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NDA 212728 was submitted by Biohaven Phaimaceuticals, Inc. on June 27, 2019, to suppo1t 
mai·keting approval of an orally disintegrating tablet (ODT) fonnulation of rimegepant, a small
molecule calcitonin gene-related peptide (CGRP) receptor antagonist, for the "acute treatment of 
migraine in adults." All nonclinical data in suppo1t ofNDA 212728 were submitted by cross-
reference to NDA <bll

4
, submitted by the same sponsor on June 28, 2019, to suppo1t 

marketing approval of a tablet fo1mulation of rimegepant for the same indication. Clinical 
development of rimegepant for the proposed indication was conducted by Biohaven under IND 
109886. 

A full battery of nonclinical studies was submitted to NDA 16
>1" and reviewed by Dr. Carbone 

(Phaimacology/Toxicology NDA Review and Evaluation, NDAs 161r
4 

and 212728, David L. 
Cai·bone, Ph.D. , Febrna1y 18, 2020). (Dr. Cai·bone's review references tliose conducted by Drs. 
D. Chaifos Thompson and Edmond Nesti under IND 109886.) Based on the review, Dr. Carbone 
concludes the nonclinical data are adequate to support approval of the ND As; however, Dr. 
Carbone found the completed pre- and postnatal development study of rimegepant in rats was 
inadequate because the data for multiple developmental pai·ameters (e.g., mating index, 
pregnancy rates) for the Fi generation fell below the historical control range. Dr. Carbone 
recommends a pre- and postnatal development study in rat as a post-marketing requirement 
(PMR) to address these deficiencies and a PMR for a juvenile animal toxicology study to suppo1t 
clinical development in pediatric patients under PREA. 

Phaimacology: Rimegepant is a CGRP receptor antagonist, with high affinity binding at the 
human (Ki = 32.9 pM) and cynomolgus monkey (K = 59 pM) CGRP receptors. Affinity was 
mai·kedly lower in rodent (Ki values of 104000 and 209000 nM for mouse and rat CGRP 
receptors , respectively). In human, rimegepant was selective for the CGRP receptor, compai·ed to 
other members of the calcitonin fainily of receptors; binding affinity for amylin 1 was the most 
similar, with an ICso of 2.28 nM (compared to 54.3 pM for CGRP). 
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Testing of rimegepant in a minimal panel of binding targets identified no substantial off-target 
binding; IC50 or EC50 values were ≥10 µM, except for PDE4 (EC50 of 5.8 µM). 
 
Safety pharmacology: In studies assessing a core battery of safety pharmacology endpoints, 
rimegepant demonstrated minimal or no adverse effects on CNS or respiratory parameters 
(Sprague-Dawley rat and cynomolgus monkey at oral doses up to 100 and 60 mg/kg, 
respectively) or on cardiovascular parameters in vitro (rabbit Purkinje, hERG [IC50 >30 µM] and 
SCN5A currents in HEK-293 cells) or in vivo (cynomolgus monkey, at oral doses up to 60 
mg/kg).  
 
PK/ADME: The PK/ADME of rimegepant was tested in rat (PO, IV), dog (IV), and cynomolgus 
monkey (PO, IV). Following a single IV dose (1 mg/kg) in these species, the t1/2 of rimegepant 
was 1.8, 3.1, and 2.8 hrs, respectively; the Vd was 2.7, 0.9, and 1.2 L/kg, respectively; the Cl was 
51.0, 7.8, and 12.2 mL/min/kg, respectively. Following a single PO dose (10 mg/kg), the Tmax in 
rat and monkey was 1.7 and 3.3 hr, respectively. In humans, the t1/2 following single PO and IV 
doses were 10.5 and 5.8 hrs, respectively; CL and Vd,ss following a single IV dose were 9.3 L/hr 
and 58.0 L, respectively. 
 
A tissue distribution study was not conducted; however, blood-brain-barrier penetration was 
found to be low in Sprague-Dawley rat (30, 100, and 300 mg/kg PO), with a blood:brain ratio of 
0.02-0.19 at 24 hrs post dose on Day 14. The major route of elimination was fecal in animals and 
humans. In humans, the parent compound accounted for the majority of drug-related material in 
circulation, with no metabolite accounting for >10% of total drug-related material, following a 
single oral dose.  
 
Toxicology: The pivotal (GLP) oral toxicity studies of rimegepant were conducted in Sprague-
Dawley rat and cynomolgus monkey. In addition, a 3-month GLP dose-ranging study was 
conducted in CBYB6F-01 hybrid mouse to support dose-selection for a 26-week carcinogenicity 
study in Tg.rasH2 mouse. (It is of note that rat is not a sensitive animal model for 
pharmacologically-mediated toxicities due to the substantially lower binding affinity of 
rimegepant at the rat, compared to the human, CGRP receptor.) 
 
In rat, GLP studies consisted of 1-month + 2-week recovery (0, 10, 30, 60, and 100 mg/kg/day), 
3-month + 1-month recovery (0, 10, 30, 60, and 150 mg/kg/day), and 6-month + 28-day recovery 
(0, 5, 20, and 45 mg/kg/day) studies. The primary toxicities were hepatocellular vacuolation (due 
to lipid accumulation) at all doses in all studies, with necrosis at the highest dose tested (150 
mg/kg/day), and intravascular hemolysis and regeneration, which was observed in the 3-month 
study at 150 mg/kg/day (also in the short-term non-GLP studies, primarily at doses  
>100 mg/kg/day). In the 6-month study, the high dose, associated with plasma AUCs of 207938-
268646 ng*hr/mL), was identified as an NOAEL. 
 
In monkey, GLP studies consisted of 1-month + 2-week recovery (0, 6, 20, and 60 mg/kg/day), 
3-month + 1-month recovery (0, 25, 50, and 100 mg/kg/day), and 9-month + 28-day recovery (0, 
5, 15, and 50 mg/kg/day) studies. The primary toxicities were emesis and intravascular 
hemolysis (↓ rbc ct, hgb, and hct; ↑ reticulocytes, total bilirubin). Although the high dose in the 
9-month study was identified as an NOAEL by the sponsor, one high-dose male was sacrificed 
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moribund with clinical signs (cold to touch, hypoactive, pale, labored breathing, swelling) and 
severe anemia; no microscopic findings were detected, and the sponsor concluded the anemia 
“…was not considered treatment-related.” It is difficult to dismiss this finding as not drug-
related, considering evidence of intravascular hemolysis in other studies of rimegepant in 
monkey and rat in the absence of microscopic findings. Plasma exposures (AUC) at the mid and 
high doses in the 9-month study were 5366-7110 and 61768-89178 ng*hr/mL, respectively. 
 
Although toxicities of concern were observed in rat and monkey, they were associated with 
plasma AUCs substantially higher than that in humans at the maximum recommended human 
dose (MRHD) of 75 mg/day (3729 ng*hr/mL).  
 
Reproductive and Developmental Toxicology: A full battery of oral reproductive and 
developmental toxicology studies (Sprague-Dawley rat and New Zealand White rabbit) was 
conducted for rimegepant.  
 
Effects on fertility and early embryonic development were assessed in two separate studies in rat. 
In the first study, rimegepant (0, 30, 60, and 150 mg/kg/day) was administered to male and 
female rats prior to and during mating and continued in females to gestation day (GD) 7; uterine 
atrophy was observed at all doses, while fertility was reduced at the high dose. In the second 
study, lower doses were administered (0, 5, 15, and 25 mg/kg/day) during the same periods; no 
microscopic changes were detected in the uterus, and there were no adverse effects on fertility or 
early embryonic development. Overall, the no-effect dose for impairment of fertility or early 
embryonic development (25 mg/kg/day) was associated with a plasma AUC (on GD 7) of  
59400 ng*hr/mL, which is approximately 15 times that in humans at the MRHD.  
 
Effects of rimegepant on embryofetal development were tested in rat (0, 10, 60, and 300 
mg/kg/day; GDs 7 through 15) and rabbit (0, 10, 25, and 50 mg/kg/day; GDs 7 through 19). In 
rat, reduced fetal body weight and increased fetal variations were observed at the high dose, 
which was associated with maternal toxicity. In rabbit, no adverse effects were observed on 
embryofetal development. Plasma AUCs at the no-effect dose for adverse effects on embryofetal 
development in rat (60 mg/kg/day; 171000 ng*hr/mL) and rabbit (50 mg/kg/day; 36000 
ng*hr/mL) were approximately 45 and 10 times, respectively, that in humans at the MRHD. 
 
The pre- and postnatal development study in rat, in which rimegepant (0, 10, 25, and 60 
mg/kg/day) was orally administered throughout gestation and lactation, was inadequate. 
Deficiencies included lower than expected values for male fertility index (52.4-76.2%; HC = 
83.3%), female fertility index (42.9-57.1%; HC = 84.2-96.0%), and pregnancy rate (64.7-84.2%; 
HC = 91.7-100%) for the F1 generation and an inadequate number of animals used for the 
neurobehavioral evaluation (10/sex/group, rather than 20/sex/group). In addition, effects on 
learning and memory in the F1 generation were assessed using an E-water maze rather than a 
complex task (e.g., Morris or Cincinnati water maze). 
 
Genetic Toxicology: Rimegepant was negative in a standard battery of genetic toxicology 
(Ames, in vitro chromosomal aberration in Chinese hamster ovary cells, in vivo male Sprague-
Dawley rat micronucleus) assays. 
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Carcinogenicity: The carcinogenic potential of rimegepant was assessed in a 26-week study in 
Tg.rasH2 mouse (0, 10, 100, or 300 mg/kg/day) and a lifetime study in Sprague-Dawley rat (0, 5, 
20, or 45 mg/kg/day). The carcinogenicity study in rat was terminated prematurely (consistent 
with FDA recommendations) in males (Week 99/100) and females (Week 91) because of 
reduced survival in the water control group in females and in mid-dose males. There was no 
drug-related increase in neoplasms in either study. In rat, the plasma AUCs at the high dose 
(105011-169666 ng*hr/mL) were approximately 30 times that in humans at the MRHD. 
 
 Conclusions and Recommendations 
 
The battery of nonclinical studies conducted to support clinical development and a marketing 
application for rimegepant was adequate, except for the completed pre- and postnatal 
development study in rat, which had several deficiencies. Overall, the nonclinical data support 
approval of NDA 212728 (ODT)  however, a pre- and postnatal 
development study, to include an adequate number of offspring for evaluation and a more 
rigorous neurobehavioral assessment, should be a post-marketing requirement (PMR). In 
addition, a juvenile animal toxicology study should be a PMR to support clinical development in 
pediatric patients <12 years of age, under PREA. These PMRs are recommended for NDA 
212728 and NDA  if either or both are approved. 
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1 Executive Summary

1.1 Introduction
BHV-3000 (rimegepant) was developed by Biohaven Pharmaceuticals, Inc. for the 
treatment of acute migraine. 

1.2 Brief Discussion of Nonclinical Findings
BHV-3000 is a small molecule antagonist of the calcitonin gene-related peptide (CGRP) 
receptor. BHV-3000 is to be administered as a 75 mg oral dissolving (NDA 212728)

 (NDA  tablet , as needed. There are no safety 
concerns regarding excipients or impurities.

In vitro primary pharmacology studies indicated binding of BHV-3000 to mouse, rat, 
dog, monkey, and human CGRP receptors. An in vivo pharmacology study indicated 
suppression of CGRP-induced facial blood flow in marmoset monkeys; however, there 
were no vasoconstrictive effects on isolated human coronary or cerebral arteries. There 
were no effects of BHV-3000 on CNS, cardiovascular, or respiratory safety 
pharmacology endpoints, and the IC50 for hERG or sodium ion channels was estimated 
to be in excess of 30 uM.

Oral toxicology studies of up to 6 and 9 months’ duration were conducted in Sprague 
Dawley (SD) rat and cynomolgus monkey, respectively. Primary toxicity in rat consisted 
of centrilobular vacuolation in the liver, which resolved over a recovery period; however, 
based on liver vacuolation at all doses (0, 5, 20, or 45 mg/kg) in the 6-month study, a 
NOAEL was not established in rats. The primary toxicity in monkeys consisted of 
decreases in weight gain; based on this finding, the NOAEL for daily administration of 
BHV-3000 for 9 months was 15 mg/kg. 

Two fertility studies in SD rat indicated uterine atrophy at doses greater than 25 mg/kg, 
and decreased conception and increased pre-implantation loss at 150 mg/kg. There 
was no embryofetal toxicity in rat or rabbit. In a pre- and postnatal development study in 
rat, there were no drug effects on litter parameters or development of the offspring; 
however, because the male mating index, male and female fertility indices, and female 
pregnancy rates in all groups following mating were below the lower limit for the 
conducting laboratory’s historical range, the pre- and postnatal development study did 
not adequately assess mating and fertility in the offspring. BHV-3000 was negative in 
Ames, in vitro chromosomal aberration, and in vivo rat micronucleus assays, and was 
negative for tumor formation in 6-month and 2-year carcinogenicity studies in TgRasH2 
mice and SD rats, respectively.

1.3 Recommendations

1.3.1 Approvability
BHV-3000 is approvable from a nonclinical perspective.

Reference ID: 4562370
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1.3.2 Additional Nonclinical Recommendations 

The completed pre- and postnatal development study in rat was inadequate because 
the male mating index, male and female fertility indices, and pregnancy rates are below 
the lower limits of the conducting laboratory's historical range. In addition, 
neurobehavioral evaluations were conducted in an insufficient number of animals per 
group and the learning and memory task used was inadequate. This study will need to 
be repeated using a sufficient number of animals per group, and should include an 
adequate (i.e., Morris or Cincinnati water maze) test for learning and memory. 

1.3.3 Labeling 

8.1 Pregnancy 

Risk Summary 

(bl{l 

n tne cr:--s. genera population, tne estimatea Background risl< 
of major 51rtliC!etects and miscarriage in cl inically recognized pregnancies is 2 to 4% 
and 15 to 20%, respectively. The estimated rate of major birth defects (2.2 to 2.9%) and 
miscarriage (17%) among deliveries to women with migraine are similar to rates 
reported in women without migraine. 

Cl inical Considerations 

Disease-Associated Maternal and/or Embryo/Fetal Risk 

Publ ished data have suggested that women with migraine may be at increased risk of 
preeclampsia during pregnancy. 

Data 

4 

Reference ID 4562370 



NOA# 16
>1.il 212728 Reviewer: David L. Carbone 

Animal Data 

8.2 Lactation 

Risk Summary 

(bJl.il 

nere are no 
animal aata on me excre ion ofrimegepanfin mifk--:-Ttieaevelopmental and health 
benefits of breastfeeding should be considered along with the mother's clinical need for 
TRADENAME-ODT ~ and any potential adverse effects on the breastfed 
infant from TRADENAME-ODT <b>f

4 

12.1 Mechanism of Action 

(bJl.il 

Rimegepant is a calcitonin gene-related peptide receptor antagonist. 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Carcinogenesis 

5 
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Mutagenesis

Impairment of Fertility

2 Drug Information

2.1 Drug
CAS Registry Number: Not provided

Generic Name: Rimegepant

Code Name: BHV-3000

Chemical Name: (5S,6S,9R)-5-Amino-6-(2,3-difluorophenyl)-6,7,8,9 tetrahydro-5H-
cyclohepta[b]pyridin-9-yl 4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)-1-
piperidine-1-carboxylate hemisulfate sesquihydrate

Reference ID: 4562370
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Molecular Formula/Molecular Weight: C28H28F2N6O3 
(534.56 Da)

Structure or Biochemical Description:

(Sponsor’s Figure)

Pharmacologic Class: Calcitonin gene-related peptide (CGRP) receptor antagonist

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 109886 (rimegepant)

2.3 Drug Formulation
The clinical formulations are 75-mg orally-dissolving (NDA 212728) or  

(NDA  tablets.

2.4 Comments on Novel Excipients
None

2.5 Comments on Impurities/Degradants of Concern
The sponsor proposed specification limits of  and % for the impurities  
and , respectively. Based on discussion with the CMC team, there are no 
structural alerts for either compound. Because the proposed specification limits exceed 
the qualification threshold for impurities, the sponsor has conducted a general 
toxicology study of 3 months’ duration in male and female SD rats to evaluate any 
potential toxicity of the impurities; no new toxicities or potentiation of drug-related effects 
were observed. The impurities  and  are, therefore, adequately 
qualified. 
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2.6 Proposed Clinical Population and Dosing Regimen
The proposed dose is 75 mg/day for acute migraine.

2.7 Regulatory Background
End of Phase 2, March 1, 2017 
Pre-NDA, March 1, 2019
iPSP, June 4, 2019; a juvenile animal toxicology study is to be conducted as a PMR. 

Comments on the design of the sponsor’s proposed study were issued by email 
(August 9, 2019).

3 Studies Submitted

3.1 Studies Reviewed 
Primary and Secondary Pharmacology

 In vitro efficacy in human neuroblastoma (SK-N-MC) cells
 In vitro/ex vivo CGRP binding in SK-N-MC cells and human arterial tissue
 In vivo efficacy in marmoset (facial blood flow)
 In vitro binding panel

Safety Pharmacology
 Single, oral dose in telemetered male and female cynomolgus monkeys
 In vitro inhibition of hERG, SCN5A, and Cav1.2 channels

PK/ADME
 Validation of HPLC/MS methods for measuring rimegepant mouse, rat, rabbit, 

and monkey plasma
 Standard PK parameters in rat, dog, and monkey
 In vitro inhibition of human UGT1A1, ABC and SLC transporters
 In vitro and in vivo metabolite profiling in rat, monkey, and human
 In vitro inhibition and induction of human CYP enzymes
 Blood/plasma partitioning in human blood
 Mass balance of radiolabeled rimegepant in mouse, rat, and monkey

Toxicology
 Single oral dose in rat and monkey
 Repeat oral dose in mouse, rat and monkey

o Mouse: 1 week; 1 month
o Rat: 2 weeks (3 studies), 1 month, 3 months, 6 months
o Monkey: 1 week (2 studies), 1 month, 3 months, 9 months

 In vitro Ames and chromosome aberration assays; in vivo rat micronucleus assay
 Fertility studies in rat, embryofetal development studies in rat and rabbit, pre and 

postnatal development in rat

Reference ID: 4562370
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 26-week carcinogenicity study in TgRas mice; 2-year carcinogenicity study in rats

Other Studies
 Neutral red uptake in mouse fibroblasts
 Cytotoxicity in hepatocytes
 3-month study in rat to assess in vivo impurity toxicity

 

3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
IND 109886 nonclinical review by D. Charles Thompson, R.Ph., Ph.D., D.A.B.T. 
(February 7, 2011).

IND 109886 nonclinical reviews (SAP1 and SPA2) by Edmond Nesti, Ph.D. (SPA-1 
October 25, 2016; SPA-2 August 2, 2017).

Reference ID: 4562370
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4 Pharmacology

4.1 Primary, Secondary, and Safety Pharmacology
BHV-3000 is a competitive inhibitor of the human calcitonin gene-related peptide 
(CGRP) receptor. In vitro binding studies with BHV-3000 were used to measure CGRP 
receptor affinity in human (Ki = 33 pM), cynomolgus and marmoset monkeys (Ki = 60 
and 92 pM, respectively), dog (Ki = 43 nM), mouse (Ki = 104 nM), and rat (Ki = 209 nM).  
Ex vivo studies did not indicate vasoconstriction in isolated human coronary and 
intracranial arteries exposed to concentrations up to 10 uM rimegepant. Oral 
administration of a single 7 mg/kg dose of rimegepant suppressed CGRP-mediated 
facial blood flow by 75 to 80% in female marmoset monkeys. 

No potential off-target effects of rimegepant (10-150 uM) were indicated by an in vitro 
binding panel of 32 GPCRs, transporters, ion channels, hormone receptors, and 
enzymes. 

(Summarized from nonclinical review by D. Charles Thompson)
There were no drug effects on CNS or respiratory safety pharmacology endpoints 
(incorporated into the 28-day repeat dose study in cynomolgus monkey). There were no 
drug effects on CV safety pharmacology endpoints in a standalone study in male and 
female cynomolgus monkeys (4/sex/group) administered single oral doses of 0 or 60 
mg/kg rimegepant. The IC50 for inhibition of hERG, SCN5A, and L-type Ca channels 
transfected HEK293 cells was in excess of 30 uM.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

PK parameters were evaluated in SD rat, beagle dog, and cynomolgus monkey after IV 
and oral administration of BHV-3000. Daily oral dosing with BHV-3000 in rat resulted in 
a mean brain/plasma ratio of 0.19. 100 and 82% of orally administered [14C]-BHV-3000 
was excreted within a 7-day period in male rats and monkeys, respectively. BHV-3000 
was between 82 and 93% protein bound in plasma from mouse, rat, dog, and monkey, 
and was 91% protein bound in human plasma. There were no unique or major 
circulating human metabolites. In vitro evaluation of potential drug-drug interactions 
indicated that BHV-3000 is an inhibitor of CYP3A4 (IC50 = 5 uM).

Reference ID: 4562370
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(Sponsor’s Table)

6 General Toxicology

6.1 Single-Dose Toxicity
(Summarized from nonclinical review by D. Charles Thompson)
Single-dose oral tolerability and TK studies were conducted in male and female SD rats 
(3/sex/group) and cynomolgus monkeys (1/sex/group) administered doses of 0, 30, 100, 
or 300 mg/kg rimegepant. There were no adverse findings in rat or monkey.

Rat (mg/kg) Monkey (mg/kg)
Parameter Sex

30 100 300 30 100 300
Cmax (ug/mL) M 16.1 80.4 108 2.54 16.8 22.2

 F 20.8 67.3 101 9.1 10.4 3.42
AUC0-24h (ug*h/mL) M 107 734 1937 17.3 296 360

 F 197 879 1795 36.3 86.7 16.5

Reference ID: 4562370
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6.2 Repeat-Dose Toxicity
(Summarized from nonclinical review by E. Nesti)
A 1-week study was conducted in male and female C57BL/6 mice administered 0, 100, 
500, 1000, or 2000 mg/kg BHV-3000 by daily oral gavage. All animals receiving doses 
greater than 500 mg/kg were euthanized moribund on Days 1 and 2; clinical signs prior 
to euthanasia included ataxia, coolness to the touch, decreased respiration, 
recumbency, white discoloration of the eyes, scant feces, and dehydration. All other 
animals survived until scheduled necropsy. Clinical signs in animals administered 500 
mg/kg included decreased activity, ataxia, and scant feces. Histological findings at 
necropsy consisted of hepatocellular vacuolation and hypertrophy at all doses. To 
inform dosing for the 26-week carcinogenicity study, the sponsor conducted a 1-month 
study in male and female CByB6F1 mice administered daily oral doses of 0, 30, 100, 
and 300 mg/kg BHV-3000; drug-related effects included slight (i.e., 1.6-fold) increases 
in ALT in HDM, increases in absolute and relative (to body and brain) liver weights in 
HDM and HDF, centrilobular hepatocyte hypertrophy in HDM, and hepatocellular lipid 
accumulation in mid- and high-dose males and females.

(Summarized from nonclinical review by D. Charles Thompson)
The sponsor conducted three 2-week range finding studies in SD rat, with daily oral 
doses up to 500 mg/kg. Drug-related findings at doses of 100 mg/kg and higher 
included hepatocellular hypertrophy and vacuolation, and regenerative anemia 
secondary to intravascular hemolysis at doses of 300 and 500 mg/kg. Primary toxicity in 
a 1-month study in male and female SD rats administered up to 100 mg/kg BHV-3000 
by daily oral gavage consisted of hepatocellular vacuolation which was thought to be an 
adaptive response to hepatic enzyme induction; liver findings were not present after a 2-
week recovery period. 

Two range-finding studies of 1 week’s duration were conducted in male and female 
cynomolgus monkeys administered daily oral doses up to 600 mg/kg BHV-3000. Doses 
of 200 mg/kg and higher resulted in vomiting, decreases in RBC parameters, increases 
in total bilirubin, and PAS-positive Kupffer cell hypertrophy. Findings at 600 mg/kg 
resulted in alveolar histiocytosis in the lungs, and skeletal muscle degeneration/necrosis 
correlating with increases in serum AST. Toxicity in a 1-month study in which male and 
female cynomolgus monkeys were administered doses of 0, 6, 20, and 60 mg/kg 
resulted in vomiting and dehydration at the HD.

Reference ID: 4562370

(b) (4)



NOA# 16>1.il 212728 Reviewer: David L. Carbone 

Study title: Three-Month Oral Toxicity Study in Rats with a One-Month 
Recovery Period 

Studyno. : DM1 1052 
Study report location: EDR 

Conducting laboratory and location: ------------16n" 

Date of study initiation: 
GLP compliance: 

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

August 10, 201 1 
Yes 
Yes 
BHV-3000, Batch 1G65908, 98.7% 

Methods 
Doses: 0, 10, 30, 60, 150 mg/kg 

Frequency of dosing: Dai ly 
Route of administration: Oral Gavage 

Dose volume: 5 ml/kg 
FormulationNehicle: PEG-400, Povidone K-30, water 

Species/Strain: SD rats 
Number/Sex/Group: 10/sex/group (main), 4 to 5/sex/group (recovery) 

Age: 8 weeks at initiation of dosing 
Weight: 237 to 295 g (males), 185 to 237 kg (females) 

Satell ite groups: None 
Unique study design: None 

Deviation from study protocol: No significant deviations 

Observations and Results 

Mortality and Clinical Signs 

All animals were observed twice daily for mortality or signs of morbidity. Detailed clinical 
examinations were conducted weekly. One HOF died following complications during 
blood collection; all other animals survived until scheduled necropsy. Drug-related 
clinical signs included salivation and wet/erect fur, and red fur staining, but were not 
considered adverse. 

Body Weights and Food Consumption 

Body weight was evaluated twice weekly. Food consumption was evaluated weekly. 
Body weight gain relative to controls was reduced by 14 and 15% in HOM and HOF, 
respectively. Weight gain in recovery animals was similar among drug and control 
groups. There were no drug effects on food consumption. 

13 

Reference ID 4562370 



NDA #  212728 Reviewer: David L. Carbone

14

Ophthalmoscopy
Slit lamp biomicroscopy and indirect fundoscopy were conducted prior to the initiation of 
dosing, and during Week 12. There were no drug-related findings.

ECG
Not evaluated

Hematology, Clinical Chemistry, and Urinalysis
Blood samples were collected from fasted animals during Weeks 4, 5, 13, and 17 
(recovery). Urine samples were collected from fasted animals on Weeks 13 and 17. 
There were no drug effects on clinical chemistry or urinalysis parameters.

Gross Pathology and Organ Weights
Drug effects included increases in absolute mean liver weights in HMDF (24%), HDM 
(119%), and HDF (102%), and increases in mean adrenal weight in HDF (21%). Organ 
weights resolved over the recovery period. Gross findings at necropsy included 
enlargement and discoloration of liver; similar findings were not observed in recovery 
animals.

(Sponsor’s Table)

Histopathology
Adequate Battery: Yes

Reference ID: 4562370
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(Sponsor’s Table)

Signed Pathology Report: Yes

Peer Review: Yes

Histological Findings: Hepatocyte vacuolation was observed in main study animals at 
doses above 10 mg/kg but was not present in recovery animals.

(Sponsor’s Table)

Special Evaluation
None

Reference ID: 4562370
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Toxicokinetics 

TK parameters were evaluated on Day 1 and Week 13. Cmax and AUC were higher in 
females than males. It was unclear if drug accumulation increased with repeat dosing. 
Increases in Cmax and AUC were generally dose-proportional. 

Parameter Sex 
Day 1 (mg/ kg) Week 13 (mg/kg) 

10 30 60 150 10 30 60 150 

Cmax (ng/ ml ) M 1140 6890 20100 53000 2700 10800 21400 34900 
F 2390 11800 24000 43200 4280 13400 35300 45100 

AUC0-24h (ng*h/ ml) M 4040 52000 175000 603000 11800 74000 184000 355000 
F 12900 93500 253000 579000 26200 100000 306000 446000 

Dosing Solution Analysis 

Dosing solutions were within 15% of their respective target concentrations. 

Study title: 6-Month Repeat Dose Toxicity and Toxicokinetic Study of BHV-
3000 Hemisulfate in Rats with a 28-Day Recovery Period 

Study no.: 2669-001-001 
Study report location: EDR -------. 

Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

QA statement: Yes 
Drug, lot #, and % purity: BHV-3000, Batch A31600773, 87.7% 

16 
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Methods
Doses: 0, 5, 20, 45 mg/kg

Frequency of dosing: Daily
Route of administration: Oral Gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: PEG-400, Povidone K-30, water

Species/Strain: SD rats
Number/Sex/Group: 15/sex/group (main), 5/sex/group (recovery)

Age: 7 to 8 weeks at the initiation of dosing
Weight: 121.1 to 141.9 g (males), 79.0 to 94.0 (females)

Satellite groups: TK (6/sex/group)
Unique study design: Recovery in the low and mid dose groups was 

not evaluated. 
Deviation from study protocol: No significant deviations

Observations and Results

Mortality and Clinical Signs
All animals were observed twice daily for mortality or signs of morbidity. Detailed 
examinations were conduced weekly. Gavage error was thought to be responsible for 
the death of 2 HDM (1 main, 1 TK). There were no drug-related clinical signs.

Body Weights and Food Consumption
Body weight and food consumption were evaluated weekly. Slight (up to 4%) decreases 
in mean BW (relative to control) in MDM and HDM were observed on Week 27 but 
resolved over the recovery period. There was no drug effect on BW in females. There 
were no drug effects on food consumption. 

Ophthalmoscopy
Indirect fundoscopy was conducted prior to the initiation of dosing, and during Week 26. 
There were no drug-related findings.
ECG
Not evaluated.

Hematology, Clinical Chemistry, and Urinalysis
Blood and urine samples were collected from fasted animals on Weeks 13, 27, and 31. 
There were no drug-related effects on clinical pathology parameters.

Gross Pathology and Organ Weights
There were no drug-related gross findings or effects on organ weights.

Reference ID: 4562370
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Histopathology
Adequate Battery: Yes

(Sponsor’s Table)

Signed Pathology Report: Yes

Peer Review: No

Histological Findings: Drug-related findings included adrenal cortical vacuolation (MDM 
and HDM) and centrilobular hepatocyte vacuolation (LDM, MDM, HDM). There were no 
drug-related findings in the recovery groups.

(Sponsor’s Table)

Reference ID: 4562370
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Special Evaluation 

None 

Toxicokinetics 

Reviewer: David L. Carbone 

TK parameters were evaluated on Weeks 1, 13, and 26. Cmax and AUC were 
approximately 2-fold higher in females than males and increased in a greater than dose 
proportional pattern . Cmax and AUC at all doses increased between Weeks 1 and 13 but 
were generally constant between Weeks 13 and 26. 

Paramet er Sex 
Week 1 (mg/kg) Week 13 (mg/kg) Week 26 (mg/kg) 

5 20 45 5 20 45 5 20 45 

Cmax (ng/ml ) M S14 28S3 9087 1317 4383 10727 1249 49S7 17667 

F 8S3 SOSO 16673 2633 10627 26367 2337 9870 30SOO 

AUC1ast (ng*h/ml) M 1S20 12219 94362 3969 3S102 148038 4039 42802 207938 

F 3S96 4S331 163166 10478 110610 308S28 973S 91184 238646 

Dosing Solution Analysis 

Dosing solutions were generally within 10% of their respective target concentrations. 
However, on Day 26 the LO formulation ranged from 112 to 118% of nominal. 

Study title: Three-Month Oral Toxicity Study in Cynomolgus Monkeys with 
a One-Month Recovery Period 

Study no. : DM1 1051 
Study report location: EDR 

Conducting laboratory and location: -------------.<6>1" 

Date of study initiation: 
GLP compliance: 

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

Reference ID 4562370 

JUly-4, 2011 
Yes 
Yes 
BHV-3000, Batch 1G65908, 98.7% 
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Methods
Doses: 0, 25, 50, 100 mg/kg

Frequency of dosing: Daily
Route of administration: Oral Gavage

Dose volume: 2 mL/kg
Formulation/Vehicle: PEG-400, Povidone K-30, water

Species/Strain: Cynomolgus monkeys
Number/Sex/Group: 3/sex/group (main), 2/sex/group (recovery)

Age: 2.5 to 3.5 years
Weight: 2.9 to 4.0 kg (males), 2.4 to 3.0 kg (females)

Satellite groups: None
Unique study design: None

Deviation from study protocol: No significant deviations

Observations and Results

Mortality and Clinical Signs
All animals were observed twice daily for mortality or signs of morbidity. Detailed clinical 
examinations were conducted weekly. All animals survived until scheduled necropsy. 
Clinical signs included emesis/vomitus, soft/liquid feces, and hunched posture in HDM 
and HDF.

Reference ID: 4562370
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(Sponsor’s Table)

Body Weights and Food Consumption
Body weight was evaluated weekly. Food consumption was evaluated qualitatively 
daily. There was 0% and 0.8% mean body weight gain in HDM and HDF, respectively, 
over the duration of the study; in contrast, mean body weight gain was 11 and 6% CM 
and CF, respectively. Effects on body weight gain resolved over the recovery period. It 
was unclear whether there was a drug effect on food consumption in HDM and HDF.

(Sponsor’s Table)

Ophthalmoscopy
Indirect fundoscopy was conducted prior to the initiation of dosing, and during Week 26. 
There were no drug-related findings.

ECG
Tracings were obtained prior to the initiation of dosing and during Weeks 13, 26, 39, 
and 43 (recovery). There were no drug-related findings.

Hematology, Clinical Chemistry, and Urinalysis
Blood and urine samples were collected from fasted animals prior to the initiation of 
dosing and during Weeks 4, 13, and 17 (recovery). There were no drug effects on 
hematology or urinalysis parameters. Decreases in ALP and GGT were observed in 
MDM, HDM, MDF, and HDF, but there were no correlating liver histopathology findings. 
While likely drug-related, decreases in ALP and GGT were not considered adverse.

Reference ID: 4562370

(b) (4)



NDA #  212728 Reviewer: David L. Carbone

22

(Sponsor’s Table)

Gross Pathology and Organ Weights
There were no drug-related gross findings or effects on organ weights.

Histopathology
Adequate Battery: Yes

(Sponsor’s Table)

Signed Pathology Report: Yes

Peer Review: Yes

Reference ID: 4562370

(b) (4)



NOA# 16>1.il 212728 Reviewer: David L. Carbone 

Histological Findings: There were no drug-related findings. 

Special Evaluation 

None 

Toxicokinetics 

TK parameters were evaluated on Days 1 and 90. Cmax and AUC were higher in 
females than males on Day 1 but not notably on Day 90. Cmax and AUC values indicated 
drug accumulation between Days 1 and 90. Increases in Cmax and AUC were greater 
than dose-proportional. 

Parameter Sex 
Day 1 (mg/kg) Day 90 (mg/kg) 

25 50 100 25 50 100 

Cmax (ng/ml) M 1390 3240 9890 3900 14700 29800 
F 2880 5270 11600 3990 12300 21500 

AUC0-24h (ng*h/ml) M 11400 30000 147000 37700 22000 541000 
F 16800 50100 153000 35300 193000 378000 

Dosing Solution Analysis 

Dosing solutions were within 10% of their respective target concentrations. 

Study title: 9-Month Repeat Dose Toxicity and Toxicokinetic Study of BHV-
3000 Hemisulfate in Cynomolgus Monkeys with a 28-Day Recovery Period 

Study no.: 2669-001-002 
Study report location: EDR -------. 

Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

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

Reference ID 4562370 

October 28, 2016 
Yes 
Yes 
BHV-3000, Batch A31600773, 87.7% 

23 



NDA #  212728 Reviewer: David L. Carbone

24

Methods
Doses: 0, 5, 15, 50 mg/kg

Frequency of dosing: Daily
Route of administration: Oral Gavage

Dose volume: 2 mL/kg
Formulation/Vehicle: PEG-400, Povidone K-30, water

Species/Strain: Cynomolgus monkeys
Number/Sex/Group: 4/sex/group (main), 2/sex/group (recovery)

Age: 2 to 4 years
Weight: 2 to 3 kg upon receipt

Satellite groups: None
Unique study design: Recovery in the low and mid dose groups was 

not evaluated.
Deviation from study protocol: No significant deviations

Observations and Results

Mortality and Clinical Signs
All animals were observed twice daily for mortality or signs of morbidity. Detailed clinical 
examinations were conducted weekly. One HDM (No. 9689) was euthanized moribund 
on Day 91. Clinical signs preceding death began on Day 88 and included cold and pale 
skin, hypoactivity, labored breathing, and abdominal and head swelling. According to 
the pathology report, clinical chemistry and observations at necropsy included 
hematologic signs of anemia, clear fluid in the abdomen, pale kidneys, atrophy of the 
thymus wall, multiple red foci (hemorrhage) in the lungs, ulceration in the cecum, and 
mixed cell inflammation and edema in the gall bladder. However, there were no 
histologic findings that explained the anemia (i.e., bone marrow suppression). COD was 
hemolytic anemia, but it was unclear whether the effect was drug-related.  All remaining 
animals survived until scheduled necropsy; there were no drug-related clinical signs in 
the remaining animals.

Body Weights and Food Consumption
Body weight was evaluated weekly. Qualitative food consumption was evaluated daily. 
There were no drug effects on body weight or food consumption.

Ophthalmoscopy
Indirect fundoscopy was conducted prior to the initiation of dosing and during Week 26. 
There were no drug-related findings.

ECG
Tracings were obtained prior to the initiation of dosing and during Weeks 13, 26, 39, 
and 43 (recovery). There were no drug-related findings.

Reference ID: 4562370
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Hematology, Clinical Chemistry, and Urinalysis
Blood and urine samples were collected during Weeks 13, 26, 40, and 44 (recovery 
necropsy). There were no drug effects on clinical pathology parameters.

Gross Pathology and Organ Weights
There were no drug-related gross findings. There was a slight (12%) increase in 
liver/body weight ratio in HDF relative to control; however, this effect was not present in 
recovery animals and was thought to be an adaptive response to metabolism of BHV-
3000.

Histopathology
Adequate Battery: Yes

(Sponsor’s Table)

Reference ID: 4562370
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Signed Pathology Report: Yes

Peer Review: No

Histological Findings: There were no drug-related findings. 

Special Evaluation
None

Toxicokinetics
TK parameters were evaluated on Day 1 and Weeks 26 and 39. Cmax and AUC were 
slightly higher in females than males. AUC values indicated drug accumulation between 
Day 1 and Week 26 in males. Increases in Cmax and AUC in males and females were 
greater than dose-proportional.

Day 1 (mg/kg) Week 26 (mg/kg) Week 39 (mg/kg)
Parameter Sex

5 15 50 5 15 50 5 15 50
Cmax (ng/mL) M 153 654 6790 279 482 7257 245 811 9543

 F 341 899 5403 258 834 6250 310 1461 7460
AUClast (ng*h/mL) M 573 2890 49714 1043 3325 79607 1015 5366 61768

 F 847 4043 36273 828 4684 52637 855 7110 89178

Dosing Solution Analysis
Dosing solutions were within 10% of their respective target concentrations.

Reference ID: 4562370
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7 Genetic Toxicology 

7 .1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study title: BMS-927711-Ames Reverse-Mutation Study in Salmonella 
Typherium and Escherichia Coli 

Study no.: OS 10067 
Study report location: EDR 

Conducting laboratory and location: ------------.<6>1" 

Date of study initiation: 
GLP compl iance: 

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

Reference ID 4562370 

June 1, 201 0 
Yes 
Yes 
BMS-927711 -01, 98.3% purity 
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Methods
Strains: TA1535, TA1537, TA98, TA100, WP2

 Concentrations in definitive study:
Strain Concentration (ug/plate)
-S9  
TA1535 0, 160, 320, 640, 1280, 2560, 5000
TA1537 0, 40, 80, 160, 320, 640, 1280
TA98 0, 80, 160, 320, 640, 1280, 2560
TA100 0, 40, 80, 160, 320, 640, 1280
WP2 0, 320, 640, 1280, 2560, 5000
+S9  
TA1535 0, 320, 640, 1280, 2560, 5000
TA1537 0, 40, 80, 160, 320, 640, 1280
TA98 0, 80, 160, 320, 640, 1280, 2560
TA100 0, 40, 80, 160, 320, 640, 1280
WP2 0, 320, 640, 1280, 2560, 5000

Basis of concentration selection: Precipitation or toxicity
Negative control: DMSO
Positive control: Strain -S9 +S9

TA1535 NaN3 2-AA
TA1537 9-AC 2-AA

TA98 2-NF 2-AA

TA100 NaN3 2-AA
WP2 NQO 2-AA

Formulation/Vehicle: DMSO
Incubation & sampling time: 48 to 72 h

Results
(Summarized from review by D. Charles Thompson)
BHV-3000 was negative for mutagenicity in an Ames assay in the presence or absence 
of metabolic activation (phenobarbital/5,6-benzoflavnone-induced rat liver fraction). 
BHV-3000 was also negative in a non-GLP, exploratory Ames assay (Study DS09170).

Reference ID: 4562370

(b) (4)



NOA# 16>1.il 212728 Reviewer: David L. Carbone 

7 .2 In Vitro Assays in Mammalian Cells 

Study title: BMS-927711-Cytogenetics Study in Chinese Hamster Ovary 
Cells 

Study no. : 
Study report location: 

DS10071 
EDR 

Conducting laboratory and location: BMS Drug Safety Evaluation 
Syracuse, NY 

Date of study initiation: June 2, 2010 
GLP compl iance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: BMS-927711 -01, Batch 0060534, 98.3% 

Methods 
Cell line: Chinese Hamster Ovary cells 

Concentrations in definitive study: 0, 53.4, 71.2, 94.9 ug/ml (-S9, 3 h) 
0, 40.1 , 53.4, 71.2 ug/ml (-S9, 20 h) 
0, 94.9, 126.6, 168.8 ug/ml (+S9, 3 h) 

Basis of concentration selection: Precipitation 

Results 

Negative control: DMSO 
Positive control: Mitomycin C (-S9), cyclophosphamide 

(+S9) 
FormulationNehicle: DMSO 

Incubation & sampling time: 3 h (+/- S9), 20 h (-S9) 

(Summarized from review bv D. Charles Thompson) 
BHV-3000 was negative for mutagenicity in an in vitro chromosomal aberration assay in 
CHO cells in presence or absence of metabolic activation (Aroclor 1254-induced rat 
liver fraction). BHV-3000 was also negative in a non-GLP chromosomal aberration 
assay in CHO cells (Study DS10015). 

7 .3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study title: Three-Day Oral Micronucleus Study in Rats 
Studyno: DN11066 

Study report location: EDR 
Conducting laboratory and location: -----------.<6>1" 

Date of study initiation: 
GLP compl iance: 

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

Reference ID 4562370 

Yes 
BMS-927711 , Lot 0060534, 98.3 to 
98.7% 
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Methods 
Doses in definitive study: 0, 125, 250, 500 mg/kg 

Frequency of dosing: Dai ly for 3 days 
Route of administration: Oral 

Dose volume: 10 mUkg 
FormulationN ehicle: Hydroxypropyl-betacyclodextrin/povidone K-

30/docusate sodium/water 
Species/Strain: SD rats 

Number/Sex/Group: 7 males/group 
Satell ite groups: None 

Basis of dose selection: Dose ranging study (to 1000 mg/kg) 
Negative control: Vehicle 
Positive control: 20 mg/kg cyclophosphamide 

Results 

BHV-3000 was negative in an OECD-compliant in vivo bone marrow micronucleus 
assay in rat. 

8 Carcinogenicity 
Study title: BHV-3000: A 26-week Repeated Dose Oral Carcinogenicity 
Study in TgRasH2 Mice 

Study no. : Bhv-3000-study ae92re.7g8r.btl-report 
Study report location: EDR 

Conducting laboratory and location: --------.<bll.ill 

Date of study initiation: 
GLP compliance: 

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

Executive CAC concurrence: 

Reference ID 4562370 

Yes 
BHV-3000, Lot A21600514, 89.1 % 
Yes 
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Methods 
Doses: 

Frequency of dosing: 
Dose volume: 

Route of administration: 
FormulationNehicle: 

Basis of dose selection: 

Species/Strain: 

Number/Sex/Group: 
Age: 

Animal housing: 

Paradigm for dietary restriction: 
Dual control employed: 

Interim sacrifice: 
Satell ite groups: 

Deviation from study protocol: 

Observations and Results 

Mortality 

Reviewer: David L. Carbone 

0 (DI water), 0 (vehicle), 30, 100, 300 mg/kg 
BHV-3000; 1000 mg/kg urethane (3x IP 
injections) 
Daily 
10 mUkg 
Oral Gavage 
PEG 400, and Povidone K-30 in water 
Doses were recommended by the Executive 
CAC based on increases in ALT, with 
correlating hepatocellular lipid accumulation 
and vacuolation, at 300 mg/kg in a 1-month 
range-finding study. 
TgRasH2 mice---------.<6>1" 

20/sex/group main); 1 O/sex/group (urethane) 
8 weeks at initiation of dosing 
Animals were single housed. TEKLAD Global 
Diet #2018CM was provided ad libitum 
throughout the study. 
None 
Yes 
None 
TK; 8/sex/group (control); 20/sex/group (BHV-
3000) 
No significant deviations 

Animals were monitored twice daily for mortality or signs of morbidity. There were no 
BHV-3000 related effects on survival. 

31 

Reference ID 4562370 



NDA #  212728 Reviewer: David L. Carbone

32

(Sponsor’s Table)

Clinical Signs and Palpable Masses
Detailed clinical observations were conducted weekly; there were no BHV-3000 related 
clinical signs. Clinical signs in the positive control group consisted of prostrate posture 
and rapid, shallow breathing. 

Body Weights
Animals were weighed weekly. There were no drug-related effects on body weight. 

Food Consumption
Food consumption was recorded weekly. Food consumption was increased by up to 
17% in HDM relative to the vehicle control; there was no effect in females.

Hematology
Not evaluated.

Gross Pathology
Drug-related gross findings included pale or mottled discoloration of the liver at all 
doses in males, and in LDF and HDF. Compared to vehicle controls, mean absolute 
liver weights were increased 21 and 72% in MDM and HDM, respectively, and 6.2 and 
42% in MDF and HDF, respectively.

Reference ID: 4562370
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Histopathology
Signed Pathology Report: Yes
Peer Review: Yes
Non-neoplastic findings: Drug-related liver lesions were observed in males and females.

ddH20 Vehicle BHV-3000 (mg/kg)
Findings Sex

0 0 30 100 300
Lipid Infiltration M 5/25 6/25 19/25 21/25 25/25

 F 0/25 0/25 3/25 1/25 25/25
Single Cell Necrosis M 2/25 1/25 7/25 13/25 23/25

 F 3/25 7/25 5/25 3/25 12/25
Necrosis M 0/25 0/25 0/25 0/25 11/25

 F 0/25 0/25 0/25 0/25 0/25

Neoplastic findings: According to the sponsor, there were no statistically significant 
increases in tumor incidence, and the number of lung tumors in males and females was 
within the historical range for the testing site. According to the CDER Division of 
Biometrics, daily oral administration of BHV-3000 in TgRasH2 mice for 26 weeks at 
three doses (30, 100, and 300 mg/kg) was not tumorigenic.  

BHV-3000 (n=25) Urethane Historical
Lung Tumor Sex

0 0 (veh) 30 100 3000 1000 Range (%)
Single Adenoma M 2 3 3 0 1 0 0-24

 F 0 2 2 1 2 0 0-24
Multiple Adenoma M 0 0 0 0 1 10 0-8

 F 0 1 0 0 0 10 0-4
Carcinoma M 0 0 1 0 1 0 0-12

 F 0 1 0 1 0 2 0-12
Total M 2 3 4 0 3 10 N/A

 F 0 4 2 2 2 10 N/A

Toxicokinetics
TK parameters were evaluated on Days 29 and 176 from animals assigned to the TK 
arm. Cmax and AUC were generally higher in females than males. Increases in Cmax 
were generally dose-proportional, while increases in AUC were greater than dose-
proportional. BHV-3000 accumulated with repeat dosing.

Reference ID: 4562370
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Dose tmru: Cm.ix AUCnv AUCli\T t 112 CL ss/F 
Day Sex 

(mg/kg) (h) (ng/mL) (hr*ng/mL) (hr *ng/mL) (hr) (L/hr/kg) 

30 0.5 7470 19076 NC NC 1.57 

F 100 NC NC NC NC NC NC 

300 NC NC NC NC NC NC 
29 

30 1.0 6920 32483 3251 1 2.27 0.92 

M 100 1.0 14660 131399 133934 4.11 0.76 

300 0.5 38933 606167 ~A 15.0 0.49 

30 1.0 14367 53652 53784 2 .80 0.56 

F 100 1.0 33833 244543 250408 4 .3 1 0.41 

300 1.0 113500 1413472 1999240 14.1 0.21 
176 

30 0.5 8873 44523 44680 2.87 0.67 

M 100 1.0 19200 161655 164100 4.01 0.62 

300 1.0 100933 1233553 1448547 8.67 0.24 

NC = not calculated 

(Sponsor's Table) 

Dosing Solution Analysis 

Dosing solutions ranged from 98. 7 to 102.1 % of target concentrations. 

Study title: Two-Year Oral (Gavage) Carcinogenicity Study of BHV-3000 
Hemisulfate in Rats 

Study no. : 
Study report location: 

Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

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

Executive CAC concurrence: 

Reference ID 4562370 

2664-001 
EDR 

Yes 
BHV-3000, Batch A21600514, 89.1% 
Yes 
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Vz/F 

(L/kg) 

NC 

NC 

NC 

3.03 

4 .52 

10.7 

2.26 

2.54 

4.32 

2 .79 

3.58 
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Methods
Doses: 0 (DI water), 0 (vehicle), 5, 15, 45 mg/kg (BHV-

3000)
Frequency of dosing: Daily

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

Formulation/Vehicle: PEG 400, Povidone K-30, water
Basis of dose selection: Doses were recommended by the Executive 

CAC based on findings from Study DM11052. 
The high dose was based on achieving an 
AUC >25x that expected in humans at the 
maximum recommended clinical dose. The mid 
and low doses were expected to result in 
approximate one-third AUC spacing.

Species/Strain: SD rats
Number/Sex/Group: 65/sex/group

Age: 6 to 7 weeks at initiation of dosing
Animal housing: Animals were single housed. Certified Global 

18% Protein Rodent Diet #2018C was provided 
ad libitum throughout the study.

Paradigm for dietary restriction: None
Dual control employed: Yes

Interim sacrifice: None
Satellite groups: TK; 3/sex/group (controls); 6/sex/group (BHV-

3000)
Deviation from study protocol: Due to mortality, all female groups were 

terminated on Week 91, and all male groups 
were terminated between Weeks 99 to 100. 

Observations and Results

Mortality
Animals were monitored twice daily for mortality or signs of morbidity. According to the 
CDER Division of Biometrics, there was a statistically significant dose-response effect 
on mortality in males, and a pairwise comparison indicated a significant difference in 
mortality between the water control and MDM.  There was no drug-related effect on 
survival in the females. Based on discussion with the Division, all female groups were 
terminated on Week 91 after survival in the vehicle control group dropped below 20 
animals; all male groups were terminated during Weeks 99 to 100 after survival in MDM 
dropped to 15 animals.

Reference ID: 4562370
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(Sponsor’s Figure)
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(Sponsor’s Figure)

Clinical Signs and Palpable Masses
Detailed clinical observations were conducted weekly; there were no drug-related 
clinical signs or palpable masses.

Body Weights
Animals were weighed weekly between Weeks 1 and 15, then once every 2 weeks for 
the remainder of the study. Mean body weight was decreased by 5 to 10% relative to 
water controls in HDM from Weeks 6 to 89. There were no drug effects on body weight 
in females.

Reference ID: 4562370
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(Sponsor’s Figure)
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(Sponsor’s Figure)

Food Consumption
Food consumption was recorded weekly. There were no drug-related effects on food 
consumption.

Hematology
Not evaluated.

Gross Pathology
There were no drug- related gross pathology findings.

Histopathology
Signed Pathology Report: Yes
Peer Review: No
Non-neoplastic findings: There were no drug-related findings.
Neoplastic findings: According to the sponsor, there were no statistically significant 
increases in tumor incidence. According to the CDER Division of Biometrics, daily oral 

Reference ID: 4562370
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administration of BHV-3000 in SD rats for approximately 2 years at three doses (5, 20, 
and 45 mg/kg) was not tumorigenic.  

Toxicokinetics
TK parameters were calculated on Day 1 and Week 26. Cmax and AUC were generally 
higher in females than males. Increases in Cmax and AUC were greater than dose 
proportional and indicated drug accumulation with repeat dosing.

(Sponsor’s Table)

Dosing Solution Analysis
Dosing solutions were within 10% of their respective target concentrations.

Reference ID: 4562370
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9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

Study title: BHV-3000: A Fertility and Early Embryonic (SEG I) Oral Toxicity 
Study in Sprague-Dawley Rats 

Studyno.: 1016-2151 
Study report location: EDR 

Conducting laboratory and location: ______ _,(bll' 

Date of study initiation: 
GLP compliance: 

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

Methods 
Doses: 0, 30, 60, 150 mg/kg 

Frequency of dosing: Dai ly 
Dose volume: 5 ml/kg 

Route of administration: Oral Gavage 
FormulationNehicle: PEG 400, Povidone K 30, water 

Species/Strain: SD rats 
Number/Sex/Group: 24/sex/group 

Satell ite groups: None 
Study design: Males were dosed for 28 days prior to mating . 

Females were dosed for 14 days prior to mating, 
during mating, and up to Day 7 of gestation. For 
mating, 1 female was paired with 1 male from 
the same group; females that failed to mate after 
one week were paired with a different male from 
the same group. 

Deviation from study protocol: No significant deviations 

Observations and Results 

Mortality and Clinical Signs 

Animals were evaluated twice daily for mortality or signs of morbidity. Estrous cycles 
were determined by vaginal lavage for 14 days prior to mating. There were no drug
related deaths or cl inical signs. 

Body Weight and Food Consumption 

41 

Reference ID 4562370 



NOA# 16>1.il 212728 Reviewer: David L. Carbone 

Body weights in males were recorded twice weekly starting 8 days prior to mating and 
at necropsy. Body weights in females were recorded twice weekly prior to mating and 
on GDs 0, 4, 7, 10, and 13. Food consumption was recorded along with body weights. 

Toxicokinetics 

Not evaluated . 

Dosing Solution Analysis 

Dosing solutions were within 10% of nominal. 

Necropsy 

Drug effects in HOF included a reduction in conception rate (17.4%) and an increase in 
pre-implantation loss (19.1 % in HOF, 6% in CF). There were no drug effects on sperm 
parameters, corpora lutea, implantation sites, live/dead embryos, resorptions, post
implantation loss, or live embryo index. Histological findings included uterine atrophy in 
0, 3, 1, and 20/24 CF, LDF, MDF, and HOF, respectively. Uterine atrophy was thought 
by the sponsor to be responsible for the decrease in conception in HOF. Based on 
uterine atrophy, there was no NOAEL. 

Study title: BHV-3000: A Fertility and Early Embryonic (SEG I) Oral Toxicity 
Study in Sprague-Dawley Rats II 

Study no.: 1017-2691 
Study report location: EDR 

Conducting laboratory and location: ______ _,(bll' 

Date of study initiation: 
GLP compliance: 

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

Reference ID 4562370 

March 16, 2018 
Yes 
Yes 
BHV-3000, Lot A21600514, 89.1 % 
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Methods
Doses: 0, 5, 15, 25 mg/kg

Frequency of dosing: Daily
Dose volume: 5 mL/kg

Route of administration: Oral gavage
Formulation/Vehicle: PEG 400, Povidone K 30, water

Species/Strain: SD rats
Number/Sex/Group: 24/sex/group

Satellite groups: None
Study design: Males were dosed for 28 days prior to mating. 

Females were dosed for 14 days prior to mating, 
during mating, and up to Day 7 of gestation. For 
mating, 1 female was paired with 1 male from 
the same group; females that failed to mate after 
one week were paired with a different male from 
the same group.

Deviation from study protocol: No significant deviations
Observations and Results
This study was conducted based on the finding of uterine atrophy at doses of 30 mg/kg 
and higher in Study 1016-2151. Uterine atrophy was not observed at any dose in this 
study; the NOAEL for drug-related uterine atrophy in rat was 25 mg/kg (Cmax 4,820 
ng/mL, AUC0-inf = 47,900 ng*h/mL). 

9.2 Embryonic Fetal Development

Study title:  BMS-927711: Oral Study of Embry-Fetal Development in Rats
Study no.: EDR

Study report location: DN11005
Conducting laboratory and location: Bristol-Myers Squibb

Drug Safety Evaluation
One Squibb Drive
New Brunswick, NJ

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

QA statement: Yes
Drug, lot #, and % purity: BHV-3000, Lot 81410-037-01, 97.8%

Methods
Doses: 0, 10, 60, 300 mg/kg

Frequency of dosing: Daily
Dose volume: 4 mL/kg

Route of administration: Oral gavage

Reference ID: 4562370
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Formulation/Vehicle: Hydroxypropyl beta cyclodextrin, docusate 
sodium salt, polyvinylpyrrolidine K30m water

Species/Strain: SD rat
Number/Sex/Group: 22/group

Satellite groups: TK (8/group)
Study design: BHV-3000 was administered on GD 6 to 15; 

cesarean sections were conducted on GD21. 
Doses were based on a 10-day, non-GLP dose-
ranging study in rat (Study DN1102), in which 
the primary finding was increased liver weights 
at 200 mg/kg. 

Deviation from study protocol: No significant deviations

Observations and Results

Mortality and Clinical Signs
All animals were observed at least once daily for mortality/morbidity and clinical signs. 
All animals survived until scheduled necropsy. There were no drug-related clinical signs. 

Body Weight and Food Consumption
Body weights and food consumption were recorded daily. Mean body weight in HDF 
was reduced by 7% relative to controls over the dosing period, correlating with 
decreases in food consumption up to 42%, but generally resolved by GD21.

Toxicokinetics

(Sponsor’s Table)

Dosing Solution Analysis
Dosing solutions were within 15% of their respective target concentrations.

Necropsy
Gross findings included pale, enlarged livers in 17/22 HDF.

Reference ID: 4562370
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Cesarean Section Data 

There were no drug effects on corpora lutea, implantation, live/dead fetuses, 
resorptions, or fetal sex ratio. Fetal body weights in HOF were decreased by 5% relative 
to controls. 

Offspring 

There were no external, visceral , or skeletal malformations. Drug effects included 
incomplete ossification. 

Study title: BMS-927711: Oral Study of Embryo-Fetal Development in 
Rabbits 

Study no. : ON 11006 
Study report location: EDR 

Conducting laboratory and location: -------------.<bll"1 

Methods 

Date of study initiation: 
GLP compliance: 

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

IV'larch 27, 2011 
Yes 
Yes 
BHV-3000, Lot OC64691 , 97.8% 

Doses: 0, 10, 25, 50 mg/kg 
Frequency of dosing: Dai ly 

Dose volume: 1 ml/kg 
Route of administration: Oral gavage 

FormulationN ehicle: Hydroxypropyl-beta-cyclodextrin, docusate 
sodium, Povidone K-30, water 

Species/Strain: New Zealand White rabbits 
Number/Sex/Group: 22/group 

Satell ite groups: TK (5/group) 
Study design: BHV-3000 was administered from GDs 7 to 19. 

Cesarean sections were conducted on GD 29. 
Doses were based on a 13-day range-finding 
study (10, 25, 75, 150 mg/kg; DN11004), in 
which doses greater than 25 mg/kg were not 
tolerated . 

Deviation from study protocol: No significant deviations 
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Observations and Results

Mortality and Clinical Signs
Animals were observed twice daily for mortality and signs of morbidity and daily for 
clinical signs. There were 3 unscheduled deaths: 1 HDF aborted on GD 17 and was 
subsequently euthanized, 1 HDF was found dead on GD 28, and 1 HDF was 
euthanized on GD 29 after delivering a non-viable litter. Clinical signs in HDF included 
soft/liquid feces, dehydration, and rales.

Body Weight and Food Consumption
Body weight and food consumption were recorded daily. There was an initial weight loss 
with correlating decreases in food consumption in HDF during the first 3 days of dosing; 
however, weight gain and food consumption on subsequent days were comparable to 
controls.

Toxicokinetics

(Sponsor’s Table)

Dosing Solution Analysis
All dosing solutions were within 15% of nominal.

Necropsy
There were no drug-related necropsy findings.

Cesarean Section Data
There were no drug effects on corpora lutea, implantation loss, resorptions, litter size, 
live/dead fetuses, or male/female ratio. Fetal body weights were decreased by 5 and 
6% in HDM and HDF, respectively.

Reference ID: 4562370
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Offspring 

There were no external, visceral , or skeletal malformations. Drug-related fetus 
variations were increased in HD (16/20 litters) relative to control (11/21 litters), LO 
(12/22 litters), and MD (13/22 litters), and included incomplete ossification of the 
thoracic centrum (9/20 litters), hyoid (6/20 litters), and lumbar rudimentary ribs (8/20 
litters). 

9.3 Prenatal and Postnatal Development 

Study title: BHV-3000: An Oral Gavage Pre- and Post-Natal Reproductive 
and Developmental Toxicity (SEG Ill) Including Maternal Functions Study in 
Sprague-Dawley Rats 

Study no.: 
Study report location: 

1017-1151 
EDR 

Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

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

Septemoer 26, 2017 
Yes 
Yes 
BHV-3000, Lot A21600514, 101% 

Methods 
Doses: 0, 10, 25, 60 mg/kg 

Frequency of dosing: Dai ly 
Dose volume: 5 ml/kg 

Route of administration: Oral gavage 
FormulationN ehicle: PEG 400, Povidone K-30, water 

Species/Strain: SD rats 
Number/Sex/Group: 22/group 

Satell ite groups: TK (6/group) 
Study design: Drug was administered from GD6 to PND20. 

Following weaning of F1 animals, F0 dams were 
euthanized on PND21 . Mated F1 dams remained 
on study until PND4, at which point they were 
euthanized along with F2 pups. 

Deviation from study protocol: Male and female mating and fertility indices 
were below the lower limits for the laboratory's 
historical ranges in all groups, including controls. 

Observations and Results 
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F0 Dams
Survival/Clinical Signs: There were no drug-related deaths or clinical signs.

Body weight: There were no drug-related effects on body weight 
or food consumption.

Uterine content: There were no drug effects on gestation length, 
duration of parturition, corpora lutea, implantation 
loss, sex ratio, litter size, or pup live/dead ratio.

Necropsy observation: There were no drug-related gross or histological 
findings at necropsy.

Dosing Solution Analysis Dosing solutions were within 10% of nominal

(Sponsor’s Table; F0 TK parameters)
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F1 Generation
Survival: There were no drug effects on survival.

Clinical signs: There were no drug-related clinical signs.
Body weight: There were no drug-related effects on body weight at 

parturition or weight gain for the remainder of the 
study.

Food consumption: There were no drug effects on food consumption.
Physical development: There were no drug effects on pinna unfolding, 

righting reflex, eye opening, negative geotaxis, 
auditory startle, or tooth eruption. There were no 
drug effects on visual placing or pupillary closure 
responses.

Neurological assessment: Assessments included FOB, Figure 8 maze (motor 
activity), and E-water maze (learning and memory). 
There were no drug effects on behavioral test 
performance.

Reproduction: There were no drug effects on vaginal opening or 
preputial separation and testes descent. Estrous 
cycle was determined beginning 2 weeks prior to 
mating; there were no drug effects. For mating, 1 
male was paired with a single female from the same 
group. Males were terminated after mating, and 
dams were terminated on PND4. There were no drug 
effects on gestation/parturition duration, corpora 
lutea, implantation, sex ratio, or live/dead pups or on 
sperm parameters for males. Fertility index and 
pregnancy rate were reduced at all doses. Although 
such effects may have been drug-related, data from 
the control groups (i.e., lower than expected male 
and female mating and fertility indices) suggest a 
problem with the conduct of the study.

Historical Ranges ( ):
Male mating index = 72.2 to 83.3%
Mean male fertility index = 83.3% (range not 
provided)
Female fertility = 84.2 to 96.0%
Pregnancy rate = 91.7 to 100.0%

Reference ID: 4562370
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(Sponsor’s Table)

F2 Generation
Findings: There were no drug effects on survival, body weight, or 

sex ratio. There were no drug-related malformations.

10 Special Toxicology Studies
Phototoxicity (Study DM10031)
An evaluation of neutral red uptake in OECD-compliant study of BHV-3000 in mouse 
fibroblasts (dm10031) did not demonstrate phototoxic potential.

Hepatotoxicity (Study DT10063)
Concentrations up to 200 uM BHV-3000 did not cause toxicity in isolated human 
hepatocytes.

Impurity Qualification (Study DM12039; summarized from nonclinical review by E. Nesti)
The sponsor conducted a GLP-compliant, 3-month general toxicology study in which 
male and female SD rats (10/sex/group) were administered daily oral doses of 0 
(vehicle), 150 mg/kg BHV-3000 (nonspiked), or 150 mg/kg BHV-3000 spiked with 9 
impurities, including %) and %). Drug-related findings 
were generally consistent between spiked and nonspiked batches and were similar (i.e., 
hepatocyte vacuolation) to those from a previously conducted 3-month study in SD rats 
(DM11052).
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11 Integrated Summary and Safety Evaluation
Introduction
BHV-3000 (Rimegepant; Biohaven, Inc.) is a small molecule antagonist of the calcitonin 
gene-related peptide (CGRP) receptor and is intended to treat acute migraine. The 
proposed clinical dose is one 75-mg orally disintegrating (NDA 212728) or  
(NDA  tablet in adults.

Pharmacology
The primary pharmacology battery supported the sponsor’s claim that BHV-3000 is an 
antagonist of the human CGRP receptor. In vitro studies with radiolabeled BHV-3000 
indicated a Ki of 33 pM for human CGRP receptor and a dose-dependent decrease in 
the Kd for human CGRP binding that indicated competitive inhibition by BHV-3000. 
Ligand displacement studies in animals indicated Ki values in marmoset (92 pM) and 
cynomolgus monkey (60 pM) similar to that in human and lower binding affinity in dog 
(43 nM), mouse (104 nM), and rat (209 nM). Studies in cultured human neuroblastoma 
SK-N-MC cells indicated an IC50 of 141 pM for inhibition of CGRP-mediated cAMP 
formation. Ex vivo studies evaluated the effects of up to 3 and 10 uM BHV-3000 on 
vasoconstriction in isolated human coronary and intracranial arteries, respectively; there 
was no drug-mediated effect in either assay. In vivo studies in female marmoset 
monkeys indicated 75 to 80% suppression of CGRP-induced facial blood flow following 
oral administration of 7 mg/kg BHV-3000. There were no drug effects on CNS or 
respiratory safety pharmacology endpoints in male and female rats administered up to 
100 mg/kg. In vitro cardiac safety pharmacology studies indicated an IC50 greater than 
30 uM for hERG inhibition; additionally, there were no remarkable effects on ex vivo 
rabbit purkinje fiber action potentials or sodium ion channels. There were no drug 
effects in vivo on cardiovascular safety pharmacology endpoints in telemetered male 
and female cynomolgus monkeys administered single oral doses up to 60 mg/kg. 

General Toxicology
Single and repeat-dose general toxicology studies with orally-administered rimegepant 
were conducted in SD rats and cynomolgus monkeys. The single-dose studies 
evaluated doses up to 300 mg/kg in both species, but no dose limiting toxicity was 
observed. Repeat-dose studies were conducted in mice to support the 26-week 
carcinogenicity study in TgRasH2 mice.

Mouse
C57BL/6 mice were administered 0, 100, 500, 1000, or 2000 mg/kg rimegepant by daily 
oral gavage for 1 week; however, all animals receiving doses higher than 500 mg/kg 
were euthanized moribund on Days 1 and 2; clinical signs preceding death included 
ataxia, cool skin, decreased respiration, lateral recumbency, and white discoloration of 
the eyes. Clinical signs at 500 mg/kg included decreased activity and ataxia. A 
histological evaluation indicated hepatocellular vacuolation at all doses. The primary 
toxicity in a 1-month study in male and female CByB6F1 mice administered daily oral 
doses of 0, 30, 100, and 300 mg/kg BHV-3000 consisted of centrilobular hepatocyte 
hypertrophy in HDM and hepatocellular lipid accumulation in mid- and high-dose males 
and females. 
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Rat
Range-finding studies of 2 weeks’ duration in male and female rats indicated 
hepatocellular hypertrophy and vacuolation at doses ranging from 100 to 500 mg/kg and 
regenerative anemia secondary to intravascular hemolysis at doses of 300 and 500 
mg/kg. Findings in a 3-month study with a 1-week recovery period (0, 10, 30, 60, 150 
mg/kg) indicated decreases in body weight gain of 14 and 15% in HDM and HDF, 
respectively. Additional observations included gross findings of enlarged and discolored 
livers in HDM, HMDF, and HDF and hepatocellular vacuolation at doses greater than 10 
mg/kg in males and females. However, over the recovery period, body weight gain was 
comparable between HD and control, and there were no signs of liver toxicity at the 
recovery sacrifice. Doses of 0, 5, 20, and 45 mg/kg were evaluated in the pivotal 6-
month study (with 28-day recovery period), resulting in adrenal cortical vacuolation in 
MDM and HDM. Additionally, centrilobular vacuolation in the liver was observed at all 
doses in males, and in MDF and HDF. There were no drug-related findings at the end of 
the recovery period. Based on the liver findings, there was no NOAEL in rat. 

Monkey
In monkeys, two range-finding studies of 1 week duration in males and females 
indicated vomiting, decreases in RBC parameters, increases in bilirubin, and Kupffer 
cell hypertrophy at doses ranging from 200 to 600 mg/kg. Findings at 600 mg/kg 
included alveolar histiocytosis and skeletal muscle degeneration that correlated with 
increases in AST. Findings in a 3-month study (0, 25, 50, and 100 mg/kg) with a one-
month recovery period consisted of no weight gain in HDM and HDF; in contrast, weight 
gain in controls over the dosing period was 11 and 6% in males and females, 
respectively. There were no additional adverse findings, and weight gain over the 
recovery period was similar between HD and control. Doses of 0, 5, 15, and 50 mg/kg 
were evaluated in the pivotal 9-month study; there were no adverse findings. The 
NOAEL for orally-administered rimegepant in monkey was 50 mg/kg.

Genetic Toxicology and Carcinogenicity
BHV-3000 was negative in Ames, chromosomal aberration, and rat bone marrow 
micronucleus assays. Based on a review by the CDER Division of Biometrics, BHV-
3000 did not induce tumor formation in the 26-week and 2-year carcinogenicity studies 
in TgRasH2 mice (0, 30, 100 300 mg/kg) and SD rats (0, 5, 15, 45 mg/kg), respectively.

Reproductive and Developmental Toxicity
A fertility study in SD rats administered 0, 30, 60, and 150 mg/kg rimegepant by oral 
gavage resulted in a 17.4% reduction in conception rate in HDF relative to controls. 
Additionally, pre-implantation loss was 19.1% in HDF while that in controls was 6%. 
Correlating histopathology findings at all doses included dose-dependent increases in 
uterine atrophy. Because uterine atrophy occurred at all doses, a second fertility study 
in SD rat was conducted testing daily oral doses of 0, 5, 15, and 25 mg/kg; however, 
there were no drug-related findings. Based on uterine atrophy, the NOAEL in rats was 
25 mg/kg (Cmax = 4820 ng/mL and AUC0-inf = 47900 ng*h/mL). 
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Embryofetal development was evaluated in SD rats (0, 10, 60, 300 mg/kg) and NZ white 
rabbits (0, 1, 25, 50 mg/kg. Drug-related findings included increased incidences of 
incomplete ossification of the thoracic centrum, hyoid, and lumbar rudimentary ribs in 
rats. There were no drug-induced external, visceral, or skeletal malformations, or effects 
on corpora luteal, implantation loss, resorptions, litter size in rat or rabbit. Maternal 
toxicity in HDF included deceases in body weight gain and food consumption and 
enlarged and pale livers in rat, and soft/liquid feces and dehydration in rabbit. 

Effects on pre- and postnatal development were evaluated in pregnant rats 
administered 0, 10, 25, or 60 mg/kg BHV-3000 from GD 6 to PND 20. There were no 
drug effects on F0 dams. Additionally, there were no drug effects on F1 survival, physical 
development, neurobehavioral assessments, or sexual maturation. However, the 
completed pre and postnatal development study in rat was inadequate because the 
male mating index, male and female fertility indices, and pregnancy rates were below 
the lower limits of the conducting laboratory’s historical range. Additionally, 
neurobehavioral evaluations were conducted using an insufficient number of animals 
per group and the learning and memory task (i.e., E maze) used was inadequate. This 
study will need to be repeated using a sufficient number of animals per group, and 
should include an adequate (i.e., Morris or Cincinnati water maze) test for learning and 
memory.

Conclusion
The sponsor’s general toxicology studies indicated a risk for drug-related liver injury in 
mouse and rat and reductions in body weight gain in monkeys; however, these effects 
can be monitored in humans and are reversible. Additionally, the genetic toxicology and 
carcinogenicity studies did not indicate the potential for BHV-3000 to induce tumors. 
The reproductive and developmental toxicology studies indicated the potential for BHV-
3000 to induce uterine atrophy; however, concern over such a finding is reduced given 
an 11-fold margin relative to AUC in humans at the recommended clinical dose. There 
were no adverse drug-related effects on fetuses in the embryofetal development studies 
in rat and rabbit, or effects on survival, neurobehavioral function, or sexual maturation of 
the offspring in the pre- and postnatal development study in rat; however, due to lower 
than expected indices for male mating, male and female fertility, and pregnancy rate 
among all F1 groups, including controls, the potential for BHV-3000 to affect mating and 
fertility in the offspring was not adequately assessed and should be evaluated in a 
separate study as a post marketing requirement.

The nonclinical data support approval of BHV-3000.
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