 
 12.5 mg/kg/day: 118 pups; 
 25 mg/kg/day: 118 pups; 
 37.5 mg/kg/day: 111 pups; 
 50 mg/kg/day: 226 pups (118 were cross-fostered). 

Post-natal mortality was greatest at the HD and was largely limited to the first 4 days. 
Failure to nurse and/or empty stomachs were reported in HD culls or pups found dead.  
Total loss occurred in 2/24 HD litters, (LD 6 and LD8) and 5 or more pups died in 7/24 
HD litters.  Of the 8 HD litters cross-fostered to C dams, total litter loss was seen in 2 
(on LD 2 and LD 11). Total litter loss was reported in 1/8 C litters cross-fostered to HD 
dams (on LD 5). There were no deaths in the C litters that remained with their dams.

In surviving pups, clinical signs of distended abdomens, orange skin color, hypoactivity, 
and cold to the touch increased with dose.  One pup had orange skin color in the 
25mg/kg/day group, 8 in the 37.5 mg/kg/day group and 48 pups were orange in the HD 
group.  

Of pups that died through LD 21, increased incidence of yellow or orange tinted skin 
and soft tissues was seen with increased dose: 1/3 from the 25 mg/kg/day group; 5/6 
from the 37.5 mg/kg/day group; and 38/61 from the HD. Ten of 14 pre-decedent C pups 
cross-fostered to HD dams were orange-tinted.  Eighteen of 41 pre-decedent HD pups 
cross-fostered to C dams were orange-tinted. 

At the termination (LD 21), 28/103 HD pups had orange-tinted skulls as did 4/77 from 
the 37.5 mg/kg/day group. 
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Compared to C, body weight gains were lower in HD pups, in cross-fostered HD pups, 
or C pups cross-fostered to HD dams, and tended to be lower in litters in the 37.5 
mg/kg/day group; weaning weights were similarly reduced compared to C. 

The maternal toxicokinetics of safinamide and metabolites NW-1153 and NW-1689 
were similar to those reported in Study SOI/0059.

Compared to non-pregnant rats, the Cmax and AUC(0-8hr) of safinamide and metabolite 
NW-1153 tended to be lower in pregnant rats; the AUC(0-8hr) of both molecules was 
lower in pregnant rats on Study Day 1, but similar to non-pregnant rats on Study Day 
14.  The Cmax and AUC(0-8hr) of metabolite NW-1689 was lower in pregnant rats on both 
Study Day 1 and 14; however, there was some accumulation in the non-pregnant rats.  

At LD 4, the safinamide plasma level in pups ranged from 7.4 - 73.7 ng/mL and was 
seen only at the HD (3/7 pooled M samples and 1/6 pooled F samples).  Levels of the 
metabolites in pups were variable but tended to increase with dose; levels of NW-1153 
tended to be higher in F and increased in a greater than dose-proportional manner in F, 
and levels of NW-1689 were similar in M and F pups and increased in a slightly less 
than dose-proportional manner. 

The sponsor concluded that the orange color was dose-dependent and, because it was 
seen in both groups of cross-fostered litters, that the pups were exposed to “some 
substance” in utero (prior to LD-1) and during lactation that caused the clinical signs.

A second study (Study Number SOI/0063, “Mechanistic study by oral gavage 
administration to CD rats”) was conducted by  

 under GLP compliance and quality assurance.  The study explored 
the orange/yellow tinge observed in pups in the dose-ranging and definitive studies.  
Two groups of 10 pregnant rats were dosed with 0 or 50 mg/kg/day safinamide from GD 
6-LD 20.  Litters were culled to 10 pups/litter at LD 4 and surviving pups were 
necropsied on LD 21. Clinical signs in the dosed dams, of salivation and modest weight 
loss, duplicated those observed in the dose-range study. 

As in other studies, there were increased deaths in HD offspring and orange/yellow 
tinged skin and musculature was seen in the pre-decedents.  Clinical signs in HD 
consisted of failure to feed, distended abdomens, and cold to the touch.  Orange/yellow 
skin color was noted at GD 3, 4, or 5 and up to GD 8.  

Plasma bilirubin in LD-4 culls was 58-fold C levels, AST was 9.5-fold C levels, and ALT 
was 2.9 fold C.  BUN and creatinine were ~ 2-fold the C values. 

In the LD 4 culls, there were histologic changes of biliary epithelial hypertrophy, focal or 
multifocal hepatocellular necrosis and cholangitis/peri-cholangitis.  Periportal 
granulomatous inflammation and some bile stasis were noted in 6/13 M and 5/12 F.  
There was no dermal fat in 11/13 HDM and 11/12 HDF and similar numbers of HDM 
and HDF had minimal to mild diffuse renal cortical epithelial hypertrophy. 
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At LD 21, serum chemistry values were similar to, or a bit less than, C.  Although 
orange skulls were evident at the LD21 necropsy, there was no soft tissue discoloration. 

The sponsor concluded that exposure to safinamide, or a metabolite, caused hepatic 
histopathologic changes that led to hyperbilirubinemic jaundice and increased mortality 
in the first 4-8 days of life.  The lesions resolved with age and, other than residual 
discoloration of the skull, the pups were essentially normal at weaning.  Beyond 
association with maternal exposure to safinamide, the mechanism of the hepatobiliary 
pathologic findings was not determined.  

10           Special Toxicology Studies

Phototoxicity

Safinamide and its main metabolites, NW-1689 and NW-1153, did not absorb light in the uv 
range (290-700 nm) and no further studies were carried out.

Retina

SOI/0056 “Safinamide: Toxicity study by oral gavage administration to female albino) 
rats and female pigmented Long Evans rats for 13 weeks.”  Sprague Dawley 
(Crl:CD(SD) or Long Evans (LE)  female rats were dosed with 125 mg/kg/day 
safinamide PO or vehicle for 13 weeks (10 per group). Segments of the retina of each 
rat were processed into epoxy resin, thin-sectioned for light microscopy and further 
processed for electron microscopy. Additional rats (4/group) were sacrificed at 4, 8, and 
12 weeks for plasma and posterior retina levels of safinamide and the two metabolites, 
NW-1153 and NW-1689, and the contralateral eye was processed for histopathology.  

Ophthalmologic exams at 4 and 8 weeks found no differences from C.  At 13 weeks, 
slight retinal hyper-reflectivity was limited to SD rats treated with safinamide.  
In satellite animals sacrificed at 4 and 8 weeks, reduction in the number of nuclei of the 
outer nuclear layer was seen in the LE rats at 4 weeks, with increased severity through 
12 weeks.  Changes in SD rats were slight at 8 weeks but increased in severity through 
12 weeks. 

At 13 weeks, safinamide-associated retinal changes were similar between the two 
strains. In A-methylin blue-stained 1 micron sections, atrophy of the outer nuclear layer 
was observed in 3/9 safinamide-dosed SD rats, distortion and/or atrophy of the 
photoreceptor layer in 9/9 safinamide-dosed SD rats, and green-blue intra-
cytoplasmatic inclusions in the retinal pigmented epithelium (RPE) in 9/9 safinamide-
dosed SD rats.
 
In the LE rats dosed with safinamide, atrophy of the outer nuclear layer (11/12), 
distortion and/or atrophy of the photoreceptor layer (11/12), and green-blue intra-
cytoplasmic inclusions in the RPE (12/12) was seen in the safinamide-dosed rats. 
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Ultrastructural changes showed an early detachment of the outer segment (membrane 
discs) from the RPE microvilli.  Later changes were of disorganization and vacuolar 
degeneration of the discs, disconnection from the inner segment, and total loss of the 
photoreceptor layer.  In the most severely affected retinas, the inner segment also 
degenerated and was absent. The blue-green inclusions in the RPE were lipid droplets; 
increased numbers of phago-lysosomes were seen in the safinamide-exposed RPE.

At 13 weeks, in SD rats the Cmax of safinamide was 8280 ng/mL and the AUC(0-24hr) was 
81400 ng.h/mL; in LE rats, the Cmax of safinamide was 7320 ng/mL and the AUC(0-24hr) 
was 66000 ng.h/mL.   

In SD rats, the Cmax of the metabolite NW-1689 was 251000 ng/mL and the AUC(0-24hr)  
was 5110000 ng.h/mL; in LE rats, the Cmax of NW-1689 was 147000 ng/mL and the 
AUC(0-24hr) was 3130000 ng.h/mL.

The levels of safinamide in the retinas of LE rats were markedly elevated above those 
of SD rats.  In contrast, the SD rats had higher retinal levels of the metabolite NW-1689 
than did the LE.  

Sponsor’s table: Tissue levels in retina and abdominal fat

Pathology Working Group (PWG) review

Report: “The pathology working group review of the retina of the eyes from a 26/39 
week toxicity study of safinamide by the oral route (gavage) in cynomolgus monkeys 
followed by an 8-week treatment-free period”. (GLP compliant)  

The PWG consisted of a Chair, the study pathologist, and 4 experienced veterinary 
toxicologic pathologists. The PWG reviewed the protocol, the draft histology report, and 
the microscopic slides of all of the eyes from Study Number 30939 TCP. Also provided 
were an additional set of slides from the control animals from 7 studies conducted at the 
same laboratory as Study Number 30939 TCP.  Example slides from the interim 
necropsy of the 2-year rat bioassay, in which dose-related retinal atrophy was identified 
in all dose groups, were provided.

The initial diagnosis was of “pyknotic nuclei” in the outer nuclear layer.  The change was 
seen in all groups, with no apparent progression over time.  The most obvious nuclear 
alterations were associated with post-mortem retinal detachments, the change was 
often unilateral, and was identified in untreated controls from the conducting laboratory’s 
historic control specimens.
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The paper summarized the reproductive toxicity studies to include dose-ranging studies 
in rats and rabbit, embryo-fetal development studies in rat and rabbit, preliminary and 
pivotal pre- and post-natal development studies and embryo-fetal development studies 
of safinamide in combination with carbidopa/levodopa.

The overall assessment was that safinamide alone or in combination caused adverse 
effects in a dose-related pattern in both rat and rabbit.  Effects on female fertility of 
reduced corpora lutea, increased gestational length, and possible toxicity in lactation 
were found to be adverse.  Adverse effects on offspring included embryo-fetal mortality, 
dysmorphogenesis, and altered growth.  There was no NOAEL in rat for skeletal or 
visceral malformations; at doses than exceeded the maternal MTD, cleft palates were 
seen in all fetuses.  Fetal body weights were reduced in rats and rabbits.  In the first 
week of life, liver toxicity, jaundice, hepatobilliary inflammation and necrosis, and empty 
stomachs (failure to suckle) were characteristic in decedents.  In combination with 
carbidopa/levodopa the adverse effects were exaggerated. 

The author’s proposed pregnancy category C for safinamide, like that of 
carbidopa/levodopa.  The author found that safinamide should not be given during 
pregnancy, should not be given to lactating women, and should not be given to women 
of child-bearing potential unless with adequate contraception, and women should be 
advised not to become pregnant during safinamide therapy.   

11 Integrated Summary and Safety Evaluation

Newron Pharmaceuticals seeks to market safinamide, a selective, reversible 
monoamine oxidase-B inhibitor for therapy in Parkinson’s disease patients receiving 
levodopa and dopamine agonists. The clinical formulation will be as 50 and 100 mg 
tablets given at a dose of 50 mg or the maximum recommended human dose (MRHD) 
of 100 mg/day (62 mg/m2), once daily. 

Pharmacology 
The sponsor submitted a battery of in vitro and in vivo pharmacology studies to 
demonstrate that safinamide is a selective, reversible MAO-B inhibitor. Safinamide 
specifically inhibited the oxidation of the MOA-B substrate phenylethylamine in rat brain 
mitochondria with an IC50 of 98 nM; however, at an IC50 of 584 nM, safinamide did not 
inhibit the oxidation of serotonin (an MAO-A substrate).  In human platelet-rich plasma, 
safinamide inhibited MAO-B at an IC50 of 7.5 nM; the inhibition was reversed by 75% 
after a second wash and 100% after the third wash, consistent with reversible inhibition.   

MAO-A is the dominant enzyme in dopamine catabolism in rat brain and safinamide had 
no effect on dopamine levels in rat brain.  In ex vivo brain homogenates from mice that 
had been dosed IP with safinamide, MAO-B inhibition was 89% at one hour post-dose 
tapering off to 4% inhibition by 24 hours post-dose: safinamide penetrated the brains of 
mice, was functionally inhibitory, and the inhibition was reversible. When mice were pre-
treated with MPTP (which causes depletion of dopamine in the striatum), co-
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administration of safinamide with L-dopa and benserazide (a carboxylase inhibitor) 
increased dopamine levels significantly above those achieved with L-dopa and 
benserazide alone.   In naïve monkeys, chronic oral administration of safinamide 
increased dopamine in the putamen and prefrontal cortex in a dose-dependent manner, 
but had no effect on dopamine levels in the nucleus accumbens or the hippocampus.  In 
monkeys that were pre-treated with MPTP and had developed Levodopa-induced 
dyskinesia (LID), 20 and 50 mg/kg safinamide administered PO after CD/LD had no 
effect on LID and did not alter the therapeutic effect of L-dopa.  In a separate study of 
LID in monkeys, safinamide (3, 10, and 30 mg/kg) administered prior to CD/LD only 
marginally improved the clinical effect on LID but did prolong the duration of the 
therapeutic effect of L-dopa by up to 42 minutes.  In a third LID monkey study, chronic 
administration of safinamide had an effect similar to dosing prior to administering 
CD/LD. 

Glutamate is released in a calcium and sodium-dependent manner and the loss of 
neural function in PD is postulated to lead to hyperactivity of the glutamatergic pathway, 
resulting in excitotoxicity.  The sponsor submitted a series of studies exploring 
safinamide as a sodium channel blocker and suggesting safinamide can reduce 
excessive glutamate release.  In neonatal rat hippocampal cells, safinamide inhibited 
the peak sodium currents in a concentration-dependent manner.   In rat brain 
membranes, safinamide bound to the Sigma 1 receptor, but less to Sigma 2.  In a 
resting state there was minimal binding to the sodium receptors (IC50＞100 mcM). 
However, if 50% of the sodium channels were depolarized in a patch-clamp study, the 
IC50 of the sodium channel was as low as 7 mcM and the Ki extrapolated to 3.6 mcM.  In 
rats with micro-dialysis tubes implanted into the dorsal hippocampus, locally infused 
safinamide and orally administered safinamide reduced the glutamate release induced 
by infusion with veratridine, which causes sodium channels to stay open and allows 
excessive glutamate release.   These potential mechanisms are proposed to affect the 
efficacy of safinamide in treatment of the symptoms of Parkinson’s disease; however, 
their contribution to the effects of safinamide MAO-B inhibition is not clear.  

In in vitro binding studies, the imidazoline 2 receptor (an MAO-B binding site) was 
inhibited by safinamide and the two major human metabolites (NW-1689 and NW-1153) 
with low IC50s.  Inhibition of this target molecule likely contributes to the primary 
pharmacology of safinamide.

In the hERG assay, the IC50 for the effect of safinamide on the potassium current was 
28.3 mcM, which was generally considered to be low potency. The positive control, 
terfenadine (60 nM), inhibited the hERG potassium current by 82.4 ± 3.2%.  

In isolated rabbit myocardial strips, safinamide increased the conduction time and 
prolonged the refractory period at all concentrations, most notably at 100 mcM.  
Safinamide decreased the force of contraction at concentrations of 10 to 100 mcM; but, 
at lower concentrations (0.1 to 1 mcM), safinamide increased the force of contraction of 
the ventricular muscle strips.  This paradox was not explained. 
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Toxicology

Safinamide was administered to mouse, rat, rabbit, and monkey; the pivotal repeat-dose 
toxicity studies were conducted in rat and monkey.   The primary adverse clinical effect 
was CNS toxicity, seen in mouse, rat, rabbit, and monkey.  The effects ranged from lack 
of coordination or staggering, to tremors and clonic contractions, to convulsions and 
death. 

Table: Safinamide doses and exposures associated with adverse CNS signs in 4 
species

Species Study mg/kg/day mg/m2 ng*h/mL Fold (AUC) 
compared  to 
MRHD

mouse 2-year 
bioassay

200 600 # M: 63914
F:  46404

3.2
2.3

Rat 2-year 
bioassay

100 600 M: 59374
F: 79098

3
4

Rabbit EFD 100 1200 F: 142145 7.2
Monkey 39-week 

tox
70 840 M:262844

F: 271658
13.3
13.7

# AUC from study ONP002          
*At the MRHD (62 mg/m2), the AUC in human is 19811 ng*h/mL

Retinal toxicity in rat is discussed separately below.   

Characteristic, non-adverse, clinical signs in rat were increased salivation, chin rubbing, 
hypoactivity, partially closed eyelids, a “flat” posture, fast and shallow breathing, and 
rales.  Slightly decreased food consumption, an initial decrease in body weight, and 
decreased body weight gain were also seen in rats in the first few weeks of dosing.  At 
higher doses, the absolute body weights remained lower than controls for the duration 
of the studies.  

In monkeys, salivation, vomiting, and weight loss were routinely seen in safinamide-
dosed animals.  Salivation was seen pre-dose as well as post-dose and may reflect 
poor palatability of safinamide in a water vehicle, rather than drug-induced sialorrhea.

In rats and monkey, clinical chemistry changes were largely limited to the liver enzymes, 
alkaline phosphatase and ALT. In rats there was some increase in triglycerides and 
cholesterol (but no increase in corticosterone); but, in monkeys the serum cholesterol 
tended to be decreased at higher doses.  Urea and creatinine were transiently 
increased in some rat studies.  Except for increased centrilobular hepatocellular lipid, 
there were no histologic correlates for these findings.  

At necropsy, there were increased liver weights in rats and hepatic enlargement and 
pallor that correlated with the liver enzyme changes.  Histologically, increased 
hepatocellular lipid and centrilobular hypertrophy was seen at 50 to 200 mg/kg/day.  
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Large areas of pallor were noted consistently in rat lungs, which failed to collapse in 
some animals.  Histologic findings of intra-alveolar macrophages correlated with the 
gross changes.    Electron microscopic examination of the pulmonary macrophages 
found intra-cellular lamellar membrane whirls, compatible with phospholipidosis. In the 
absence of other pulmonary pathology, it is possible that the alveolar compromise 
contributed to respiratory distress and rales. In some instances foamy macrophages 
were also seen in thymus, liver, uterus, and vagina.   

Enlarged adrenal glands with increased adrenal weight were seen routinely at necropsy 
in rats.  Histologically, there was hypertrophy of the zona fascicularis.  Due to an 
absence of the normal foamy appearance of adreno-corticocytes this was sometimes 
recorded as increased eosinophilia. The change was not present after recovery.

In rat dose-ranging studies, “roughened” gastric mucosa and dilated intestines were 
seen in rats that were found dead or euthanized.  There was no apparent histologic 
correlate for the GI signs and the changes were not seen in survivors at terminal 
necropsy or after recovery.  

Grossly, gastric erosions were seen in monkeys dosed at 20 and 50 mg/kg/day and 
marked erosions in one F euthanized for inappetance and weight loss; whether the 
erosions lead to inappetance or were the result of inappetance was not determined.   
Few or no other histologic changes were seen in monkeys in any of the toxicology 
studies.

Toxicokinetics

In mouse, orally administered safinamide was fairly rapidly absorbed (Tmax ~1hr), 
exposure was greater in M than in F and increased less than proportionally to dose, and 
accumulation was not seen in M or F.  Levels of the metabolite NW-1153 were less than 
the parent and increased less than dose-proportionally. Plasma levels of NW-1689 were 
from 5-fold to 200-fold those of safinamide and also increased less than dose-
proportionally.

In rat, the Tmax was similarly ~ 1hr, exposure was greater than dose-proportional, tended 
to be higher in F than in M and, upon repeat dosing, there was notable accumulation.  
The metabolite NW-1153 peaked at about the same time as safinamide, at 3-fold less 
than the plasma level of safinamide.  NW-1689 reached Cmax at ~2-4 hours, although 
occasionally at 8 hours, and was detectable up to 24 hours post-dose and accumulated 
to eventually reach levels 40-fold those of safinamide.  Exposure to both metabolites 
was greater in F than M.  The Cmax and the AUC(0-24 hr) of NW-1689 increased with dose 
and were roughly dose-proportional; slight accumulation was seen in all dosed groups- 
(26-week study)

In female rabbit, the Tmax was also ~ 1hr and exposure increased with dose in a greater 
than dose-proportional manner, but with little accumulation.  At steady state, the 
exposure to NW-1153 was 30% that to safinamide, and the exposure to NW-1689 was 
5-fold that to safinamide.
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and rats administered safinamide for 2 years; therefore, safinamide was not 
carcinogenic under the conditions of either study.  The metabolites NW-1689 and NW-
1153 are present in rat and mouse; however, NW-1689 AG was not found in mouse and 
was found only at trace levels in rat.  

Non-neoplastic findings in the rat study included retinal atrophy that affected all dose 
groups; in addition, there were dose-related lenticular opacities and cataractous change 
that are discussed below.   

Reproductive and developmental toxicology

In a study of fertility and early embryonic development, safinamide caused reduced 
numbers of corpora lutea female rats leading to a slight decrease in fertility.  Males 
treated with safinamide in the same study were fertile but had minor sperm 
abnormalities. In embryofetal development studies, safinamide caused major skeletal 
malformations, abnormalities in kidney, and ectopic testes in rats, although was not 
found to be teratogenic in rabbit.  In combination studies, safinamide exacerbated the 
embryofetal cardiac toxicity of Carbidopa/Levodopa.  Safinamide alone was toxic in 
neonatal rats, causing hepatobiliary inflammation and necrosis leading to dose-related 
hyperbilirubinemia, systemic jaundice, and increased deaths in the first week 
postpartum.  Rat pups born to control dams that were fostered, at one day of age, to 
high dose dams developed jaundice, although not at the severity or incidence of rat 
pups from high dose dams that remained with their dam.  Pups born to HD dams that 
were fostered at one day of age to C dams also developed jaundice; but, at an 
incidence and severity less than litters fostered to HD dams.  By weaning at 21 days of 
age, surviving pups were essentially normal, except for some residual yellow 
discoloration of the skull bones.  The cause of the hepatic toxicity in neonates was not 
determined, nor was the chronology of the hepatobiliary pathology documented. 

Retinal toxicity

In toxicology studies in rats, safinamide caused a dose- and time-dependent mild-to 
total atrophy of the retinal outer nuclear layer (ONL).  The outer nuclear layer is made 
up of the nuclei of the rods and cones of the photo-receptor layer whose outer-most 
segments are embedded in the microvilli of the retinal pigmented epithelium (RPE).  
The RPE is adjacent to the choroid, forming part of the blood-retina barrier, and 
transports blood-born nutrients to the retina, secretes growth factors to the retina, and 
transports ions, water and metabolites from the retina to the blood.  Importantly, the 
RPE phagocytizes photo-damaged proteins and lipids from the photoreceptor (rods and 
cones) outer segment.  The photoreceptor outer segment (POS) constantly sheds cell 
fragments (discs) onto the RPE where they are phagocytized by the RPE, digested, and 
either sent into the bloodstream or portions are recycled to the retina. Isolated RPE cells 
phagocytize POS fragments in culture, apparently stimulated whenever the POS discs 
come in contact with the RPE cell membranes.  
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The change in the ONL was first diagnosed in the interim (42-week) necropsy of the rat 
2-year bioassay; re-examination of rat retinas from previously conducted toxicology 
studies found dose-dependent, time-related retinal atrophy.  

Tissue distribution studies compared pigmented to albino rats at 125 mg/kg/day.  
Safinamide levels in the retinas of pigmented rats was up to 30-fold greater than in 
retinas of albino rats.  Metabolite NW-1689 was present in both strains of rats; in albino 
rats, the tissue AUC and Cmax of NW-1689 exceeded that of safinamide by ~1.5 fold and 
was ~1.5-fold greater than NW-1689 levels in the pigmented rat retinas.  In pigmented 
rats, levels of NW-1689 (Cmax and AUC) were 30-fold less than retinal safinamide levels.  
Tissue levels were limited to the retina, and any unbound safinamide or metabolites 
were not measured.  

Pramipexole, at doses that did not cause retinal changes (25 mg/kg/day PO), 
exacerbated the retinal lesions caused by 50 mg/kg/day safinamide PO in both 
pigmented and albino rats.  No adverse effects were detected in retinas of pigmented 
rats treated with 50 mg/kg/day safinamide alone. 

However, at higher doses (125 mg/kg/day) in pigmented and albino rats, the pigmented 
rats had degenerative changes as early as 1 month when albino rat retinas were 
morphologically normal.  By termination at 13 weeks, clinical retinal hyper-reflectivity 
was seen only in albino rats, but both strains had morphologic retinal degenerative 
changes of similar severity and incidence.  By light microscopy, safinamide-associated 
changes consisted of pyknosis and loss of the photoreceptor nuclei of the outer nuclear 
layer. Ultrastructurally, the earliest change was detachment of the outer segment discs 
from the RPE microvilli.   More advanced changes were degeneration and vacuolation 
of the discs, disconnection from the inner segment and finally loss of the photoreceptor 
layer.  Of interest are the large lipid droplets free in the otherwise-normal RPE, possibly 
intracellular fragments of the degraded POS discs; evidence of increased phagocytic 
activity was also noted in the RPE.  

In the terminal week of the rat 2-year bioassay, ophthalmologic exams showed a dose-
related incidence of cataracts and lenticular opacities.  The cataractous change, evident 
without an ophthalmoscope, often precluded retinal exams; advanced retinal atrophy 
was seen when the lenticular opacities did not obscure the posterior uvea.  
Histologically, the opacities and cataracts were beneath the posterior capsular of the 
lens.  Cataracts at this location have been associated with severe retinal atrophy and 
are attributed to retinal degeneration products in the vitreous causing degenerative 
changes in lenticular fibers immediately beneath the capsule of the lens.  

Subsequently “pyknotic nuclei” were cited in the retinas of both control and treated 
monkeys in a 39-week toxicology study (30939 TCP).  A formal pathology working 
group reviewed the retinas from the study and historic controls of the pathology 
laboratory. Based on findings in all groups, with no apparent progression over time, an 
anatomic association with post-mortem retinal detachments (possibly from tissue 
handling), and the often unilateral nature of the nuclear alterations, the PWG found the 
change to be an artifact, and that “dark nuclei” was a more appropriate diagnostic term.  
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The panel suggested the change was similar to “dark neurons” found in brain that are 
attributed to tissue handling.   

Acyl glucuronide of metabolite NW 1689

1ß-O-acyl glucuronides shift and rearrange, allowing them to covalently interact with 
serum and/or cellular proteins (most often with a lysine residue), leading to protein-
glucuronide adducts that may act as haptens, leading to autoimmune diseases.  Acyl 
glucuronides can form DNA adducts, resulting in possible genotoxicity, and lastly, they 
can directly activate neutrophils and/or macrophages resulting in release of pro-
inflammatory cytokines.  Due to the randomness of the glucuronide rearrangements, the 
covalent nature of the protein binding, and idiosyncratic nature of the resulting adverse 
drug reactions, in vivo safety studies are not reliably predictive.

The risk of protein binding by 1ß-O-acyl glucuronides has been ranked based on their in 
vitro half-life in pH neutral aqueous solutions.  Based on the speed of the 
rearrangements of the molecules, the risk of idiosyncratic reactions is generally 
categorized as high risk (rapid rearrangements with a half-life of 1/2 h), medium risk 
(half-life between 1/2 and 5 hours) and low risk (a half-life greater than 5 hours).  The 
half-life of synthetic NW-1689 1ß-O-acyl glucuronide in phosphate buffered aqueous 
solution was 5.4 h, which puts it in the medium-to-low risk category, similar to 
furosemide. A 3.6 hour “buffer” between the risk categories is recommended and, while 
NW-1689 AG was not solidly in the low risk category, it is well below high-risk.  

In another classification scheme, the Reactivity Index of an AG metabolite was based 
on the rate of the reaction in forming protein adducts. In this scheme, it was determined 
that benzyl AG’s (like NW-1689 AG) have a lower rate of covalent binding to proteins. 

NW-1689 AG was present in monkey, and the only toxicity unique to the monkey was 
gastric erosions.  AG-based enteric pathologies are characteristically associated with 
biliary excretion and are seen in the small intestine and the gastric changes are not 
attributed to the metabolite.  NW-1689 AG was also present in rabbit, and there were no 
observed unique clinical or histopathological toxicities in female rabbits. 

The carcinogenicity studies were conducted in rat and mouse; NW-1689 AG was not 
present in mouse and was at trace levels in rat.  The metabolite was negative in two in 
vitro genotoxicity studies; however, just as idiosyncratic drug toxicities (IDT) cannot be 
predicted by in vivo studies, the possibility of DNA adduct formations cannot be 
excluded. A dedicated carcinogenicity study would require oral administration of the 
metabolite; however, oral administration, absorption, and subsequent hepatic 
metabolism are not likely to allow prediction of clinical risk. 

In sum, based on the in vitro half life, NW-1689 AG was at  lower risk than those AG’s 
that have been withdrawn from market and was at similar risk as those that remain 
marketed and, based on the benzyl molecular structure, has a lower Risk Index.  
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Safety Evaluation

Safinamide is a selective, reversible, non-covalent inhibitor of Monoamine Oxidase-
type-B (MAO-B), with in vitro activity as a sodium channel blocker and possibly as a 
blocker of excessive glutamate release.  Safinamide crosses the blood-brain barrier and 
inhibits dopamine degradation.  

There are no novel excipients in the drug product and no impurities of toxicologic 
concern.

Adverse findings in safety pharmacology studies were limited to fatal hypotension at IV 
doses in monkey that were 22-fold the dose of 62 mg/m2 at the MRHD.  A modest 
shortening of the QT interval in dog given doses 16-fold the MRHD (on a mg/m2 basis) 
was not adverse.  

The most adverse clinical effect was CNS toxicity, seen in mouse, rat, rabbit, and 
monkey.  The effects ranged from lack of coordination or staggering, to tremors and 
clonic contractions, to convulsions and death.  Although some animals were euthanized 
in extremis, there were no histopathologic correlates. In the rat (the more sensitive 
species), sporadic seizures were seen at 3-4 fold the exposure (AUC) at the MRHD.  

Clinical chemistry changes were largely limited to elevated liver enzymes alkaline 
phosphatase (AP) and ALT in rat and monkey; anatomic changes were limited to rat  
where hepatic enlargement and pallor correlated with the liver enzyme changes. 
Histologically, increased hepatocellular lipid and centrilobular hypertrophy was seen at 
300 to 1200 mg/m2 (5- to 20-fold the MRHD).

 NW-1153, NW-1689, and NW-1689 AG were neither clastogenic 
or mutagenic in a battery of genotoxicity studies.  There were no drug-related tumors 
found in the two-year bioassays in rat and mouse; however the metabolite NW-1689 AG 
was not found in either species.   

Safinamide caused reduced fertility in female rats, and minor sperm abnormalities in 
male rats. Safinamide caused major skeletal and soft tissue malformations and 
abnormalities in rats and rabbits.  In combination studies, safinamide exacerbated the 
embryo-fetal cardiac toxicity of Carbidopa/Levodopa.  Safinamide alone caused peri-
natal hepatobiliary inflammation and necrosis in rat pups, leading to dose-related hyper-
bilirubinemia, systemic jaundice and deaths in the first week of life. Cross-fostering 
litters indicated that the toxicity was both prenatal and antenatal.  By weaning, there 
were no abnormalities in hepatic function or anatomy; whether the survivors were less 
susceptible to the toxicity or if exposures might have been less is not determined.  

Safinamide caused mild-to-severe retinal atrophy in pigmented and non-pigmented rats.  
Histologically, the atrophy involved the outer nuclear layer; the earliest ultrastructural 
change was detachment of the outer segment discs from the RPE microvilli, 
accompanied by altered disc morphology and apparent accumulation of phagocytized 
lipid in the actively phagocytic RPE.  Changes were seen clinically as early as one 
month and, at 102 weeks, a dose-related incidence of sub-posterior capsular cataracts 
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and lenticular opacities was attributed to retinal degeneration products in the vitreous 
causing degenerative changes in the lens.  

The sponsor found that the retinal atrophy is a rodent phenomenon, that there is no 
increased risk for patients, and extensive clinical monitoring did not evidence any retinal 
changes in the clinical trials. However, the anatomic relationship between the outer 
segments and the RPE and the phenomenon of regular RPE-phagocytosis of phot-
altered disc material is present in human and is not unique to rat.  Because the anatomy 
and mechanism involved are relevant to human, the retinal atrophy seen in rat cannot 
be discounted as irrelevant.  

Pramipexole was also associated with altered disc shedding and retinal atrophy, 
although no clinical reports have been seen to date.  At doses that did not cause retinal 
changes, pramipexole exacerbated the retinal lesions caused by safinamide in both 
pigmented and albino rats.  Co-administration of the two drugs would be a matter of 
clinical judgment. 

The toxicity and possible carcinogenicity of the metabolite NW-1689 AG was not 
adequately characterized.  NW-1689 AG is a major metabolite, constituting up to 20% of 
the circulating drug substance in human.  The acyl glucuronide of NW-1689 is found at 
modest levels in monkey, but at significantly lower levels than found in human.  NW-
1689 AG was negative in the Ames test, but was not evaluated in the carcinogenicity 
studies.  Based on the in vitro half life, NW-1689 AG is at  lower risk than those AG’s 
that have been withdrawn from market and is at similar risk as those that remain 
marketed and, based on the benzyl molecular structure, has a lower Risk Index.  
Although NW-1689 AG idiosyncratic drug toxicity or carcinogenicity was not evaluated 
in vivo, in vitro data suggest clinical risk is low-to-moderate and whether post-marketing 
evaluation might be useful would be a matter of clinical judgment. 

Recommendation

1) From a pharmacologic/toxicologic perspective, safinamide at 100 mg/day is 
approvable for therapy in Parkinson’s disease. 

2) The safety margin for sporadic CNS signs is low (3-fold) and clinical monitoring 
may be warranted.  

3) Adverse effects on fertility, on fetal development, and on neonatal health should 
be taken into consideration when administering safinamide to women of child 
bearing age.

4) Clinical monitoring for adverse retinal changes may be advised when 
pramipexole and safinamide are co-administered. 
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Attachment 1: Studies Reviewed
9650210: The interactions of FCE 26743/PNU 151774 [safinamide] and other 
compounds with monoamine oxidases

0601002 Effect of NWE1015 [safinamide] on monoamine oxidase type B: in vitro and ex 
vivo studies

0502001 Individual tests data report, compound NW-1015 and NW-1029

0901003 Effect of NW-1015 [safinamide] on dopamine system in rat and monkey: ex 
vivo study

ES714002 Effects of long-term safinamide treatment on dopamine metabolism in motor 
and non-motor regions of monkey brain.” 

MMSCH2 Final report on the effects of safinamide in combinations with L0dopa and the 
MPTP-lesioned macaque model of Parkinson’s disease

TANDD_invivo_2011.011 Study of antiparkinsonian and antidyskinetic effect of 
safinamide in Parkinsonian primates in a semi-chronic experiment and associated 
safinamide assay 

9750001: Effect of PNY-151774E [safinamide] on sodium, potassium and calcium 
currents in neonatal rat hippocampal primary culture

9750003: Receptor binding profile of PNY-151774 [safinamide] in rat brain 
membranes091112.TSP: ScreenPatch®Assay: Effects of seven test articles on cloned 
Nav1

 1210013 A micro-dialysis study on the effect of safinamide (NW-1015E) on veratridine-
stimulated glutamate release in dorsal hippocampus of freely moving rats.” channels 
expressed in mammalian cells

Summarized Target Binding studies:  806025, 8920172, 8920174, 8920175, 8920177, 
8920196, 8920254, 8920256, 8920316, 8920326

0901104-NFS: Effect of Safinamide methanosulfonate on cloned human Ether-a-go-go 
gene related potassium channels expressed in human embryonic kidney cells
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0901104-NFS: Effect of Safinamide methanosulfonate on cloned human Ether-a-go-go 
gene related potassium channels expressed in human embryonic kidney cells

MSC2191632B: The effect of MSC2191632B [safinamide] on cardiac action potentials 
in isolated guinea pig papillary muscles

7243-96-080: Comparative effects of PNY-151774E [safinamide] and diphenylhydantoin 
(DPH) in isolated rabbit myocardium

7243-96-080: Comparative effects of PNY-151774E [safinamide] and diphenylhydantoin 
(DPH) in isolated rabbit myocardium

1205009: In vitro effect of safinamide (NW-1015) and its metabolites (NW1153 and NW-
1689) on aromatic L-amino acid decarboxylase activity

Safety Pharmacology Studies:  9750104, 9650206, 9650207, 11-0016, 9750238, 7243-
97-016, 20010479 PCC, 9750238-N826X, GSP0010RF, 0405001-PR051740, and 2001 -
42 

0504005: In vitro effect of safinamide and its metabolites on catechol-o-
methyltransferase (COMT)

DMPK 126-07 In vitro distribution of safinamide, NE-1153, and NW 1689 in whole blood 
of mouse, rat, rabbit, dog, monkey and human

DMPK-175-07, DMPK 164-07, DMPK 23-11 Expert Report on Pharmacokinetics and 
Distribution of Safinamide in Mice, Rats and Monkeys

PNU-151774 Acute oral toxicity study in rats 

ONP 002 Preliminary toxicity study by oral gavage administration to CD-1 mice for 13 
weeks 

N596-Q1354, N814-q1505: 4-week studies in rat

7552-RF3230 NW1015 - 13 week oral toxicity study in rats followed by a 4-week 
recovery period 

8724/T/390/2002 Safinamide (NW1015) 26-week oral toxicity study in rats followed by 
an 8-week recovery period 

RE 6230 26-week oral toxicity study in rats followed by 6 weeks of recovery 

SOI/0053 Safinamide in Combination with Levodopa/Carbidopa: Toxicity Study by Oral 
Gavage Administration to CD rats for 13 Weeks followed by a 4 Week Recovery period 
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SOI/0054 Safinamide and/or Pramipexole: Toxicity Study by Oral Gavage 
Administration to Female Albino (CD) Rats and Female Pigmented (Long Evans) Rats 
for 13 Weeks 

RE8410 IMP28941 Dose range-finding study in Cynomolgus monkeys treated by oral 
route 

91180 13-week oral toxicity study in monkeys followed by a 6-week recovery period

SOI/0052 Safinamide in combination with levodopa/carbidopa: Toxicity study by oral 
gavage administration to cynomolgus monkeys for 13 weeks followed by a 4 week 
recovery period.

22972 13-week oral administration toxicity study in the cynomolgus monkey in 
combination with pramipexole

RF3280  Methanesulfonate 4 weeks oral toxicity study in rats 

N704-Q1448 Gene mutation test in bacteria 

T17900 MSC2364700B Bacterial mutagenicity assay Salmonella typhimurium and 
Escherichia coli.

42660 NW-1153, NW-1689 Reverse mutation in Salmonella typhimurium

T17788 MSC2357341A- Bacterial mutagenicity assay, Salmonella typhimurium and 
Escherichia coli.

8701 NW1015 Mutation in L5178Y tk+/- mouse lymphoma cells (fluctuation method)

8768 NW 1015 Micronucleus test 

T17938 MSC2364700B In vitro micronucleus test in V70 Chinese hamster cells.

N709-Q1452 FCE 26743A: DNA repair test in rat hepatocyte primary cultures.

ONP 004 Carcinogenicity study by oral gavage administration to CD-1 mice for 104 
weeks

ONP 005 Carcinogenicity study by oral gavage administration to CD rats for 104 weeks.

Repro:

OVZ0006 Oral (Gavage) fertility and early embryonic development study in the rat

9380EXT Preliminary oral embryo-foetal development study in rats
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912210EXT “Second preliminary oral embryo-fetal development study in rats 

380EXT Preliminary oral embryo-foetal development study in rats

9382 Safinamide (NW-1015) oral Embryo-Foetal development study in rats with 
toxicokinetics

SOI/0057 Safinamide and Levodopa/Carbidopa embryo-fetal toxicity study in the CD rat 
by oral gavage administration.

9381EXT Preliminary oral embryo-foetal development study in rabbits 

9548EXT Safinamide (NW1015) Screening Study in Rabbits.

19030 Safinamide (NW 1015) oral embryo-foetal development study in rabbits with 
toxicokinetics

SO10025 Safinamide and levodopa/carbidopa pilot study in the rabbit by oral gave 
administration

SO10045 Safinamide and levodopa/carbidopa: Preliminary Embryo-fetal toxicity study 
by oral gavage administration to rabbits

SOI/0056 Safinamide and levodopa/carbidopa: Embryo-fetal toxicity study in the rabbit 
by oral gavage administration.

SOI/0059 Safinamide: Pre- and post-natal development study in the CD rat by oral 
gavage administration

SOI/0021 Preliminary pre- and post-natal development study by oral gavage 
administration to CD rats

SOI/0063 Mechanistic study by oral gavage administration to CD rats
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