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Discussion:
The pharmacology/toxicology reviewer and supervisor found the nonclinical 
information submitted for tasimelteon to be adequate to support approval of this 
NDA for the indication listed above.

Tasimelteon is a melatonin receptor agonist. This is an existing Established 
Pharmacologic Class and is acceptable for labeling.

Two-year carcinogenicity studies of tasimelteon were conducted in mice and rats. 
The executive carcinogenicity assessment committee found the studies to be 
acceptable. There were no drug-related neoplasms in mice. Liver adenomas and 
carcinomas were increased in male rats and liver adenomas were increased in 
female rats. Uterine and cervical squamous cell carcinomas and uterine 
endometrial adenocarcinomas were also increased in rats. These tumors only 
occurred at doses that were substantially higher than the human dose on a 
mg/m2 basis.

Reproductive and developmental studies in rat and rabbits identified some 
effects on the dam, fetuses and offspring. These effects are described in the 
proposed labeling and it is noted that the effects only occurred at doses that were 
substantially higher than the human dose on a mg/m2 basis.

Conclusions:
I concur that this application can be approved from the pharmacology/toxicology 
perspective.
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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: November 12, 2013

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 205-677 (tasimelteon; Hetlioz)
________________________________________________________________________

NDA 205-677 was submitted by the sponsor (Vanda Pharmaceuticals Inc.) on May 30, 
2013 for tasimelteon as treatment for non-24-hour disorder in the totally bind individual. 
The application was filed and given a Priority classification (Filing Communication 
letter, dated 7/29/2013), with a user fee goal date of January 31, 2014. The only 
nonclinical request was for “…a signed and dated Pathology Report for the pivotal 6-
month toxicity study in rats (Study TAJ0007-98348)…,” which was submitted to the 
NDA on August 20, 2013 (SDN 11).

The sponsor conducted a full battery of nonclinical studies in support of clinical 
development (under IND 54776) and marketing approval. These studies were reviewed in 
detail by Dr. Melissa K. Banks-Muckenfuss and were found to be adequate to support 
approval of the NDA, with appropriate labeling (Pharmacology/Toxicology NDA Review 
and Evaluation, NDA 205-677, Melissa K. Banks-Muckenfuss, Ph.D., 10/30/2013).

Comments and Recommendations

Pharmacology: Tasimelteon is a melatonin MT1 and MT2 receptor agonist, with high in 
vitro binding affinity for both receptors, similar to that of melatonin. Three major 
circulating metabolites were identified in human plasma following oral administration: 
M9, M12, and M13. In humans, plasma levels of M9 and M12 are higher (1.3- and 1.8-
fold, respectively), whereas those of M13 are similar, to those of the parent compound.
All three major human metabolites exhibited in vitro binding affinity for the MT1 and 
MT2 receptors. The data (Ki in nM) are summarized in the following table.
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Tasimelteon advanced the onset of wheel-running at 1.0 and 5.0 mg/kg, with a slightly 
greater effect at 1.0 mg/kg; the lower doses were without effect. 

In Study 52273, rats were maintained under light/dark conditions similar to those used in 
Study 52274. In this experiment, however, after two weeks in total darkness, animals 
received SC injections of vehicle, melatonin (1.0 mg/kg), or tasimelteon (0.01, 0.1, 1.0, 
or 5.0 mg/kg) daily for 66 days. The data were expressed as the percentage of animals 
entrained. Entrainment was considered established when (1) the onset of wheel-running 
was “locked to injection time” and (2) “free-running” (endogenous) rhythm was 
reestablished after the end of the dosing period.  Melatonin induced entrainment in 100%
of treated animals. For tasimelteon, the % of animals entrained was 11.3, 25, 91, and 
100% at 0.01, 0.1, 1.0, and 5.0 mg/kg, respectively.

The sponsor considered the results of Studies 52254, 52274, and 52273 as evidence that 
tasimelteon, like melatonin, exhibits chronobiotic properties. The results obtained with 
melatonin are consistent with the results of published studies (cf. Arendt J, Skene DJ. 
Sleep Med 9:25-29, 2005). However, the study reports do not provide sufficient data to be 
considered definitive evidence of a chronobiotic effect for tasimelteon  

  

Toxicology: The pivotal oral toxicity studies of tasimelteon were conducted in Sprague-
Dawley rat and cynomolgus monkey, with duration of dosing up to 6 months (0, 5, 50,
500 mg/kg/day) and 1 year (0, 3, 20, 150 mg/kg/day), respectively. The primary target 
organs were the CNS (convulsions) in both rat and monkey, and liver (centrilobular 
hypertrophy, focal necrosis), kidney (chronic progressive nephropathy, interstitial 
macrophages, hyaline droplets and pigment in cortical tubules, cortical tubular 
dilatation), and spleen (hemosiderosis, extramedullary hematopoiesis) in rat. A dose-
related increase in pica was observed in the 6-month rat study (males and females), a 
behavior thought to reflect a compound’s emetogenic potential in this species which 
cannot vomit (Takeda N et al. Pharm Biochem Behav 45:817-821, 1993; Yamamoto K et 
al. Eur J Pharmacol 554:34-39, 2007); increased emesis was observed in monkey. These 
studies provided an adequate assessment of tasimelteon in both species, and the major 
human metabolites in one or both species. (Plasma exposures for M9, M12, and M13 in 
the 1-year monkey study were estimated based on data from a single-dose PK study.)

Reproductive and developmental toxicology: Studies were conducted in rat (fertility and 
early embryonic development [0, 5, 50, 500 mg/kg], embryofetal development [0, 5, 50, 
500 mg/kg], and pre/postnatal development [0, 50, 150, 450 mg/kg]) and rabbit 
(embryofetal development [0, 5, 30, 200 mg/kg]). These studies identified disruption of 
the estrus cycle (rat), embryolethality, reduced fetal body weight, and delayed fetal 
development (rabbit), and persistent reductions in pup body weight, delayed physical 
development, and impaired performance on learning and memory tasks (rat) as 
tasimelteon-related effects. These findings are consistent with a Pregnancy Category C, 
as recommended by the sponsor and Dr. Banks-Muckenfuss. It is of note, however, that 
these findings were primarily observed at the highest doses tested, with the highest no-
effect doses generally providing substantial safety margins for humans based on plasma 
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levels of parent compound and metabolites M9, M12, and M13 in rat or body surface 
area (mg/m2) comparisons for rabbit. (In rabbit, plasma exposure data were not available 
for parent compound at the highest no-effect dose or for M9, M12, or M13 at any dose.)

Carcinogenicity: Lifetime carcinogenicity studies were conducted in CD-1 mouse (0, 30, 
100, 300 mg/kg/day) and Sprague-Dawley rat (0, 20, 100, 250 mg/kg/day). The results of 
these studies were reviewed by the Division and the Executive CAC (Executive CAC 
Meeting Minutes, dated 10/16/2013). Both studies were considered to be acceptable, and 
adequately assessed the carcinogenic potential of parent compound (both species) and 
metabolites M9, M12, and M13 (rat). (Plasma exposure data were not available for M9, 
M12, or M13 in mouse.) There were no drug-related increases in neoplasms in the mouse 
study. In rat, the following neoplasms were identified as drug-related: uterus (endometrial 
adenocarcinoma at the HD), uterus and cervix (squamous cell carcinoma at the HD), and 
liver (adenoma in MDF and HDF; adenoma and carcinoma combined in MDM and 
HDM). The positive findings in uterus were statistically significant, whereas those in 
other organs were identified as drug-related based on the incidences exceeding historical 
control ranges.

Genetic toxicology: The genotoxic potential of tasimelteon was tested in a standard 
battery of studies: Ames assay, in vitro cytogenetic assay in primary human lymphocytes, 
and in vivo micronucleus assay in rat (conducted as part of the 1-month oral toxicity 
study]). The Ames and the in vivo micronucleus assays were found to be adequately 
conducted and negative, both with and without metabolic activation. In the in vitro 
cytogenetics assay, tasimelteon was positive (2-fold increase in % of cells with structural 
aberrations) in the absence of metabolic activation, at the highest concentration (HC; 200 
µg/mL) tested (24-hr exposure); at this concentration, there was a decrease in mitotic 
index (MI) of approximately 50%. Tasimelteon was also positive at the HC (800 µg/mL) 
tested (5-hr exposure) in the presence of S9; however, this concentration was excessively 
cytotoxic (74% decrease in MI). With the 5-hr exposure (+S9), the next lower 
concentrated tested (400 µg/mL) was associated with a MI similar to control. Dr. Banks-
Muckenfuss noted that concentrations between 400 and 800 µg/mL should have been 
tested under these conditions (5-hr exposure, +S9) and considered the results of the assay 
to be “equivocal/positive” for clastogenicity. While, Dr. Banks-Muckenfuss’ conclusions 
are reasonable regarding the in vitro cytogenetic assay, the increases in % of cells with 
structural aberrations were ≤2-fold, even in the presence of maximum recommended or 
clearly excessive cytotoxicity. Overall, the data suggest a lack of genotoxic potential for 
tasimelteon.

In addition to the genotoxicity studies for tasimelteon, the sponsor conducted a separate
evaluation of the genotoxic potential of metabolite M11, a minor circulating metabolite in 
humans. M11 was negative in an Ames assay, but was positive in an in vitro cytogenetic 
assay in CHO cells. In the in vitro cytogenetic assay, M11 was reproducibly positive in 
the presence, but not in the absence, of metabolic activation at concentrations not 
consistently associated with excessive cytotoxicity. (The sponsor stated, however, that 
the high M11 concentrations associated with positive findings exceeded the maximum 
concentration recommended in ICH guidance [ICH S2(R1), 2012]). The reason for the 
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Executive Summary 

1.1 Introduction 

Tasimelteon is a melatonin (MT1 and MT2) receptor agonist.  The development program 
has spanned greater than a decade, and the proposed indication has evolved (e.g., 
insomnia, circadian rhythm disorders, eastward-bound jet lag).  The development of the 
compound was discontinued, with several toxicology studies in progress and terminated 
early, and was restarted several years later by the current sponsor. The mechanism of 
action appears similar to marketed drug ramelteon (the EPC will be the same), although 
the observed toxicities differ slightly.  On 1/19/10, the sponsor was granted an orphan 
drug designation for tasimelteon for the treatment of Non-24-hour Sleep-Wake Disorder 
in Blind Individuals With No Light Perception.      

1.2 Brief Discussion of Nonclinical Findings 

Tasimelteon showed affinity at melatonin (MT1 and/or MT2) receptors, with slightly 
greater affinity at MT2 receptors; tasimelteon’s metabolites showed at least a 10-fold 
lower affinity at melatonin receptors.  In an early in vitro receptor binding study, 
tasimelteon was shown to have affinity similar to melatonin at MT1 receptors and greater 
than melatonin at MT2 receptors.  Tasimelteon did not show affinity at other targets in a 
receptor binding screen. 
 
The primary target organs of tasimelteon toxicity include the: CNS, liver, kidney, and 
reproductive organs.  Some alterations were also observed in spleen and heart, as well 
as the hematologic and endocrine systems (i.e., thyroid, pituitary, and adrenal glands).   
Generally, slight reductions in weight and sometimes food consumption were observed 
across the studies.  CNS signs including convulsions (clonic and/or tonic), tremors, loss 
of righting reflex, flaccidity, ataxia, and/or labored breathing were observed at high 
doses in studies in rats, mice, and monkeys.  Liver was clearly a target organ in most of 
the toxicological species used; increased liver enzymes (as well as cholesterol and/or 
triglycerides), increased liver weight and size, histopathological alterations (i.e., 
centrilobular to panlobular hepatocellular hypertrophy, increased hepatocellular mitoses, 
bile duct hyperplasia, cystic degeneration, hepatocyte vacuolation, regenerative 
hyperplasia, centrilobular fatty change, focal pigmented macrophages, pigment in 
hepatocytes, focal hepatocyte necrosis, and/or periportal/serosal/subserosal fibrosis), 
and tumors were observed. Kidney toxicity was observed in rats (i.e., increased kidney 
weight; exacerbated CPN; minimal to slight cortical tubules with hyaline droplets; 
minimal to moderate cortical tubular pigment; interstitial pigmented macrophages; slight 
cortical tubular dilation; pelvic dilatation; interstitial inflammation; and/or simple tubular 
hyperplasia), with minimal evidence in mice and monkeys. Changes in reproductive 
organs were observed in rats (e.g., decreased prostate weight; testicular interstitial cell 
hyperplasia; altered estrus cycling; increased ovary weight; ovarian follicular cysts; 
uterine dilatation; uterine adenocarcinoma; uterine squamous cell carcinoma; uterine 
cervix epithelial hyperplasia and/or keratinization; and uterine cervix squamous cell 
carcinoma), mice (e.g., decreased prostate weight) and monkeys (e.g., decreased 
prostate, seminal vesicle, and testes weights; lack of corpora lutea in the ovary). Slight 

Reference ID: 3399188



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

5 

reductions (5-15%) in red blood cell parameters (and slight increases in platelets) were 
observed in rats and monkeys.  In rat spleen, hemosiderosis and extramedullary 
hematopoiesis were observed; the sponsor believed these findings reflected an 
increased rate of RBC removal from peripheral blood leading to a "compensatory" 
response.  A few effects were observed among the studies in the thyroid (e.g., 
increased weight; follicular cysts, atrophy, and/or hypertrophy) and pituitary (e.g., focal 
hyperplasia).  The no adverse effect levels for the general toxicity studies were within 
the clinical range; however, effect doses were approximately 20 times the 
recommended human dose (RHD) of 20 mg on a mg/m2 basis. 
 
Tasimelteon was negative in an in vitro Ames assay and an in vivo rat micronucleus 
assay; however, an in vitro chromosomal aberration assay demonstrated clastogenic 
effects.  Tasimelteon metabolite M11 (a non-major human circulating metabolite that 
has poor coverage in the animal species) was also negative in an in vitro Ames assay 
but was clastogenic in an in vitro chromosomal aberration assay in CHO cells.  Two 
year carcinogenicity bioassays were conducted in rats and mice.  In rats, tumors were 
observed in the liver (≥ MD; adenomas in F and adenomas and carcinomas in males), 
uterus (endometrial adenocarcinomas, HDF), and uterus and cervix (squamous cell 
carcinomas, HDF).  The relevance of these tumors to humans is unknown.  Tumors 
were not observed at approximately 10 times the RHD, on a mg/m2 basis.  No drug-
related neoplasms were reported in mice.   
 
As suggested in the toxicity studies (e.g., effects on reproductive organs, such as a 
slightly increased incidence of absent corpora lutea in the rat carcinogenicity study and 
the lack of corpora lutea in the ovaries of female monkeys in the chronic toxicity study), 
effects on female rat fertility and fetal development in rats and rabbits (into adulthood in 
rats) were demonstrated in the reproductive toxicology studies.  Irregular estrus cycles, 
slightly increased infertile pairings, and slight reductions in fertility parameters were 
observed at MD and HD in females; the no-effect dose was approximately 2.5 the RHD 
on a mg/m2 basis.  The embryofetal development (EFD) studies in rats and rabbits 
demonstrated some embryofetal toxicity.  Drug-related slight delays in development and 
decreased fetal body weights were observed at MD and HD in rats and rabbits; rabbits 
also demonstrated an increase in abortions and slightly increased post-implantation 
losses (late resorptions) at MD and HD. Maternal toxicity was also observed (i.e., 
clinical signs, and slight reductions in body weight and food consumption) in the dams 
and does at HD.  The no-adverse-effect doses in rats and rabbits were approximately 
25 and 30 times the RHD on a mg/m2 basis.  In the pre/postnatal development study 
(dosing the dams throughout gestation and lactation), clear toxicity in the F1 generation 
was demonstrated as developmental delays and a reduced growth rate postpartum and 
into adulthood.  The gestation period was very slightly increased in all VEC-162-treated 
dams, and the live birth index was slightly reduced at HD.  Although average pup birth 
weights were similar (<5% difference; provided as the average of the litter averages for 
each sex), HD pups demonstrated reduced (~15%) body weights throughout lactation 
and into adulthood.  Sexual maturation was achieved at a similar age (PND) but at a 
lower body weight in males, but was delayed in females.  Other developmental 
milestones (e.g., righting responses) were similarly delayed.  Neurobehavioral testing 
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(i.e., Morris Water maze) demonstrated clear deficits in males (i.e., trial times, sector 
entries, and failed trials) but not females, when tested at PND 31/32; when re-tested at 
PND 47/49, no consistent differences were reported.  A few effects on F1 generation 
reproduction were observed.  Reductions in body weight continued in the adult female 
F1 generation during gestation, and slight effects on fertility were observed at HD.  The 
F1 generation was exposed to VEC-162, M9, M12 and M14 (as measured on LD4), 
although to a much lesser extent than the dams. Limited F0 maternal toxicity was 
demonstrated (i.e., slightly [~3-5%] reduced body weights during gestation at MD and/or 
HD, and during lactation in all VEC-162-treated dams). The no-effect dose was 
approximately 2.5 times the RHD on a mg/m2 basis.  
 

1.3 Recommendations 

1.3.1 Approvability 

From a Pharmacology/Toxicology perspective, the application is recommended for 
approval. 
 
While most of the observed toxicities occurred at exposures exceeding those 
anticipated at the RHD or would be monitorable in humans (e.g., liver enzyme 
increases), the carcinogenic and reproductive effects are considerable.  Taking into 
account the orphan population and toxicities identified for similar drugs (e.g., tumors 
and malformations observed with ramelteon), the identified toxicities do not preclude 
approval but should be fully disclosed in the labeling.  Of particular importance are: the 
tumors in the liver, uterus, and uterine cervix, the altered cyclicity observed in female 
rats and suggested in female monkeys (and potential effects on fertility in humans), and 
the persistent effects on growth of offspring exposed during gestation and lactation (i.e., 
exposed in utero in humans).   
 

1.3.2 Additional Non Clinical Recommendations 

Please see suggested labeling. 
 

1.3.3 Suggested Labeling 

Final labeling requires discussion among the review team members, as well as with the 
sponsor. This suggested labeling is provided in case the application moves to approval, 
and represents the reviewer's current thoughts, but does not reflect final label wording. 
 
Highlights: 
 __________________ INDICATIONS AND USAGE _________________  
Hetlioz is a melatonin receptor agonist indicated for the treatment of Non-24-Hour Disorder (Non-24) in the totally blind. (1) 
 
 
 _______________ USE IN SPECIFIC POPULATIONS _______________  

 Pregnancy: Based on animal data, may cause fetal harm. (8.1) 
 
1.  Indications and Usage 
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reviewer (see review by Dr. Kambhampati) indicated that all potential genotoxins but 
two  
were adequately controlled.  Those two compounds were referred to FDA’s 
Computational Toxicology group, which identified 

as a potential genotoxin.  The CMC reviewer has requested 
additional information from the sponsor. 
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2.6 Proposed Clinical Population and Dosing Regimen 

Hetlioz (20 mg tasimelteon capsules) is proposed for the treatment of Non-24-Hour 
Disorder in the totally blind, a circadian rhythm disorder that occurs when individuals are 
“unable to entrain (synchronize) their endogenous master body clock to the 24-hour 
day-night cycle.”  Tasimelteon was granted an orphan drug designation, for the 
treatment of “Non-24-Hour Sleep-Wake Disorder in Blind Individuals with No Light 
Perception.” 
 

2.7 Regulatory Background 

The sponsor has previously proposed tasimelteon for the following indications: the 
treatment of Insomnia, Circadian Rhythm Sleep Disorders, and Jet Lag Disorder due to 
eastward travel.  While being developed by BMS, tasimelteon (then known as BMA-
214778) development was discontinued; the ongoing nonclinical studies were 
terminated early (e.g., the 6-month rat toxicity study, the 12-month monkey toxicity 
study, the fertility and early embryonic development study).  Vanda Pharmaceuticals 
purchased the development program and again began to develop tasimelteon.  The 
sponsor hired CROs to complete and finalize the nonclinical studies that had been 
terminated early, which is unusual; however, the studies have the GLP and QA 
statements (note that the report of the 6-month rat toxicity study did not contain a 
separate, signed pathology report; however, it was provided upon request). 
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4 Pharmacology 

4.1 Primary Pharmacology 

Tasimelteon (also known as BMS-214778 and VEC-162) and its metabolites were 
evaluated in a number of receptor binding screens.  Tasimelteon was shown to be a full 
agonist at melatonin receptors MT1 and MT2 (IC50s of 0.35 nM and 0.17 nM, 
respectively, and pKis of 9.5 and 9.8, respectively).  These values were similar to 
melatonin at MT1 and greater than melatonin at MT2.  Tasimelteon also demonstrated 
potent, concentration-dependent inhibition of forskolin-stimulated cAMP accumulation 
(EC50 at MT1= 0.74 nM; EC50 at MT2= 1 nM).  Later studies with tasimelteon and 
metabolite M13 showed nanomolar affinity at human melatonin receptor MT1; 
tasimelteon and metabolites M11, M12, M13, and M14 showed nanomolar affinity at 
human melatonin receptor MT2, although the affinity of tasimelteon was considerably 
greater than those of the metabolites (see excerpt from the sponsor’s submission, 
below). 
 

 
 

 
 
Metabolite M3 showed low affinity at human melatonin receptors MT1 and MT2 (see 
excerpt from the sponsor’s submission below). 
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In the clinical pharmacology summary, the sponsor provided the following summary 
table of binding affinities at melatonin receptors for tasimelteon, and metabolites M3, 
M9, M11, M12, M13, and M14.  There appeared to be an error in the Ki for M12 at MT2 
(corrected below by the reviewer). 
 

  
 
The role of tasimelteon (BMS-214778) as a “chronobiotoic” was investigated in one ex 
vivo and two in vivo studies.  In the ex vivo study, suprachiasmatic nucleus (SCN) 
electrical activity was recorded from brain slices taken from rats administered melatonin 
(1 mg/kg) or tasimelteon (1 and 5 mg/kg) the day prior to and for 2 days following a 
reversed light-dark cycle (i.e., light onset delayed by 12 hr); SCN electrical activity 
rhythms shifted significantly faster in the slices taken from melatonin- tasimelteon-
treated animals than in slices from the vehicle-treated animals.  In an in vivo study, 
tasimelteon (1.0 and 5.0 mg/kg SC) and melatonin (0.1 and 1.0 mg/kg SC) advanced 
the onset of running-wheel activity in rats housed in constant darkness in a model of 
acute phase shifting of locomotor activity in rats.  In a second in vivo study, tasimelteon 
(1.0 and 5.0 mg/kg SC; 66 daily injections) and melatonin (1.0 mg/kg SC) were reported 
to “synchronize” the “free-running” locomotor rhythms so that the onset of activity 
coincided with the injection time in a model of entrainment of “free-running” activity 
rhythms in rats.  All rats treated with 5.0 mg/kg tasimelteon and 90% of those treated 
with 1.0 mg/kg entrained to the injection time; the ED50 for the tasimelteon entrainment 
effect was 0.21 mg/kg.  
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4.2 Secondary Pharmacology 

Tasimelteon and its metabolites were evaluated in a number of receptor binding 
screens.  At concentrations up to 10 µM, no other binding was observed.  MT3 receptor 
binding was not assessed. 

4.3 Safety Pharmacology 

The sponsor did not conduct the standard battery of safety pharmacology studies.  CNS 
and respiratory safety pharmacology studies were not conducted, and the 
cardiovascular safety pharmacology study in dogs was conducted pre-2000 and not 
under GLP.  A few other cardiovascular safety pharmacology studies were conducted, 
including GLP hERG and action potential duration assays. 
 
The hemodynamic effects of tasimelteon were investigated in anesthetized and 
conscious dogs after IV administration (non-GLP study).  In anesthetized dogs, 
tasimelteon induced a 14% reduction in mean arterial blood pressure (MABP) at 3.0 
mg/kg, with a steady reduction (maximum 17%) in heart rate (HR) over the dose range 
tested (0.1 – 3.0 mg/kg).  In conscious dogs, no changes in MABP, HR, or ECG 
(including QT) were reported to result from tasimelteon administration.  Tasimelteon 
(maximum concentration tested 100 µM) inhibited hERG current by 14.0 ± 2.2% at 100 
µM; an IC50 was not calculated.  In an in vitro isolated rabbit cardiac Purkinje fiber action 
potential duration assay, tasimelteon produced statistically significant shortening of the 
APD90 after exposure to 100 µM tasimelteon at 1 and 0.5 second basic cycle lengths; 
no statistically significant changes in resting membrane potential, action potential 
amplitude, or the maximum rate of depolarization were reported.  The maximum rate of 
depolarization was reduced slightly, but this difference did not reach statistical 
significance. 
 
In vitro non-GLP studies in rat anterior cerebral artery (ACA) and isolated rat caudal 
artery (CA) showed that, with lower potency than melatonin, tasimelteon was 
vasoconstrictive in pressurized (60 mm Hg, constant) ACA and CA in a concentration-
dependent manner (EC50 estimated to be 500 nM and 180 nM, respectively). 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Many PK/ADME studies were conducted by the sponsor during the development of 
BMS-214778/VEC-162/tasimelteon.  Where newer studies were available to provide 
data, the older studies were not reviewed since the understanding of tasimelteon’s 
ADME has evolved extensively over the last 5 years. 
 
Analytical 
A GLP validation of an LC-MS/MS method for the measurement of tasimelteon in the 
plasma of rats (0.2- 100 ng/mL in a volume of 200 µL; study TAJ0005) and mice (2- 
1000 ng/mL in a volume of 100 µL; TAJ0004) was conducted.  Only an older (1999) 
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validation of an LC-MS/MS method for the measurement of BMS-214778 in the plasma 
of monkeys (2- 1000 ng/mL in a volume of 15 µL; 910074952) was provided. 
 
GLP validation of an LC-MS/MS method for the measurement of tasimelteon, M9, M12, 
M13 (all 5- 5000 ng/mL in a volume of 25 µL), and M14 (all 5.438- 5438 ng/mL in a 
volume of 25 µL; 208-1104) in rat plasma was conducted. 
 
GLP validation of an LC-MS/MS method for the measurement of metabolite M3 (5- 5000 
ng/mL in a volume of 25 µL; 208-1213) in rat plasma was conducted. 
 
A partial (from human plasma) GLP validation of an LC-MS/MS method for the 
measurement of tasimelteon and M11 in rabbit plasma (0.3- 300 ng/mL in a volume of 
100 µL; study 208-1103) was conducted.  Two partial (from human plasma) GLP 
validations of an LC-MS/MS and a UPLC method for the measurement of tasimelteon 
(5- 5000 ng/mL in a volume of 25 µL) and metabolite M11 in mouse plasma (1- 1000 
ng/mL in a volume of 25 µL; 208-1204 and 208-1214) was conducted. 
 
ADME 
Generally, orally administered tasimelteon is rapidly absorbed, widely distributed, and 
has a relatively short half-life.  Following oral administration of [14C]-tasimelteon (BMS-
214778) to rats, plasma levels of radioactivity declines through 120 hr and were not 
detected by 168 hr post-dose.  The tissues with the highest mean concentrations (in 
order) were stomach, small intestine, liver, kidney, plasma, large intestine, blood, and 
adrenals; the only tissues still showing radioactivity after 168 hr were eyes, liver, thyroid, 
lungs, and kidneys.  Based on the long half-life of radioactivity in the eyes (126 hr) and 
longer half-life in pigmented versus non-pigmented skin (15.4 vs. 7.6 hr) following 
dosing of [14C]-tasimelteon (BMS-214778), binding of tasimelteon to melanin was 
suggested.  Terminal half-life of the radioactivity was also extended in lung (66 hr), 
kidneys (49 hr), liver (47 hr), adrenal (40 hr),and stomach (22 hr). The half-life of 
elimination of the radioactivity from brain was approximately one hour.  Moderate, 
concentration-dependent serum protein binding was observed in human, monkey, rat, 
and mouse.  See the sponsor’s summary table, below. 
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(3-5x changes at 100 M) on CYP1A2 activity and mRNA.  See the sponsor's summary 
Figure 9, below. 
 

 
 
Study 12A024: In Vitro Evaluation of M9, M12, and M13 as Potential Inhibitors 
of Cytochrome P450 (CYP) Enzymes in Human Liver Microsomes 
Conducted by  dated 2/19/13 [non-GLP] 
The ability of three tasimelteon metabolites M9, M12, and M13 to inhibit, in vitro, the 
major CYP enzymes in human liver microsomes (CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5) was evaluated. M12 showed some 
effects on CYPs 2C9 and 2C19 (see summary table from the sponsor's report, below). 
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 STUDY NUMBER: 10VNDAP1R1: P-gp Interaction Assessment of the 
Customer's Test Compound (VEC-162) and Metabolites 
Conducted by dated 9/6/11 [non-GLP] 
The potential of VEC-162 and its metabolites (M9, M11, M12, M13, and M14) to be P-
gp substrates and inhibitors was assessed in Caco-2 cell monolayers.  The efflux ratios 
of all test compounds were less than 2 at the tested concentrations, indicating that the 
compounds are not P-gp substrates.  The presence of VEC-162 (up to concentrations of 
326 μM) and M9, M11, M12, M13, or M14 (up to 5 μM each) did not impact P-gp 
function in Caco-2 cells, indicating that the compounds are not P-gp inhibitors at the 
tested concentrations.  The maximum concentrations tested were based on the 
tolerability of the Caco-2 monolayers. 
 
In particular, the understanding of the metabolism of tasimelteon has been evolving 
over the last several years.  Knowledge about the number, identity, and relative 
abundance of in vivo VEC-162 metabolites in humans and the relevant toxicologic 
species has changed considerably since the beginning of the drug’s development, and 
much of the data have been obtained relatively recently.  Notably, complete steady 
state metabolism data are available for rat (tasimelteon and M11 only for mouse), but 
only single dose metabolism data were provided for monkey.  Tasimelteon and M11 
exposures were determined at only 200 mg/kg PO in rabbit.  Although several 
metabolites will be discussed, this review will focus on interspecies comparisons of the 
only the major human circulating metabolites (M9, M12, and M13, identified by FDA’s 
Clinical Biopharmaceutics staff). 
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In study PHZ00011 (and addendum study 07816), a mass balance study of a single  
25 mg/kg [14C]-VEC-162 dose administered PO by oral gavage to male Sprague-
Dawley rats demonstrated that the highest mean radioactivity in plasma was observed 
at 1 hr post-dose, and mean concentrations of radioactivity decreased to below the 
quantifiable limit within 72 hr.  Elimination of radioactivity in urine and feces accounted 
for 75.31% and 21.64% of the dose, respectively, through 72 hours after dosing.  
Approximately 91% of the dose was eliminated by 24 hours after dosing. Cage residue 
samples contained a combined total of 2.62% of the dose, and carcasses contained a 
mean total of 0.63% of the dose.  Tasimelteon and human metabolites M3, M9, M12, 
M13, and M14 were confirmed in rat plasma.  It is noted that M11 was not observed to 
be present in rat plasma.  See the sponsor’s summary Table S-2 below. 
 

 
 
In an IV study (Study 8267772), tasimelteon was administered to male Sprague-Dawley 
rats in a single dose of 0.25 to 5 mg/kg.  For tasimelteon, the observed clearance was 
high (34-75 mL/min/kg) and the volume of distribution greatly exceeded total blood 
volume (1240-2070 mL/kg; approximately 6-10x total blood volume, cf. Derelanko, 
2000).  The observed elimination half-lives were short (means ranging from 0.25- 0.69 
hr).  Exposure was generally linear (based on AUC), but a potential for enterohepatic 
recirculation at the 5 mg/kg dose was noted (based on the apparent second increase in 
plasma concentrations at 12 hr).  Metabolites M9, M12, M13, and M14 demonstrated 
short Tmax (0.08- 0.5 hr).  The observed half-lives for all metabolites were short.  A dose-
responsive, but not dose–proportional, increase in Cmax and AUC was reported for all  
metabolites (see the sponsor’s summary figures, below). 
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Steady state plasma exposure to tasimelteon (and metabolites M9, M12, M13, and 
M14) was investigated in Sprague-Dawley rats (3/sex/gp) following 29 days of daily oral 
gavage administration of 25, 10, 250, or 500 mg/kg VEC-162 (GLP, with the exception 
of M3 data, Study TAJ0014).  PK data for M3 were unvalidated.  Tasimelteon was 
tolerated at doses up to 250 mg/kg; underactive behavior, reduced body temperature 
(as judged by coolness to touch), partially closed eyelid(s), unsteady gait, irregular 
breathing (F), piloerection (F), abnormal gait (F), and uncoordinated unsteady gait (F) 
were observed at 500 mg/kg.  The rate and extent of systemic exposures to tasimelteon 
and the characterized metabolites were generally non-linear and dose-dependent.  
Usually, the AUC24 values were lower than predicted based on a linear relationship.  
Accumulation was suggested for tasimelteon (500 mg/kg; 1.5x in F only), M9 (250 and 
500 mg/kg; 1.5x and ~3x, respectively) and M13 (250 and 500 mg/kg; 2x and 4.5x, 
respectively, in F only).  (Accumulation for M3 in females ranged from 2x to 29x.)  
Summary PK data for tasimelteon, M9, M12, and M13 are presented below from the 
sponsor’s submission, as well as metabolite ratios (metabolite AUC/ tasimelteon AUC) 
for M9, M12, and M13.  (For reference, sponsor-provided human AUC plasma 
exposures to tasimelteon, M9, M12, and M13 at the RHD of 20 mg were 411.4, 379.4, 
655.2, and 393.7 ng*hr/mL, respectively.) 
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Although human metabolite M11 was not detected in rat, it was observed in mouse, 
pregnant rabbit, and monkey at low levels.  Following a single oral gavage dose of 300 
mg/kg in mice (non-GLP study 09628), the peak area and % tasimelteon (VEC-162) 
peak areas of M11, M12, M13, and M14 for mouse are summarized in sponsor’s Table 
2, below.  The sponsor further investigated the steady-state exposures of tasimelteon 
and metabolite M11 in CD-1 mice (27/sex/gp) after daily oral gavage administration of 
100, 300, and 600 mg/kg tasimelteon for 29 days (GLP study TAJ0018).  Animals 
treated with 600 mg/kg tasimelteon showed mortality and adverse clinical signs, and 
were sacrificed early; adverse clinical signs were also observed at 300 mg/kg.  
Generally, non-linear, dose-dependent kinetics were observed.  The sponsor noted that 
enterohepatic recirculation was suggested.  M11 represented <1% of the total drug-
related exposure in mice. 

 
 
Only a single dose mass balance study in Cynomolgus monkeys (study PHZ00012, and 
addendum study 07815) was provided.  Following a single 25 mg/kg [14C]-
tasimelteon PO dose administered to male and female monkeys, the highest mean 
radioactivity in plasma was observed at 2 hr post-dose, and the mean concentration of 
radioactivity decreased to below the quantifiable limit within 24 hr.  Urine and feces 
accounted for approximately 80% and 5% of elimination, respectively; approximately 
90% of the dose was eliminated by 24 hours after dosing.  All tasimelteon human 
metabolites (i.e., M1, M3, M8, M9, M11, M12, M13, and M14) were confirmed in 
monkey plasma.  Unchanged [14C]-tasimelteon accounted for 8.91% and 17.7% of the 
total radioactivity in 0-12 hr male and female monkey plasma, respectively.  Metabolite 
M9 (a phenol-carboxylic acid derivative of tasimelteon) was also the most prominent 
circulating metabolite in monkeys and accounted for 10.3% (male) and 6.72% (females) 
of the total radioactivity in 0-12 hr plasma.  Metabolite M12 was a predominant 
metabolite in the female monkey, representing 10.0% of the total radioactivity, while it 
represented only 3.72% in males. Exposures to the remaining human metabolites were 
each <50% of the tasimelteon exposure, and less than 5% of the total AUC.  See the 
sponsor’s summary Tables S-2, 2, S-3 and 3. 
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In pregnant New Zealand rabbits, the plasma exposures of tasimelteon and metabolite 
M11 only were assessed following administration of 200 mg/kg tasimelteon for 14 days 
(GD6- GD19; GLP study TAJ0016).  See the sponsor’s summary PK data, Tables 1 and 
2 below.  Little to no accumulation was reported for tasimelteon and M11; see sponsor’s 
Table 5, below.  Metabolite M11 was observed to be approximately 1% of tasimelteon 
exposure on GD6, and approximately 3% of tasimelteon exposure on GD19.  
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6 General Toxicology 

6.1 Single-Dose Toxicity 

Single doses of BMS-214778 were tested in rats, mice, and monkeys.  Generally, single 
doses of up to 400 mg/kg in rats and mice and 200 mg/kg in monkeys were tolerated.  
Following a single dose of 1750 mg/kg, rats showed CNS-related signs (i.e., ataxia, 
ptosis, and hypoactivity on day 1, and loss of righting reflex and prostration on days 2 
and 3), labored respiration, and reduction s in body weight.  According to the 1/16/98 
review by Dr. Atrakchi, the dose of 1750 mg/kg in rats was considered the maximum 
non-lethal dose; higher doses could not be tested because of the toxicity of PEG-400 
and the drug’s solubility limit.  In mice, a single dose of 1750 mg/kg resulted in mortality, 
tonic convulsions, “inappropriate locomotion”, and “disequilibrium,” in addition to the 
signs previously noted in rats at that dose. 
 

6.2 Repeat-Dose Toxicity 

Subchronic studies were conducted in mice, rats and monkeys by the oral route.  The 
vehicle used in all toxicity studies was PEG-400. Most of the subchronic studies were 
reviewed by Dr. Atrakchi (see review dated 1/16/98).  Pertinent results of some of the 
studies are summarized below.  Target organs of toxicity have consistently included the 
CNS and liver, and kidney in rats.  Reproductive organs have also been demonstrated 
to be a target.  
 
In a 3-month study in mice, BMS-214778 caused mortality at 800 mg/kg, and increased 
liver weights, dose-related minimal to moderate centrilobular hepatocellular 
hypertrophy, prostration, labored breathing, and slightly increased serum albumin and 
total protein (M) at 400 to 600 mg/kg.  Relative kidney and prostate weights were 
decreased in males at 600 mg/kg.  The reported no-effect dose was 100 mg/kg. 
 
In a 2-week study, rats showed increased liver weight and size, with dose-dependent 
centrilobular to panlobular hepatocellular hypertrophy observed at ≥ 100 mg/kg in males 
and ≥ 200 mg/kg in females.  Increased hepatocellular mitoses were observed at 400 
mg/kg.  Hyaline droplet nephropathy was observed in male rats.  Clinical pathology 
changes were reported at ≥ 200 mg/kg, including increased ALT, globulin, total protein, 
cholesterol, glucose (F), and triglycerides (F).  The reported no-effect dose for 2 weeks 
was 50 mg/kg.  In a 1-month study in rats, increased liver weight and size, minimal to 
marked centrilobular to panlobular hepatocellular hypertrophy, increased kidney weight 
(only 400 mg/kg in M), dose-dependent hyaline droplet nephropathy (≥ 100 mg/kg in M), 
increased heart and adrenal weight (only 400 mg/kg in F), and several changes in 
clinical chemistry parameters (e.g., increased cholesterol, triglycerides (F), glucose (F), 
total protein, albumin, globulin, and ALT) were observed at ≥100 mg/kg; most changes 
were at least partially reversible.  Decreased serum urea nitrogen and creatinine were 
observed.  Increased neutrophils (400 mg/kg) and RBC polychromasia and anisocytosis 
(400 mg/kg in F) were also observed.  According to Dr. Atrakchi’s review, the NOEL 
was given as 25 mg/kg.    
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In a 1-week study in monkeys, 175 mg/kg resulted in post-dosing emesis and/or 
salivation, decreased body weight and food consumption, and mild changes in clinical 
pathology parameters (including increased serum triglycerides (M), glucose (F), ALT 
(≥100 mg/kg), and fibrinogen, and decreased sodium (M), chloride, and phosphorus).  
According to Dr. Atrakchi, the NOEL was 50 mg/kg.  In a 1-month study, 125 mg/kg was 
associated with increased liver weights (≥ 45 mg/kg), decreased spleen weights (M), 
and decreased SV/prostate and testes weights.  According to Dr. Atrakchi’s review, the 
reported no-effect dose was 15 mg/kg, and 45 mg/kg was a LOEL.   
 
Chronic toxicity studies were conducted in rats (6-month) and monkeys (12-month, with 
an interim assessment at 6 months).  These studies were terminated after the in-life 
portion and summary and/or interim reports were issued; upon restarting development, 
the sponsor contracted CROs to complete the histopathology assessments for these 
studies.  (The rat fertility study was also completed in this manner.)  However, it 
appears that GLP and QA conditions for these studies has been assured, except for the 
lack of a separate, signed pathology report for the 6-month rat toxicity study (this has 
been requested). 
 
The chronic toxicity studies demonstrated CNS, hepatic, renal, endocrine, and 
reproductive effects.  These effects generally reflected toxicities previously seen in 
acute and subchronic toxicity studies, including: CNS signs (e.g., convulsions, 
hypoactivity, ataxia, labored breathing), body weight reduction, altered hematology 
parameters (e.g., increased neutrophils, reticulocytes, fibrinogen, RBC polychromasia), 
altered clinical chemistry parameters (increased ALT, globulin, total proteins, total 
cholesterol, glucose, and triglycerides), liver enlargement and histopathology (e.g., 
hepatocellular centrilobular to panlobular hypertrophy, increased hepatocellular 
mitoses), increased kidney weight and histopathology (hyaline droplet nephropathy),  
decreased spleen weight, decreased male reproductive organ weights (seminal 
vesicles, prostate, testes), and increased uterine weight.  Also of note, from Dr. 
Atrakchi's review: a previous finding of eyelid edema and mild dyspnea after tasimelteon 
(in 50% PEG) dosing in monkeys was dismissed after it was demonstrated to not be 
reproducible. 
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Observations and Results 
 
Dosing Solution Analysis [Weeks 1, 6, &12] 
All formulations were homogenous and stable (at ambient temperature for two days and 
stored at approximately 4°C for 15 days).  The mean concentrations of BMS-214778 in 
the formulations during Weeks 1, 6 and 12 were ±5% of nominal. 
 
Mortality [Twice daily] 
There was only one drug-related death (HDF) on D3. 
 
HDF (#2416) was sacrificed moribund on D3.  Clinical signs included tonic convulsions, 
lacrimation, prolonged extension of limbs, hypoactivity, labored respiration, 
recumbency, ataxia, loss of righting reflex, hunched posture, and coolness to touch.  No 
clinical pathology findings were reported (although the data were not provided).  The 
sponsor reported no drug-related macroscopic or microscopic findings; however, the 
following findings were reported in this animal: glandular stomach (minimal, focal 
mucosal erosion), liver (slight centrilobular hepatocyte hypertrophy, with a prominent 
increase in mitotic activity), kidney (minimal cortical tubular basophilia), spleen (slight 
decreased cellularity), and reproductive organ (epithelial mucinification) changes.  The 
animal was replaced with HDF #2421. 
 
Clinical Signs [Daily; detailed examination weekly] 
No signs were reported at LD or MD. 
 
At HD, clinical signs reflecting effects on the central nervous system occurred 
throughout the treatment period but were most prevalent during the first two weeks.  A 
single HDF was sacrificed moribund because of the severity of the clinical signs (see 
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Mortality).  HDF were more often affected than HDM, particularly during the first four 
days of treatment; signs included (number affected; F/M): hypoactivity (19/12), labored 
respiration (16/6), ataxia (17/8), loss of righting reflex (11/0), extension of the limbs 
(14/1), recumbency (16/4), tremors (4/1), and convulsions (5/0). 
 
In HDF, tonic convulsions were observed on D3 (#2416; early mortality), D6 (#2407), 
D36 (#2408 and #2413), and on D3, 76, 113, and 120 (#2415).  In animal #2408, clonic 
convulsions were observed on D4 and D5. 
 
There was evidence of dose-related pica in the treated animals; increased incidence of 
bedding material in the feces was observed on D12 (0, 3, 4, 10 in control, LD, MD, and 
HD males; 1, 0, 6, 15 in control, LD, MD, and HD females).  The caging was changed to 
wire-bottomed cages from D12 on to prevent ingestion of bedding. 
 
A few other signs were noted at lower incidence.  Salivation was observed in 3 HDM 
and 2 HDF.  Red discoloration of the muzzle was observed in 4 HDM and 1 HDF.  
Chromodacryorrhea was observed in 1 conM, 1 MDF, 2 HDM, and 2 HDF.  Lacrimation 
was observed in 2 HDF.  Although of questionable relationship to drug, alopecia was 
observed in 1 female of each treated group. 
 
Body Weights [Weekly] 
Throughout the treatment period, average body weights were reduced 6-8% [ss] in 
treated males, compared to controls.  A slight reduction in body weight gain was 
observed at all doses but was not consistently dose-related (Weeks 1-13: 10%, 11% 
and 13%; Weeks 1-26: 18, 12, and 13% for LD, MD, and HD males, respectively).  In 
females, slight effects on average body weight gains appeared biphasic.  The average 
body weight gains from Week 1-13 were -11%, -16% and +6%, and were -11%, -6%, 
and +10% in Weeks 1-26 ([nss] at LD, MD and HD, respectively).  There was no 
significant effect on body weight at Week 26 in females.  See the sponsor's Figure 1. 
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Food and Water Consumption [Weekly] 
Food consumption was reduced 14% at week 1 in HDF; however, beginning week 4, 
HDF generally showed increased food consumption (~10%).  No clear effect was 
observed in LDF, MDF, or treated males. 
 
HD animals consumed more water (3-4x in males, ~3x in females) in weeks 13 and 27. 
 
Ophthalmoscopy [Prior to study, Weeks 13 and 26] 
All animals were examined by means of a Keeler all pupil indirect ophthalmoscope. 
 
No drug-related findings were reported.  One MDM showed anterior synechia of the iris. 
 
Hematology [Weeks 13 & 25, sample taken before dosing after an overnight fast] 
& Coagulation [Week 27] 
At Week 13, slight decreases (6-7%, [ss]) in RBC parameters were observed in HDF, 
but no clear effect was observed in males.  Increases in reticulocyte (+9%, +12%) and 
platelet (+27%, +9%) counts were observed in HDF and HDM, respectively.  At week 
25, females showed a very slight, dose-related reduction (≤2-4%, [ss]) in RBC 
parameters; similar effects were not observed in males.  Reticulocyte and platelet 
counts showed a slight, dose-related increase in females (up to ~20%), and HDM 
showed a 10% increase in platelets. 
 
At Week 13, WBC counts showed changes, predominantly in females.  Increases in 
neutrophils (~2x in MDF and HDF, however, the MDF average resulted from 2 outliers 
at 4-7x the control average whereas nearly all HDF animals were 2x the control 
average), monocytes (30-60%, MDF and HDF), and LUC (~2x in HDF) were observed.  
Reductions in lymphocyte (15-35%, treated females, d-r, [ss] at HD) and basophil (0 vs 
0.1, HDF vs conF) counts were observed.  In HDM, increases in absolute lymphocyte 
(11%), monocyte (33%), and LUC (22%) counts were also observed.  At week 25, MDF 
and HDF showed increases in WBC counts (15-44%).  Neutrophils (2-2.5x, MDF and 
HDF), monocytes (2x, HDF), LUC (1.5-2.3x, MDF and HDF), and lymphocytes (+15%, 
HDF) were increased in females.  In HDM, increases in neutrophil (1.7x), basophil 
(1.5x), and LUC (18%) counts were observed (total WBC count +9%). 
 
Coagulation parameters were dose-dependently affected in males at Week 27 
(maximum increases of 19% in PT time and 15% for fibrinogen; maximum decrease of 
4% in APTT time, all [ss]).  In HDF, PT time and fibrinogen were increased (13% [ss] 
and 30% [ss], respectively), and APPT time was slightly decreased (-7%, [ss]). 
 
Clinical Chemistry [Weeks 13 & 25, sample taken before dosing after an overnight 
fast] 
Several clinical chemistry alterations were observed at both time points. 
 
At Week 13, increased ALT (d-r, up to 1.8x in HDF; also 24% in HDM) was observed.  
However, dose-related reductions in ALP (≤36%) and AST (≤40%) were observed in 
females; and, AST was decreased in HDM by 23%.  Total protein was increased (MDF, 
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HDF and HDM, up to 19% in F and 4% in M), as were albumin (MDF and HDF up to 
17%, HDM 5%) and globulin (MDF and HDF up to 23%).  Triglycerides (d-r, up to 4.1x 
[ss] in HDF) and cholesterol (d-r, up to 2.7x [ss] in HDF) were also increased; in HDM, 
cholesterol was slightly increased (23%).  Blood glucose was slightly increased in HDF 
(12%).  BUN (-17%) and creatinine (-63%) were reduced in HDF.  Generally, blood 
sodium and chloride were very slightly reduced (<5%), and calcium was slightly 
increased (5% in HDM, 17% in HDF).   
 
At Week 25, most of the changes observed at Week 13 continued.  ALT was increased 
(42% in HDF, 20% in HDM, [ss]).  ALP (d-r, ≤24% in HDF) and AST (d-r, up to 43% in 
HDF and 34% in HDM) were reduced.  Although total protein remained only very slightly 
increased in HDM (2%, [ss]), total protein (d-r, up to 12% in HDF [ss]), albumin (d-r, up 
to 6%, [ss]), and globulin (d-r, up to 26%, [ss]) were increased in females.  The A/G ratio 
was slightly reduced by 15% in HDF [ss].  Cholesterol (d-r, as much as 2.3x in F [ss], 
and 26% in HDM [ss]), and triglycerides (as much as 3.1x in MDF and HDF [ss]) 
remained increased.  BUN (-16% in HDF [ss]) and creatinine (as much as -29% in MDF 
and HDF, [ss]) continued to be reduced.  Blood glucose was slightly increased (up to 
10%) in MDF and HDF.  Blood sodium and chloride remained very slightly reduced [ss], 
and calcium remained slightly increased (12% in HDF, and 3% in MDF and HDM [ss]).   
 
Urinalysis [Weeks 13 & 27 (sic, 25), during 18 hr food deprivation, 1st 10 
animals/sex/gp] 
At Weeks 13 and 25, urine volume was increased in HD animals (3- 5x, [ss]).  Nearly all 
HD animals showed increased volumes.  Urine specific gravity was also slightly reduced 
(1-3%), reaching statistical significance in HDM in Week 25.  No ketones were present 
in HDM, in comparison to other groups having at least 6 animals showing trace levels.  
In females, there was a dose-related increase in the presence of protein in the urine 
(see the sponsor's table, below).  One HDF (#2410) showed RBC, large numbers of 
WBC, many bacteria, and a few crystals in the urine. 
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Gross Pathology  
Animals were sacrificed by carbon dioxide asphyxiation and subsequent 
exsanguination. 
 
Few organs showed macroscopic alterations.  See excerpts from the sponsor's 
summary Table 9, below.  Enlarged liver was the single clear finding in all HD animals.  
Stomach (in HDM), uterus, and mammary gland also showed gross alterations.  Masses 
were observed in 1 MDF (proximal area of vagina) and one HDF (inguinal region of 
skin). 
 

 

 

 

 
 
Organ Weights [See the sponsor's list, below] 

 
Several organs demonstrated changes in weight.  See the sponsor's summary tables, 
below.  Heart, liver, adrenal gland, and kidney weights were increased in both males 
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and females.  In females, ovary and spleen weights were also increased.  Pituitary 
gland in both sexes and prostate in males showed decreased organ weights. 
 

 
 

 
 

Histopathology [See list at end of general tox section; 4 m, H&E stained] 

Adequate Battery  Yes 

Peer Review   Report states yes, but no documentation provided 

Study Pathologist   
    NOTE: A separate, signed pathologist's report was not provided in the report; a     
    signed pathology report was provided upon request (N 205-677, SDN11). 
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Histological Findings 
All tissues from control and HD animals were examined, as well as all early mortalities.  
Tissues reported as grossly abnormal were examined for all animals.  Also, the target 
tissues were examined in all animals, including: kidneys, liver, and spleen.  An 
additional section of kidney from each male rat was stained by Mallory-Heidenhain 
method.  Other special stains used on the liver and/or kidneys to further specify drug-
related changes included Oil Red O, Gomori modified iron, periodic acid-Schiff (PAS), 
and Hall's and Kinyoun carbol fuchsin. 
 
Liver, kidney, and spleen were identified as clear target organs.  See the sponsor's 
summary table of selected liver findings with severity, below.  According to the sponsor, 
the centrilobular hypertrophy observed in the liver was presumed to reflect "an adaptive 
response" related to induction of microsomal enzymes (and possibly contributing to the 
changes in drug exposure over time, as well as the appearance of increased organ 
weight and gross enlargement), but the focal necrosis clearly indicated a "toxic" insult.  
A complete list of the histological liver findings is excerpted from the sponsor's summary 
data, below.  Many of the clinical chemistry alterations (e.g., enzymes, glucose, 
triglyceride, cholesterol, protein) may reflect the "adaptive" and/or "toxic" changes. 
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In the kidneys, the sponsor related the majority of the alterations to exacerbated chronic 
progressive nephropathy (CPN).  See the sponsor's summary tables of kidney findings 
and selected findings with severity, below.  It is of importance that HDF showed a higher 
incidence of more severe CPN.  This is not the usual pattern for the finding; males are 
typically more affected.  Kidneys showed increased organ weights.  Clinical chemistry 
(e.g., BUN, creatinine, and electrolytes), hematological (e.g., WBC), and urinalysis (e.g., 
increased volume, decreased specific gravity, and proteinuria in HDF) alterations were 
believed to reflect this change. 
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Hemosiderosis and extramedullary hematopoiesis were observed in spleen. The 
hemosiderosis was thought to reflect an increased rate of removal of RBCs from 
peripheral blood.  The sponsor considered the splenic extramedullary hematopoiesis 
(and reticulocytosis) a "compensatory response."  The sponsor further posited that the 
female prevalence reflected the higher exposures in females. 

 
Other organs also showed histologic changes.  The stomach, lymph nodes (cervical, 
mesenteric), mammary gland, and female reproductive organs showed changes.  See 
excerpts from the sponsor's summary Table 10, below.  In addition to the noted 
changes, a few low incidence alterations of unclear toxicologic significance were 
observed.  Focal pituitary hyperplasia of the pars distalis was observed in 1 HDM and 1 
HDF.  Changes in thyroid (called ”prominent ultimobranchial cysts” by the pathologist) 

Reference ID: 3399188



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

49 

were observed in 3 HDM and 7 HDF (compared to 1 control of each sex).  A recent 
paper may shed light on these structures, noted to change appearance as rats age (cf., 
Vezquez-Roman et al., 2013)  The description suggests that these may represent forms 
that generally occur in older rats (predominantly female; “cystadenomata” forms at ≥ 18 
months of age); the reason for and importance of the apparent early presence is 
unclear.  Although ultimobranchial cysts are generally disregarded as embryological 
remnants without toxicologic import, there is a possibility that the observed pituitary and 
thyroid changes (cf. Chrisov et al., 1973; Conde et al., 1992; Martin-Lacave et al., 1992) 
reflect changes accompanying the observed centrilobular hypertrophy of the liver, 
exhibiting a known pattern of hormonal axis dysregulation in rodents.  The gross 
observation of a vaginal mass was described histologically as a squamous epithelial 
cyst.  Although heart weight was altered, there was no clear histopathological correlate.   
 

 

 

 

 

 

 

 
 
 

 

 
 

Reference ID: 3399188



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

50 

Toxicokinetics [See the sponsor's tables, below] Rpt MAP005/214778; 920002144 

 
Blood samples were collected from the first 18 controls of each sex but were discarded 
without analysis.  Systemic exposure to tasimelteon (BMS-214778) was dose-related.  
Cmax generally showed greater than dose-proportional increases on day 1 and less than 
dose-proportional increases at weeks 14 and 26 (see the sponsor's table below); AUC 
generally showed greater than dose-proportional increases on day 1 and approximately 
dose-proportional increases at weeks 14 and 26.  Exposure was higher (2-5x) in 
females than in males.  The sponsor indicated there was some accumulation at LD.  
The sponsor provided the following summary table for TK parameters. 
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Interspecies Parent and Metabolite Comparison 
For reference, the sponsor also provided the following assessment of the estimated 
metabolite exposures in rats in the 6-month toxicity study (Table 8 from the Nonclinical 
Toxicology Written Summary, below).  It is noted that the sponsor used 363 ng.hr/ml as 
the human exposure at the RHD (rather than the summary value of 411 ng.hr/ml across 
studies), and the Week 26 AUC exposures (i.e., the highest exposures after Day 1 AUC 
exposures) in male and females rats. 
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Observations and Results 
 
Dosing Solution Analysis 
Drug formulations were prepared one week prior to use.  Duplicate samples were taken 
from the dosing formulations at Weeks 1,10, 27, 39, and 52.  One sample of each 
formulation concentration was analyzed.  Measured BMS-214778 concentration was 
within 6% of nominal in all samples. 
 
The sponsor stated that the stability of BMS-214778 formulations at the concentrations 
to be used in this study was previously established for seven days at room temperature 
in a previous study (i.e., Bristol-Myers Squibb Study No. 97331). 
 
Mortality [2x daily] 
No drug-related mortalities were reported; however, four animals died on study.  Two 
males were found dead during the first week of the study and were replaced.  MDM 
#169 and HDF #178 were found dead after approximately four and seven months of 
dosing, respectively.  According to the sponsor, the three males each had acute 
fibrinous inflammation in the lungs and the female was remarkable for lung hemorrhage; 
these findings were consistent with accidental deaths.  
 
In addition to the findings related to the cause of death, a few other histopathologic 
findings were observed in these animals.  Hemorrhage or vacuolation in the white 
matter of the brain and/or gray matter of the spinal cord was observed in the HDM and 
HDF.  In the liver, mild congestion was observed in the MDM and HDM, and minimal 
chronic periportal inflammation was observed in all four early mortalities.  In the kidney, 
minimal mineralization of the papilla was observed in the HDM and the HDF; chronic 
interstitial inflammation was also observed in the HDF.  Mild atrophy of the thymus was 
observed in the HDM.  In the HDF, changes were also observed in the aorta (minimal 
fibrous plaque), stomach (bacteria, ulceration, and lymphocyte accumulation), ovary 
(minimal mineralization), vagina (mild chronic inflammation), lachrymal gland (minimal 
chronic inflammation), and pineal gland (minimal mineralization). 
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Clinical Signs [2x daily, prior to and after dosing; detailed physical exams pre- 
         test, Week 13, Week 26, Week 39, and Week 52] 
Convulsions were observed in 2 HD monkeys (M #183 on D34 and F #174 on D163).  
These animals also showed flaccidity (M only), salivation, gasping (M only), and labored 
breathing in association with the convulsions.  (The HDM was sacrificed at the interim 
assessment.) 
 
According to the sponsor, drug-related “decreased appetite” was observed at ≥ MD 
(11/1, 10/2, 19/5, and190/6 in conM, LDM, MDM, and HDM, respectively, and 107/7, 
68/6, 173/6, and 183/6 in conF, LDF, MDF, and HDF, respectively [# observations / # 
animals]).  Occasional excessive salivation, emesis (F), and alopecia (head, limbs) was 
observed at ≥ MD.  Decreased activity was demonstrated in most HD animals beginning 
after 6 weeks and continuing throughout the study. 
 
Of unclear relationship to drug (although the sponsor attributed to drug) are findings in 
one LDM (#143).  This animal showed an episode of coldness, prostration, decreased 
motor activity, and ataxia on D177; the ataxia and decreased motor activity continued 
through D178 and D179, respectively.  Veterinary care records indicated that this 
animal was "weak, unable to sit up" and showed "slight dehydration, pale mucous 
membranes" on D177; a 5% dextrose solution was administered SC.  This animal's 
physical examination record in week 26 also showed thinness, paleness, a low body 
temperature (95.3 vs. 98-100o C in controls), and a prolonged capillary refill time of < 3s 
(vs. < 1s in most other animals). 
 
Body Weights [Predose on D1, weekly, last dosing day, and prior to necropsy] 
Slightly reduced (~5%) average body weights were observed for HD animals during the 
first 6 months of the study.  During the last few months of the study, the LD animals 
tended to show increased average body weights (up to 15% in M and 10% in F).  See 
the sponsor's Figures 1 and 2, below. 
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as 28% in HDM (appeared dose-related) from Week 26 on; reductions were also seen 
in HDF from Week 13 on (10-35%), with some reduction in MDF as well.  Prothrombin 
time was very slightly reduced at Week 13 (HDM, 8%) and Week 26 (MDM and HDM, 
7%).  APPT was increased ~26% in HDM only at Week 26. 
 
Clinical Chemistry [Pre-test, Week 13, Week 26, Week 39, and Week 52] 
Food and water were withheld overnight prior to blood collection, except for Weeks 13 
and 52.  The samples were processed and evaluated for the following parameters: total 
protein, albumin, globulin, albumin/globulin ratio, glucose, cholesterol, triglycerides, total 
bilirubin, urea nitrogen, creatinine, creatine kinase, alanine aminotransferase (ALT), 
aspartate aminotransferase, alkaline phosphatase (ALP), gamma-glutamyltransferase 
(GGT), calcium, phosphorus, sodium, potassium, and chloride. 
 
The sponsor reported slightly increased serum ALT (2-3x that of ConM, highest at Week 
13, with some increase in MDM; up to 2x that of ConF, from Week 26 on) and GGT (30-
50% in HDM, up to 70% in HDF); the sponsor indicated that these findings correlated 
with increased liver weight at necropsy.  According to the sponsor, these increases 
were generally seen at Week 13 and, although they fluctuated, were usually seen 
throughout the study.  Additionally, HD animals showed increased serum triglycerides 
(~2x ConM at Week 52 in HDM only) and reduced ALP (as much as 30-40%).  In the 
LDM #143 sacrificed early (at interim), LFTs were increased 3-5x, and albumin and 
phosphorus were decreased (32% and 73%, respectively, compared to ConM) at Week 
26. 
 
In addition to the changes noted by the sponsor, a few additional parameters showed 
changes of unclear toxicologic significance at individual measurement times.  Some 
changes appeared greater at Week 13 than Week 26.  Serum glucose was increased 
(20-25%) in HD animals at Week 13 only.  Serum albumin was slightly increased (14%) 
in HD at Weeks 13 and 26.  Serum total bilirubin was reduced as much as 75% 
beginning Week 13 in HDM; reductions (50-70%) occurred in HDF at Weeks 39 and 52.  
Creatine kinase values were extremely variable, but were reduced 40% in HDM at 
Week 52.  Serum calcium was increased 6-10% in HDM.  Serum potassium was 
increased 16% in HDF at Week 13 only. 
 
Urinalysis [Pre-test, Week 13, Week 26, Week 39, and Week 52] 
Food and water were withheld overnight prior to collection, except for weeks 13 and 52.  
The urine samples were evaluated for the following parameters: pH, protein, glucose, 
ketone, bilirubin, urobilinogen, leukocytes, specific gravity, color, clarity, occult blood, 
nitrite, and microscopic examination of urine sediment. 
 
No drug-related changes were reported.  Ketones were occasionally increased at HD. 
 
Gross Pathology [D183/184 or D370/371] 
No summary table was provided.  The sponsor reported enlarged liver in one HDM 
(#187) after one year of dosing, which correlated with increased liver weight.  In addition 
to this, a few other findings noted in liver (cysts, foci, or pigment/mottled) were without 
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corresponding histology or were histologically observed as dilation of bile ducts (1 LDF), 
tension lipidosis (1 LDF), chronic inflammation (MDF), serosal/subserosal fibrosis 
(2HDF), or congestion (1 HDF). 
 
Although few organs showed a clear drug-related effect, there were a few changes 
noted in stomach, intestines, and/or lymph nodes (these appear to mostly be related to 
parasites), spleen, kidney, and ovary.  White focus(i) in the spleen was observed in one 
LDF and one HDF; this correlated histologically to serosal fibrosis.  One HDF showed a 
dark focus in the kidney that was histologically described as congestion.  Gross 
observations in the ovary (i.e., cysts, focus, nodule) were not associated with 
microscopic changes. 
 
Organ Weights 
Organ weighs were assessed prior to fixation except for pituitary gland of #159. 
 
The sponsor reported increased liver weights at HD at 6 months and one year (~1.8x 
that of ConM [ss; d-r] and ~1.4x that of ConF); the increase was reported to correlate 
with reduced total systemic exposure and slightly increased serum ALT and GGT. 
 
Relative thyroid gland weight was increased up to 40% in MDM and HDM at 1 year 
(dose-related) but was slightly reduced in MDF and HDF (~20%). 
 
Histopathology 

Adequate Battery    Yes, with a few omissions (see Appx. 2) 

Peer Review     Yes, but limited 

        
       See sponsor's summary table, below 

 

Separate, Signed Pathology Report  Yes (revised narrative) 
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Histopathology was performed on all tissues from all animals and all gross lesions. 
Fixed tissues were shipped to  for trimming, embedding, and sectioning. 
Slides were stained with hematoxylin and eosin. 

Histological Findings 
The sponsor reported no drug-related histopathologic findings and noted that "parasites 
were observed frequently in tissue sections."  The sponsor stated that the observed 
hypospermatogenesis in testis and oligospermia in epididymis (notably in LDM #143, 
showing the relatively severe clinical signs and sacrificed early at interim) were 
interpreted by the pathologist as sexual immaturity; other histopathological findings in 
this animal included animal chronic periportal inflammation in the liver, moderate, 
diffuse follicle dilatation in the thyroid, minimal chronic interstitial inflammation in the 
kidney, minimal chronic inflammation in the meninges of the forebrain, and minimal 
chromatolysis of the lumbar spinal cord. 
 
Noted in the report but not in the summary data tables was a "lack of corpora lutea" in 
the three remaining HDF (# 174, 176, and 178) at one year, which the pathologist stated 
"indicates a lack of recent estrus cycling."  The sponsor stated that relationship to drug 
could not be excluded, but that it is "… not unusual to see monkey ovary sections that 
do not contain corpora lutea."  Melatonin is known to have endocrine effects (and 
effects on estrus cycling were observed in rats); therefore, this finding is considered 
adverse by the reviewer.   
 
A few changes (increased incidence and/or increased severity) of unclear toxicologic 
importance were observed, at both interim and terminal sacrifice.  Overall, minimal 
evidence for hepatic, cardiovascular, renal, and reproductive organ alterations was 
observed.  In the liver, focal necrosis, pigmented macrophages, and minimal to mild 
fibrosis were observed.  Chronic periportal inflammation was seen in most animals, but 
a slight increase in severity was suggested at HD.  Inflammation of the heart and/or 
vessels was observed.  In the kidney, chronic interstitial inflammation medullary tubule 
cyst, eosinophilic cast, and mild congestion were observed.  In the spleen, mild serosal 
fibrosis was observed in treated females.  Lactation of the mammary gland, ovum 
mineralization in the ovary, and minimal chronic inflammation of the cervix were 
observed.  Although observed in all groups, increased severity of inflammation of the 
tongue and esophagus were observed in treated animals.   
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7.2 In Vitro Assays in Mammalian Cells 

Study title:  CYTOGENETICS STUDY IN PRIMARY HUMAN LYMPHOCYTES 
Study no.: 97680 

Study report location: EDR 
Conducting laboratory and location: BMS (Syracuse, NY) 

Date of study initiation: 12/1/97 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: BMS-214778 (BMS-214778-01), Batch # 

C014A, purity 99.2% 
 
Methods 

Cell line: HPBL 
 Concentrations in definitive study: 5 hr (+S9): 0, 100, 200, 400, and 800 g/mL

24 hr (-S9): 0, 25, 50, 100, and 200 g/mL 
Basis of concentration selection: A range-finding assay was performed, 

testing 1 - 2400 g/mL (the upper limit was 
based on drug solubility).  Concentration-
related mitotic index reductions were seen, 
37% at 100 g /mL and 64% at 300 g /mL 
(24 hr [-S9]) and 30% at 600 g /mL and 
100% at 1200 g /mL (5 hr [+S9]). 

Negative control: DMSO (  Lot #01735JQ) 
Positive control: 0.1 g /mL mitomycin C (Lot No. 25H0619,  

    
4 g /mL cyclophosphamide (Lot No.  
  43H0269,  
Both prepared in sterile water 

Formulation/Vehicle: DMSO  
Incubation & sampling time: 37oC for 5 or 24 hr 

 

Study Validity 

The metabolic activation system used was Aroclor 1254-induced rat liver S9 fraction, 
purchased commercially from .  (Note that rats in vivo do not 
produce metabolite M11.)  The 24 hr (-S9) exposures were conducted in tissue culture 
flasks.  The 5 hr (+S9) exposures were conducted in 15 mL centrifuge tubes, followed 
by two washes, then resuspended and transferred tissue culture flasks for an additional 
day of culture.  Colcemid was used to arrest the mitotic cells in metaphase, and the 
flasks were incubated for an additional 3 hr.  The sponsor's criteria for a positive result 
were based on statistical significance. 
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Results 

The sponsor stated that BMS-214778 was not clastogenic when tested at the maximum 
cytotoxicity levels "recommended by ICH guideline"; however, the mean number of cells 
with aberrations and the aberrations per cell suggested an increase in the 24-hr cultures 
(without metabolic activation) and were more than double those of the vehicle control in 
the 5-hr cultures (with metabolic activation).  The increase in chromosome aberrations 
occurred only at the highest concentration, was seen in the presence of cytotoxicity 
(mitotic indices of 45% in 24-hr and 24% in 5-hr cultures, compared to vehicle control), 
and did not reach statistical significance.  The observed cytotoxicity in the 24-hr cultures 
(without metabolic activation) did not greatly exceed the recommended maximum of 
50%).  The cytotoxicity in the 5-hr cultures in the presence of metabolic activation was 
excessive (much greater than a 50% reduction) at 800 µg/mL, but did not show a 
reduction in mitotic index at the next lower dose; doses between 400 and 800 µg/mL 
should have been tested.  While not reaching statistical significance, the results should 
be considered equivocal/positive (increased aberrations in the presence cytotoxicity). 
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Bacterial Strains: 

 
 

Positive Controls: 

 
 

Results 
The cytotoxicity range-finding assay suggested that the maximum concentration was 
adequate (see sponsor's table, below). 
 

 
 
There was one issue with the validity of the assay, as 2-AA was the sole indicator of the 
activity of the S9 mix; however, the study used a commercially prepared S9.  In the 
plate incorporation and pre-incubation experiments, no drug-related increases in 
revertant numbers were reported.  See the sponsor's summary tables, following.  M11 
was not a bacterial mutagen, under the conditions of the test. 
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In Vitro Assays in Mammalian Cells 

Study Title: IN VITRO MAMMALIAN CELL CYTOGENETIC TEST: CHINESE 
HAMSTER OVARY CELLS 

Study no.: UN0004 
Study report location: EDR 

Conducting laboratory and location:

 
Slide scoring: 

Date of study initiation: 4/7/09 experimental start 
GLP compliance: Yes, pg 5  

QA statement: Yes (except slide scoring,  
 QA), but the protocol was not 

provided. 
Drug, lot #, and % purity: Metabolite M11, lot WH-83-34-28, 98.5% 

pure 
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Study Validity 
The mitotic index (MI) for each culture was determined from a minimum of 1000 cells; 
the doses used for scoring were based on cytotoxicity of 50-75%.  Cytotoxicity was 
based on colony forming capacity (CFC).  One hundred cells were counted from each 
culture for scoring. 
 
Results 
M11 was clastogenic in the presence of metabolic activation.  Although the clastogenic 
response was not consistent throughout experiments, it was reproducible and dose-
dependent.   M11 was negative in experiment 1, but was positive in experiments 2 and 
3 (particularly 2nd harvest).  The sponsor described the clastogenic response as 
"biologically relevant and reproducible" at the second harvest in the presence of S9 mix, 
and indicated that "M11 has the potential to delay cell cycling, which is confirmed by the 
potential increases in polyploidy, endoreduplication and hyperdiploidy (also observed in 
the absence of S-9 mix following 1.5 cell cycle exposure)".  Generally, M11 was not 
clastogenic in the absence of metabolic activation. 
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8 Carcinogenicity 

Study title:  VEC-162: CARCINOGENICITY STUDY BY ORAL GAVAGE 
ADMINISTRATION TO CD RATS FOR 104 WEEKS 

Study no.: TAJ0001 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: 2/9/06 

GLP compliance: Yes  
QA statement: Yes 

Drug, lot #, and % purity: VEC-162, batches 800156800, 
800156790, 800167150, and 800167140, 
purity 99.1- 99.7% 

CAC concurrence: Yes (see ExecCAC minutes dated 
8/23/99).  Recommended doses were 20, 
100, and 250 mg/kg. 

 

Key Study Findings 

FDA Statistically Significant Tumors:  Uterus (F, 250 mg/kg): endometrial AC 
 
Sponsor’s Drug-related and Significant Tumors: 

Liver (M & F, ≥ 100 mg/kg): adenoma (+ carcinoma in M) 
   Uterus (F, 250 mg/kg): endometrial AC and SCC 
   Uterine Cervix (F, 250 mg/kg): SCC 

Adequacy of Carcinogenicity Study 

Overall, the study was adequate.  The study used the doses recommended by the 
ExecCAC (see minutes dated 8/23/99).  Mortality was increased in HDF at week 102; 
therefore, dosing was suspended in this group.  All male groups were terminated at 
week 103 because of low survival in the control group.   
 

Appropriateness of Test Models 

The rat is a standard species used for 2-year carcinogenicity bioassays. 
 

Evaluation of Tumor Findings 

The only tumor reaching statistical significance was the uterine endometrial 
adenocarcinoma in HDF (see FDA Biostatistics review by S. Thomson).  However, the 
sponsor reported drug-related tumors in liver (hepatocellular adenoma [and carcinoma 
in M], ≥ MD, M and F), uterus (endometrial adenocarcinoma & squamous cell 
carcinoma, HD, and uterine cervix (squamous cell carcinoma, HD).  According to the 
sponsor’s statistical analysis, these tumors were statistically significant for trend, and for 
pairwise comparison at HD (liver adenoma in M, uterine endometrial adenocarcinoma). 
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Methods 
Frequency of dosing: QD 

Dose volume: 2.5 mL/kg 
Route of administration: PO, gavage 

Formulation/Vehicle: 100% PEG-400 
Basis of dose selection: MTD.  At 100 and 400 mg/kg in a 1-month 

toxicity study, hyaline droplet nephropathy was 
present that did not resolve in males following 
a 1-month recovery period.  In a 6-month 
toxicity study, one female given 500 mg/kg was 
sacrificed in moribund condition after 3 doses 
due to severe clinical signs, including seizures 
and labored respiration.  The incidence and 
severity of progressive nephropathy were 
increased at 500 mg/kg.  Therefore, 250 mg/kg 
was selected as the HD, with the LD and MD 
selected at appropriate intervals. 

Species/Strain: Crl:CD® (SD)IGS BR rats 
 

Age: 22 to 28 days of age 
Weights: M: 70-100 g, F: 60-90 g 

Animal housing: 5/cage  
Paradigm for dietary restriction: n/a, ad libitum food and water 

Interim sacrifice: All males were sacrificed at week 103 (treated 
for 102 weeks) based on mortality in the control 
group. 

Deviation from study protocol: The sponsor identified a total of 10 protocol 
deviations; the sponsor indicated that none of 
them were considered to have affected the 
integrity of the study.   
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Observations and Results 

Mortality [2x/daily] 

There was no statistically significant treatment-related effect on mortality, although 
survival was slightly lower in treated (particularly HD) females.  Dosing was suspended 
for HDF during Week 101/102 because of low survival numbers; all female groups were 
terminated at 104 weeks. Survival in the control male group was reduced during Week 
102, and all male groups were terminated at Week 102/103.  The summary data are 
presented below (from the sponsor). There was an increased incidence of renal disease 
as cause of death (COD) in VEC-162-treated males.  In HDF, there were increased 
incidences of “poor clinical condition,” endometrial carcinoma, and uterine squamous 
cell carcinoma as COD (deaths between Weeks 79 and 95; 4 uterine adenocarcinoma, 
2 uterine SCC, 1 uterine cervix SCC). 
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Clinical Signs [2x/daily, with detailed physical exams weekly, and detailed  
 observations. In addition, detailed observations were recorded daily during Week 
1, twice weekly during Weeks 2-4, once weekly during Weeks 5-13, biweekly 
during Weeks 14-52, and once every 4 weeks thereafter at the following times: 
immediately before dosing, immediately after dosing, on completion of dosing of 
each group, between one and two hours after completion of dosing of all groups, 
and as late as possible in the working day.] 
 
The sponsor reported "underactivity" in MDF, HDF, and HDM, beginning in Week 10/11 
at approximately 30 minutes post-dose.  This sign was occasionally reported at LD and 
in MDM.  Chin/snout rubbing and increased salivation were also increased in 
tasimelteon-treated animals.  Irritable, aggressive, vocalization, rales, irregular 
breathing, eyelid(s) partially closed, post salivation staining, hair loss, and piloerection 
were also occasionally reported.  Observations of swollen, reddening and/or black 
spot(s) on tail were slightly increased in HDM.  Few signs were recorded as “associated 
with dosing”, which is unusual for a study of such long duration. 
 
Although not reported by the sponsor, convulsions were observed in a few animals (1 
ConM, 3 LDM, 2 MDM, 1 LDF, and 3 HDF); the number of occurrences was not dose-
related in males (1, 9, 2, and 0 in ConM, LDM, MDM, and HDM) but was increased in 
HDF (0, 1, 0, and 6 in ConF, LDF, MDF, and HDF).  The severity of the sign was 
notable in some animals (leading to death/euthanasia); some of the events were noted 
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to be of prolonged occurrence or frequency.  Notably, there was some internal 
inconsistency in how this sign was managed by the laboratory.  For example, MDM 
#199, LDF #386, and HDF #577 were sacrificed due to “prolonged/frequent 
convulsions,” with comments indicating the animals experienced convulsions lasting 30 
to 35 seconds, while LDM #104 and HDF #559 experienced multiple convulsions of 
durations ranging from 30 seconds to 3 minutes.  The reason for the discrepancy is 
uncertain. 
 
The sponsor reported that the group distribution, multiplicity, and mean onset time of 
palpable swellings were unaffected by treatment (see sponsor's table below). 

 
 

Body Weights [Pre-dose, D1, weekly for 12 weeks, and then every four weeks] 

Generally, the body weight gains of treated males and HDF were slightly lower than 
those of their respective controls (see the sponsor's summary data table, below).  
Overall, terminal body weights did not reflect a large difference.  Average body weights 
at Week 102 were 96%, 96%, and 93% those of control males in the LD, MD, and HD 
groups, respectively. In females, average body weights at Week 104 were 108%, 97%, 
and 95% those of controls in the LD, MD, and HD groups, respectively.  However, 
during Weeks 76 through 88, the average body weight in HDF fell to approximately 87% 
that of control females.  For group mean body weights over the study, see sponsor's 
Figure 2 below. 
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Food Consumption [Weekly for 12 weeks, and then every four weeks] 

The sponsor reported that food consumption was unaffected by treatment.  Food 
consumption values over 100 weeks of treatment were 101-103% and 105-106% of 
their controls in treated males and females, respectively.  Generally, food consumption 
appeared slightly increased in treated females towards the end of the dosing period 
(~15%; approximately Week 92 onward). 
 

Ophthalmology [Weeks 52 and 100] 

The eyes of 20 animals/sex from the control and HD groups were examined by 
binocular indirect ophthalmoscope    
 
No drug-related effects were reported. 
 

Clinical Pathology [Week 52 (hematology only), Week 100 (M) or Week 101 (F)] 

Blood samples were taken from all animals.  Limited hematological parameters were 
measured, including: RBC count, wbc count with differential, PT, and APTT.  Clinical 
chemistry were evaluated (20/sex/gp), including: ALP, ALT, AST, Bili, Urea, Creat, Gluc, 
Chol, Trig, Na, K, CL, Ca, Phos, Total Prot, Alb, globulins (a1, a2, Beta, Gamma), and 
A/G ratio.  The sponsor's summary data tables for animals dying during the treatment 
period state that the results are "… for information only, samples analyzed outside 
storage stability limits." 
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The sponsor reported slight reductions (≤ 5%) in RBC parameters in HD animals (low 
RBC count only in F) during Week 52, but not at Week 100/101.  MCHC was very 
slightly reduced in treated males at Week 52, and was reduced (~3%) in HDF at Week 
101.  In MD and HD females in Week 52, neutrophil counts and PT were increased very 
slightly (~2%).  At Week 100, platelets were increased slightly (~20%) in HDM. 
 
At Week 100/101, increased total cholesterol (as much as 35-50%) was reported at MD 
and HD, and was associated with increased triglycerides (as much as 65-80%) in MDM, 
HDM, and HDF.  Alkaline phosphatase and AST were dose-dependently reduced (as 
much as 33%) in treated males; MD and HD females showed only a 10-25% reductions.  
Total protein was increased slightly (4-7%) at MD and HD; a1-globulin (13-14%, MDF, 
HDF, HDM) and beta-globulin (10%; MDM and HDM) showed slight increases.  
Changes in electrolyte levels were reported at MD and/or HD; reduced sodium (1%) and 
phosphorus (as much as 12%) were reported for MD and HD males, and reduced 
sodium and chloride (~1-2%) and increased phosphorus (~12%) were reported for HDF.  
Creatinine and urea were reduced 10-20% in HDF.  
 

Urinalysis [Week 100 (M) or Week 101 (F)] 

Urine samples were collected from 20 animals/sex/gp (16:00 hr until 08:30 hr the next 
day).  Appearance, volume, pH, specific gravity, protein, U-Na, U-K, U-Cl, Gluc, Ket, 
Bili, UBld, and microscopy were recorded. 
 
The sponsor reported a few urinalysis changes in MD and/or HD males. A dose-related 
increase in urine protein (~50-75%) was observed in tasimelteon-treated males; specific 
gravity was slightly increased (~2%) in HDM.  Generally dose-related increase in urine 
sodium (~30-90%) and chloride (~50-90%) were observed in tasimelteon-treated males; 
increased urine sodium was also observed in HDF (~25%). Although not noted by the 
sponsor, average urine volume was slightly increased in females (~20%); urine protein 
was reduced ~20% in HDF.  The incidence of trace amounts of urine ketones was 
increased at HD (M > F). 
 

Organ Weights 

Adjusted liver weights were increased in tasimelteon-treated males (as much as 30%), 
MDF, and HDF (as much as 16%).  Adjusted kidney weights showed increases up to 
13-14% in treated animals (dose-related in males).  Adrenal weights were increased in 
tasimelteon-treated males, although the sponsor indicated that these increases were 
driven by individuals in each group.  Thymus weights were slightly increased in MDM 
and HDM. 
 

Gross Pathology 

Macroscopic findings were reported in the liver and uterus.  Enlarged liver, liver masses, 
and pale areas on the liver (M) were observed at MD and HD.  Uterine masses were 
reported in HDF.  See the sponsor’s summary table, below.  
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Histopathology 

Adequate Battery     Yes (see Appendix 1) 
Separate Signed pathology report  Yes (but limited version) 
Peer Review      Yes, from  and a consultant, not  
          identified 
 
Neoplastic 
The sponsor reported drug-related neoplasms in the liver (M & F), uterus, and uterine 
cervix.  Increased neoplasm incidences were also suggested in ovary and mammary 
gland in HDF.  In males, increased incidences of neoplasms were also observed in 
pituitary, testes, and skin. 
 
Liver 
The incidence of hepatocellular adenomas was increased at MD and HD in both sexes 
(9.2 and 12.3% for males and 9.2 and 10.8% for females respectively; carcinomas were 
also seen in MDM (but this incidence, 4%, was within the relevant historical control 
range (study range: 0-5% in males [mean= 1.88%, N=744])).  The incidence of 
hepatocellular adenomas was above the historical background range from 
contemporaneous studies at these laboratories (study range: 0-5% in males [mean= 
2.15%, N=744] and 0-4.6% in females [mean= 1.34%, N=744]).  See the sponsor’s 
summary table, below.  Also see the biostatistical evaluation by FDA reviewer S. 
Thomson (Table 3 excerpt, below). The sponsor considered the development of these 
hepatic tumors to be either a secondary response to microsomal enzyme induction 
(which would not be relevant to humans) or “increased hepatocellular turnover.” 
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Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
Male Rats 
LIVER 
 # Evaluated                          65   65   65   65 
 Adj. # at Risk                       43.7 36.1 49.9 43.2 
 HEPATOCELLULAR ADENOMA                2    2    6    8    .0123  .0444  .1802  .6222 
 Adj. # at Risk                       43.7 36.1 50.7 43.2 
 Hepatocellular Adenoma/Carcinoma      2    2    8    8    .0145  .0444  .0746  .6222 
Female Rats 
LIVER 
 # Evaluated                          65   65   65   65 
 Adj. # at Risk                       45.4 39.6 40.5 40.4 
 HEPATOCELLULAR ADENOMA                2    1    6    7    .0087  .0539  .0980  .8511 

 
Female (and Male) Reproductive Organs 
Neoplasms and/or other proliferative effects were seen in uterus and uterine cervix, and 
possibly ovary and mammary gland in females.  The sponsor stated that similar effects 
were not observed in mice, and posited the effects were due to a “species-specific 
effect of unknown etiology on aging female rats.”  The sponsor attributed the uterine 
tumors to a rat-specific effect on prolactin, which they suggested would lack human 
relevance. There was limited evidence of hyperplasia and neoplastic effects in male 
reproductive organs (i.e., see hyperplasia and interstitial cell adenoma in testes, 
following). 
 
Uterus 
The incidences of endometrial adenocarcinoma and uterine squamous cell carcinoma 
were increased in HDF; these tumors were identified as drug-related causes of death by 
the pathologist.  See the sponsor’s summary table, below.  The sponsor stated that the 
incidences of endometrial adenocarcinoma and squamous cell carcinoma (17.2 and 
4.7%, respectively) were above the relevant historical control range (study range for 
adenocarcinoma 0-3.1% [mean= 0.67%] and for squamous cell carcinoma 0-0% 
[N=744]).  Also see the statistical evaluation by FDA biostatistical reviewer S. Thomson 
(Table 3 excerpt, below).  The sponsor indicated that uterine tumors are common in rats 
treated with dopamine agonists, which reduce prolactin levels; this mechanism is not 
believed to be relevant to humans.  The sponsor further argued that chronic activation 
of melatonin receptors in the pars tuberalis (cf. Morgan and Williams, 1996) may 
similarly lower prolactin levels in rats; however, the sponsor provided no data (i.e., 
serum prolactin levels) to support this assertion. 
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Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
UTERUS 
 # Evaluated                          64   65   64   64 
 Adj. # at Risk                       45.3 39.7 39.3 40.6 
 ENDOMETRIAL ADENOCARCINOMA            2    2    2   11    .0002  .0035  .6360  .6360 
 Adj. # at Risk                       45.3 39.7 39.3 40.6 
 Endo. Adenoma/-Adenocarcinoma         3    2    2   11    .0005  .0102  .7722  .7722 
[Adj. # at Risk                       45.5 39.6 39.5 39.9 
 SQUAMOUS CELL CARCINOMA               1    0    1    3    .0543  .2558  .7160   1 ] 

 
Uterine Cervix 
Two HDF showed squamous cell carcinoma of the uterine cervix.  The incidence (3.1%) 
was above the historical background range from contemporaneous studies (range 0-0% 
[N=744]).  There was a statistically significant positive trend. See excerpt from 
biostatistical review by S. Thomson (below).  
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Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 

 
UTERINE CERVIX 
 # Evaluated                          64   65   64   64 
 Adj. # at Risk                       45.2 39.6 39.3 39.3 
 SQUAMOUS CELL CARCINOMA               0    0    0    2    .0568  .2126  .      . 

 
Additionally, the observed squamous cell carcinomas in uterus and in uterine cervix 
should be combined for evaluation, yielding an incidence of 1, 0, 1, and 5; this incidence 
was considered positive considering that the tumors would be considered rare (the 
sponsor’s provided historical control incidences are zero in both tissues).  See excerpt 
from the biostatistical review by S. Thomson, below. 
 
Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
Uterus(w/cervix) 
 # Evaluated                     64   65   64   64 
Adj. # at Risk                   45.5 39.6 39.5 40.8 
 SQUAMOUS CELL CARCINOMA         1    0    1    5    .0059  .0765  .7160  1 
 
Ovaries 
Two HDF females showed a benign sertoliform tubular adenoma.  The sponsor 
indicated that the incidence (3.0%) was within the background range for this tumor 
(study range 0-8.3% [mean= 1.08%, N=744]).  The combination of ovarian stromal 
tumors was assessed.  See the FDA statistical reviewer’s assessment below (Table 3 
excerpt).  Although the trend test was close to reaching statistical significance, no 
pairwise comparison was found significant. 
 

 

 
 
Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
OVARIES 
 # Evaluated                          64   65   64   63 
 Adj. # at Risk                       45.2 39.6 39.3 38.2 
 SERTOLIFORM TUBULAR ADENOMA           0    0    0    2    .0546  .2066  .      . 
 Adj. # at Risk                       45.2 39.6 39.4 38.2 
 Thecal Cell Tmr/Serto.Tub.Adenoma     0    0    1    2    .0525  .2066  .4643  . 
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Mammary Gland 
Although considered an incidental finding by the sponsor, the incidence of mammary 
adenocarcinoma was increased in HDF (and there was a slightly increased incidence of 
mammary adenoma in HDF).  The sponsor noted that the HDF incidence (27.7%) was, 
however, within the historical background range from contemporaneous studies (study 
range 9.4-38.3% [mean 20.6%, N=742]). See the FDA statistical reviewer’s assessment 
below (Table 3 excerpt).  The sponsor also stated that there were no treatment-related 
increases in associated hyperplasia or other non-neoplastic findings to suggest a 
proliferative response in the mammary gland. 
 

 
 
Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
Female Rats 
MAMMARY 
 # Evaluated                          64   65   64   65 
 Adj. # at Risk                       47.6 42.4 43.5 44.8 
 MAMMARY ADENOCARCINOMA               10   10   12   18    .0146  .0356  .3134  .4864 

 
Of uncertain toxicological importance, a few neoplasias were observed at low incidence 
and/or with unclear dose-relatedness for a few tissues in males (see excerpts from the 
sponsor’s summary table, below).  Where appropriate, hyperplastic changes in the 
same tissue were also noted.  The FDA statistical reviewer’s evaluation is excerpted 
from Table 3, below. 
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Table 3. Potentially Statistically Significant Neoplasms in Rats  
Sex/                                 Incidence            Significance Levels 
  organ/                             Veh  Low  Med  High  ptrend  phigh  pmed   plow 
____tumor_________________________________________________________vsVeh  vsVeh  vsVeh 
Male Rats 
PITUITARY 
 # Evaluated                          63   65   65   64 
 Adj. # at Risk                       47.6 45.6 55.0 46.9 
 ADENOMA, PARS  DISTALIS              19   28   30   23    .4822  .2361  .1104  .0296 
[TESTES 
 # Evaluated                          65   65   65   65 
 Adj. # at Risk                       43.3 35.7 49.2 43.2 
 INTERSTITIAL (LEYDIG) CELL ADENOMA    3    1    4    6    .0589  .2417  .5735  .9135] 
SKIN 
 # Evaluated                          65   65   65   65 
[Adj. # at Risk                       43.1 35.7 50.3 43.4 
 FIBROMA                               1    0    5    3    .0920  .3080  .1404  1] 
 Adj. # at Risk                       43.1 35.7 50.3 43.9 
 Fibroma/Sarcoma NOS/Fibrosarcoma      1    0    5    4    .0407  .1800  .1404  1 

 
(Note: The FDA statistical reviewer did not include testes and skin fibroma in his 
assessment of potentially statistically significant neoplasms; these data were taken from 
Table A.2.1 in the body of his review to parallel this reviewer’s discussion.) 
 
Non-neoplastic 
The sponsor reported non-neoplastic histopathology in the liver (both sexes), kidney (F), 
ovary, and uterine cervix; other organs showing non-neoplastic alterations include 
kidney (M), spleen, uterus, mammary, testes, and pituitary.  A few other low incidence 
alterations or alterations with slightly increased incidence were observed in a number of 
other organs. 
 
Liver 
Several alterations were noted in the livers of tasimelteon-treated males and females.  
See the sponsor’s summary table, below.  Dose-related increases in the incidence and 
severity of centrilobular hepatocyte hypertrophy were reported in both sexes.  The 
sponsor attributed the hypertrophy to “adaptive” drug-induced induction of hepatic 
enzymes.  Increased incidences of bile duct hyperplasia were also reported in MD and 
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HD animals; the sponsor considered this change a response to biliary excretion of the 
drug and/or its metabolites.  In MD and HD males, increased incidences of regenerative 
hyperplasia, cystic degeneration, and centrilobular hepatocyte vacuolation were 
reported.  In MD and HD females, pigment in the hepatocytes (identified as lipofuscin) 
was reported, as well as a low incidence of cystic degeneration in tasimelteon-treated 
females.  Additionally, a few other findings of generally low incidence were observed, 
including: prominent increase in mitotic activity, focal fibrosis and portal bridging fibrosis, 
portal inflammation, and pigment in macrophages (see excerpts from the sponsor’s 
summary table, below). The sponsor noted that reduced incidences of basophilic foci 
were reported for MD and HD females. 
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Kidney 
Dose-related increased incidences of cortical tubular pigment (identified as lipofuscin) 
were reported in tasimelteon-treated females.  The incidence of papillary/pelvic 
epithelial mineralization was reduced in treated females, compared to controls.  See the 
sponsor’s summary table, below.  Although no findings were reported in males, a few 
low incidence alterations were observed (see excerpts from the sponsor’s table, below).  
A slightly increased incidence of cortical cysts was observed in tasimelteon-treated 
males.  In MD and HD males, cortical tubular basophilia and an increased incidence of 
tubular hypertrophy were observed.  In HDM, increased incidences of pelvic dilatation 
(also in HDF) and mineralization (cortex, papilla, and/or pelvic/papillary epithelium) were 
also observed.    
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Uterus 
In addition to uterine tumors, glandular dilatation and hyperplasia were observed in MD 
and HD females (see excerpt from the sponsor’s summary table, below). 
 

 
 

 
 
Uterine Cervix 
Increased incidences of epithelial hyperplasia and epithelial keratinization were reported 
in HDF.  Also, the incidence of mural/stromal hypertrophy/hyperplasia was slightly 
increased in HDF (see excerpt from the sponsor’s summary table, below).  
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Mammary Gland 
Although some neoplastic changes were observed in females (adenomas [HD], 
adenocarcinomas [MD and HD]), drug-related increases in the incidences of non-
neoplastic alterations were not clearly observed in females; ductular hyperplasia was 
detected only in one HDF.  However, the incidences of ductular dilatation and 
galactoceles were slightly increased in tasimelteon-treated males and in MD and HD 
males, respectively.  See excerpts from the sponsor’s table, below. 
 

 
 

  
 
Testes 
There was only a suggestion that interstitial Leydig cell adenomas were increased 
(HDM and possibly MDM); however, the incidence of interstitial cell hyperplasia was 
doubled at MD and HD.  There was a very slight increase in arteritis/periarteritis.  See 
excerpt from the sponsor’s table, below. 
 

 

 
 

 
Pituitary 
Although there was only a suggestion of an increase above the spontaneous incidence 
of adenomas in the pituitary pars distalis in males, the incidence of hyperplasia was 
clearly increased at HD.  Hypertrophy and angiectasis was slightly increased in 
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Toxicokinetics [Week 4 and Week 26, as well as during Week 96 from 3/sex/gp 
from main study; see the sponsor's summary table below] 

 

 

 
 
The blood samples from Week 96 were not analyzed but were stored frozen for 
potential future analysis.  Throughout the study, plasma samples taken from control 
animals demonstrated tasimelteon exposures above the LLOQ (0.2 to 10.6 ng/mL); 
while suggesting that there was some contamination, these levels are well below 
exposures achieved in the tasimelteon-treated animals (at least 100-fold).  Generally, 
systemic exposure to tasimelteon increased over the dose range, in a less than dose-
proportional fashion (with the exception of week 4 AUCs).  Week 26 exposures were 
similar to Week 4 exposures (except the AUC increased between Week 4 and Week 26 
in LDM).  A sex difference in exposure was demonstrated (females > male).  See the 
sponsor's summary exposure data, below. 
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(* Note: Livers from the satellite TK animals were harvested and snap frozen in liquid 
nitrogen.  The tissues were then shipped on dry ice to   
The results of any analyses performed on these tissues were not reported here.) 
 

Dosing Solution Analysis [Weeks 1, 13, 26, 39, 52, 65, 78, 91 and 103] 

Dosing formulations were prepared each week and stored refrigerated (2-8oC) and 
protected from light.  Previously, homogeneity and stability were demonstrated at 7.5 
and 100 mg/mL for 24 hours at ambient temperature (nominally 21°C) and for 15 days 
refrigerated (nominally 2-8°C).  The dosing formulations prepared for Weeks 1, 13, 26, 
39, 52, 65, 78, 91 and 103 of treatment were analyze.  The mean concentrations were 
within ± 10% of the nominal values, with individual results within 3% of the mean value. 
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Study title:  VEC-162: CARCINOGENICITY STUDY BY ORAL GAVAGE 
ADMINISTRATION TO CD-1 MICE FOR 104 WEEKS 

Study no.: TAJ0002 
Study report location: EDR 

Conducting laboratory and location:

Date of study initiation: 3/14/06 
GLP compliance: Yes  

QA statement: Yes,  
Drug, lot #, and % purity: VEC-162, batches 800156790, 

800156800, and 800167150, 99.7-
100.7% pure 

CAC concurrence: Yes (see ExecCAC minutes dated 
8/23/99). Recommended doses were 30, 
100, and 300 mg/kg. 

 

Key Study Findings 

No neoplasms reported by the sponsor. 
 

Adequacy of Carcinogenicity Study 

Overall, the study was adequate.  The study used the doses recommended by the 
ExecCAC (see minutes dated 8/23/99). 
 

Appropriateness of Test Models 

The mouse is a standard species used for 2-year carcinogenicity bioassays. 
 

Evaluation of Tumor Findings 

None. 
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Methods  (See summary design table from the sponsor’s submission, below.) 
Frequency of dosing: QD 

Dose volume: 4 mL/kg 
Route of administration: PO, oral gavage 

Formulation/Vehicle: 100% polyethylene glycol-400 (PEG400) 
Basis of dose selection: MTD. In a 3-month dose-ranging study, a 

single dose of 800 mg/kg caused mortality 
following severe clinical signs including labored 
breathing; the dose was lowered to 600 mg/kg 
without further mortality.  At 600 and 400 
mg/kg, clinical signs of hypoactivity, 
prostration, and labored breathing were 
observed in addition to centrilobular 
hypertrophy of the liver.  Based on lethality at 
800 mg/kg and similar signs at 600 mg/kg, a 
HD of 300 mg/kg was recommended by the 
ExecCAC.  The remaining doses were placed 
at appropriate intervals, with the LD expected 
to provide a plasma AUC equal to that 
anticipated in humans at a dose of 50 mg. 

Species/Strain: Crl: CD-1™ (ICR) BR mice 
 

Age: 37 to 43 days at initiation 
Weight: M: 22 to 42 g; F: 20 to 33 g 

Animal housing: 3/sex/cage, unless reduced by mortality or 
isolation 

Satellite groups: TK (see Toxicokinetics for details) 
Deviation from study protocol: The sponsor noted 4 deviations that were not 

considered to have had an impact on the 
integrity or validity of the study.   
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Observations and Results 

Mortality [2x/day] 

There was no clear drug-related effect on mortality. See the sponsor’s summary table 
and Figure 1, below.  Histopathological findings reported as factors contributing to death 
included: bronchioalveolar carcinoma (tasimelteon-treated females) and lung lesions, 
laryngeal/tracheal lesions (HD animals), sarcoma NOS (tasimelteon-treated females), 
and skin/ear lesions (HDM). 
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Clinical Signs [2x/daily, with detailed physical exams weekly, and detailed  

   observations recorded daily during Week 1, twice weekly during 
Weeks 2-4, once weekly during Weeks 5-13, biweekly during Weeks 
14-52, and once every 4 weeks thereafter] 

 
Observations were performed with following timing on the specified days: immediately 
before dosing, immediately after dosing on return of the animal to its cage, on 
completion of dosing of each group, between one and two hours after completion of 
dosing of all groups, and as late as possible in the working day. 
 
The sponsor reported few clinical signs.  “Underactive” was reported in most HD 
animals after dosing, at 30 to 120 minutes after dosing; this occasionally lasted until the 
end of the workday.  MD (beginning week 50) and LD (beginning Week 52) animals 
were also reported as “underactive” occasionally.  Partial closure of the eyelids was 
reported intermittently in MD and HD animals beginning in Week 26 and was most 
consistent during Weeks 50 to 52; it was observed at 1 or 2 hours after dosing and 
sometimes lasted until the end of the workday. Dark eye(s) were observed with slightly 
increased incidence in tasimelteon-treated females. 
 
No drug-related effects on palpable swellings were reported.  See the sponsor’s 
summary Table 3 below for details. 
 

  
 

Body Weights [Week-1, Day 1, weekly for 12 weeks, every 4 weeks thereafter] 

Body weight gain was reduced in HD animals (males [ss] > females [nss]) compared to 
controls.  This was most apparent between Weeks 36 and 80; see the sponsor’s 
summary table and Figure 2, below.  Average body weight was reduced approximately 
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Food Consumption [Weekly for 12 weeks, every 4 weeks thereafter] 

Food consumption was reduced in HD animals beginning approximately Week 16 
(slightly earlier in females) compared to controls.  See the sponsor’s summary table, 
below. 
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Hematology [Week 52, Week 104] 

Blood samples were obtained from the orbital sinus of 20 main study animals/sex/group 
at Week 52, and the remaining animals (not sampled at Week 52 were sampled at 
Week 104.  A limited list of parameters were evaluated, including: hemoglobin, 
hematocrit, erythrocyte count (RBC), total leucocyte count (WBC), neutrophils (N), 
lymphocytes (L), eosinophils (E), basophils (B), monocytes (M), large unstained cells 
(LUC), and morphology. 
 
The sponsor reported slight dose-related reductions (~4-6%) in red cell parameters in 
MDF, HDF and/or HDM; hemoglobin and hematocrit (Week 52 only), MCH (both times, 
HDF), MCHC (both times, MDF and HDF), and MCV (Week 104, HDF and HDM).  
Platelet counts were increased (~5-15%) in HDF at Week 52 and in MDM, HDM and 
HDF at Week 104.  
 

Organ Weights 

Terminal body weights were reduced approximately 9% in HDM; average terminal body 
weights of all other groups were within 5% of their respective controls. The sponsor 
identified alterations in liver, kidney, and heart, and stated that apparent alterations in 
brain and adrenal were considered incidental.  Average relative liver weights were 
increased 14% in HDM.  Relative kidney and heart weights were reduced 10-17% and 
7-10%, respectively, in MDM, HDM, and HDF.  Brain weight was slightly reduced in HD 
animals (~4%).  Absolute adrenal weight was reduced in HDM (16%).  The relative 
adrenal weight reduction would be approximately 7% (if adjusted by the 9% reduced 
body weight); also, if adjusted for the slight increase in average body weight (3%) in 
HDF relative adrenal weight would be similarly reduced (~8%). 
 
A few other noted differences were of unclear toxicologic concern.  Average spleen 
weight was increased (~20%) in HDM.  Average relative thymus weight was reduced 
approximately 10 to 20% in HDF.  Average uterus weights were reduced approximately 
10 to 15% at MD and HD.  Average ovary weights were highly variable, but an increase 
of 81% was observed at HD (and LD). 
 

Gross Pathology 

The sponsor reported no drug-related macroscopic changes; however, there were a few 
changes of low or increased incidence.  Changes were observed in liver, kidneys, 
ureters, heart, brain, thymus, reproductive organs, trachea, lung, eye, GI tract, and 
adipose tissue.  In addition to these changes, a number of lymph nodes were noted to 
be enlarged in tasimelteon-treated animals. 
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Histopathology 

 Adequate Battery  Yes (see Appendix 1) 
 Separate, Signed Report Yes (limited version) 
 Peer Review   Yes, from  and a consultant, not  
         identified 
 
 
Neoplastic 
The sponsor reported no drug-related neoplasias.  The FDA statistical reviewer did not 
report any statistically significant incidences of neoplasms; his assessment is included 
the following excerpts from Table A.2.2, below.  
 
There were a few low incidence findings of unclear toxicological importance.  
Lymphoma, leukemia, and sarcoma metastases appeared in numerous tissues in 
tasimelteon-treated animals.  Skeletal muscle and skin (all sarcoma NOS occurred in 
early decedents), GI tract (stomach and intestines), mammary gland (most acanthomas 
occurred in early decedents), and reproductive organs showed a few neoplasms.  
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[Intestines 
     B-adenoma                 0        0       0       4        0       0       0        1 
     M-adenocarcinoma                2        0       0       2        0       0       0        0 
     Combined                  2        0       0       6        0       0       0        1] 
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Non Neoplastic 
The sponsor reported drug-related histopathological changes in the liver at ≥MD in 
males and at HD in both sexes.  See the sponsor’s summary table for the incidence and 
severity of hepatocyte hypertrophy observed, below.  Also, a slightly increased 
incidence of necrosis was observed (see excerpt from the sponsor’s table). 
 

 
 
 

 
 
 
 

 
In addition to the liver change noted by the sponsor, there were a few low or slightly 
increased incidence observations of unclear toxicological importance.  There was 
minimal evidence of changes in kidney, urinary bladder, GI tract, immune and 
hematologic tissues, respiratory tract, integument, Harderian gland, optic nerve, and 
reproductive tissues. 
 

 
 

 
 

 
 
 

 

Reference ID: 3399188





NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

115 

 

 
 

 
 

 
 

 
 
 
 

 
 
 
 
 
 

 

Toxicokinetics [Week 4 and Week 26] 

TK was assessed in a satellite group of animals.  The sampling schedule was provided 
by the sponsor (below).  Satellite animals were discarded without necropsy following 
scheduled sampling. 
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Some control samples were found to contain tasimelteon, and were confirmed upon re-
examination.  A total of three animals (out of 36) were affected, and plasma levels were 
low (4-20 ng/mL).  Absorption was relatively rapid, and plasma exposures increased 
(generally less than or approximately dose-proportionately, with the exception of 
LD::MD in Week 4) with increasing dose.  See the sponsor’s summary PK table, next 
page.  There were no clear, consistent sex differences in plasma exposure (HDF at 
Week 4 excluded).  There was some evidence of accumulation at LD and at HD 
between Weeks 4 and 26 (see the sponsor’s table, below).  The terminal rate constants 
and corresponding half-lives could not be calculated for all groups; the sponsor believes 
that tasimelteon may show time-dependent kinetics. 
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Dosing Solution Analysis 

The drug substance was generally stored refrigerated (2-8oC; although batch 
800156790 was stored at ambient temperature, 21oC) and protected from light.  All 
formulations were prepared weekly and stored refrigerated (2 to 8°C) and protected 
from light.  The sponsor stated that homogeneity and stability were demonstrated in the 
rat carcinogenicity study (TAJ0001) at 7.5 and 100 mg/mL for 24 hr at ambient 
temperature (nominally 21oC) and for 15 days refrigerated (nominally 2-8oC).  
Formulations prepared for Weeks 1, 13, 26, 39, 52, 65, 78, 91 and 103 were analyzed 
for drug concentration.  Four samples (nominally 1 mL accurately weighed) from all 
formulations were obtained, from which two samples were analyzed (the remaining two 
samples were retained frozen).  The formulation concentrations were within ±7% of 
nominal, and individual results were within 3% of the mean. 
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Interspecies Parent and Metabolite Comparison 
For reference, the sponsor provided the following summary estimates of M11 exposure 
(see sponsor’s Table 14 from the Nonclinical Toxicology Written Summary, following).  
The focus was solely on metabolite M11 (not a major human circulating metabolite) 
because rats do not produce M11 in vivo. 
 

 
 
 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

As suggested by some effects in the toxicity studies, several effects were demonstrated 
in the reproductive toxicology studies.  The fertility study in rats tested 0, 5, 50, and 500 
mg/kg tasimelteon (BMS-214778) in males and females, and then females only 
(separately) after a reduction in fertility was observed.  At HD, 3 HDF were euthanized 
moribund.  Treatment with tasimelteon caused a clear reduction in body weight in 
males, but only a transient effect in females.  Two HDM showed small male 
reproductive organs (i.e., testes and/or epididymides); however, matings with these 
males resulted in pregnancies within 1-2 days.  Irregular estrus cycles were observed in 
MD and HD females.  Although >90% of the animals mated during the first receptive 
period, increased infertile matings and a reduction in fertility parameters were observed 
at MD and HD.  A re-evaluation was conducted pairing the treated males with untreated 
females; no effect on fertility was observed. 
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Methods (see the sponsor's summary of the design, below) 
Frequency of dosing: M: QD for 4 weeks before pairing until 

termination 
F: QD for 2 weeks before pairing until D7 after 
mating 

Dose volume: 3 mL/kg 
Route of administration: PO, oral gavage 

Formulation/Vehicle: Polyethylene glycol-400, PEG-400 Lot number 
M18621 

Species/Strain: Crl:CD®(SD)IGS BR rats  

8-9 weeks of age at initiation 
M: 292-331 g, F: 208-288 g 

Amendments/Deviations 
to/from study protocol: 

Amendment 1: Fertility rates were decreased at 
MD and HD in treated female rats.  The sponsor 
added a group of untreated females to be bred 
with the treated males, in order to determine 
"whether male or female reproductive function 
was affected by drug treatment." 
Amendment 2: BMS decided to discontinue 
development of BMS-214778; a final report was 
not issued. 
Amendment 3: Documents the change in 
"ownership" of the study and study report. 

 

 
Extension (Only Males Treated): 
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Observations and Results 
Dosing Solution Analysis [1st and last weeks] 
The concentrations of the tasimelteon (BMS-214778; batch N031C-214778-01) 
formulations were within ±5% of nominal. 
 
Mortality [Twice daily] 
The sponsor reported no drug-related deaths in males, LDF, and MDF. 
 
The sponsor reported that three HDF were euthanized in moribund condition after 11 
daily doses; in these animals, clinical signs of perioral, perinasal, and periocular 
substance, urine-stained and ungroomed coat, lethargy, and dehydrated skin were 
observed.  Two of these animals also showed reduced, soft, and/or loose feces and/or 
fecal stained coat, fluid in the large intestines, and/or dark red discoloration of the liver.  
Necropsy did not identify a clear cause of death for any of these animals. 
 
In addition to these animals, 1 conM and 1 LDM were found dead after 42 and 87 daily 
doses, respectively.  One LDM was euthanatized due to excessive aggression following 
25 daily doses.  No drug-related changes were reported in any of these animals at 
necropsy. 
 
Four males (2 LDM, 1 MDM, and 1 HDM) and two females (1 LDF and 1 HDF) were 
found dead or euthanized in moribund condition from intubation accidents (after 5 to 70 
daily doses); one or more findings consistent with intubation injuries were noted at 
necropsy). 
 
All other rats survived to scheduled necropsy. 
 
Clinical Signs [Daily, prior to dosing and 1 hr post-dose] 
In males, drug-related clinical signs occurred at all doses, consisting of dose-related 
increased incidences of perioral substance (red, brown, and/or clear), fecal-stained 
coat, and low incidences of periocular substance (red, brown and/or clear).  Urine-
stained and ungroomed coat and low incidences of soft feces were observed at MD and 
HD.  Decreased motor activity and reduced feces were observed in one HDM. 
 
In females, dose-related increased incidences of perinasal and perioral substance were 
observed.  At HD, increased incidences of periocular substance, ungroomed coat, fecal- 
and/or urine-stained coat, and localized alopecia were observed.  Low incidences of 
reduced feces, decreased motor activity, and dehydrated skin were also observed at 
HD. 
 
Body Weight [M: Twice weekly, F: Twice weekly during treatment and post-mating 
D0, 4, 7, 10, 13, and 16] 
 
Average body weights were dose-dependently decreased in males.  At HD, body weight 
gain was reduced in the first five days of treatment (~5%), compared to control.  At the 
first pairing (D29), average body weights of treated males were 5 - 11% lower than 
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Food Consumption [Weekly during treatment, for F: twice weekly GD] 
There was no clear effect on food consumption at LD and MD.  Food consumption was 
reduced (84 - 90% of control values) in HDM during the four weeks before first pairing, 
and remained lower than controls throughout the study.  In HDF, food consumption was 
reduced throughout treatment (80-87% of controls, before pairing to GD7), then was 
similar to controls after treatment ceased. 
 
Toxicokinetics [N/A] 
 
Necropsy [M: D92 of treatment, F: GD16] 
The sponsor reported no gross lesions in animals not dying prior to scheduled 
termination.  However, 2 HDM (animals 4M0180 and 4M0192) were observed to show 
small right testes and small and/or short right epididymides (mating with both of these 
males resulting in pregnancies within 1-2 days).   
 
Estrus cycles 
Before treatment, females showed estrus cycles of 4 or (rarely) 5 days duration.  There 
was no clear effect of drug at LD.  In MDF and HDF, drug was associated with an 
increased incidence of females showing irregular cycles.  See the sponsor's summary 
data, below. 
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Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, 
etc.) 
Animals were paired one-to-one for a period of up to 3 weeks.  The day on which 
evidence of mating occurred was designated GD0, and the animals were separated.  In 
the extension, untreated females were paired with the surviving males for a maximum of 
14 days. 
 
At least 92% of animals mated during the first estrous period (see sponsor's Text Table 
1).  Infertile pairings were increased at MD and HD; the sponsor indicated that most of 
these resulted from mating on the first night at an infertile stage of the female's cycle.  
However, there was a slight reduction in fertility at MD and HD (see the sponsor's 
summary table, below). 
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Due to the slight reduction in fertility at MD and HD, the males were re-assessed after 
10 weeks of treatment by pairing with untreated females (see sponsor's summary 
Tables 16 and 20, below).  There was no evidence that treatment of the male rats had 
any adverse effect upon litter parameters when mated with untreated females. 
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9.2 Embryonic Fetal Development 

The EFD study in rats tested 0, 5, 50, and 500 mg/kg BMS-214778.  Maternal toxicity 
(morbidity, decreased body weight and food consumption) was observed at HD.  Some 
embryofetal toxicity (i.e., slightly delayed development at MD and HD and slightly 
decreased fetal weight at HD) was observed.  Delayed development was observed as 
an increase in skeletal variations (i.e., incomplete ossification).   
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Study Title: ORAL STUDY OF ENBRYO-FETAL DEVELOPMENT IN RATS 
Study no.: 99005 

Study report location: EDR 
Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical 

Research Institute, New Brunswick, NJ 
Date of study initiation: Not given, protocol dated 1/28/99 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: BMS-214778, batch N031C-214778-01, 
99.8% 

Key Findings: 
 Maternal toxicity (mortality, decreased body weight and food consumption) at 500 

mg/kg 
 Some embryofetal toxicity, including slightly delayed development at 50 and 500 

mg/kg and slightly decreased fetal weight at 500 mg/kg 
 
Methods 

Doses: 0, 5, 50, & 500 mg/kg 
Frequency of dosing: QD, GD6-15 

Dose volume: 3 ml/kg 
Route of administration: PO, oral gavage 

Formulation/Vehicle: PEG 400 
Species/Strain: Crl:CD®(SD)IGS BR Sprague Dawley F rats 

203-225 g  8-10 weeks of age 

Number/Sex/Group: 22 F 
Study design: Dose selection based on BMS-214778: Ten-Day 

Oral Range-Finding Study in Pregnant Rats 
(Study No. 98046). 
 
Evaluations on GD20. 
Dam evaluations: survival, clinical observations, 
body weight, food consumption & uterine 
contents 
Fetal evaluations: viability, gender, body weight, 
and gross external, visceral, and/or skeletal 
alterations. 

Important Deviations from 
study protocol: 

Tissues (i.e., uterus, ovaries and uterine 
contents) from the one HD dam sacrificed 
moribund on GD11 were discarded. 

 
Observations and Results 
Dosing Solution Analysis 
Solutions were prepared as needed and used within 7 days; stability had been 
previously shown.  The solutions used were within ±10 % of nominal. 
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Mortality [2x daily] 
There were no drug-related LD and MD maternal deaths.  One drug-related death 
occurred at HD. 
 
The HD dam was euthanized in moribund condition on GD11.  This rat had lost weight 
beginning on GD8 and had reduced food consumption starting GD9.  Clinical signs 
included perioral, perinasal and/or periocular substance (clear, red or brown), reduced 
and/or soft feces, urine-stained and/or ungroomed coat on GD8-11.  Necropsy did not 
reveal gross lesions.  There were 13 embryos present in utero, which were reported as 
normal for gestational age. 
 
Clinical Signs [up to 2x daily; pre-dose and 1 hr post-dose] 
There were no drug-related signs at LD or MD.  At HD, perioral and perinasal substance 
(12/22; clear, red or brown), reduced feces (10/22), localized alopecia (6/22; hindlimbs, 
dorsal surface or ventral surface), urine- and/or fecal-stained coat (4/22), and 
decreased motor activity (3/22; including ataxia in 1; over 1-2 days) were observed. 
 
Body Weight [daily] 
The numbers of dams in control, LD, MD, and HD groups were 15, 18, 20, and 22/21; 
non-pregnant animals were not included.  Also, two dams were excluded from the 
control mean due to having litters with a single fetus.  No changes occurred at LD or 
MD.  Significant decreases in body weight (3-9%) and body weight gains (including 
losses) occurred during the dosing period (GD6-15) in HD dams.  Statistical significance 
was reached by GD9, and remained through GD16.  Increased body weight gains were 
noted at HD over GD16-20. 
 
Food Consumption [daily] 
No changes occurred at LD.  Food consumption was transiently slightly decreased at 
MD on GD6 to GD7.  Significant decreases in food consumption occurred at HD during 
the dosing period (GD6-16; averaging ~25%), with increases noted during GD16-20. 
 
Toxicokinetics [N/A] 
 
Necropsy [GD20] 
All dams were reported as normal. 
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss) 
No drug-related changes in maternal or litter parameters at cesarean-sectioning were 
observed.  Numbers of corpora lutea and implantations, litter sizes, numbers of live 
and·dead fetuses, resorptions, and fetal sex ratios were comparable among groups.  
Fetal weight was very slightly reduced (~3% [nss]) at HD.  See the sponsor's summary 
tables, provided below. 
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Offspring (Malformations, Variations, etc.) 
All fetuses were evaluated for gross external alterations; half were examined for visceral 
alterations and half were examined for skeletal alterations (KOH-alizarin red-S 
technique).  Notably, no malformations were reported in any group, which is unusual.  
There were no clearly drug-related effects.  See the sponsor’s summary table of 
alterations, below.  A slight increase in skeletal variations was observed but there was 
not a clear dose relationship; incomplete ossification suggested a very slight delay in 
development (e.g., dumb-bell shaped thoracic vertebrae) at MD and HD.  
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Excerpts from the sponsor's summary table for skeletal observations: 

 

 

 

 
 
 
The EFD study in rabbits tested 0, 5, 30, and 200 mg/kg.  Maternal toxicity (i.e., clinical 
signs, reductions in body weight and food consumption) was observed at HD.  Black 
ovarian cysts were observed in treated does, and there was an increase in abortions at 
HD.  Embryofetal effects at HD included increased post-implantation losses (late 
resorption in MD and HD) and slightly reduced fetal weights, with some suggestion that 
male fetuses were slightly more affected.  Also at HD, an increase in the incidence of 
incompletely ossified pubes (indicating a developmental delay) and a slight increase in 
total variations and malformations were observed (generally not due to any specific 
alteration).  The appearance of a general slight increase in variations and malformations 
may have resulted from the large number of abortions at HD (resulting in a reduced 
number of fetuses). 
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Study Title: ORAL STUDY OF EMBRYO-FETAL DEVELOPMENT IN RABBITS
Study no.: 99001 

Study report location: EDR 
Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical 

Research Institute, New Brunswick, NJ 
Date of study initiation: Not given, protocol dated 1/15/99 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: BMS-214778, (Batch No. N031C-
214778-01, 99.3% 

 
Key Findings: 

 Maternal toxicity at 200 mg/kg (clinical signs, decreased bodyweight, & food 
consumption)  

 Embryo-fetal toxicity (aborted litters, slightly decreased fetal weight, some 
evidence for increases in malformation/variation rates, and slightly delayed 
ossification, esp. pelvis) at 200 mg/kg. 

 
Methods 

Doses: 0, 5, 30, & 200 mg/kg 
Frequency of dosing: QD, GD 7- 19 

Dose volume: 1 ml/kg 
Route of administration: PO, oral gavage 

Formulation/Vehicle: polyethylene glycol-400 (PEG-400) 
Species/Strain: Hra:(NZW)SPF rabbits  

 nulliparous, timed-mated, 5-6 mo of age, 
2.85 to 4.24 kg 

Number/Sex/Group: 20 F/group 
Study design: Dose selection based on BMS-214778: 

Thirteen-Day Oral Range-Finding Study in 
Pregnant Rabbits (Study No. 98052). 
 
Evaluations on GD29: 
Dam evaluations: survival, clinical observations, 
body weight, food consumption & uterine 
contents 
Fetal evaluations: viability, gender, body weight, 
and gross external, visceral, and/or skeletal 
alterations. 

 
Observations and Results 
Dosing Solution Analysis 
Solutions of tasimelteon (BMS-214778) in 100% PEG-400 were prepared as needed 
and used within 5 (200 mg/ml) or 7 days (5 and 30 mg/ml).  The formulations were 
within ±10% of nominal concentration. 
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Mortality [2x/daily] 
There were no drug-related deaths during the study.   
 
Two LD does did not survive to scheduled cesarean-sectioning on GD29.  One (#31) 
was euthanatized in moribund condition on GD14 as the result of an intubation accident 
(verified by necropsy); this animal had 10 embryos present in utero, all of which 
appeared normal for their developmental age. The second LD doe (#30) was 
euthanatized in moribund condition on GD21 as the result of persistent bodyweight 
losses and anorexia; at necropsy, numerous gross lesions of the stomach, liver, 
gallbladder, intestines, kidneys, and ovaries were noted.  The uterus contained 7 early 
resorptions as well as 5 fetuses described as "unremarkable."  No cause of morbidity 
was determined for this doe. 
 
Additionally, a number of does were euthanized following abortions.  Increased 
incidence of abortion was observed at HD, although abortion of 1 or more fetuses 
occurred in all groups (see sponsor's Table 1, below) on GD19-GD29 prior to scheduled 
cesarean delivery.  Necropsy observations included black and/or hardened stomach 
contents, ingested conceptuses and placentae, fluid-filled intestine(s), hardened 
gallbladder, thinned and/or pitted stomach lining, mottled liver, and ovarian cyst(s).  All 
fetuses in the aborted litters were reported as "normal for their developmental age." 
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Body Weight [Daily, GD7-29] 
Average body weight loss was observed at HD (maximum of 2%); the GD7 average 
body weight was not regained until GD13.  Decreased maternal body weights (5%) and 
body weight gain were observed at HD throughout the dosing period and remained at 
GD29.  No clear drug-related maternal body weight differences were observed at LD or 
MD. 
 
Food Consumption [Daily, GD7-29] 
The sponsor reported decreased food consumption at HD during the dosing period.  
Decreased food consumption was observed in a few individuals, with the greatest 
number observed at HD (10 HD, 3 MD, 4 LD, and 1 control).  Animals with continually 
very low food consumption often, but not always (1 LD, 3 MD, and 2 HD), aborted.   
 
Necropsy [GD29] 
No drug-related findings were reported in does surviving to GD29.  Pale kidneys were 
observed in one MD doe.  Small ovaries were observed in 2 LD does and 1 MD doe.  
Black ovarian cysts were noted in 2 LD (early mortalities), 1 MD, and 2 HD (early 
mortalities) does.  Observations in other organs (e.g., stomach, intestines, liver, gall 
bladder, and kidneys) were only observed in early mortalities (see Mortality for details). 
 
Cesarean Section Data 
Intact gravid uteri (including ovaries) were weighed.  Corpora lutea and implantation 
sites were counted and the placement of implantation sites, early and late resorptions, 
and live and dead fetuses were noted.  Each placenta was examined for grossly for 
alterations. 
 
The sponsor reported minimal drug-related decreases in fetal body weight at HD (≤ 5%; 
see sponsor's Table 7, below); no other drug-related findings were reported for maternal 
or litter parameters.  However, post-implantation losses (due to resorptions) were 
increased in treated animals (although this was not dose-related).  The increase 
appeared related to early resorptions at LD, but both early and late resorptions were 
increased (compared to controls) at MD and HD.  See the sponsor's summary Table 6, 
below.  Additionally, the sponsor excluded data from the following does in the summary 
data presented: 1 LD doe with complete post-implantation loss (8 early resorptions), 1 
LD doe with a single implantation leading to a live birth, and 1 MD doe with complete 
post-implantation loss (2 implantations, 2 early resorptions).  Male fetuses were very 
slightly more affected than females (see % live male fetuses per litter and mean fetal 
body weight, male). 
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9.3 Prenatal and Postnatal Development 

 
TAJ0015: Tasimelteon: PRELIMINARY STUDY FOR EFFECTS ON PRE- AND 
POST-NATAL DEVELOPMENT STUDY IN THE CD RAT BY ORAL GAVAGE 
ADMINISTRATION 
Conducted by  non-GLP, initiated 6/20/11 
Final report issued 7/12/12, Amendment dated 10/19/12 
 
Species: Female Crl:CD(SD) rats 
Drug: Tasimelteon (VEC-162), , batch 800167140, 99.8% pure 
Dosing/Formulation: in 100% PEG-400, PO (gavage), QD  
 

 

 
 

 
 
In  Study TAJ0001, tasimelteon (VEC-162) in PEG-400 formulations (7.5 and 100 
mg/mL) were found to be homogeneous and stable for 24 hours at ambient 
temperature, and for up to 15 days when refrigerated.  The homogeneity and stability of 
tasimelteon in PEG 400 formulations at 200 mg/mL was performed as part of the 
ongoing pivotal pre- and post-natal study (  Study TAJ0017). 
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One HD dam (#19) was killed on GD25 after failing to deliver a litter.  This dam 
appeared to have aborted (blood in the cage on GD22; no pups apparent); one placenta 
was observed in the uterus at necropsy.  Drug-related clinical signs after dosing the 
dams included: chin rubbing, salivation, excessive chewing, underactivity, and 
piloerection, as well as pica (eating feces; MD and HD), “muscle reaction- unsteady” 
(HD), partially closed eyelids (HD), and flat posture (HD).  One HD dam (#23) was 
observed to show pale feces on GD12.  Body weight gains were reduced 36% at HD, 
compared to controls, from GD6-14; afterward, gains were similar or increased  
throughout gestation and lactation (e.g. tasimelteon-treated dams gains increased 
approximately 20% compared to controls LD1-11).  Food consumption was reduced up 
to 12 and 35% in MD and HD dams, respectively, at the beginning of dosing (GD6 to 
GD10 or GD14, respectively); afterward, consumption was similar throughout gestation 
and lactation.  All dams delivered after a normal gestation period (22-23 days), but HD 
dams showed a very slightly increased gestation length.  The sponsor reported no drug-
related macroscopic changes. 
 
The sponsor reported no tasimelteon-related adverse effect on group mean number of 
implantations, litter size, fetal survival, fetal clinical signs, or fetal necropsy; however, 
the calculated values exclude data from the HD dam that did not deliver (presumed 
abortion).  For this reason, an effect on fetal survival cannot be excluded.  Additionally, 
a few pups from treated dams did not survive.  One male LD pup was missing on D4.  
One LDF pup, one MDM pup, and one HDF pup were found dead between birth and 
LD1. Both the LDF and HDF pups had no milk present in the stomach (the LDF pup 
also showed an unexpanded lung).  One HDF pup was pale on LD1.  According to the 
sponsor, sex ratios (i.e., % males) at birth were slightly high in the Con and LD groups 
and slightly reduced in the MD and HD groups.  Mean fetal body weights were reduced 
(approximately 5 to10%) at MD and HD, both at LD1 and LD11 (difference greater at 
LD11).   
 
The sponsor indicated that tasimelteon treatment was believed to have “delayed fetal 
development in utero and also reduced the rate of growth postpartum” at HD; a similar 
fetal effect was observed at MD.  Based on the results of this study, doses of 0, 50, 150, 
and 400 mg/kg were selected for the pivotal pre-/post-natal development study. 
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Study title: TASIMELTEON: STUDY FOR EFFECTS ON PRE- AND POST-
NATAL DEVELOPMENT IN THE CD RAT BY ORAL GAVAGE 
ADMINISTRATION  

Study no.: TAJ0017 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: 6/24/11 

GLP compliance: Yes  
QA statement: Yes 

Drug, lot #, and % purity: tasimelteon (VEC-162),  
batch 800167140, 100.4% pure (w/w) 

 
Methods 

Frequency of dosing: QD 
Dose volume: 2.5 mL/kg 

Route of administration: PO (oral gavage) 
Formulation/Vehicle: 100% polyethylene glycol-400 (PEG-400) 

Species/Strain: Crl:CD(SD) rats, females 
Study design: See sponsor’s table, below 

Deviation from study protocol: None identified. 
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Observations and Results 

F0 Dams 
Survival: There were no F0 mortalities. 

 
Clinical signs: Few dose-related clinical signs were observed.  After dosing, chin 

rubbing and/or salivation was observed in most VEC-162-treated dams.  
Convulsion (1 HD; see description below), partially closed eyelids (6 
HD), unresponsive (3 HD), flat posture (2 HD), breathing fast (1 HD), 
limited use of limbs (1 HD), and underactive (5 MD and 22 HD, LD5 to 
end), and/or unsteady gait (2 MD and 20 HD, for 1-3 days on average; 
see sponsor’s definition below) were observed after dosing.  During the 
detailed physical examinations, hair loss, piloerection, pale feces, 
irritable behavior, and /or vocalization were observed with increased 
incidence during the gestation or lactation periods in a few VEC-treated 
animals. 
 
One HD dam was observed to have a 30 second convulsion on LD15; 
this dam was previously observed to be underactive, unresponsive, and 
have flat posture shortly after dosing on LD8, underactive on LD12 and 
LD19, and underactive with unsteady muscle reaction (“lack of 
muscular coordination giving rise to staggering or otherwise abnormal 
gait”) on LD15. 
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Body weight: During gestation, average body weights were very slightly reduced in MD 
and HD dams (see sponsor’s Figure 1, below; ~3-5%).  Overall average 
body weight was reduced (3 to 5%) in HD dams throughout gestation.  
Average body weight gain at HD was decreased 83% from GD6 to GD10 
and was reduced 15% overall (GD6-GD20).  At MD, average body weight 
gain was reduced approximately 30% from GD6 to GD10, but was similar to 
controls (-5%) during the remainder of the gestation period.  There were no 
clear differences in LD dams.   
 
During lactation, average body weights were generally slightly lower than 
those of controls (<5%); HD dams did not show the loss exhibited by the 
other groups at the end of the lactation period (LD18-LD21), which 
generated a net increase in body weight gain over the lactation period at 
HD (~30%). 
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Food 
consumption: 

Food consumption was reduced 15% on GD6 to GD9 in MD dams and 
throughout the gestation period in HD dams (35% GD6-GD9, average 
reduction 16% GD6-GD19).  Food consumption was also reduced (7-13%) 
during LD7 to LD17 at MD and HD. 
 

Uterine 
content: 

Gestation length was within the expected length (22-33.5 days) for all 
groups, but the mean gestation length was slightly increased in 
tasimelteon-treated groups (dose-related, [ss]).  Two LD dams were found 
not pregnant, and one LD dam was sacrificed on GD23 after showing total 
litter loss “shortly after the commencement of parturition.”  However, a 
relationship to drug cannot be established since similar events did not occur 
at MD or HD. 
 
There were 22, 19, 22, and 22 litters for examination in Control, LD, MD, 
and HD groups.  The sponsor reported no drug-related effects on the 
number of implantations or litter size (but note that data from the LD#32 
with total litter loss were removed).  LD#32 had 14 implantation sites; this 
dam was coded as “no live litter” and the sponsor stated that “most 
offspring were dead or presumed eaten at parturition.” 
 

Necropsy 
observation: 

The sponsor reported no drug-related macroscopic changes.  Increased 
hair loss was reported in tasimelteon-treated dams.  Two HD dams showed 
kidney changes (punctate depressions, pelvic dilatation).  One HD dam 
showed multiple punctate dark areas on the thymus.  A few changes of 
unclear toxicological significance observed in ovaries (cysts), mammary 
gland (pale, inactive), and spleen (enlarged) were observed only at LD. 
 

Toxicokinetics: Plasma exposures to tasimelteon (VEC-162), and metabolites M9, M12, 
M13, and M14 were evaluated at GD6, GD17 and LD4.  Repeat analyses 
were necessary for a number of samples for M12 and M13; one sample for 
M14 was repeated. 
 
Control animals showed some exposure to tasimelteon and/or its 
metabolites, but were “generally close to or below the limit of quantitation” 
(i.e., < 5.438 ng/mL for M14 and < 5 ng/mL for all others).  Low level 
exposures were also observed in samples from offspring animals (5.07 to 
15.5 ng/mL).  After an investigation, the sponsor attributed these 
observations to contamination during sample handling. 
 
See sponsor’s Tables 68-72 for summary plasma exposure data in dams 
and Tables 73-76 for summary plasma exposure data in the offspring.   
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Plasma exposures to tasimewlteon were generally less than dose-
proportional (see sponsor’s Tables 68 and 11), and little to no accumulation 
was observed in the dams (see sponsor’s Table 12).  There was a >100-
fold margin from the plasma tasimelteon AUC at the LD to the AUC 
following a 20 mg dose in humans (~411 ng.hr/mL). 
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Plasma exposures to major metabolite M9 were generally less than dose-
proportional (see sponsor’s Tables 69 and 14); however accumulation was 
observed at HD (see sponsor’s Table 15).  
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Plasma exposures of major metabolite M12 were generally less than dose-
proportional (see sponsor’s Tables 70 and 18), and accumulation was not 
observed (see sponsor’s Table 19).  Metabolite M12 plasma exposures 
were up to 3 times that of parent at LD, 2 times that of parent at MD and 1-
2 times that of parent at HD. 
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Plasma exposures of major metabolite M13 were generally less than dose-
proportional (see sponsor’s Tables 71 and 22), and some accumulation 
was observed only at HD (see sponsor’s Table 23). 
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Plasma exposures of major metabolite M14 were generally less than dose-
proportional (see sponsor’s Tables 71 and 26), and some accumulation 
was observed only at HD (see sponsor’s Table 27).   
 

 
 

 
 

 
 

Reference ID: 3399188



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

153 

Dosing Solution 
Analysis 

Formulations were prepared weekly and stored refrigerated (2-8oC) before 
use.  Homogeneity and stability at 7.5 and 100 mg/mL were established in 
Study TAJ0001; homogeneity and stability at 200 mg/mL was confirmed in 
this study.  Suspensions were homogenous and stable for 8 days at 
ambient temperature and for up to 15 days refrigerated.  The mean 
concentrations were within 3% of nominal. 
 

F1 Generation 
Survival: The sponsor reported no drug-related effects on litter size, survival indices, or 

sex ratios; however, there was a slight reduction in the live birth index at HD 
(see sponsor’s Table 49, below).  No milk was present in the stomach of 4, 1, 
2, and 11 fetuses in the control, LD, MD, and HD groups (presumed stillborn; 
from 4, 1, 2, and 5 litters, respectively).  One deceased HD fetus was noted 
to be of “small build” with bruising to the nares. Also, the live birth index 
should be adjusted for the sponsor’s removal of data from LD#32 (14 
implantations, “no live litter” although the individual line data show 1 male 
and 3 female pups at delivery; est. adjusted live birth index ~94.6%). 
 

 
 

Clinical signs: For early observations of the F1 pups, the sponsor reported a low incidence 
of clinical signs, including: cold to touch, little milk in stomach, minor cuts, 
and bruising.  In tasimelteon-treated groups, underactive, swollen area on the 
abdomen, small build were also observed in a few offspring.   
 
Although the protocol defined how selection of the F1 mature animals would 
be performed (i.e., one/sex/litter), it is unclear how this selection was actually 
done.  For example, there were 22 litters for the control and MD groups (i.e., 
2 litters in each group were not represented) and, although there were 19 LD 
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and 22 HD litters, the sponsor appears to have selected the representative 
F1 generation from 18 and 19 litters, respectively.  The F1 mature animals 
were then numbered in such a way that one cannot determine from which 
litter each animal was born. 
 
At maturation, few clinical signs were reported, including: broken teeth (2 
LDM), vocalization (2 MDF), abnormal staining on head (1 MDF), swollen 
area in the ventral abdomen (1 MDM, 1 HDM), and kinked tail (1 HDM).  
During early gestation for the F1 dams, few clinical signs were reported, 
including: vocalization (2 LDF), irritable (1 LDF, 1 HDF), and abnormal 
staining on head (1 MDF). 
 

Reference ID: 3399188

APPEARS THIS WAY ON ORIGINAL



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

155 

Body weight: Generally, average body weights of the F1 pups were reduced during the 
entire lactation period.  However, LD and MD pups were slightly heavier than 
control pups at LD1, which the sponsor attributed to the slightly longer 
gestation lengths; although gestation length was increased 0.7 days for the 
HD pups, their average body weight on LD1 was 0.3 g less than that of 
control pups.  The sponsor noted that the birth weight of the HD group was 
0.8 g less than that of controls of similar gestation length, and stated that 
“there may have been a delay in pup growth in utero contributing to the 
extended gestation length.”  There was an incremental body weight gain 
reduction in the HD pups between LD4 and LD18 (-12% at weaning, 
compared to controls).  Body weight gains over LD1 to LD21 were reduced 
15% in the HD pups, and they weighed 14% less than controls at 25 days of 
age.   
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After weaning on LD21 (although the sponsor nominally defined the “start” of 
the F1 generation as 28 days of age), average body weights in the F1 
animals continued to be reduced in the tasimelteon-treated groups, 
especially the HD group (see sponsor’s Table 39, and Figures 8 and 9).  
Generally, average body weights in the LDM and MD groups were reduced 5 
to 10 percent, and average body weights in the HD groups were reduced 10 
to 20 percent.  In the F1 females, this average body weight reduction 
continued during gestation (~5% at MD and ~10% at HD; see sponsor’s 
figure 9). 
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Food 
consumption: 
 

Data not provided 

Necropsy 
Observations 

Of the pups dying prior to scheduled termination, there was an increase in no 
milk present in the stomach at HD (4/4, 1/1, 2/2, and 11/5 [pups/litter] in the 
control, LD, MD, and HD groups).  
 
A few observations were noted in the F1 pups at scheduled termination.  
Small build was reported for 1/1 and 45/6 (pup/litter) at MD and HD, 
respectively.  Dilated renal pelvis was observed in 4/4, 4/4, and 1/1 
(pup/litter) in the LD, MD and HD groups, respectively.  (Of unclear 
importance were 3 LD pups [1 litter] observed to show fluid-filled dilated 
ventricles in the brain.) 
 
At maturation, few alterations were observed.  In tasimelteon-treated males, 
alterations in testes (flaccid, blue, and/or small; 1 LDM, 2 HDM), 
epididymides (small; 1 LDM, 2 HDM), seminal vesicles (abnormal shape; 1 
HDM), and tail (kinked; 1 HDM) were observed.  Of unclear toxicological 
importance is 1 LDM that showed dilated ventricles in the brain.  In 
tasimelteon-treated females, alterations in kidney (pelvic dilatation, enlarged, 
and/or dark; 1 LDF, 1 MDF), ureters (distended, thickened; 1 MDF), and 
urinary bladder (thickened, distended, dark, and calculus present; 1 MDF) 
were observed. 
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Physical 
development: 

Sexual maturation was assessed beginning at 28 days of age for females 
and 38 days of age for males.  Mean age at balano-preputial separation 
for males was not clearly affected, but it was achieved at a lower average 
body weight at HD.  Mean age at vaginal opening for females was 
increased at HD (although body weight was similar to that of controls); 
the sponsor stated that “sexual maturation was occurring when the 
females reached a critical body weight.”  See sponsor’s summary Table 
56 for details. 
 

 
 Neurological 
assessment: 

The HD pups demonstrated an increased age to achieve surface righting 
(assessed from LD2 until achieved) and air righting (assessed from LD14 
until achieved), compared to controls; see the sponsor’s summary Table 
55, below.  Additionally, an increased number of HD pups failed to 
achieve surface and/or air righting within the allotted time period (4, 1, 2, 
and 11 in the control, LD, MD and HD groups, respectively); data for 
these pups were not accounted for by  the sponsor’s method of reporting 
the summary data.  The sponsor reported no drug-related effect on pupil 
reflex and startle response on LD20 (as assessed by % of animals 
passed).  Two LD pups showed no or partial pupil dilation; this was not 
reported in other groups. 
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those of controls, the absolute values remained consistently higher than 
those of controls and many of the absolute values were outside of the 
historical control range.  The MDM showed deficits in performance on the 
first day of testing, but subsequent performance was similar to that of 
controls.  The performance of F1 females was not affected.    
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Although not standard practice (and not encouraged due to known 
effects of repeated testing), the sponsor re-tested the F1 males at 47 to 
49 days of age to determine whether the observed deficits would resolve.  
While some inter-group variation remained in the performance of F1 
males, the sponsor reported no drug-related consistent differences (see 
sponsor’s continuation of Table 58, below).   
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Reproduction: After at least 9 weeks of age, mating pairs were assigned within the 
same treatment groups (with care taken to avoid sibling pairings).  
Mating pairs (one-to-one) were left together for up to 2 weeks.  Pre-coital 
interval and fertility parameters were not clearly affected (see sponsor’s 
Tables 65 and 66, below).  Three LDF and one HDF were not pregnant; 
additionally, another HDF had been pregnant (#257; as indicated by a 
single resorption), but had no viable implants. 
 

 

 
The sponsor calculated litter data based on 20, 17, 20, and 18 litters in 
the control, LD, MD, and HD groups.  The sponsor reported no drug-
related effects on F1 reproduction, although a slight reduction in the 
number of corpora lutea in the HDF was noted. The average numbers of 
corpora lutea were 17.0, 16.4, 16.8, and 15.7 in the control LD, MD, and 
HD groups (SDs were similar, 2.27 to 2.73).  See sponsor’s Table 67, 
below.  (Note that data from the HDF with a single resorption were 
excluded, which yields reductions in a number of the fertility parameters 
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for the HDF group.  For reference, the reviewer-calculated means 
including that HDF are 15.0 for corpora lutea, 14.4 for implantations, 0.89 
for early resorptions, 0.37 for late resorptions, 1.26 for total resorptions, 
13.2 for live embryos, 7.0 for pre-implantation loss %, and 12.7 for post-
implantation loss %.) 
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Other (TK): Plasma exposures to tasimelteon (VEC-162) and metabolites M9, M12, 
and M14 were measured in the F1 offspring on LD 4 were as follows 
(see sponsor’s Tables 73 to 76).  Metabolite M13 plasma exposures 
were below the limit of quantitation, with the exception of males from one 
litter (~8 ng/mL, 4 hr post dose of dam).  Some sex differences were 
observed (cf. tasimelteon Cmax and AUC).  The measured AUCs in the 
F1 pups at LD on LD4 exceed the AUC for a 20 mg dose in humans (411 
ng.hr/mL). 
 

 
 

 
 

Reference ID: 3399188



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

167 

 
 

 

10 Special Toxicology Studies 

The sponsor conducted ocular irritancy and skin sensitization tests.  Also, a photo 
safety assessment was undertaken; a tissue distribution result suggested that 
tasimelteon binds melanin.  
 
Study 99AB38.350: BOVINE CORNEAL OPACITY AND PERMEABILITY ASSAY 
Conducted by  Dated 4/22/99 
GLP (except test article characterization) 
Drug: Tasimelteon (BMS 214778-01), COA not provided 
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Tasimelteon scored an average in vitro score of 1.5 (mild irritant) on the Bovine Corneal 
Opacity and Permeability Assay (BCOP).  Five freshly obtained corneas were tested.  
Saline (0.9% USP injectable saline [  was added to solid BMS 214778-01 to 
achieve a 20% mixture (w/v) and the vial was vortexed for approximately one minute.  A 
20% (w/v) solution of imidazole was used as the positive control.  See the sponsor’s 
excerpted explanation of scores and summary Table 1 of results, following.  Of the five 
individual corneas, the in vitro score ranged from 0.3 to 5.3 (all mild irritant). 
 

 
 
Study BMY 378/993273/SS: BMS 214778-01 SKIN SENSITIZATION TO THE 
GUINEA-PIG (MAGNUSSON & KLIGMAN METHOD) 
Conducted by Dated 8/20/01 
GLP, except for test article characterization 
Drug: Tasimelteon (BMS 214778-01), lot 032, purity 99.3% 
 
Ten healthy female guinea pigs (nulliparous, nonpregnant; 4-7 weeks of age; 349-400 
g) were tested with tasimelteon; 5 animals were used as controls.  Intradermal and 

Reference ID: 3399188

(b) (4)

(b) (4)



NDA 205-677   Melissa K. Banks-Muckenfuss, Ph.D. 
 

169 

topical irritancy was tested at the following concentration (see the sponsor’s summary, 
below). 

 
 
Following initial exposure to tasimelteon (the 'induction' period comprising intradermal 
injections and topical application) the animals were subjected, approximately two weeks 
after the topical induction exposure, to a 'challenge' exposure of the test substance in 
order to establish if a hypersensitive state had been induced.  During preliminary 
investigations, the “maximum practical concentration” of tasimelteon for topical 
application (50%) produced slight irritation in 2 of 4 animals.  Dermal responses to the 
induction and challenge phases were scored as follows (see excerpt from the sponsor’s 
submission).  Sponsor’s Tables 1, 2, and 3 below provide the results of the induction 
and two challenge phases.  In this study tasimelteon did not produce evidence of skin 
sensitization (delayed contact hypersensitivity) in any of the ten test animals.   
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Study No. VCR-TMI-121012: MOLAR EXTINCTION COEFFICIENT 
DETERMINATION FOR TASIMELTEON AND TASIMELTEON 
METABOLITES M3, M9, M11, M12, M13, and M14 
Conducted by  but reported by Vanda 
Non-GLP report dated 1/29/13 
 
A Molar Extinction Coefficient (MEC) determination was performed for tasimelteon and 
its metabolites.  The solutions for all compounds except M11 were prepared at a 
concentration of 0.03 mg/mL in deionized water; due to better solubility, the solution for 
M11 was prepared at a concentration of 0.1 mg/mL.  All UV determinations were 
performed with a cell path length of 1 cm.  Because the absorption maxima for 
tasimelteon and all metabolites occurred below 290 nm, which is the lower limit of the 
290 nm to 700 nm wavelength range specified in the ICH guidance, the MEC values 
were calculated at both the absorption maxima and at 290 nm.  There was no 
absorption in the 300 nm to 700 nm wavelength range for tasimelteon or its metabolites. 
The obtained MEC values for tasimelteon and its metabolites M3, M9, M11, M12, M13, 
and M14 are provided in sponsor’s Table 1, below. 
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11 Integrated Summary and Safety Evaluation 

Pharmacology 
Tasimelteon and a number of its metabolites showed affinity at melatonin (MT1 and/or 
MT2) receptors, with slightly greater affinity at MT2 receptors.  Tasimelteon and 
metabolite M13 showed nanomolar affinity at MT1 receptors; tasimelteon, M11, M12, 
M13, and M14 showed nanomolar affinity at MT2 receptors. In an early study, 
tasimelteon was shown to have affinity similar to melatonin at MT1 receptors, and 
greater than melatonin at MT2 receptors.  Tasimelteon did not show affinity at other 
targets in a receptor binding screen. 
 
Toxicology 
With regard to this application, there are three general issues that warrant discussion as 
they potentially impact the adequacy of the toxicology development program: the use of 
PEG-400 as a vehicle for the drug, the termination (and subsequent reopening) of a 
number of the toxicology studies, and coverage of the exposures to the major human 
circulating metabolites (M9, M12, and M13) in the toxicological species.   
 
For the toxicity studies PEG-400 has been used as the vehicle.  Although relatively 
widely used as an excipient, both toxic and some protective effects have been observed 
for PEG-400 itself.  According to Dr. Atrakchi's review, the sponsor indicated that the 
high doses tested were limited by the toxicity of PEG-400 itself and the finding of cecal 
dilation in the 2-week rat toxicity study was attributed to PEG-400.  GI and related 
effects (e.g., loose feces, reduced food consumption, reduced body weights) have been 
observed with PEG-400 (Hermansky et al., 1995), and renal toxicity has been 
suggested.  More recent evidence demonstrated that when administered by gavage (5, 
50, or 100% v/v% at 5 ml/kg/day), PEG-400 caused histopathological changes localized 
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to the stomach mucosa, but not in the intestine (Ueda et al., 2011).  Conversely, it has 
been shown that PEG-400 protects against some compounds causing gastric mucosal 
damage (cf. Gutierrez-Cabano, 1995, Gutierrez-Cabano, 2000).  It is unclear whether 
the use of PEG-400 as the vehicle had an effect on the apparent toxicity profile of 
tasimelteon. While body weights and food consumption were affected in a number of 
studies, there were no clearly adverse histopathological effects on stomach and/or 
forestomach. 
 
Secondly, it is notable that the chronic toxicity assays in rat and monkey were 
terminated after the in-life portion of the assays during development and summary 
and/or interim reports were issued; upon restarting development, the sponsor 
contracted CROs to complete the histopathology assessments for these studies.  (The 
rat fertility study was also completed in this manner.)  However, GLP and QA 
statements have been submitted for these studies (although a separate, signed 
pathology report for the chronic, 6-month rat toxicity study was not included in the report 
and was submitted in a later NDA submission only upon request).  Although it is an 
unusual circumstance, these studies appear to have been completed in a reasonably 
appropriate manner.   
 
According to the Clinical Biopharmaceutics staff, M9, M12, and M13 were identified as 
the major human circulating metabolites, with exposures 130%, 180%, and 
approximately equal to those of tasimelteon, respectively.  With the exception of the 
pre-/post-natal development study in rats, exposures to the major human metabolites 
were not measured in the toxicology studies.  The sponsor conducted a separate study 
to determine exposures to the major human metabolites at steady state in rats, and 
used the obtained ratios (metabolite/tasimelteon) to extrapolate the metabolite 
exposures achieved in the toxicology studies.  Only single dose metabolite exposure 
data were obtained for monkey, and only exposure data for M11 (not a major human 
circulating metabolite) were obtained at steady state in mice and at the HD tested in the 
embryofetal study in rabbits.  Estimated exposures to M9, M12, and M13 at the high 
doses in the rat toxicology studies, using the steady state metabolite exposure ratios 
obtained, suggest that the major human circulating metabolites have been tested at 
exposures equal to or exceeding those anticipated in humans at the RHD.  The one 
exception is offspring exposure (measured on LD4) to metabolite M13.  Metabolite 
coverage was not always achieved at the observed NOAEL doses.  
 
General Toxicity 
The chronic toxicity studies generally reflected the toxicities demonstrated in subchronic 
studies, including slight effects on body weight and food consumption, clinical 
pathology, and a number of target organs (i.e., liver, kidney, and reproductive organs, 
as well as spleen and endocrine organs).  Liver toxicity, in particular, was of increased 
severity and demonstrated at lower doses.  Following the summaries of the chronic rat 
and monkey studies, an overview of the target organs/systems of tasimelteon toxicity 
will be discussed.    
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The 6-month chronic toxicity study in rats tested doses of 0, 5, 50, and 500 mg/kg.  
Convulsions (tonic and/or clonic), tremors, hypoactivity, labored respiration, ataxia, loss 
of righting reflex were observed in rats.  In rats, pica was observed in both sexes at HD, 
and in females at MD.  Over the course of the study, average body weights were slightly 
reduced in males, but a similar effect was not seen in females.  Several clinical 
pathology changes were observed.  Slight reductions in RBC parameters were 
observed in females, and reticulocytes and/or platelets were slightly increased in both 
sexes at HD.  WBC increases were also observed in both sexes (especially, 
neutrophils, monocytes [F], LUC [F], and basophils [M]).  PT time and fibrinogen 
showed slight increases.  ALT, cholesterol, and triglycerides were increased in HDF 
(some increase in males); BUN and creatinine were slightly reduced.  Serum 
electrolytes showed very slight but consistent changes over the treatment period 
(sodium and chloride slightly reduced, calcium slightly increased).  Urine volume was 
increased at HD.  Grossly, enlarged liver was observed in all HD animals.  There was 
an increased incidence of dilatation of the uterus in treated females.  Liver, heart, 
adrenal gland, kidney, ovary (F), and spleen (F) weights were increased; pituitary gland 
and prostate (M) weights were reduced.  Histologically, liver, kidney, spleen, and 
endocrine/reproductive organs were identified as target organs.  In the liver, minimal to 
moderate centrilobular hepatocyte hypertrophy (≥MD) and minimal to slight focal 
hepatocyte necrosis (4 HDM and 3 HDF) were observed.  In the kidney, exacerbated 
(slight to moderate) chronic progressive nephropathy, minimal to slight cortical tubules 
with hyaline droplets, minimal to slight cortical tubular pigment, and interstitial 
pigmented macrophages were observed in both sexes in a roughly dose-related 
manner.  In MD and/or HD females, slight cortical tubular dilation, interstitial 
inflammation, and simple tubular hyperplasia were also observed.  In the spleen, 
minimal to slight hemosiderosis and minimal to slight increased extramedullary 
hematopoiesis were observed.  The sponsor considered this reflective of an increased 
rate of RBC removal from peripheral blood leading to the "compensatory" response.  
Thyroid changes (called prominent ultimobranchial cysts by the pathologist) were 
observed in 3 HDM and 7 HDF (compared to 1 Con/ sex); focal pituitary hyperplasia of 
the pars distalis was also observed at HD (one/sex; see Zabka et al., 2011).  The 
incidence of ovarian follicular cysts (4 HDF vs. 1 ConF) and luminal dilatation of the 
uterus (14 HDF vs. 6 ConF) were increased at HD.  In the mammary gland, two HDF 
showed galactocele(s) and three HDF showed secretory activity.  Plasma tasimelteon 
exposures were greater in females, some accumulation at LD, and slightly reduced 
exposures with repeated dosing for 6 months (at ≥MD in males, HD in females). 
 
The 1-year toxicity in monkey tested 0, 3, 20, and 150 mg/kg.  Convulsions (2HD), 
flaccidity (HDM with convulsion), labored breathing, decreased activity (HD), salivation 
(≥ MD), emesis (F, ≥ MD), alopecia (≥ MD), and decreased appetite were observed.  
The sponsor noted that for a single two-day period, one LDM was noted to be coldness, 
prostrate, ataxic, weak, unable to sit up, slightly dehydrated, and had pale mucous 
membranes; this animal showed elevated LFTs and decreased wbc and RBC counts.  
Slightly reduced average body weights were observed at HD over the first 6 months of 
the study (which appeared to resolve), and slightly increased average body weights 
were observed over the last few months of the study at LD.  Blood pressure was slightly 
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increased in HDF on D269 and D365.  Reductions in RBC parameters (<15%) were 
observed at HD, and increased platelets and decreased fibrinogen were suggested.  
Serum ALT (2-3x) and GGT (50-70%) were increased at HD, and ALP was decreased 
(30-40%); triglycerides were increased (~2x) in HDM.  Liver weights were increased 
(1.4-1.8x) at HD, as was thyroid weight (~40%) in MD and HD males.  Few clear 
histologic changes were observed.  Although noted only in the comment field but 
discussed by the sponsor, the three remaining HDF at terminal sacrifice showed a lack 
of corpora lutea; the sponsor indicated that this could indicate a "lack of recent estrus 
cycling."  Mild focal necrosis, minimal to mild periportal fibrosis, mild focal serosal 
fibrosis, mild subserosal fibrosis, centrilobular fatty change, and/or minimal focal 
pigmented macrophages were observed in the livers of individual MDM, MDF, HDF and 
HDM.  The incidence of minimal to mild chronic interstitial inflammation in the kidney 
was increased in treated males.  Minimal chronic inflammation of the heart and/or aorta 
was observed in a few treated animals.  Plasma tasimelteon exposures showed some 
reduction with repeated dosing for a year. 
 
Target Organs/Systems 
The primary target organs of tasimelteon toxicity include: the CNS, liver, kidney, and 
reproductive organs.  Some alterations were also observed in the hematologic and 
endocrine systems (i.e., thyroid, pituitary, and adrenal glands), and related organs.   
 
Generally slight reductions in weight and sometimes food consumption were observed 
across the studies; these were usually not severe enough to hamper the studies 
significantly.  Post-dosing emesis was observed in monkeys, and salivation was 
observed in many species.  In the chronic study in rats, pica was observed in both 
sexes at HD, and in females at MD; average body weights were slightly reduced in 
males, but a similar effect was not seen in females.  In the one-year monkey study, 
slightly reduced average body weights were observed at HD over the first 6 months of 
the study (which appeared to resolve), but slightly increased average body weights 
were observed over the last few months of the study at LD.   
 

CNS 
CNS signs including convulsions (clonic and/or tonic), tremors, loss of righting 
reflex, flaccidity, and/or ataxia were observed in single dose studies using higher 
doses and usually at relatively high doses tested for longer durations in rats, 
mice, and monkeys.  Reduced activity, ataxia, and occasionally labored 
breathing were noted throughout many studies.  Of unclear relationship to drug 
were observations in one LDM (3 mg/kg) in the 12-month monkey study; this 
animal was noted to be cold, prostrate, ataxic, weak, unable to sit up, and slightly 
dehydrated, and had pale mucous membranes, for a single two-day period; this 
animal showed elevated LFTs and decreased WBC and RBC counts.  A few of 
these signs resembled those seen at higher doses (and could therefore be 
considered drug-related), but the overall severity of the findings were not 
replicated in a clearly dose-related manner in animals treated with higher doses.  
If the signs in this animal were, in fact, drug-related, it appears to be an outlier. 
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Liver 
The liver was clearly a target organ in most of the toxicological species used.  
Rodents showed the effects on liver most clearly.  Subchronic studies in rats 
showed increased liver weight and size, dose-dependent minimal to marked 
centrilobular to panlobular hepatocellular hypertrophy (generally at  ≥ 100 
mg/kg), and increased hepatocellular mitoses at high dose (400 mg/kg).  In the 
chronic (6-month) study, minimal to slight focal hepatocyte necrosis (500 mg/kg, 
males and females) was also observed; tumors were observed in the rat 
carcinogenicity study at ≥ 100 mg/kg.  These histopathologic changes were 
accompanied by clinical pathology changes such as increased: ALT, globulin, 
albumin, total protein, cholesterol, glucose (F), and/or triglycerides (F); these 
were generally at least partially reversible in subchronic studies.  The NOAEL in 
rats generally decreased with increasing dose (e.g., 50 mg/kg for 1-week, 25 
mg/kg for 1-month, 5 mg/kg for 6-months).  Increased liver weights, dose-related 
minimal to moderate centrilobular hepatocellular hypertrophy, and slightly 
increased serum albumin and total protein (M) were also observed in mice.  A 
number of the effects, particularly in rats, may be related to hepatic enzyme 
induction (demonstrated in a separate study using liver tissue samples from TK 
animals at 6 months in the rat carcinogenicity bioassay), but there is some 
evidence of damage in a few animals at higher doses (i.e., necrosis, 
regeneration, fibrosis).   
 
In monkeys, the effects in liver were more pronounced (and at lower doses) with 
longer duration of treatment.  In a 1-week study, mild changes in clinical 
pathology parameters (including increased serum triglycerides (M), glucose (F), 
ALT (≥100 mg/kg), and fibrinogen, and decreased sodium (M), chloride, and 
phosphorus) were observed after 1-week (175 mg/kg).  After a month of 
treatment, 125 mg/kg resulted in increased liver weights (≥ 45 mg/kg); the 
reported no-effect dose was 15 mg/kg.  After 1-year of treatment, 
histopathological changes were observed in individuals (at ≥ 20 mg/kg; including 
mild focal necrosis, minimal to mild periportal fibrosis, mild focal serosal fibrosis, 
mild subserosal fibrosis, centrilobular fatty change, and/or minimal focal 
pigmented macrophages), liver weights were increased (at 150 mg/kg; 1.4-1.8x), 
and clinical pathology changes were observed (at 150 mg/kg; increased serum 
ALT (2-3x), GGT (50-70%), and triglycerides were increased (~2x in M)).  
 
Kidney 
Kidney toxicity was most clearly observed in rats (that demonstrate species-
specific renal toxicity with aging, chronic progressive nephropathy [CPN]); 
however, the pattern did not strictly follow the usual pattern for CPN and some 
evidence was observed in other species.  Kidney toxicity was observed with as 
little as 2-weeks of tasimelteon administration in males rats, demonstrated as 
hyaline droplet nephropathy.  In a 1-month study in rats, increased kidney weight 
(only 400 mg/kg) and dose-dependent hyaline droplet nephropathy (≥ 100 mg/kg) 
were observed in males; however, decreased serum urea nitrogen and creatinine 
were observed.  In the 6-month study in rats, both sexes showed 
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histopathological alterations with other concomitant alterations.  At HD, BUN and 
serum creatinine continued to be slightly reduced, and serum electrolytes 
showed very slight but consistent changes over the treatment period (i.e., sodium 
and chloride slightly reduced, calcium slightly increased).  Kidney weight was 
increased, as was urine volume.  Histologically, exacerbated (slight to moderate) 
chronic progressive nephropathy, minimal to slight cortical tubules with hyaline 
droplets, minimal to slight cortical tubular pigment, and interstitial pigmented 
macrophages were observed in both sexes in a roughly dose-related manner.  In 
MD and/or HD females, slight cortical tubular dilation, interstitial inflammation, 
and simple tubular hyperplasia were also observed.  In this study, there was a 
suggestion of equal or slightly greater severity findings in females, which does 
not follow the generally male-predominant pattern accepted for CPN.  In mice, 
kidney weights were increased in males at high doses (i.e., 600 mg/kg) in the 3-
month study, but were slightly reduced in the carcinogenicity bioassay and 
showed minimal histopathological changes (e.g., few animals with cortical 
tubules with hyaline droplets and/or pigment).  Monkeys showed minimal 
evidence of renal toxicity (decreased sodium, chloride and phosphorus in the 1-
week study; minimal to mild chronic interstitial inflammation and medullary tubule 
cyst in treated males in the 1-year study).   
 
Reproductive organs 
A number of reproductive organ effects occurred in rodents, rabbits, and 
monkeys.  In female rats, several effects were seen in ovary (i.e., increased 
ovary weight, of ovarian follicular cysts, absent corpora lutea, and interstitial or 
Sertoli cell hyperplasia),uterus (i.e., dilatation, luminal dilatation, glandular 
dilatation, glandular hyperplasia, adenocarcinomas, and squamous cell 
carcinomas), and uterine cervix (i.e., epithelial hyperplasia and keratinization, 
mural/stromal hypertrophy/hyperplasia, squamous cell carcinomas).  In the 
mammary gland, galactocele(s), secretory activity, ductular dilatation, and a 
slightly increased incidence [nss] of adenocarcinoma (at 250 mg/kg) were 
observed.  In male rats, effects were observed in the prostate gland (i.e., 
decreased weight, inflammation) and testis (i.e., interstitial cell hyperplasia and a 
slight increase in Leydig cell adenomas in the carcinogenicity bioassay).  Mice 
showed fewer, but similar, effects, including: cysts in the ovary and uterus, 
decreased prostate weight (600 mg/kg), epithelial hyperplasia in the seminal 
vesicles, and cystic atrophy of the preputial gland.  In the EFD study, rabbits 
demonstrated small ovary and black ovarian cysts.  A few changes were also 
observed in monkey, including: decreased seminal vesicle and prostate and 
testes weights (1 –month), lactation of the mammary gland (1 HDF in the 1-year 
study), and a lack of corpora lutea in the ovary (HDF at terminal sacrifice in the 1-
year study); the sponsor indicated that the last finding could indicate a "lack of 
recent estrus cycling," which is consistent with the irregular estrus cycles 
demonstrated in rats.      
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Hematologic System (Including Spleen) 
Effects on hematologic function were observed, mostly at high doses, in rodents 
and monkeys.  Generally slight to mild (5 to 15%) reductions in red blood cell 
parameters were observed, with increases in reticulocytes and/or platelets.  In an 
early (1-month) subchronic rat study, RBC polychromasia and anisocytosis were 
observed at 400 mg/kg.  In the chronic rat study, slight increases in WBC were 
also observed in both sexes.  Effects in the spleen (rat carcinogenicity and/or 6-
month rat study) reflected these alterations (i.e., increased spleen weight (F), 
minimal to slight hemosiderosis (M and F), and/or minimal to slight increased 
extramedullary hematopoiesis); the sponsor considered this reflective of an 
increased rate of RBC removal from peripheral blood leading to the 
"compensatory" response. 

 
Endocrine System 
Alterations in the endocrine system (i.e., adrenal, thyroid, and pituitary) were 
suggested.  In rat, increased adrenal weights were observed but did not show 
clear histopathological changes; however, in the rat carcinogenicity bioassay, 
VEC-162-treated animals showed cortical/cystic/hemorrhagic degeneration 
and/or sinusoidal dilatation/congestion.  In the In the 6-month study in rats, 
alterations were observed in endocrine organs at HD, but generally with low 
incidence: decreased pituitary weight, cysts and/or focal hyperplasia (and/or 
hypertrophy) of the pars distalis of the pituitary (6-month study, carcinogenicity 
bioassay), and thyroid changes (prominent ultimobranchial cysts in the 6-month 
study, hypertrophy, atrophy, and/or cyst in the carcinogenicity bioassay).  Some 
of these findings may reflect the observed hepatic enzyme induction in rats (cf. 
Zabka et al., 2011), or may be a reflection of aging.  In the 1-yr monkey study, 
increased thyroid weight (~40%) was observed males (≥ 20 mg/kg; but was 
slightly, ~20%, decreased in females); histologically, only a few instances of 
follicular cysts were observed in treated monkeys (not clearly dose-related). 
 
Heart 
Minimal evidence of alterations in heart was observed; primarily these were seen 
as changes in organ weight.  Increased heart weights were observed in female 
rats, without clear histologic changes.  However, heart weight was slightly 
reduced carcinogenicity bioassay in mice. In monkeys, minimal chronic 
inflammation of the heart and/or aorta was observed in a few treated animals; 
slightly increased blood pressure was observed in HDF late in the 1-year study. 

 
Genetic Toxicology 
Tasimelteon was neither mutagenic in an Ames assay nor clastogenic in an in vivo rat 
micronucleus assay (see review by Dr. Atrakchi, dated 1/16/98); however, an in vitro 
chromosomal aberration assay demonstrated clastogenic effects.  It is noted that the rat 
micronucleus assay was conducted as part of the 1-month toxicity study with 
tasimelteon and had some flaws (i.e., it did not use a positive control and there is some 
question about the adequacy of the maximum dose tested).  The sponsor also 
investigated the genotoxicity of M11 (a non-major human circulating metabolite that has 
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poor coverage in the animal species).  Metabolite M11 was not mutagenic, but was 
clastogenic in an in vitro chromosomal aberration assay in CHO cells.  Taken together, 
there is limited evidence that tasimelteon has genotoxic properties.  It is notable that a 
similar compound, ramelteon, was also shown to be positive in a chromosomal 
aberration assay.  Given the positive results in the carcinogenicity assay in rats, there 
would not seem to be a need to conduct additional genetic toxicology studies.   
 
Carcinogenicity 
Two-year carcinogenicity bioassays were conducted in rats and mice. 
 
Tasimelteon was administered orally (by gavage) at doses of 0 (vehicle: PEG-400), 20 
(LD), 100 (MD), and 250 (HD) mg/kg male and female Sprague Dawley rats 
(65/sex/group) for up to 104 weeks.  Dosing was suspended for HDF during week 
101/102 when the number of survivors fell to 20, and this group was terminated at 104 
weeks.  All male groups were terminated at 103 weeks due to low survival in the male 
control group.  Overall, there was no statistically significant drug-related effect on 
survival rates in males or females.  Body weights at 102 weeks were 96%, 96%, and 
93% those of control males in the LD, MD and HD groups, respectively.  In females, 
body weights at 104 weeks were 108%, 97%, and 95% those of controls in the LD, MD, 
and HD groups, respectively; however, during weeks 76-88, body weight in HDF was 
approximately 87% that of control females.  The sponsor indicated that tumors were 
observed in liver (MD & HD, both sexes), uterus, and uterine cervix.  In addition to these 
tumors, there were non-significant increases in neoplasms in ovary, mammary gland, 
testes, and skin.  FDA biostatistical evaluation indicated that only the incidence of 
uterine endometrial adenocarcinomas in HDF reached statistical significance.  The FDA 
Executive CAC concluded that the observed neoplasms in liver, uterus and cervix were 
drug- related, based on statistical significance or exceeding the historical control (HC) 
range (see table below; cf. meeting minutes dated 10/16/13).  Histopathologic 
alterations were observed in liver (e.g., centrilobular hepatocyte hypertrophy, 
centrilobular hepatocyte vacuolation, cystic degeneration, regenerative and bile duct 
hyperplasia, pigment in hepatocytes), kidney (e.g., cortical tubular pigment, tubular 
basophilia or hypertrophy, pelvic dilatation), ovary (e.g., cysts), uterus (glandular 
dilatation and hyperplasia), uterine cervix (epithelial hyperplasia and keratinization), 
mammary gland (duct dilatation, galactoceles), testes (interstitial cell hyperplasia), and 
pituitary (e.g., focal pars distalis hyperplasia and hypertrophy).  
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Tasimelteon was administered orally (by gavage) at doses of 0 (vehicle: PEG-400), 30 
(LD), 100 (LMD), and 300 (HD) mg/kg male and female CD-1 mice (66/sex/group) for 
up to 104 weeks. There was no drug-related effect on survival rates in males or 
females. At week 104, body weight in HDM was reduced approximately 10% compared 
to control males. Body weight was not affected in females. No drug-related neoplasms 
were identified.  Slight, but non-significant, increases were observed in intestines (male) 
and uterine cervix.  Few histopathologic changes were observed in the study, most 
notably centrilobular hypertrophy in the liver. 
 
The sponsor postulated mechanisms underlying the observed increases in liver, uterine 
and uterine cervix tumors in rats that they believe to negate, or ameliorate, human 
relevance.  The sponsor attributed the observed hepatic tumors to hepatic enzyme 
induction in rats.  While there is some suggestive evidence (e.g., enzyme induction, 
hepatic hypertrophy with early evidence of increased hepatocellular mitoses), it is not 
clear whether the increased liver tumor incidences in rats is related to the observed 
hepatic enzyme induction (cf. Ennulat et al., 2010; Holsapple et al., 2006; IARC 
Monograph 79, 2002; Maronpot et al., 2010; Whysner et al., 1996; Williams et al.,2001; 
Williams, 1997; Wojcikowski & Daniel, 2009), particularly since some evidence of other 
potential mechanisms was observed (i.e., damage, clastogenicity).  Additionally, it is 
notable that clear effects on thyroid were not observed.  (As a side note, the observed 
increases in uterine and uterine cervix tumors may suggest an increase in exposures to 
estrogens, which is in itself a potential mechanism for hepatocarcinogenesis.)  A 
marketed drug with a similar mechanism, ramelteon (Rozerem) also demonstrated 
increased hepatic tumors (although of greater incidence, and in both rats and mice) and 
clastogenicity; these effects were reported in the label and human relevance was not 
excluded.  Without more objective and complete data, it is not clear that the relevance 
of the hepatic tumors to humans can be excluded.   
 
With regard to the reproductive organ tumors, the sponsor attributed the tumors in the 
uterus and uterine cervix (i.e., endometrial adenocarcinoma and squamous cell 
carcinoma) to reduced serum prolactin levels, possibly resulting from chronic activation 
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of melatonin receptors in the pars tuberalis (cf. Morgan and Williams, 1996).  However, 
no data were provided to support this hypothesis.  The sponsor also stated that similar 
effects were not observed in mice, so the effects may be due to a “species-specific 
effect of unknown aetiology on aging female rats.”  Melatonin, and therefore melatonin 
receptors, are known to have roles in the hypothalamic-pituitary-adrenal (HPA) and 
hypothalamic-pituitary-gonadal (HPG) axes (Chuff et al., 2011a; Chuff et al., 2011b; 
Diaz et al., 2000; Dubocovich & Markowska, 2005; Malpaux, 1999; Preslock, 1984; 
Slominski et al., 2012); these role(s) have not been fully elucidated.   In general, 
melatonin is generally believed to result in a progesterone dominance over estrogens, 
and has been suggested to possess anticancer effects in estrogen-dependent cancers, 
especially breast cancer (cf., Cos et al., 2008; Dubocovich & Markowska, 2005).  This 
does not appear to be the case with tasimelteon; although uterine endometrial tumors 
are generally believed to be an estrogen-dependent tumor (cf., Ito et al., 2007; Ito et al., 
2011; Slominski et al., 2012),  uterus and uterine cervix showed increased tumor 
incidences in rats.  Additionally, and contrary to the sponsor’s hypothesis, mammary 
gland did not appear protected from carcinogenesis (as would be expected with a drug 
that reduced serum prolactin); in fact, a slight, but non-significant, increase in 
adenocarcinomas was observed at HD.  In males, only a slight, non-significant increase 
in Leydig cell hyperplasia and adenomas was observed in testes following 
administration of tasimelteon.  Notably, the label for marketed drug ramelteon 
(Rozerem) does not indicate increases in female reproductive organ or mammary gland 
tumors, but does indicate an increase in Leydig cell tumors of the testes; increased 
prolactin and decreased testosterone have been reported in humans (see Richardson et 
al., 2009; Richardson & Wang-Weigand, 2009).  There is not sufficient objective 
evidence to exclude human relevance of the uterine and uterine cervix tumors.  
 
Reproductive Toxicology 
The reproductive effects of tasimelteon were tested in rats and rabbits. As previously 
suggested in the toxicity studies (e.g., effects on reproductive organs, such as the lack 
of corpora lutea in the ovaries of female monkeys in the chronic toxicity study), effects 
on female fertility and fetal development (into adulthood) were demonstrated.  A slight 
increase in infertile pairings demonstrated in a fertility study dosing both males and 
females later clarified that the effect on fertility resulted from tasimelteon exposures in 
the females.  Irregular estrus cycles, slightly increased infertile pairings, and slight 
reduction sin fertility parameters were observed at MD and HD in females.  The 
embryofetal development (EFD) studies in rats and rabbits demonstrated some 
embryofetal toxicity.  Drug-related slight delays in development and decreased fetal 
body weights were observed at MD and HD in rats and rabbits.  Rabbit does also 
demonstrated an increase in abortions at HD, and slightly increased late resorptions at 
MD and HD (although early resorptions were increased at LD and MD, which puts the 
significance of this apparent change in question).  Some maternal toxicity was observed 
at HD (i.e., clinical signs, and slight reductions in body weight and food consumption) in 
the dams and does.   
 
Clear toxicity in the F1 generation was demonstrated in the pre/post-natal study, 
particularly as developmental delays and a reduced growth rate postpartum and into 
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adulthood.    Limited F0 maternal toxicity was demonstrated (i.e., slightly [~3-5%] 
reduced body weights during gestation at MD and/or HD, and during lactation in all 
VEC-162-treated dams).  The gestation period was very slightly increased in all VEC-
162-treated dams, and the live birth index was slightly reduced at HD.  Pups from VEC-
162-treated dams showed an increased incidence of “underactive,” “swollen area on the 
abdomen,”and “small build.”  Although average pup birth weights were similar (<5% 
difference; provided as the average of the litter averages for each sex), HD pups 
demonstrated reduced (~15%) body weights throughout lactation and into adulthood.  
Sexual maturation was achieved at a lower body weight in males (similar PND) but was 
delayed in females.  Other developmental milestones (e.g., righting responses) were 
similarly delayed.  Learning and memory testing (Morris Water maze) demonstrated 
clear deficits in males (i.e., trial times, sector entries, failed trials), but not females, when 
tested at PND 31/32; when re-tested at PND 47/49, no consistent differences were 
reported.  A few effects were demonstrated on F1 generation reproduction.  Reductions 
in body weight were accentuated in the adult female F1 generation during gestation, and 
there was some evidence for reductions in fertility parameters (e.g., corpora lutea, 
implantations, late resorptions, post-implantation loss %, and live births) at HD.  The F1 
generation was exposed to tasimelteon, M9, M12 and M14 (as measured on LD4), 
although to a much lesser extent than the dams.  
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Appendix 2: Histopathology Inventory 

 
Study  Rat Monkey 2-yr Bioassay 2-Yr Bioassay 
Species 6 month 6 mo or 1 yr Rat Mouse 
Adrenals X* X* X* X* 
Aorta X X X (thoracic) X (thoracic) 
Bone Marrow 
smear 

X (taken but not
examined) 

X (rib)   

Bone (femur) X (incl  
marrow) 

X (rib) 
(also sternum, 
 but not 
 processed) 

X (with joint) X (with joint) 

Brain X* X* X* X* 
Cecum X X X X 
Cervix X* (with  

uterus) 
X X (w/uterus) X (w/uterus) 

Colon X X X X 
Duodenum X X X X 
Epididymis X X X* X* 
Esophagus X X X X 
Eye X (w/optic 

 nerves) 
X (w/optic  
nerves) 

X X 

Fallopian tube     
Gall bladder N/A X N/A X 
Gross lesions  X X X 
Harderian gland X  X X 
Heart X* X* X* X* 
Ileum X X X X 
Injection site     
Jejunum X X X X 
Kidneys X* X* X* X* 
Lachrymal gland  X X X 
Larynx   X X 
Liver X* X* X* X* 
Lungs X X (w/ bronchi) X* X* 
Lymph nodes, 
cervical 

X X   

Lymph nodes 
mandibular 

  X X 

Lymph nodes, 
mesenteric 

X X X X 

Mammary Gland X (inguinal) X X (caudal) X (caudal) 
Nasal cavity     
Optic nerves X (w/eyes) X (w/ eyes) X X 
Ovaries X* X* x* (w/oviducts) X* (w/oviducts) 
Pancreas X X X X 
Parathyroid X (w/thyroid) X (w/thyroid) X (w/thyroid) X (w/thyroid) 
Peripheral nerve     
Pharynx     
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Pituitary X* X* X X 
Prostate X* X* X X 
Rectum X (not  

processed or 
examined) 

X (not  
processed or 
examined) 

X X 

Salivary gland X X  
(submandibular

X 
(submandibular)

X (submandibular)

Sciatic nerve X X X X 
Seminal vesicles X* X X X 
Skeletal muscle X (biceps) X (biceps  

femoris,  
Diaphragm  
[not  
processed]) 

X X 

Skin X (dorsal thorax X (dorsal 
 thorax) 

X X 

Spinal cord X X (cervical, 
 lumbar,  
mid-thoracic) 

X X 

Spleen X* X* X* X* 
Sternum X (w/bone marro X X 
Stomach X X (cardia,  

fundus,  
pylorus) 

X X 

Testes X* X* X* X* 
Thymus X X X* X* 
Thyroid X* (w/ 

parathyroids) 
X* (w/ 
/parathyroids) 

X* X 

Tongue X X X X 
Trachea X X X X 
Urinary bladder X X X X 
Uterus X* (w/cervix) X X* (w/ cervix) X* (w/cervix) 
Vagina X X X X 
Zymbal gland   X (w/external ear) (not processed) 

   X, histopathology performed 
   *, organ weight obtained 
 
 
Other Tissues examined: 
6M Rat: pineal gland 
6/12 M Monkey: pineal gland 
Rat Carcinogenicity: femur, preputial gland, clitoral gland, ureters 
Mouse Carcinogenicity: femur, preputial gland, clitoral gland, ureters 
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NDA/BLA Number:205,677  Applicant: Vanda 
Pharmaceuticals 

 Stamp Date: 5/31/13  

Drug Name: tasimelteon  NDA Type: Priority    
 
On initial overview of the NDA/BLA application for filing: 
 

 Content Parameter Yes No Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current 
regulations and guidelines for format and 
content in a manner to allow substantive 
review to begin? 

X   

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner 
allowing substantive review to begin? 

X   

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin? 

X   

4 Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X  Generally, the standard studies 
appear to have been conducted; 
however, a standard safety 
pharmacology battery was not 
conducted and a pivotal study (6-
month rat; see taj0007-98348) lacks 
a separate, signed pathology report 
(as requested in the pre-NDA 
meeting minutes, dated 3/22/13). 
 
While the major human metabolites 
were not measured in the nonclinical 
studies, the sponsor conducted PK 
studies including the metabolites 
after oral administration in rats (29 
days; parent, M3, M9, M12, M13, 
and M14 ; note that rat does not 
make M11), mice (29 days; parent 
and M11), pregnant rabbits (19 
days; parent and M11), and 
monkeys (single dose only).  There 
is a problem with the measurement 
of plasma M3 in rat. 
 

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X  In most studies, tasimelteon was 
administered to animals by oral 
gavage (in PEG-400).  No studies 
used the clinical formulation. 
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 Content Parameter Yes No Comment 
6 Does the route of administration used in 

the animal studies appear to be the same 
as the intended human exposure route?  If 
not, has the applicant submitted a 
rationale to justify the alternative route? 

X   

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with 
the GLP regulations (21 CFR 58) or an 
explanation for any significant 
deviations? 

X  This statement can be found in the 
Nonclinical Overview (page 4, last 
paragraph). 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

X  The sponsor included 2 tables 
specifying the identifiers used for 
tasimelteon main metabolites (cf. 
2.6.4 Pharmacokinetics Written 
Summary, Table 1 pg. 10 and Table 
20 pg. 53). 
 

9 Are the proposed labeling sections 
relative to pharmacology/toxicology 
appropriate (including human dose 
multiples expressed in either mg/m2 or 
comparative serum/plasma levels) and in 
accordance with 201.57? 

X  The sponsor has provided labeling, 
the adequacy of which is a review 
issue.  Toxicity study margins were 
given as "x times the human 
systemic exposures at the RHD" and 
were sometimes given only for 
effect levels (e.g., for the EFD 
studies).  A no-effect level 
comparison was given for the 
fertility studies, the pre-/post-natal 
study and for tumors in the 
carcinogenicity studies. 
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may 
not be needed.) 

X  Discussion with the CMC reviewer 
indicated that there are no impurity 
issues at this time. 
 

11 Has the applicant addressed any abuse 
potential issues in the submission? 

  This is not Pharm/Tox purview; the 
CSS have been consulted. 

12 If this NDA/BLA is to support a Rx to 
OTC switch, have all relevant studies 
been submitted? 

  n/a 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION FILEABLE? 
__Yes___ 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day 
letter: 
1) We request a separate, signed, and dated Pathology Report for the pivotal 6-month toxicity 
study in rats (Study TAJ0007-98348). 
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